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Plants having enhanced yield-related traits and a method for

making the same

The present invention relates generally to the field of molecular biology and concerns a
method for enhancing various plant yield-related traits by modulating expression in a plant of a
nucleic acid encoding a yield increasing polypeptide selected from the group consisting of:
- bHLH6-like (basic Helix-Loop-Helix 6-like) protein,
- a GRP (Growth Regulating Protein), wherein said GRP is selected from the group consisting
of:

- an RrmJ/FtsJ ribosomal RNA methyltransferase polypeptide (RrmJ/Ftsd polypeptide)

- a basic-helix-loop-helix 4 (bHLH4) polypeptide

- an isopentenyl transferase (IPT) polypeptide
- an STO (Salt Tolerance) protein
- a UGE (UDP-Glucose 4-Epimerase or UDP-Gal 4-Epimerase) polypeptide.
The present invention also concerns plants having modulated expression of a nucleic acid
encoding a yield increasing polypeptide, which plants have enhanced yield-related relative to
corresponding wild type plants or other control plants. The invention also provides constructs

useful in the methods of the invention.

The ever-increasing world population and the dwindling supply of arable land available for
agriculture fuels research towards increasing the efficiency of agriculture. Conventional means
for crop and horticultural improvements utilise selective breeding techniques to identify plants
having desirable characteristics. However, such selective breeding techniques have several
drawbacks, namely that these techniques are typically labour intensive and result in plants that
often contain heterogeneous genetic components that may not always result in the desirable
trait being passed on from parent plants. Advances in molecular biology have allowed
mankind to modify the germplasm of animals and plants. Genetic engineering of plants entails
the isolation and manipulation of genetic material (typically in the form of DNA or RNA) and the
subsequent introduction of that genetic material into a plant. Such technology has the capacity

to deliver crops or plants having various improved economic, agronomic or horticultural traits.

A trait of particular economic interest is increased yield. Yield is normally defined as the
measurable produce of economic value from a crop. This may be defined in terms of quantity
and/or quality. Yield is directly dependent on several factors, for example, the number and

size of the organs, plant architecture (for example, the number of branches), seed production,
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leaf senescence and more. Root development, nutrient uptake, stress tolerance and early
vigour may also be important factors in determining yield. Optimizing the abovementioned

factors may therefore contribute to increasing crop yield.

Seed yield is a particularly important trait, since the seeds of many plants are important for
human and animal nutrition. Crops such as corn, rice, wheat, canola and soybean account for
over half the total human caloric intake, whether through direct consumption of the seeds
themselves or through consumption of meat products raised on processed seeds. They are
also a source of sugars, oils and many kinds of metabolites used in industrial processes.
Seeds contain an embryo (the source of hew shoots and roots) and an endosperm (the source
of nutrients for embryo growth during germination and during early growth of seedlings). The
development of a seed involves many genes, and requires the transfer of metabolites from the
roots, leaves and stems into the growing seed. The endosperm, in particular, assimilates the
metabolic precursors of carbohydrates, oils and proteins and synthesizes them into storage

macromolecules to fill out the grain.

A further interesting trait is the flowering time of a plant. The life span of a plant can be divided
in phases such as germination, vegetative growth, reproductive growth and senescence. The
flowering time is the time elapsed between sowing and start of reproductive growth. It is a
crucial moment in the life of a plant that determines the transition from vegetative to
reproductive growth, which in some plants coincides with the start of senescence. In many
plants, this is the point in time at which the shoot apical meristem stops making leaves and
starts making flowers which has a great impact on morphogenesis affecting, for example, the
number of organs formed and the overall size and shape of the plant. The flowering time also
impacts other yield-related traits in plants. Typically an early flowering variety shows less
branching or tillering and therefore is less bushy. Such traits may be advantageous to the
farmer to, for example, simplify crop management. On the other hand, delayed flowering may
result in plants with more vegetative organs, for example more leaves which is a desirable trait
in many crops, particularly in crops where the vegetative organs are harvested, such as
lettuce. The relative duration of vegetative and reproductive phase of a plant directly affects its
seed yield. In some plants, control of flowering time is a mechanism used to avoid negative
impact of stresses such as drought. Flowering time may also affect quality traits of crops, for
example herbage quality in forage crops, where delay in flowering may result in higher
digestibility. The flowering time affects the length of the cultivation season. Modification of
flowering time of a crop may result in the possibility to extend the geographic area of cultivation
and therefore increase the cultivated acreage. It may also result in plants being more

amenable to agriculture in a given environment, for example early flowering may allow late
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planting in areas where crop establishment may be negatively affected by low temperatures or
may allow early harvest to avoid biotic and abiotic pressure at the end of the season, resulting
therefore in an increase in the yield of the crop. Therefore, the ability to control flowering time

is an important factor with many industrial applications in the field of agriculture.

Another important trait for many crops is early vigour. Improving early vigour is an important
objective of modern rice breeding programs in both temperate and tropical rice cultivars. Long
roots are important for proper soil anchorage in water-seeded rice. Where rice is sown directly
into flooded fields, and where plants must emerge rapidly through water, longer shoots are
associated with vigour. Where drill-seeding is practiced, longer mesocotyls and coleoptiles are
important for good seedling emergence. The ability to engineer early vigour into plants would
be of great importance in agriculture. For example, poor early vigour has been a limitation to
the introduction of maize (Zea mays L.) hybrids based on Corn Belt germplasm in the

European Atlantic.

A further important trait is that of improved abiotic stress tolerance. Abiotic stress is a primary
cause of crop loss worldwide, reducing average yields for most major crop plants by more than
50% (Wang et al., Planta (2003) 218: 1-14). Abiotic stresses may be caused by drought,
salinity, extremes of temperature, chemical toxicity, from 59348: excess or lack of nutrients
(macroelements and/or microelemtens), radiation and oxidative stress. The ability to improve
plant tolerance to abiotic stress would be of great economic advantage to farmers worldwide
and would allow for the cultivation of crops during adverse conditions and in territories where

cultivation of crops may not otherwise be possible.
Crop yield may therefore be increased by optimising one of the above-mentioned factors.

Depending on the end use, the modification of certain yield traits may be favoured over others.
For example for applications such as forage or wood production, or bio-fuel resource, an
increase in the vegetative parts of a plant may be desirable, and for applications such as flour,
starch or oil production, an increase in seed parameters may be particularly desirable. Even
amongst the seed parameters, some may be favoured over others, depending on the
application. Various mechanisms may contribute to increasing seed yield, whether that is in

the form of increased seed size or increased seed number.

One approach to increasing yield (seed yield and/or biomass) in plants may be through
modification of the inherent growth mechanisms of a plant, such as the cell cycle or various

signalling pathways involved in plant growth or in defense mechanisms.

PCT/EP2008/058370
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It has now been found that various vyield-related traits may be enhanced in plants by
modulating expression in a plant of a nucleic acid encoding a
yield increasing polypeptide selected from the group consisting of:
- bHLH®6-like (basic Helix-Loop-Helix 6-like) protein,
- a GRP (Growth Regulating Protein), wherein said GRP is selected from the group consisting
of:
- an RrmJ/FtsJ ribosomal RNA methyltransferase polypeptide (RrmJ/Ftsd polypeptide)
- a basic-helix-loop-helix 4 (bHLH4) polypeptide
- an isopentenyl transferase (IPT) polypeptide
- an STO (Salt Tolerance) protein
- a UGE (UDP-Glucose 4-Epimerase or UDP-Gal 4-Epimerase) polypeptide.

Background

bHLH6-like (basic Helix-Loop-Helix 6-like) protein

Transcription factors are usually defined as proteins that show sequence-specific DNA binding
and that are capable of activating and/or repressing transcription. The basic Helix-Loop-Helix
transcription factor family is one of the largest families of transcription factors that have been
characterised in Arabidopsis thaliana (Toledo-Ortiz et al., Plant Cell 15, 1749-1770, 2003;
Bailey et al., Plant Cell 15, 2497-2501, 2003) and in rice (Li et al Plant Physiol. 141, 1167-
1184, 2006). The distinguishing characteristic of the bHLH transcription factor family is the
presence of a bipartite domain consisting of approximately 60 amino acids. This bipartite
domain is comprised of a DNA-binding basic region, which binds to a consensus
hexanucleotide E-box and two a-helices separated by a variable loop region, located C-
terminally of the basic domain. The two a-helices promote dimerisation, allowing the formation
of homo- and heterodimers between different family members. While the bHLH domain is
evolutionarily conserved, there is little sequence similarity between clades beyond the domain.
Li et al. (2006) classify the rice and Arabidopsis bHLH transcription factors into 22 subfamilies,

based on the sequence of the bHLH domains.

AtbHLH6 (AtMYC?2) is a 68 kDa MYC-related transcriptional activator with a bHLH type DNA-
binding domain (Abe et al, Plant Cell 9, 1859-1868, 1997). It is induced by dehydration stress
and upon treatment with abscisic acid (ABA). AtMYC2 recognises a MYC recognition site in
the promoter of the rd22 gene, an ABA responsive protein without an ABRE-element in the
promoter. Plants overexpressing AtMYC2 have a higher sensitivity to ABA, with enhanced

ABA-induced gene expression, whereas an insertion mutant showed the opposite (reduced
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ABA sensitivity and decreased ABA-induced gene expression); furthermore AtMYC2
overexpressing plants were more resistant to osmotic stress (Abe et al., Plant Cell 15, 63-78,
2003). Plants overexpressing AtMYC2 reportedly did not show morphological changes
compared to wild type plants and also the cell shape in leaves was not affected. Furthermore,
AtMYC2 was shown to be involved in pathogen and wound responses; in tryptophan and
tryptophan-derived secondary metabolism and in tolerance to methyl viologen (Paraquat)
(Dombrecht et al., Plant Cell 19, 2225-2245, 2007).

STO (Salt Tolerance) protein

STO protein, Salt Tolerance Protein, was first identified from Arabidopsis thaliana in a screen
for genes suppressing defective salt response in a calcienurin mutant in yeast (Lippuner et a l.
1996). Methods for conferring salt tolerance in a plant by expressing the Arabidopsis STO
have been previously disclosed (US5,859,337; Nagaoka and Takano 2003, J. Exp. Bot. 54,
391-396).

Structurally STO is characterized by the presence of a well-known domain called the B-box
domain in which the structure CX2CX16CX2C is conserved. The B-box domain is a
promiscuous domain present in proteins of archeobacterial, prokaryotic and eukaryotic origin.
It is found essentially in transcription factors, ribonucleoproteins and protooncoproteins. The
B-box domain in STO is structurally similar to that found in the Arabidopsis thaliana protein
CONSTANS, a transcription factor involved in repression of flowering time. However STO and
CONSTANSs belong to different protein families, with CONSTANS being characterized by the
presence of a plant-specific conserved domain, the so called the CCT box in addition to the B-
box, while in the STO family of proteins only the B-box is present (Griffiths et al. 2003, Plant
Phys, 131, 1855-1867; Lagercrants et al. 2000 Mol.Biol.Evol. 17, 1499-1507).

The biological function of STO in Arabidopsis has been further investigated using gain and loss
of function mutants (Indorf, et al. 2007, Plant J. 51(4):563-74.). Data reported from those
studies suggested a role for STO in light signalling where it was mentioned that STO could act
as a negative regulator in phytochrome and blue light signalling. These studies were directed

to understanding, the role of STO in the salt stress and light response.

UGE (UDP-Glucose 4-Epimerase or UDP-Gal 4-Epimerase) polypeptide

The biosynthesis of carbohydrates in plants requires specific glycosyl-transferases that act on
activated sugars, typically uridine (UDP), adenosine or guanosine diphosphate hexoses and
pentoses. Nucleotide sugars are modified at their glycosyl moities by nucleotide sugar

interconversion enzymes to generate different sugars that are intermediates in the uptake of

PCT/EP2008/058370



10

15

20

25

30

35

WO 2009/003977 6
the free sugars released from the breakdown of nutritional or storage carbohydrates and other
sources. One of the best-characterized nucleotide sugar interconversion enzymes is UGE
(EC.5.1.3.2 according to the IUBMB - International Union of Biochemistry and Molecular

Biology -Enzyme Nomenclature ).

UGE, UDP-Glucose 4-Epimerase or UDP-Gal 4-Epimerase (EC.5.1.3.2) catalyses the
interconversion of UDP-glucose and UDP-galactose. Varying concentrations of the cofactor
NAD+/NADH (Nicotinamide Adenine Dinucleotide -oxidized/reduced-), can result in differential
stimulation of the reaction. X-ray crystallography and other studies suggest that UGEs are
dimeric, although active monomers and higher polymers have also been reported under
certain experimental conditions (Thoden et al. 2005 J. Biol. Chem 280, 21900-21907).

UGE is essential for de novo biosynthesis of UDP-Gal, a precursor for the biosynthesis of
numerous different carbohydrates, glycolipids and glycosides. UGE is also required for the
catabolic uptake of galactose into the central metabolism, and therefore UGE deficiency
exarcerbates galactose toxicity in plants (Dormann and Benning, 1998; Plant J. 13, 641-652)

and in yeast and it also leads to different forms of human galactosemia.

UGE enzymes are encoded in the genome of microorganisms as well as of higher organisms.
In the model plant Arabidopsis thaliana five different paralogous genes enconding UGE
isoforms have been identified. The rice and poplar genomes encode at least seven predicted

UGE isoforms.

The enzymatic properties and genetic role of UGE isoforms has been addressed in
Arabidopsis thaliana in biochemical studies as well as by characterization of gain and loss of
function mutants. All five Arabidopsis UGEs are enzymatically active in similar ranges of
temperature (30 - 40 C) and PH (PH7-PH9). Homo and heterodimers can be formed between
UGE isoforms. The five isoforms are functional in vivo and can complement the loss of function
in the yeast GAL10 mutant lacking UGE function. The latter reflects the functional conservation
of UGE enzymatic activities between UGEs of microorganisms and higher plants (Barber et al.
2006; JBC 281, 17276-17285). In Arabidopsis the 5 paralogous genes encoding UGEs are
expressed preferentially in the roots. Mutations or loss of UGE function typically resulted in
general growth defects of vegetative organs and flowers were smaller and abnormally shaped.
Surprisingly the floral number and position was not altered, though sterility was reported (Rosti
et al. 2007; The Plant Cell 19, 1565-1579). In accordance with UGE activity the cell wall

galactose content in these mutants was altered. Patent US,6,9922,36 discloses plant-derived

PCT/EP2008/058370
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UGE genes and teaches methods to express them in plants to allow modification of

carbohydrate metabolism in plants.

Summary

Surprisingly, it has now been found that modulating expression of a nucleic acid encoding a
yield increasing polypeptide selected from the group consisting of:
- bHLH6-like (basic Helix-Loop-Helix 6-like) protein,
- a GRP (Growth Regulating Protein), wherein said GRP is selected from the group consisting
of:
- an RrmJ/FtsJ ribosomal RNA methyltransferase polypeptide (RrmJ/Ftsd polypeptide)
- a basic-helix-loop-helix 4 (bHLH4) polypeptide
- an isopentenyl transferase (IPT) polypeptide
- an STO (Salt Tolerance) protein
- a UGE (UDP-Glucose 4-Epimerase or UDP-Gal 4-Epimerase) polypeptide

gives plants having enhanced yield-related traits relative to control plants.

According one embodiment, there is provided a method for enhancing yield related traits of a
plant relative to control plants, comprising modulating expression of a nucleic acid encoding a
bHLH6-like polypeptide in a plant. The enhanced yield related traits comprised increased

increased yield and increased emergence vigour.

According one embodiment, there is provided a method for enhancing yield-related traits of a
plant relative to control plants, comprising modulating expression of a nucleic acid sequence
encoding a GRP polypeptide in a plant, wherein said GRP polypeptide is an RrmJ/FtsJ
ribosomal RNA methyltransferase polypeptide (RrmJ/FtsJ polypeptide). The enhanced yield-
related traits comprise increased seed yield, increased number of filled seeds, increased seed

fill rate, and increased harvest index.

According to one embodiment, there is provided a method for enhancing yield-related traits of
a plant relative to control plants, comprising modulating expression (preferably, increasing) of a
nucleic acid sequence encoding a GRP polypeptide in a plant, wherein said GRP polypeptide
is a basic-helix-loop-helix 4 (bHLH4) polypeptide. The enhanced yield-related traits are
preferably enhanced seed yield-related traits, comprising one or more of: increased early
vigour, increased greenness index, increased total seed yield per plant, increased number of

filled seeds, increased seed fill rate, increased, and increased harvest index.

PCT/EP2008/058370
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According to one embodiment, there is provided a method for enhancing yield-related traits of
a plant relative to control plants, comprising modulating expression (preferably, increasing) of a
nucleic acid sequence encoding a GRP polypeptide in a plant, wherein said GRP polypeptide
is an isopentenyl transferase (IPT) polypeptide. The enhanced yield-related traits are one or
more of: increased total seed yield per plant, increased number of filled seeds, increased total

number of seeds, and increased harvest index.

According one embodiment, there is provided a method for enhancing yield-related traits
plants, particularly increasing early vigour and altering flowering time, particularly shortening
flowering time relative to control plants, comprising modulating expression of a nucleic acid

encoding an STO polypeptide in a plant.

According to one embodiment, there is provided a method for enhancing yield related traits of
a plant relative to control plants, in particular increased vyield, comprising modulating

expression of a nucleic acid encoding a UGE polypeptide in a plant.

Definitions

The terms improving and/or enhancing and/or improved and/or enhanced plant yield-related
traits are used herein encompass improving and/or enhancing and/or improved and/or
enhanced plant growth characteristics.

Polypeptide(s)/Protein(s)

The terms “polypeptide” and “protein” are used interchangeably herein and refer to amino

acids in a polymeric form of any length, linked together by peptide bonds.

Polynucleotide(s)/Nucleic acid(s)/Nucleic acid sequence(s)/nucleotide sequence(s)

The terms "polynucleotide(s)", "nucleic acid sequence(s)”, "nucleotide sequence(s)”, “nucleic

L]

acid(s)”, “nucleic acid molecule” are used interchangeably herein and refer to nucleotides,
either ribonucleotides or deoxyribonucleotides or a combination of both, in a polymeric

unbranched form of any length.

Control plant(s

The choice of suitable control plants is a routine part of an experimental setup and may include
corresponding wild type plants or corresponding plants without the gene of interest. The
control plant is typically of the same plant species or even of the same variety as the plant to

be assessed. The control plant may also be a nullizygote of the plant to be assessed.

PCT/EP2008/058370
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Nullizygotes are individuals missing the transgene by segregation. A “control plant” as used

herein refers not only to whole plants, but also to plant parts, including seeds and seed parts.

Homologue(s)

“Homologues” of a protein encompass peptides, oligopeptides, polypeptides, proteins and
enzymes having amino acid substitutions, deletions and/or insertions relative to the unmodified
protein in question and having similar biological and functional activity as the unmodified

protein from which they are derived.
A deletion refers to removal of one or more amino acids from a protein.

An insertion refers to one or more amino acid residues being introduced into a predetermined
site in a protein. Insertions may comprise N-terminal and/or C-terminal fusions as well as
intra-sequence insertions of single or multiple amino acids. Generally, insertions within the
amino acid sequence will be smaller than N- or C-terminal fusions, of the order of about 1 to 10
residues. Examples of N- or C-terminal fusion proteins or peptides include the binding domain
or activation domain of a transcriptional activator as used in the yeast two-hybrid system,
phage coat proteins, (histidine)-6-tag, glutathione S-transferase-tag, protein A, maltose-binding
protein, dihydrofolate reductase, Tag*100 epitope, c-myc epitope, FLAG®-epitope, lacZ, CMP
(calmodulin-binding peptide), HA epitope, protein C epitope and VSV epitope.

A substitution refers to replacement of amino acids of the protein with other amino acids
having similar properties (such as similar hydrophobicity, hydrophilicity, antigenicity, propensity
to form or break a-helical structures or p-sheet structures). Amino acid substitutions are
typically of single residues, but may be clustered depending upon functional constraints placed
upon the polypeptide; insertions will usually be of the order of about 1 to 10 amino acid
residues. The amino acid substitutions are preferably conservative amino acid substitutions.
Conservative substitution tables are well known in the art (see for example Creighton (1984)

Proteins. W.H. Freeman and Company (Eds) and Table 1 below).

Table 1: Examples of conserved amino acid substitutions

Residue | Conservative Substitutions | Residue | Conservative Substitutions

Ala Ser Leu lle; Val
Arg Lys Lys Arg; GIn
Asn GIn; His Met Leu; lle

Asp Glu Phe Met; Leu; Tyr

PCT/EP2008/058370
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Residue | Conservative Substitutions | Residue | Conservative Substitutions
GIn Asn Ser Thr; Gly

Cys Ser Thr Ser; Val

Glu Asp Trp Tyr

Gly Pro Tyr Trp; Phe

His Asn; Gin Val lle; Leu

lle Leu, Val

Amino acid substitutions, deletions and/or insertions may readily be made using peptide
synthetic techniques well known in the art, such as solid phase peptide synthesis and the like,
or by recombinant DNA manipulation. Methods for the manipulation of DNA sequences to
produce substitution, insertion or deletion variants of a protein are well known in the art. For
example, techniques for making substitution mutations at predetermined sites in DNA are well
known to those skilled in the art and include M13 mutagenesis, T7-Gen in vitro mutagenesis
(USB, Cleveland, OH), QuickChange Site Directed mutagenesis (Stratagene, San Diego, CA),

PCR-mediated site-directed mutagenesis or other site-directed mutagenesis protocols.

Derivatives

“Derivatives” include peptides, oligopeptides, polypeptides which may, compared to the amino
acid sequence of the naturally-occurring form of the protein, such as the protein of interest,
comprise substitutions of amino acids with non-naturally occurring amino acid residues, or
additions of non-naturally occurring amino acid residues. “Derivatives” of a protein also
encompass peptides, oligopeptides, polypeptides which comprise naturally occurring altered
(glycosylated, acylated, prenylated, phosphorylated, myristoylated, sulphated etc.) or non-
naturally altered amino acid residues compared to the amino acid sequence of a naturally-
occurring form of the polypeptide. A derivative may also comprise one or more non-amino
acid substituents or additions compared to the amino acid sequence from which it is derived,
for example a reporter molecule or other ligand, covalently or non-covalently bound to the
amino acid sequence, such as a reporter molecule which is bound to facilitate its detection,
and non-naturally occurring amino acid residues relative to the amino acid sequence of a
naturally-occurring protein. Furthermore, “derivatives” also include fusions of the naturally-
occurring form of the protein with tagging peptides such as FLAG, HIS6 or thioredoxin (for a

review of tagging peptides, see Terpe, Appl. Microbiol. Biotechnol. 60, 523-533, 2003).

Orthologue(s)/Paralogue(s)




10

15

20

25

30

35

WO 2009/003977 11
Orthologues and paralogues encompass evolutionary concepts used to describe the ancestral
relationships of genes. Paralogues are genes within the same species that have originated
through duplication of an ancestral gene; orthologues are genes from different organisms that

have originated through speciation, and are also derived from a common ancestral gene.

Domain

The term "domain” refers to a set of amino acids conserved at specific positions along an
alignment of sequences of evolutionarily related proteins. While amino acids at other positions
can vary between homologues, amino acids that are highly conserved at specific positions
indicate amino acids that are likely essential in the structure, stability or function of a protein.
Identified by their high degree of conservation in aligned sequences of a family of protein
homologues, they can be used as identifiers to determine if any polypeptide in question

belongs to a previously identified polypeptide family.

Motif/Consensus sequence/Signature

The term “motif’ or “consensus sequence” or “signature” refers to a short conserved region in
the sequence of evolutionarily related proteins. Motifs are frequently highly conserved parts of
domains, but may also include only part of the domain, or be located outside of conserved

domain (if all of the amino acids of the motif fall outside of a defined domain).

Hybridisation
The term "hybridisation” as defined herein is a process wherein substantially homologous

complementary nucleotide sequences anneal to each other. The hybridisation process can
occur entirely in solution, i.e. both complementary nucleic acids are in solution. The
hybridisation process can also occur with one of the complementary nucleic acids immobilised
to a matrix such as magnetic beads, Sepharose beads or any other resin. The hybridisation
process can furthermore occur with one of the complementary nucleic acids immobilised to a
solid support such as a nitro-cellulose or nylon membrane or immobilised by e.g.
photolithography to, for example, a siliceous glass support (the latter known as nucleic acid
arrays or microarrays or as nucleic acid chips). In order to allow hybridisation to occur, the
nucleic acid molecules are generally thermally or chemically denatured to melt a double strand
into two single strands and/or to remove hairpins or other secondary structures from single

stranded nucleic acids.

The term “stringency” refers to the conditions under which a hybridisation takes place. The
stringency of hybridisation is influenced by conditions such as temperature, salt concentration,

ionic strength and hybridisation buffer composition. Generally, low stringency conditions are

PCT/EP2008/058370



10

15

20

25

30

35

WO 2009/003977 12
selected to be about 30°C lower than the thermal melting point (T,) for the specific sequence
at a defined ionic strength and pH. Medium stringency conditions are when the temperature is
20°C below T, and high stringency conditions are when the temperature is 10°C below T,..
High stringency hybridisation conditions are typically used for isolating hybridising sequences
that have high sequence similarity to the target nucleic acid sequence. However, nucleic acids
may deviate in sequence and still encode a substantially identical polypeptide, due to the
degeneracy of the genetic code. Therefore medium stringency hybridisation conditions may

sometimes be needed to identify such nucleic acid molecules.

The Tm is the temperature under defined ionic strength and pH, at which 50% of the target
sequence hybridises to a perfectly matched probe. The T, is dependent upon the solution
conditions and the base composition and length of the probe. For example, longer sequences
hybridise specifically at higher temperatures. The maximum rate of hybridisation is obtained
from about 16°C up to 32°C below T,. The presence of monovalent cations in the
hybridisation solution reduce the electrostatic repulsion between the two nucleic acid strands
thereby promoting hybrid formation; this effect is visible for sodium concentrations of up to
0.4M (for higher concentrations, this effect may be ignored). Formamide reduces the melting
temperature of DNA-DNA and DNA-RNA duplexes with 0.6 to 0.7°C for each percent
formamide, and addition of 50% formamide allows hybridisation to be performed at 30 to 45°C,
though the rate of hybridisation will be lowered. Base pair mismatches reduce the
hybridisation rate and the thermal stability of the duplexes. On average and for large probes,
the Tm decreases about 1°C per % base mismatch. The Tm may be calculated using the

following equations, depending on the types of hybrids:

1) DNA-DNA hybrids (Meinkoth and Wahl, Anal. Biochem., 138: 267-284, 1984):
T.=81.5°C + 16.6xlogo[Na‘]® + 0.41x%[G/C"] — 500x[L" — 0.61x% formamide
2) DNA-RNA or RNA-RNA hybrids:
Tm=79.8 + 18.5 (log:o[Na']?) + 0.58 (%G/C") + 11.8 (%G/C) - 820/L°
3) oligo-DNA or oligo-RNA? hybrids:
For <20 nucleotides: Ty,= 2 (I,)
For 20-35 nucleotides: T,,= 22 + 1.46 (I,))
@ or for other monovalent cation, but only accurate in the 0.01-0.4 M range.
® only accurate for %GC in the 30% to 75% range.
L = length of duplex in base pairs.

4 oligo, oligonucleotide; I, = effective length of primer = 2x(no. of G/C)+(no. of A/T).
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Non-specific binding may be controlled using any one of a number of known techniques such
as, for example, blocking the membrane with protein containing solutions, additions of
heterologous RNA, DNA, and SDS to the hybridisation buffer, and treatment with Rnase. For
non-homologous probes, a series of hybridizations may be performed by varying one of (i)
progressively lowering the annealing temperature (for example from 68°C to 42°C) or (ii)
progressively lowering the formamide concentration (for example from 50% to 0%). The
skilled artisan is aware of various parameters which may be altered during hybridisation and

which will either maintain or change the stringency conditions.

Besides the hybridisation conditions, specificity of hybridisation typically also depends on the
function of post-hybridisation washes. To remove background resulting from non-specific
hybridisation, samples are washed with dilute salt solutions. Critical factors of such washes
include the ionic strength and temperature of the final wash solution: the lower the salt
concentration and the higher the wash temperature, the higher the stringency of the wash.
Wash conditions are typically performed at or below hybridisation stringency. A positive
hybridisation gives a signal that is at least twice of that of the background. Generally, suitable
stringent conditions for nucleic acid hybridisation assays or gene amplification detection
procedures are as set forth above. More or less stringent conditions may also be selected.
The skilled artisan is aware of various parameters which may be altered during washing and

which will either maintain or change the stringency conditions.

For example, typical high stringency hybridisation conditions for DNA hybrids longer than 50
nucleotides encompass hybridisation at 65°C in 1x SSC or at 42°C in 1x SSC and 50%
formamide, followed by washing at 65°C in 0.3x SSC. Examples of medium stringency
hybridisation conditions for DNA hybrids longer than 50 nucleotides encompass hybridisation
at 50°C in 4x SSC or at 40°C in 6x SSC and 50% formamide, followed by washing at 50°C in
2x SSC. The length of the hybrid is the anticipated length for the hybridising nucleic acid.
When nucleic acids of known sequence are hybridised, the hybrid length may be determined
by aligning the sequences and identifying the conserved regions described herein. 1xSSC is
0.15M NaCl and 15mM sodium citrate; the hybridisation solution and wash solutions may
additionally include 5x Denhardt's reagent, 0.5-1.0% SDS, 100 pg/ml denatured, fragmented

salmon sperm DNA, 0.5% sodium pyrophosphate.

For the purposes of defining the level of stringency, reference can be made to Sambrook et al.
(2001) Molecular Cloning: a laboratory manual, 3™ Edition, Cold Spring Harbor Laboratory
Press, CSH, New York or to Current Protocols in Molecular Biology, John Wiley & Sons, N.Y.
(1989 and yearly updates).
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Splice variant
The term “splice variant” as used herein encompasses variants of a nucleic acid sequence in

which selected introns and/or exons have been excised, replaced, displaced or added, or in
which introns have been shortened or lengthened. Such variants will be ones in which the
biological activity of the protein is substantially retained; this may be achieved by selectively
retaining functional segments of the protein. Such splice variants may be found in nature or
may be manmade. Methods for predicting and isolating such splice variants are well known in

the art (see for example Foissac and Schiex (2005) BMC Bioinformatics 6: 25).

Allelic variant

Alleles or allelic variants are alternative forms of a given gene, located at the same
chromosomal position. Allelic variants encompass Single Nucleotide Polymorphisms (SNPs),
as well as Small Insertion/Deletion Polymorphisms (INDELs). The size of INDELs is usually
less than 100 bp. SNPs and INDELs form the largest set of sequence variants in naturally

occurring polymorphic strains of most organisms.

Gene shuffling/Directed evolution

Gene shuffling or directed evolution consists of iterations of DNA shuffling followed by
appropriate screening and/or selection to generate variants of nucleic acids or portions thereof
encoding proteins having a modified biological activity (Castle et al., (2004) Science
304(5674): 1151-4; US patents 5,811,238 and 6,395,547).

Regulatory element/Control sequence/Promoter

The terms “regulatory element’, “control sequence” and “promoter” are all used
interchangeably herein and are to be taken in a broad context to refer to regulatory nucleic
acid sequences capable of effecting expression of the sequences to which they are ligated.
The term “promoter” typically refers to a nucleic acid control sequence located upstream from
the transcriptional start of a gene and which is involved in recognising and binding of RNA
polymerase and other proteins, thereby directing transcription of an operably linked nucleic
acid. Encompassed by the aforementioned terms are transcriptional regulatory sequences
derived from a classical eukaryotic genomic gene (including the TATA box which is required
for accurate transcription initiation, with or without a CCAAT box sequence) and additional
regulatory elements (i.e. upstream activating sequences, enhancers and silencers) which alter
gene expression in response to developmental and/or external stimuli, or in a tissue-specific
manner. Also included within the term is a transcriptional regulatory sequence of a classical

prokaryotic gene, in which case it may include a —35 box sequence and/or —10 box
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transcriptional regulatory sequences. The term “regulatory element” also encompasses a
synthetic fusion molecule or derivative that confers, activates or enhances expression of a

nucleic acid molecule in a cell, tissue or organ.

A “plant promoter” comprises regulatory elements, which mediate the expression of a coding
sequence segment in plant cells. Accordingly, a plant promoter need not be of plant origin, but
may originate from viruses or micro-organisms, for example from viruses which attack plant
cells. The “plant promoter” can also originate from a plant cell, e.g. from the plant which is
transformed with the nucleic acid sequence to be expressed in the inventive process and
described herein. This also applies to other “plant” regulatory signals, such as “plant”
terminators. The promoters upstream of the nucleotide sequences useful in the methods of
the present invention can be modified by one or more nucleotide substitution(s), insertion(s)
and/or deletion(s) without interfering with the functionality or activity of either the promoters,
the open reading frame (ORF) or the 3'-regulatory region such as terminators or other 3'
regulatory regions which are located away from the ORF. It is furthermore possible that the
activity of the promoters is increased by modification of their sequence, or that they are
replaced completely by more active promoters, even promoters from heterologous organisms.
For expression in plants, the nucleic acid molecule must, as described above, be linked
operably to or comprise a suitable promoter which expresses the gene at the right point in time

and with the required spatial expression pattern.

For the identification of functionally equivalent promoters, the promoter strength and/or
expression pattern of a candidate promoter may be analysed for example by operably linking
the promoter to a reporter gene and assaying the expression level and pattern of the reporter
gene in various tissues of the plant. Suitable well-known reporter genes include for example
beta-glucuronidase or beta-galactosidase. The promoter activity is assayed by measuring the
enzymatic activity of the beta-glucuronidase or beta-galactosidase. The promoter strength
and/or expression pattern may then be compared to that of a reference promoter (such as the
one used in the methods of the present invention). Alternatively, promoter strength may be
assayed by quantifying mRNA levels or by comparing mRNA levels of the nucleic acid used in
the methods of the present invention, with mRNA levels of housekeeping genes such as 18S
rRNA, using methods known in the art, such as Northern blotting with densitometric analysis of
autoradiograms, quantitative real-time PCR or RT-PCR (Heid et al., 1996 Genome Methods 6:
986-994). Generally by “weak promoter” is intended a promoter that drives expression of a
coding sequence at a low level. By “low level” is intended at levels of about 1/10,000
transcripts to about 1/100,000 transcripts, to about 1/500,0000 transcripts per cell.

Conversely, a “strong promoter” drives expression of a coding sequence at high level, or at

PCT/EP2008/058370
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about 1/10 transcripts to about 1/100 transcripts to about 1/1000 transcripts per cell. An

example of a strong promoter is the CaMV 35S promoter.

Operably linked
The term “operably linked” as used herein refers to a functional linkage between the promoter

sequence and the gene of interest, such that the promoter sequence is able to initiate

transcription of the gene of interest.

Constitutive promoter

A “constitutive promoter” refers to a promoter that is transcriptionally active during most, but
not necessarily all, phases of growth and development and under most environmental
conditions, in at least one cell, tissue or organ. Table 2a below gives examples of constitutive
promoters.

Table 2a: Examples of constitutive promoters

Gene Source Reference

Actin McElroy et al, Plant Cell, 2: 163-171, 1990

HMGP WO 2004/070039

CAMV 35S Odell et al, Nature, 313: 810-812, 1985

CaMV 19S Nilsson et al., Physiol. Plant. 100:456-462, 1997

GOS2 de Pater et al, Plant J Nov;2(6):837-44, 1992, WO 2004/065596
Ubiquitin Christensen et al, Plant Mol. Biol. 18: 675-689, 1992
Rice cyclophilin Buchholz et al, Plant Mol Biol. 25(5): 837-43, 1994
Maize H3 histone Lepetit et al, Mol. Gen. Genet. 231:276-285, 1992
Alfalfa H3 histone Wu et al. Plant Mol. Biol. 11:641-649, 1988

Actin 2 An et al, Plant J. 10(1); 107-121, 1996

34S FMV Sanger et al., Plant. Mol. Biol., 14, 1990: 433-443
Rubisco small subunit | US 4,962,028

OCS Leisner (1988) Proc Natl Acad Sci USA 85(5): 2553
SAD1 Jain et al., Crop Science, 39 (6), 1999: 1696

SAD2 Jain et al., Crop Science, 39 (6), 1999: 1696

nos Shaw et al. (1984) Nucleic Acids Res. 12(20):7831-7846
V-ATPase WO 01/14572

Super promoter WO 95/14098

G-box proteins WO 94/12015

Ubiquitous promoter
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A ubiquitous promoter is active in substantially all tissues or cells of an organism.

Developmentally-regulated promoter

A developmentally-regulated promoter is active during certain developmental stages or in parts

of the plant that undergo developmental changes.

Inducible promoter

An inducible promoter has induced or increased transcription initiation in response to a
chemical (for a review see Gatz 1997, Annu. Rev. Plant Physiol. Plant Mol. Biol., 48:89-108),
environmental or physical stimulus, or may be “stress-inducible”, i.e. activated when a plant is
exposed to various stress conditions, or a “pathogen-inducible” i.e. activated when a plant is

exposed to exposure to various pathogens.

Organ-specific/Tissue-specific promoter

An organ-specific or tissue-specific promoter is one that is capable of preferentially initiating
transcription in certain organs or tissues, such as the leaves, roots, seed tissue etc. For
example, a “root-specific promoter” is a promoter that is transcriptionally active predominantly
in plant roots, substantially to the exclusion of any other parts of a plant, whilst still allowing for
any leaky expression in these other plant parts. Promoters able to initiate transcription in

certain cells only are referred to herein as “cell-specific”.

A seed-specific promoter is transcriptionally active predominantly in seed tissue, but not
necessarily exclusively in seed tissue (in cases of leaky expression). The seed-specific
promoter may be active during seed development and/or during germination. from 59392:
Examples of seed-specific promoters are given in Qing Qu and Takaiwa (Plant Biotechnol. J.
2, 113-125, 2004).

From 59348:

For example, the seed-specific promoter may drive expression in one or more seed tissues
such as endosperm, aleurone, embryo. Examples of seed-specific promoters are shown in
Table 2b below. Further examples of seed-specific promoters are given in Qing Qu and
Takaiwa (Plant Biotechnol. J. 2, 113-125, 2004), which disclosure is incorporated by reference

herein as if fully set forth.

Table 2b: Examples of seed-specific promoters

PCT/EP2008/058370
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Gene source

Reference

seed-specific genes

Simon et al., Plant Mol. Biol. 5: 191, 1985;

Scofield et al., J. Biol. Chem. 262: 12202, 1987 _;

Baszczynski et al., Plant Mol. Biol. 14: 633, 1990.

Brazil Nut albumin

Pearson et al., Plant Mol. Biol. 18: 235-245, 1992.

Legumin

Ellis et al., Plant Mol. Biol. 10: 203-214, 1988.

glutelin (rice)

Takaiwa et al., Mol. Gen. Genet. 208: 15-22, 1986;

Takaiwa et al., FEBS Letts. 221: 4347, 1987.

Zein

Matzke et al Plant Mol Biol, 14(3):323-32 1990

NapA

Stalberg et al, Planta 199: 515-519, 1996.

Wheat LMW and HMW glutenin-1

Mol Gen Genet 216:81-90, 1989; NAR 17:461-2, 1989

Wheat SPA

Albani et al, Plant Cell, 9: 171-184, 1997

Wheat q, B, y-gliadins

EMBO J. 3:1409-15, 1984

Barley Itr1 promoter

Diaz et al. (1995) Mol Gen Genet 248(5):592-8

Barley B1, C, D, hordein

Theor Appl Gen 98:1253-62, 1999; Plant J 4:343-55, 1993;
Mol Gen Genet 250:750-60, 1996

Barley DOF

Mena et al, The Plant Journal, 116(1): 53-62, 1998

blz2

EP99106056.7

Synthetic promoter

Vicente-Carbajosa et al., Plant J. 13: 629-640, 1998.

rice prolamin NRP33

Wu et al, Plant Cell Physiology 39(8) 885-889, 1998

rice a-globulin Glb-1

Wu et al, Plant Cell Physiology 39(8) 885-889, 1998

rice OSH1

Sato et al, Proc. Natl. Acad. Sci. USA, 93: 8117-8122,
1996

rice a-globulin REB/OHP-1

Nakase et al. Plant Mol. Biol. 33: 513-522, 1997

rice ADP-glucose pyrophos-
phorylase

Trans Res 6:157-68, 1997

Maize ESR gene family

Plant J 12:235-46, 1997

Sorghum a-kafirin

DeRose et al., Plant Mol. Biol 32:1029-35, 1996

KNOX

Postma-Haarsma et al, Plant Mol. Biol. 39:257-71, 1999

rice oleosin

Wu et al, J. Biochem. 123:386, 1998

sunflower oleosin

Cummins et al., Plant Mol. Biol. 19: 873-876, 1992

PRO0117, putative rice 40S

ribosomal protein

WO 2004/070039

PROO0138, rice alanine Unpublished
aminotransferase
PRO0147, trypsin inhibitor ITR1 Unpublished
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Gene source Reference

(barley)

PRO0151, rice WSI18 WO 2004/070039

PRO0175, rice RAB21 WO 2004/070039

PRO005 WO 2004/070039

PRO0095 WO 2004/070039

a-amylase (Amy32b) Lanahan et al, Plant Cell 4:203-211, 1992; Skriver et al,
Proc Natl Acad Sci USA 88:7266-7270, 1991

Cathepsin p-like gene Cejudo et al, Plant Mol Biol 20:849-856, 1992

Barley Ltp2 Kalla et al., Plant J. 6:849-60, 1994

Chi26 Leah et al., Plant J. 4:579-89, 1994

Maize B-Peru Selinger et al., Genetics 149;1125-38,1998

A green tissue-specific promoter as defined herein is a promoter that is transcriptionally active
predominantly in green tissue, substantially to the exclusion of any other parts of a plant, whilst
still allowing for any leaky expression in these other plant parts. From 59392: Examples of
green tissue-specific promoters are given in Nomura et al., 2000 Plant Mol Biol. 44(1):99-106;
WO 2004/070039.

Another example of a tissue-specific promoter is a meristem-specific promoter, which is
transcriptionally active predominantly in meristematic tissue, substantially to the exclusion of
any other parts of a plant, whilst still allowing for any leaky expression in these other plant
parts.

Terminator

The term “terminator” encompasses a control sequence which is a DNA sequence at the end
of a transcriptional unit which signals 3’ processing and polyadenylation of a primary transcript
and termination of transcription. The terminator can be derived from the natural gene, from a
variety of other plant genes, or from T-DNA. The terminator to be added may be derived from,
for example, the nopaline synthase or octopine synthase genes, or alternatively from another

plant gene, or less preferably from any other eukaryotic gene.

Modulation
The term “modulation” means in relation to expression or gene expression, a process in which
the expression level is changed by said gene expression in comparison to the control plant, the

expression level may be increased or decreased. The original, unmodulated expression may
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be of any kind of expression of a structural RNA (rRNA, tRNA) or mRNA with subsequent
translation. The term “modulating the activity” shall mean any change of the expression of the
inventive nucleic acid sequences or encoded proteins, which leads to increased yield and/or

increased growth of the plants.

Expression
The term “expression” or “gene expression” means the transcription of a specific gene or

specific genes or specific genetic construct. The term “expression” or “gene expression” in
particular means the transcription of a gene or genes or genetic construct into structural RNA
(rRNA, tRNA) or mRNA with or without subsequent translation of the latter into a protein. The

process includes transcription of DNA and processing of the resulting mRNA product.

Increased expression/overexpression

The term “increased expression” or “overexpression” as used herein means any form of

expression that is additional to the original wild-type expression level.

Methods for increasing expression of genes or gene products are well documented in the art
and include, for example, overexpression driven by appropriate promoters, the use of
transcription enhancers or translation enhancers. Isolated nucleic acids which serve as
promoter or enhancer elements may be introduced in an appropriate position (typically
upstream) of a non-heterologous form of a polynucleotide so as to upregulate expression of a
nucleic acid encoding the polypeptide of interest. For example, endogenous promoters may
be altered in vivo by mutation, deletion, and/or substitution (see, Kmiec, US 5,565,350; Zarling
et al.,, W09322443), or isolated promoters may be introduced into a plant cell in the proper
orientation and distance from a gene of the present invention so as to control the expression of

the gene.

If polypeptide expression is desired, it is generally desirable to include a polyadenylation
region at the 3'-end of a polynucleotide coding region. The polyadenylation region can be
derived from the natural gene, from a variety of other plant genes, or from T-DNA. The 3' end
sequence to be added may be derived from, for example, the nopaline synthase or octopine
synthase genes, or alternatively from another plant gene, or less preferably from any other

eukaryotic gene.

An intron sequence may also be added to the 5' untranslated region (UTR) or the coding
sequence of the partial coding sequence to increase the amount of the mature message that

accumulates in the cytosol. Inclusion of a spliceable intron in the transcription unit in both
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plant and animal expression constructs has been shown to increase gene expression at both
the mRNA and protein levels up to 1000-fold (Buchman and Berg (1988) Mol. Cell biol. 8:
4395-4405; Callis et al. (1987) Genes Dev 1:1183-1200). Such intron enhancement of gene
expression is typically greatest when placed near the 5' end of the transcription unit. Use of
the maize introns Adh1-S intron 1, 2, and 6, the Bronze-1 intron are known in the art. For
general information see: The Maize Handbook, Chapter 116, Freeling and Walbot, Eds.,
Springer, N.Y. (1994).

Endogenous gene

Reference herein to an “endogenous” gene not only refers to the gene in question as found in
a plant in its natural form (i.e., without there being any human intervention), but also refers to
that same gene (or a substantially homologous nucleic acid/gene) in an isolated form
subsequently (re)introduced into a plant (a transgene). For example, a transgenic plant
containing such a transgene may encounter a substantial reduction of the transgene
expression and/or substantial reduction of expression of the endogenous gene. The isolated
gene may be isolated from an organism or may be manmade, for example by chemical

synthesis.

Decreased expression

Reference herein to “decreased expression” or “reduction or substantial elimination” of
expression is taken to mean a decrease in endogenous gene expression and/or polypeptide
levels and/or polypeptide activity relative to control plants. The reduction or substantial
elimination is in increasing order of preference at least 10%, 20%, 30%, 40% or 50%, 60%,
70%, 80%, 85%, 90%, or 95%, 96%, 97%, 98%, 99% or more reduced compared to that of

control plants.

For optimal performance, the gene silencing techniques used for reducing expression in a
plant of an endogenous gene requires the use of nucleic acid sequences from
monocotyledonous plants for transformation of monocotyledonous plants, and from
dicotyledonous plants for transformation of dicotyledonous plants. Preferably, a nucleic acid
sequence from any given plant species is introduced into that same species. For example, a
nucleic acid sequence from rice is transformed into a rice plant. However, it is not an absolute
requirement that the nucleic acid sequence to be introduced originates from the same plant
species as the plant in which it will be introduced. It is sufficient that there is substantial

homology between the endogenous target gene and the nucleic acid to be introduced.

From 59391:
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For the reduction or substantial elimination of expression an endogenous gene in a plant, a
sufficient length of substantially contiguous nucleotides of a nucleic acid sequence is required.
In order to perform gene silencing, this may be as little as 20, 19, 18, 17, 16, 15, 14, 13, 12,
11, 10 or fewer nucleotides, alternatively this may be as much as the entire gene (including the
5 and/or 3 UTR, either in part or in whole). The stretch of substantially contiguous
nucleotides may be derived from the nucleic acid encoding the protein of interest (target gene),
or from any nucleic acid capable of encoding an orthologue, paralogue or homologue of the
protein of interest. Preferably, the stretch of substantially contiguous nucleotides is capable of
forming hydrogen bonds with the target gene (either sense or antisense strand), more
preferably, the stretch of substantially contiguous nucleotides has, in increasing order of
preference, 50%, 60%, 70%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, 100% sequence
identity to the target gene (either sense or antisense strand). A nucleic acid sequence
encoding a (functional) polypeptide is not a requirement for the various methods discussed

herein for the reduction or substantial elimination of expression of an endogenous gene.

This reduction or substantial elimination of expression may be achieved using routine tools and
techniques. A preferred method for the reduction or substantial elimination of endogenous
gene expression is by introducing and expressing in a plant a genetic construct into which the
nucleic acid (in this case a stretch of substantially contiguous nucleotides derived from the
gene of interest, or from any nucleic acid capable of encoding an orthologue, paralogue or
homologue of any one of the protein of interest) is cloned as an inverted repeat (in part or

completely), separated by a spacer (non-coding DNA).

In such a preferred method, expression of the endogenous gene is reduced or substantially
eliminated through RNA-mediated silencing using an inverted repeat of a nucleic acid or a part
thereof (in this case a stretch of substantially contiguous nucleotides derived from the gene of
interest, or from any nucleic acid capable of encoding an orthologue, paralogue or homologue
of the protein of interest), preferably capable of forming a hairpin structure. The inverted
repeat is cloned in an expression vector comprising control sequences. A non-coding DNA
nucleic acid sequence (a spacer, for example a matrix attachment region fragment (MAR), an
intron, a polylinker, etc.) is located between the two inverted nucleic acids forming the inverted
repeat. After transcription of the inverted repeat, a chimeric RNA with a selfcomplementary
structure is formed (partial or complete). This double-stranded RNA structure is referred to as
the hairpin RNA (hpRNA). The hpRNA is processed by the plant into siRNAs that are
incorporated into an RNA-induced silencing complex (RISC). The RISC further cleaves the

MRNA transcripts, thereby substantially reducing the number of mRNA transcripts to be
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translated into polypeptides. For further general details see for example, Grierson et al. (1998)
WO 98/53083; Waterhouse et al. (1999) WO 99/53050).

Performance of the methods of the invention does not rely on introducing and expressing in a
plant a genetic construct into which the nucleic acid is cloned as an inverted repeat, but any
one or more of several well-known “gene silencing” methods may be used to achieve the same
effects.

One such method for the reduction of endogenous gene expression is RNA-mediated silencing
of gene expression (downregulation). Silencing in this case is triggered in a plant by a double
stranded RNA sequence (dsRNA) that is substantially similar to the target endogenous gene.
This dsRNA is further processed by the plant into about 20 to about 26 nucleotides called short
interfering RNAs (siRNAs). The siRNAs are incorporated into an RNA-induced silencing
complex (RISC) that cleaves the mRNA transcript of the endogenous target gene, thereby
substantially reducing the number of mMRNA transcripts to be translated into a polypeptide.

Preferably, the double stranded RNA sequence corresponds to a target gene.

Another example of an RNA silencing method involves the introduction of nucleic acid
sequences or parts thereof (in this case a stretch of substantially contiguous nucleotides
derived from the gene of interest, or from any nucleic acid capable of encoding an orthologue,
paralogue or homologue of the protein of interest) in a sense orientation into a plant. “Sense
orientation” refers to a DNA sequence that is homologous to an mRNA transcript thereof.
Introduced into a plant would therefore be at least one copy of the nucleic acid sequence. The
additional nucleic acid sequence will reduce expression of the endogenous gene, giving rise to
a phenomenon known as co-suppression. The reduction of gene expression will be more
pronounced if several additional copies of a nucleic acid sequence are introduced into the
plant, as there is a positive correlation between high transcript levels and the triggering of co-

suppression.

Another example of an RNA silencing method involves the use of antisense nucleic acid
sequences. An "antisense" nucleic acid sequence comprises a nucleotide sequence that is
complementary to a "sense" nucleic acid sequence encoding a protein, i.e. complementary to
the coding strand of a double-stranded cDNA molecule or complementary to an mRNA
transcript sequence. The antisense nucleic acid sequence is preferably complementary to the
endogenous gene to be silenced. The complementarity may be located in the “coding region”
and/or in the “non-coding region” of a gene. The term “coding region" refers to a region of the

nucleotide sequence comprising codons that are translated into amino acid residues. The
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term “non-coding region" refers to 5' and 3' sequences that flank the coding region that are
transcribed but not translated into amino acids (also referred to as 5' and 3' untranslated

regions).

Antisense nucleic acid sequences can be designed according to the rules of Watson and Crick
base pairing. The antisense nucleic acid sequence may be complementary to the entire
nucleic acid sequence (in this case a stretch of substantially contiguous nucleotides derived
from the gene of interest, or from any nucleic acid capable of encoding an orthologue,
paralogue or homologue of the protein of interest), but may also be an oligonucleotide that is
antisense to only a part of the nucleic acid sequence (including the mRNA 5’ and 3° UTR). For
example, the antisense oligonucleotide sequence may be complementary to the region
surrounding the translation start site of an mRNA transcript encoding a polypeptide. The
length of a suitable antisense oligonucleotide sequence is known in the art and may start from
about 50, 45, 40, 35, 30, 25, 20, 15 or 10 nucleotides in length or less. An antisense nucleic
acid sequence according to the invention may be constructed using chemical synthesis and
enzymatic ligation reactions using methods known in the art. For example, an antisense
nucleic acid sequence (e.g., an antisense oligonucleotide sequence) may be chemically
synthesized using naturally occurring nucleotides or variously modified nucleotides designed to
increase the biological stability of the molecules or to increase the physical stability of the
duplex formed between the antisense and sense nucleic acid sequences, e.g.,
phosphorothioate derivatives and acridine substituted nucleotides may be used. Examples of
modified nucleotides that may be used to generate the antisense nucleic acid sequences are
well known in the art. Known nucleotide modifications include methylation, cyclization and
'caps' and substitution of one or more of the naturally occurring nucleotides with an analogue

such as inosine. Other modifications of nucleotides are well known in the art.

The antisense nucleic acid sequence can be produced biologically using an expression vector
into which a nucleic acid sequence has been subcloned in an antisense orientation (i.e., RNA
transcribed from the inserted nucleic acid will be of an antisense orientation to a target nucleic
acid of interest). Preferably, production of antisense nucleic acid sequences in plants occurs
by means of a stably integrated nucleic acid construct comprising a promoter, an operably

linked antisense oligonucleotide, and a terminator.

The nucleic acid molecules used for silencing in the methods of the invention (whether
introduced into a plant or generated in situ) hybridize with or bind to mMRNA transcripts and/or
genomic DNA encoding a polypeptide to thereby inhibit expression of the protein, e.g., by

inhibiting transcription and/or translation. The hybridization can be by conventional nucleotide
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complementarity to form a stable duplex, or, for example, in the case of an antisense nucleic
acid sequence which binds to DNA duplexes, through specific interactions in the major groove
of the double helix. Antisense nucleic acid sequences may be introduced into a plant by
transformation or direct injection at a specific tissue site. Alternatively, antisense nucleic acid
sequences can be modified to target selected cells and then administered systemically. For
example, for systemic administration, antisense nucleic acid sequences can be modified such
that they specifically bind to receptors or antigens expressed on a selected cell surface, e.g.,
by linking the antisense nucleic acid sequence to peptides or antibodies which bind to cell
surface receptors or antigens. The antisense nucleic acid sequences can also be delivered to

cells using the vectors described herein.

According to a further aspect, the antisense nucleic acid sequence is an a-anomeric nucleic
acid sequence. An a-anomeric nucleic acid sequence forms specific double-stranded hybrids
with complementary RNA in which, contrary to the usual b-units, the strands run parallel to
each other (Gaultier et al. (1987) Nucl Ac Res 15: 6625-6641). The antisense nucleic acid
sequence may also comprise a 2'-o-methylribonucleotide (Inoue et al. (1987) Nucl Ac Res 15,
6131-6148) or a chimeric RNA-DNA analogue (Inoue et al. (1987) FEBS Lett. 215, 327-330).

The reduction or substantial elimination of endogenous gene expression may also be
performed using ribozymes. Ribozymes are catalytic RNA molecules with ribonuclease activity
that are capable of cleaving a single-stranded nucleic acid sequence, such as an mRNA, to
which they have a complementary region. Thus, ribozymes (e.g., hammerhead ribozymes
(described in Haselhoff and Gerlach (1988) Nature 334, 585-591) can be used to catalytically
cleave mRNA transcripts encoding a polypeptide, thereby substantially reducing the number of
MRNA transcripts to be translated into a polypeptide. A ribozyme having specificity for a
nucleic acid sequence can be designed (see for example: Cech et al. U.S. Patent No.
4,987,071; and Cech et al. U.S. Patent No. 5,116,742). Alternatively, mRNA transcripts
corresponding to a nucleic acid sequence can be used to select a catalytic RNA having a
specific ribonuclease activity from a pool of RNA molecules (Bartel and Szostak (1993)
Science 261, 1411-1418). The use of ribozymes for gene silencing in plants is known in the
art (e.g., Atkins et al. (1994) WO 94/00012; Lenne et al. (1995) WO 95/03404; Lutziger et al.
(2000) WO 00/00619; Prinsen et al. (1997) WO 97/13865 and Scott et al. (1997) WO
97/38116).

Gene silencing may also be achieved by insertion mutagenesis (for example, T-DNA insertion

or transposon insertion) or by strategies as described by, among others, Angell and

PCT/EP2008/058370



10

15

20

25

30

35

WO 2009/003977 2%
Baulcombe ((1999) Plant J 20(3): 357-62), (Amplicon VIGS WO 98/36083), or Baulcombe (WO
99/15682).

Gene silencing may also occur if there is a mutation on an endogenous gene and/or a
mutation on an isolated gene/nucleic acid subsequently introduced into a plant. The reduction
or substantial elimination may be caused by a non-functional polypeptide. For example, a
polypeptide may bind to various interacting proteins; one or more mutation(s) and/or
truncation(s) may therefore provide for a polypeptide that is still able to bind interacting
proteins (such as receptor proteins) but that cannot exhibit its normal function (such as

signalling ligand).

A further approach to gene silencing is by targeting nucleic acid sequences complementary to
the regulatory region of the gene (e.g., the promoter and/or enhancers) to form triple helical
structures that prevent transcription of the gene in target cells. See Helene, C., Anticancer
Drug Res. 6, 569-84, 1991; Helene et al., Ann. N.Y. Acad. Sci. 660, 27-36 1992; and Maher,
L.J. Bioassays 14, 807-15, 1992.

Other methods, such as the use of antibodies directed to an endogenous polypeptide for
inhibiting its function in planta, or interference in the signalling pathway in which a polypeptide
is involved, will be well known to the skilled man. In particular, it can be envisaged that
manmade molecules may be useful for inhibiting the biological function of a target polypeptide,

or for interfering with the signalling pathway in which the target polypeptide is involved.

Alternatively, a screening program may be set up to identify in a plant population natural
variants of a gene, which variants encode polypeptides with reduced activity. Such natural

variants may also be used for example, to perform homologous recombination.

Artificial and/or natural microRNAs (miRNAs) may be used to knock out gene expression
and/or mRNA translation. Endogenous miRNAs are single stranded small RNAs of typically
19-24 nucleotides long. They function primarily to regulate gene expression and/ or mRNA
translation. Most plant microRNAs (miRNAs) have perfect or near-perfect complementarity
with their target sequences. However, there are natural targets with up to five mismatches.
They are processed from longer non-coding RNAs with characteristic fold-back structures by
double-strand specific RNases of the Dicer family. Upon processing, they are incorporated in
the RNA-induced silencing complex (RISC) by binding to its main component, an Argonaute
protein. MiRNAs serve as the specificity components of RISC, since they base-pair to target

nucleic acids, mostly mRNAs, in the cytoplasm. Subsequent regulatory events include target
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MRNA cleavage and destruction and/or translational inhibition. Effects of miRNA

overexpression are thus often reflected in decreased mRNA levels of target genes.

Artificial microRNAs (amiRNAs), which are typically 21 nucleotides in length, can be
genetically engineered specifically to negatively regulate gene expression of single or multiple
genes of interest. Determinants of plant microRNA target selection are well known in the art.
Empirical parameters for target recognition have been defined and can be used to aid in the
design of specific amiRNAs, (Schwab et al., Dev. Cell 8, 517-527, 2005). Convenient tools for
design and generation of amiRNAs and their precursors are also available to the public
(Schwab et al., Plant Cell 18, 1121-1133, 2006).

For optimal performance, the gene silencing techniques used for reducing expression in a
plant of an endogenous gene requires the use of nucleic acid sequences from
monocotyledonous plants for transformation of monocotyledonous plants, and from
dicotyledonous plants for transformation of dicotyledonous plants. Preferably, a nucleic acid
sequence from any given plant species is introduced into that same species. For example, a
nucleic acid sequence from rice is transformed into a rice plant. However, it is not an absolute
requirement that the nucleic acid sequence to be introduced originates from the same plant
species as the plant in which it will be introduced. It is sufficient that there is substantial

homology between the endogenous target gene and the nucleic acid to be introduced.

Described above are examples of various methods for the reduction or substantial elimination
of expression in a plant of an endogenous gene. A person skilled in the art would readily be
able to adapt the aforementioned methods for silencing so as to achieve reduction of
expression of an endogenous gene in a whole plant or in parts thereof through the use of an

appropriate promoter, for example.

A person skilled in the art is familiar with the various techniques for decreasing expression of a

gene.

Selectable marker (gene)Reporter gene

"Selectable marker”", "selectable marker gene" or “reporter gene” includes any gene that
confers a phenotype on a cell in which it is expressed to facilitate the identification and/or
selection of cells that are transfected or transformed with a nucleic acid construct of the
invention. These marker genes enable the identification of a successful transfer of the nucleic
acid molecules via a series of different principles. Suitable markers may be selected from

markers that confer antibiotic or herbicide resistance, that introduce a new metabolic trait or
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that allow visual selection. Examples of selectable marker genes include genes conferring
resistance to antibiotics (such as nptll that phosphorylates neomycin and kanamycin, or hpt,
phosphorylating hygromycin, or genes conferring resistance to, for example, bleomycin,
streptomycin, tetracyclin, chloramphenicol, ampicillin, gentamycin, geneticin (G418),
spectinomycin or blasticidin), to herbicides (for example bar which provides resistance to
Basta™ aroA or gox providing resistance against glyphosate, or the genes conferring
resistance to, for example, imidazolinone, phosphinothricin or sulfonylurea), or genes that
provide a metabolic trait (such as manA that allows plants to use mannose as sole carbon
source or xylose isomerase for the utilisation of xylose, or antinutritive markers such as the
resistance to 2-deoxyglucose). Expression of visual marker genes results in the formation of
colour (for example B-glucuronidase, GUS or B-galactosidase with its coloured substrates, for
example X-Gal), luminescence (such as the luciferin/luceferase system) or fluorescence
(Green Fluorescent Protein, GFP, and derivatives thereof). This list represents only a small
number of possible markers. The skilled worker is familiar with such markers. Different

markers are preferred, depending on the organism and the selection method.

It is known that upon stable or transient integration of nucleic acids into plant cells, only a
minority of the cells takes up the foreign DNA and, if desired, integrates it into its genome,
depending on the expression vector used and the transfection technique used. To identify and
select these integrants, a gene coding for a selectable marker (such as the ones described
above) is usually introduced into the host cells together with the gene of interest. These
markers can for example be used in mutants in which these genes are not functional by, for
example, deletion by conventional methods. Furthermore, nucleic acid molecules encoding a
selectable marker can be introduced into a host cell on the same vector that comprises the
sequence encoding the polypeptides of the invention or used in the methods of the invention,
or else in a separate vector. Cells which have been stably transfected with the introduced
nucleic acid can be identified for example by selection (for example, cells which have

integrated the selectable marker survive whereas the other cells die).

Since the marker genes, particularly genes for resistance to antibiotics and herbicides, are no
longer required or are undesired in the transgenic host cell once the nucleic acids have been
introduced successfully, the process according to the invention for introducing the nucleic
acids advantageously employs techniques which enable the removal or excision of these
marker genes. One such a method is what is known as co-transformation. The co-
transformation method employs two vectors simultaneously for the transformation, one vector
bearing the nucleic acid according to the invention and a second bearing the marker gene(s).

A large proportion of transformants receives or, in the case of plants, comprises (up to 40% or
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more of the transformants), both vectors. In case of transformation with Agrobacteria, the
transformants usually receive only a part of the vector, i.e. the sequence flanked by the T-
DNA, which usually represents the expression cassette. The marker genes can subsequently
be removed from the transformed plant by performing crosses. In another method, marker
genes integrated into a transposon are used for the transformation together with desired
nucleic acid (known as the Ac/Ds technology). The transformants can be crossed with a
transposase source or the transformants are transformed with a nucleic acid construct
conferring expression of a transposase, transiently or stable. In some cases (approx. 10%),
the transposon jumps out of the genome of the host cell once transformation has taken place
successfully and is lost. In a further number of cases, the transposon jumps to a different
location. In these cases the marker gene must be eliminated by performing crosses. In
microbiology, techniques were developed which make possible, or facilitate, the detection of
such events. A further advantageous method relies on what is known as recombination
systems; whose advantage is that elimination by crossing can be dispensed with. The best-
known system of this type is what is known as the Cre/lox system. Cre1 is a recombinase that
removes the sequences located between the loxP sequences. If the marker gene is integrated
between the loxP sequences, it is removed once transformation has taken place successfully,
by expression of the recombinase. Further recombination systems are the HIN/HIX, FLP/FRT
and REP/STB system (Tribble et al., J. Biol. Chem., 275, 2000: 22255-22267; Velmurugan et
al., J. Cell Biol., 149, 2000: 553-566). A site-specific integration into the plant genome of the
nucleic acid sequences according to the invention is possible. Naturally, these methods can

also be applied to microorganisms such as yeast, fungi or bacteria.

Transgenic/Transgene/Recombinant

For the purposes of the invention, "transgenic”, “transgene” or "recombinant" means with
regard to, for example, a nucleic acid sequence, an expression cassette, gene construct or a
vector comprising the nucleic acid sequence or an organism transformed with the nucleic acid
sequences, expression cassettes or vectors according to the invention, all those constructions
brought about by recombinant methods in which either
(a) the nucleic acid sequences encoding proteins useful in the methods of the
invention, or
(b) genetic control sequence(s) which is operably linked with the nucleic acid
sequence according to the invention, for example a promoter, or
(c) a)and b)
are not located in their natural genetic environment or have been modified by recombinant
methods, it being possible for the modification to take the form of, for example, a substitution,

addition, deletion, inversion or insertion of one or more nucleotide residues. The natural
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genetic environment is understood as meaning the natural genomic or chromosomal locus in
the original plant or the presence in a genomic library. In the case of a genomic library, the
natural genetic environment of the nucleic acid sequence is preferably retained, at least in part.
The environment flanks the nucleic acid sequence at least on one side and has a sequence
length of at least 50 bp, preferably at least 500 bp, especially preferably at least 1000 bp, most
preferably at least 5000 bp. A naturally occurring expression cassette — for example the
naturally occurring combination of the natural promoter of the nucleic acid sequences with the
corresponding nucleic acid sequence encoding a polypeptide useful in the methods of the
present invention, as defined above — becomes a transgenic expression cassette when this
expression cassette is modified by non-natural, synthetic ("artificial") methods such as, for
example, mutagenic treatment. Suitable methods are described, for example, in US 5,565,350
or WO 00/15815.

A transgenic plant for the purposes of the invention is thus understood as meaning, as above,
that the nucleic acids used in the method of the invention are not at their natural locus in the
genome of said plant, it being possible for the nucleic acids to be expressed homologously or
heterologously. However, as mentioned, transgenic also means that, while the nucleic acids
according to the invention or used in the inventive method are at their natural position in the
genome of a plant, the sequence has been modified with regard to the natural sequence,
and/or that the regulatory sequences of the natural sequences have been modified.
Transgenic is preferably understood as meaning the expression of the nucleic acids according
to the invention at an unnatural locus in the genome, i.e. homologous or, preferably,
heterologous expression of the nucleic acids takes place. Preferred transgenic plants are

mentioned herein.

Transformation

The term “introduction” or “transformation” as referred to herein encompasses the transfer of
an exogenous polynucleotide into a host cell, irrespective of the method used for transfer.
Plant tissue capable of subsequent clonal propagation, whether by organogenesis or
embryogenesis, may be transformed with a genetic construct of the present invention and a
whole plant regenerated there from. The particular tissue chosen will vary depending on the
clonal propagation systems available for, and best suited to, the particular species being
transformed. Exemplary tissue targets include leaf disks, pollen, embryos, cotyledons,
hypocotyls, megagametophytes, callus tissue, existing meristematic tissue (e.g., apical
meristem, axillary buds, and root meristems), and induced meristem tissue (e.g., cotyledon
meristem and hypocotyl meristem). The polynucleotide may be transiently or stably introduced

into a host cell and may be maintained non-integrated, for example, as a plasmid.
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Alternatively, it may be integrated into the host genome. The resulting transformed plant cell
may then be used to regenerate a transformed plant in a manner known to persons skilled in

the art.

The transfer of foreign genes into the genome of a plant is called transformation.
Transformation of plant species is now a fairly routine technique. Advantageously, any of
several transformation methods may be used to introduce the gene of interest into a suitable
ancestor cell. The methods described for the transformation and regeneration of plants from
plant tissues or plant cells may be utilized for transient or for stable transformation.
Transformation methods include the use of liposomes, electroporation, chemicals that increase
free DNA uptake, injection of the DNA directly into the plant, particle gun bombardment,
transformation using viruses or pollen and microprojection. Methods may be selected from the
calcium/polyethylene glycol method for protoplasts (Krens, F.A. et al., (1982) Nature 296, 72-
74; Negrutiu | et al. (1987) Plant Mol Biol 8: 363-373); electroporation of protoplasts (Shillito
R.D. et al. (1985) Bio/Technol 3, 1099-1102); microinjection into plant material (Crossway A et
al., (1986) Mol. Gen Genet 202: 179-185); DNA or RNA-coated particle bombardment (Klein
TM et al.,, (1987) Nature 327: 70) infection with (non-integrative) viruses and the like.
Transgenic plants, including transgenic crop plants, are preferably produced via
Agrobacterium-mediated transformation. An advantageous transformation method is the
transformation in planta. To this end, it is possible, for example, to allow the agrobacteria to act
on plant seeds or to inoculate the plant meristem with agrobacteria. It has proved particularly
expedient in accordance with the invention to allow a suspension of transformed agrobacteria
to act on the intact plant or at least on the flower primordia. The plant is subsequently grown
on until the seeds of the treated plant are obtained (Clough and Bent, Plant J. (1998) 16, 735—
743). Methods for Agrobacterium-mediated transformation of rice include well known methods
for rice transformation, such as those described in any of the following: European patent
application EP 1198985 A1, Aldemita and Hodges (Planta 199: 612-617, 1996); Chan et al.
(Plant Mol Biol 22 (3): 491-506, 1993), Hiei et al. (Plant J 6 (2): 271-282, 1994), which
disclosures are incorporated by reference herein as if fully set forth. In the case of corn
transformation, the preferred method is as described in either Ishida et al. (Nat. Biotechnol
14(6): 745-50, 1996) or Frame et al. (Plant Physiol 129(1): 13-22, 2002), which disclosures are
incorporated by reference herein as if fully set forth. Said methods are further described by
way of example in B. Jenes et al., Techniques for Gene Transfer, in: Transgenic Plants, Vol. 1,
Engineering and Utilization, eds. S.D. Kung and R. Wu, Academic Press (1993) 128-143 and
in Potrykus Annu. Rev. Plant Physiol. Plant Molec. Biol. 42 (1991) 205-225). The nucleic acids
or the construct to be expressed is preferably cloned into a vector, which is suitable for

transforming Agrobacterium tumefaciens, for example pBin19 (Bevan et al., Nucl. Acids Res.
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12 (1984) 8711). Agrobacteria transformed by such a vector can then be used in known
manner for the transformation of plants, such as plants used as a model, like Arabidopsis
(Arabidopsis thaliana is within the scope of the present invention not considered as a crop
plant), or crop plants such as, by way of example, tobacco plants, for example by immersing
bruised leaves or chopped leaves in an agrobacterial solution and then culturing them in
suitable media. The transformation of plants by means of Agrobacterium tumefaciens is
described, for example, by Héfgen and Willmitzer in Nucl. Acid Res. (1988) 16, 9877 or is
known inter alia from F.F. White, Vectors for Gene Transfer in Higher Plants; in Transgenic
Plants, Vol. 1, Engineering and Utilization, eds. S.D. Kung and R. Wu, Academic Press, 1993,
pp. 15-38.

In addition to the transformation of somatic cells, which then have to be regenerated into intact
plants, it is also possible to transform the cells of plant meristems and in particular those cells
which develop into gametes. In this case, the transformed gametes follow the natural plant
development, giving rise to transgenic plants. Thus, for example, seeds of Arabidopsis are
treated with agrobacteria and seeds are obtained from the developing plants of which a certain
proportion is transformed and thus transgenic [Feldman, KA and Marks MD (1987). Mol Gen
Genet 208:274-289; Feldmann K (1992). In: C Koncz, N-H Chua and J Shell, eds, Methods in
Arabidopsis Research. Word Scientific, Singapore, pp. 274-289]. Alternative methods are
based on the repeated removal of the inflorescences and incubation of the excision site in the
center of the rosette with transformed agrobacteria, whereby transformed seeds can likewise
be obtained at a later point in time (Chang (1994). Plant J. 5: 551-558; Katavic (1994). Mol
Gen Genet, 245: 363-370). However, an especially effective method is the vacuum infiltration
method with its modifications such as the “floral dip” method. In the case of vacuum infiltration
of Arabidopsis, intact plants under reduced pressure are treated with an agrobacterial
suspension [Bechthold, N (1993). C R Acad Sci Paris Life Sci, 316: 1194-1199], while in the
case of the "floral dip” method the developing floral tissue is incubated briefly with a surfactant-
treated agrobacterial suspension [Clough, SJ and Bent AF (1998) The Plant J. 16, 735-743]. A
certain proportion of transgenic seeds are harvested in both cases, and these seeds can be
distinguished from non-transgenic seeds by growing under the above-described selective
conditions. In addition the stable transformation of plastids is of advantages because plastids
are inherited maternally is most crops reducing or eliminating the risk of transgene flow
through pollen. The transformation of the chloroplast genome is generally achieved by a
process which has been schematically displayed in Klaus et al., 2004 [Nature Biotechnology
22 (2), 225-229]. Briefly the sequences to be transformed are cloned together with a
selectable marker gene between flanking sequences homologous to the chloroplast genome.

These homologous flanking sequences direct site specific integration into the plastome.
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Plastidal transformation has been described for many different plant species and an overview
is given in Bock (2001) Transgenic plastids in basic research and plant biotechnology. J Mol
Biol. 2001 Sep 21; 312 (3):425-38 or Maliga, P (2003) Progress towards commercialization of
plastid transformation technology. Trends Biotechnol. 21, 20-28. Further biotechnological
progress has recently been reported in form of marker free plastid transformants, which can be
produced by a transient co-integrated maker gene (Klaus et al., 2004, Nature Biotechnology
22(2), 225-229).

T-DNA activation tagging

T-DNA activation tagging (Hayashi et al. Science (1992) 1350-1353), involves insertion of T-
DNA, usually containing a promoter (may also be a translation enhancer or an intron), in the
genomic region of the gene of interest or 10 kb up- or downstream of the coding region of a
gene in a configuration such that the promoter directs expression of the targeted gene.
Typically, regulation of expression of the targeted gene by its natural promoter is disrupted and
the gene falls under the control of the newly introduced promoter. The promoter is typically
embedded in a T-DNA. This T-DNA is randomly inserted into the plant genome, for example,
through Agrobacterium infection and leads to modified expression of genes near the inserted
T-DNA. The resulting transgenic plants show dominant phenotypes due to modified

expression of genes close to the introduced promoter.

TILLING

The term “TILLING” is an abbreviation of “Targeted Induced Local Lesions In Genomes” and
refers to a mutagenesis technology useful to generate and/or identify nucleic acids encoding
proteins with modified expression and/or activity. TILLING also allows selection of plants
carrying such mutant variants. These mutant variants may exhibit modified expression, either
in strength or in location or in timing (if the mutations affect the promoter for example). These
mutant variants may exhibit higher activity than that exhibited by the gene in its natural form.
TILLING combines high-density mutagenesis with high-throughput screening methods. The
steps typically followed in TILLING are: (a) EMS mutagenesis (Redei GP and Koncz C (1992)
In Methods in Arabidopsis Research, Koncz C, Chua NH, Schell J, eds. Singapore, World
Scientific Publishing Co, pp. 16—82; Feldmann et al., (1994) In Meyerowitz EM, Somerville CR,
eds, Arabidopsis. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, pp 137-172;
Lightner J and Caspar T (1998) In J Martinez-Zapater, J Salinas, eds, Methods on Molecular
Biology, Vol. 82. Humana Press, Totowa, NJ, pp 91-104); (b) DNA preparation and pooling of
individuals; (c) PCR amplification of a region of interest; (d) denaturation and annealing to
allow formation of heteroduplexes; (¢) DHPLC, where the presence of a heteroduplex in a pool

is detected as an extra peak in the chromatogram; (f) identification of the mutant individual;
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and (g) sequencing of the mutant PCR product. Methods for TILLING are well known in the art
(McCallum et al., (2000) Nat Biotechnol 18: 455-457; reviewed by Stemple (2004) Nat Rev
Genet 5(2): 145-50).

Homologous recombination

Homologous recombination allows introduction in a genome of a selected nucleic acid at a
defined selected position. Homologous recombination is a standard technology used routinely
in biological sciences for lower organisms such as yeast or the moss Physcomitrella. Methods
for performing homologous recombination in plants have been described not only for model
plants (Offringa et al. (1990) EMBO J 9(10): 3077-84) but also for crop plants, for example rice
(Terada et al. (2002) Nat Biotech 20(10): 10304; lida and Terada (2004) Curr Opin Biotech
15(2): 132-8), and approaches exist that are generally applicable regardless of the target
organism (Miller et al, Nature Biotechnol. 25, 778-785, 2007).

Yield

The term “yield” in general means a measurable produce of economic value, typically related
to a specified crop, to an area, and to a period of time. Individual plant parts directly contribute
to yield based on their number, size and/or weight, or the actual yield is the yield per square
meter for a crop and year, which is determined by dividing total production (includes both
harvested and appraised production) by planted square meters. The term “yield” of a plant
may relate to vegetative biomass (root and/or shoot biomass), to reproductive organs, and/or

to propagules (such as seeds) of that plant.

Early vigour
“Early vigour” refers to active healthy well-balanced growth especially during early stages of

plant growth, and may result from increased plant fithess due to, for example, the plants being
better adapted to their environment (i.e. optimizing the use of energy resources and
partitioning between shoot and root). Plants having early vigour also show increased seedling
survival and a better establishment of the crop, which often results in highly uniform fields (with
the crop growing in uniform manner, i.e. with the majority of plants reaching the various stages
of development at substantially the same time), and often better and higher yield. Therefore,
early vigour may be determined by measuring various factors, such as thousand kernel weight,
percentage germination, percentage emergence, seedling growth, seedling height, root length,

root and shoot biomass and many more.

Increase/Improve/Enhance
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The terms “increase”, “improve” or “enhance” are interchangeable and shall mean in the sense
of the application at least a 3%, 4%, 5%, 6%, 7%, 8%, 9% or 10%, preferably at least 15% or
20%, more preferably 25%, 30%, 35% or 40% more yield and/or growth in comparison to

control plants as defined herein.

Seed yield
Increased seed yield may manifest itself as one or more of the following: a) an increase in

seed biomass (total seed weight) which may be on an individual seed basis and/or per plant
and/or per square meter; b) increased number of flowers per plant; ¢) increased number of
(filled) seeds; d) increased seed filling rate (which is expressed as the ratio between the
number of filled seeds divided by the total number of seeds); e) increased harvest index, which
is expressed as a ratio of the yield of harvestable parts, such as seeds, divided by the total
biomass; and f) increased thousand kernel weight (TKW), which is extrapolated from the
number of filled seeds counted and their total weight. An increased TKW may result from an
increased seed size and/or seed weight, and may also result from an increase in embryo

and/or endosperm size.

An increase in seed yield may also be manifested as an increase in seed size and/or seed
volume. Furthermore, an increase in seed yield may also manifest itself as an increase in
seed area and/or seed length and/or seed width and/or seed perimeter. Increased yield may

also result in modified architecture, or may occur because of modified architecture.

Greenness Index

The “greenness index” as used herein is calculated from digital images of plants. For each
pixel belonging to the plant object on the image, the ratio of the green value versus the red
value (in the RGB model for encoding color) is calculated. The greenness index is expressed
as the percentage of pixels for which the green-to-red ratio exceeds a given threshold. Under
normal growth conditions, under salt stress growth conditions, and under reduced nutrient
availability growth conditions, the greenness index of plants is measured in the last imaging
before flowering. In contrast, under drought stress growth conditions, the greenness index of

plants is measured in the first imaging after drought.

Plant

The term “plant” as used herein encompasses whole plants, ancestors and progeny of the
plants and plant parts, including seeds, shoots, stems, leaves, roots (including tubers), flowers,
and tissues and organs, wherein each of the aforementioned comprise the gene/nucleic acid of

interest. The term “plant” also encompasses plant cells, suspension cultures, callus tissue,

PCT/EP2008/058370



10

15

20

25

30

35

WO 2009/003977 36
embryos, meristematic regions, gametophytes, sporophytes, pollen and microspores, again

wherein each of the aforementioned comprises the gene/nucleic acid of interest.

Plants that are particularly useful in the methods of the invention include all plants which
belong to the superfamily Viridiplantae, in particular monocotyledonous and dicotyledonous
plants including fodder or forage legumes, ornamental plants, food crops, trees or shrubs
selected from the list comprising Acer spp., Actinidia spp., Abelmoschus spp., Agave sisalana,
Agropyron spp., Agrostis stolonifera, Allium spp., Amaranthus spp., Ammophila arenaria,
Ananas comosus, Annona spp., Apium graveolens, Arachis spp, Artocarpus spp., Asparagus
officinalis, Avena spp. (e.g. Avena sativa, Avena fatua, Avena byzantina, Avena fatua var.
sativa, Avena hybrida), Averrhoa carambola, Bambusa sp., Benincasa hispida, Bertholletia
excelsea, Beta vulgaris, Brassica spp. (e.g. Brassica napus, Brassica rapa ssp. [canola,
oilseed rape, turnip rape]), Cadaba farinosa, Camellia sinensis, Canna indica, Cannabis sativa,
Capsicum spp., Carex elata, Carica papaya, Carissa macrocarpa, Carya spp., Carthamus
tinctorius, Castanea spp., Ceiba pentandra, Cichorium endivia, Cinnamomum spp., Citrullus
lanatus, Citrus spp., Cocos spp., Coffea spp., Colocasia esculenta, Cola spp., Corchorus sp.,
Coriandrum sativum, Corylus spp., Crataegus spp., Crocus sativus, Cucurbita spp., Cucumis
spp., Cynara spp., Daucus carota, Desmodium spp., Dimocarpus longan, Dioscorea spp.,
Diospyros spp., Echinochloa spp., Elaeis (e.g. Elaeis guineensis, Elaeis oleifera), Eleusine
coracana, Eragrostis tef, Erianthus sp., Eriobotrya japonica, Eucalyptus sp., Eugenia uniflora,
Fagopyrum spp., Fagus spp., Festuca arundinacea, Ficus carica, Fortunella spp., Fragaria
spp., Ginkgo biloba, Glycine spp. (e.g. Glycine max, Soja hispida or Soja max), Gossypium
hirsutum, Helianthus spp. (e.g. Helianthus annuus), Hemerocallis fulva, Hibiscus spp.,
Hordeum spp. (e.g. Hordeum vulgare), Ipomoea batatas, Juglans spp., Lactuca sativa,
Lathyrus spp., Lens culinaris, Linum usitatissimum, Litchi chinensis, Lotus spp., Luffa
acutangula, Lupinus spp., Luzula sylvatica, Lycopersicon spp. (e.g. Lycopersicon esculentum,
Lycopersicon lycopersicum, Lycopersicon pyriforme), Macrotyloma spp., Malus spp., Malpighia
emarginata, Mammea americana, Mangifera indica, Manihot spp., Manilkara zapota, Medicago
sativa, Melilotus spp., Mentha spp., Miscanthus sinensis, Momordica spp., Morus nigra, Musa
spp., Nicotiana spp., Olea spp., Opuntia spp., Ornithopus spp., Oryza spp. (e.g. Oryza sativa,
Oryza latifolia), Panicum miliaceum, Panicum virgatum, Passiflora edulis, Pastinaca sativa,
Pennisetum sp., Persea spp., Petroselinum crispum, Phalaris arundinacea, Phaseolus spp.,
Phleum pratense, Phoenix spp., Phragmites australis, Physalis spp., Pinus spp., Pistacia vera,
Pisum spp., Poa spp., Populus spp., Prosopis spp., Prunus spp., Psidium spp., Punica
granatum, Pyrus communis, Quercus spp., Raphanus sativus, Rheum rhabarbarum, Ribes
spp., Ricinus communis, Rubus spp., Saccharum spp., Salix sp., Sambucus spp., Secale

cereale, Sesamum spp., Sinapis sp., Solanum spp. (e.g. Solanum tuberosum, Solanum
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integrifolium or Solanum lycopersicum), Sorghum bicolor, Spinacia spp., Syzygium spp.,
Tagetes spp., Tamarindus indica, Theobroma cacao, Trifolium spp., Thpsacum dactyloides,
Triticosecale rimpaui, Triticum spp. (e.g. Triticum aestivum, Triticum durum, Triticum turgidum,
Triticum hybernum, Triticum macha, Triticum sativum, Triticum monococcum or Triticum
vulgare), Tropaeolum minus, Tropaeolum majus, Vaccinium spp., Vicia spp., Vigha spp., Viola

odorata, Vitis spp., Zea mays, Zizania palustris, Ziziphus spp., amongst others.

Detailed description of the invention

Surprisingly, it has now been found that modulating expression in a plant of a nucleic acid
encoding a bHLH6-like polypeptide gives plants having enhanced yield-related traits relative to
control plants. According to a first embodiment, the present invention provides a method for
enhancing yield-related ftraits in plants relative to control plants, comprising modulating

expression in a plant of a nucleic acid encoding a bHLH6-like polypeptide.

A preferred method for modulating (preferably, increasing) expression of a nucleic acid
encoding a bHLHG6-like polypeptide is by introducing and expressing in a plant a nucleic acid

encoding a bHLH6-like polypeptide.

In one embodiment any reference hereinafter to a “protein useful in the methods of the
invention” is taken to mean a bHLH®6-like polypeptide as defined herein. In the same
embodiment any reference hereinafter to a “nucleic acid useful in the methods of the invention”
is taken to mean a nucleic acid capable of encoding such a bHLH6-like polypeptide. In one
embodiment the nucleic acid to be introduced into a plant (and therefore useful in performing
the methods of the invention) is any nucleic acid encoding the type of protein which will now be

described, hereafter also hamed “bHLH6-like nucleic acid” or “bHLH6-like gene”.

A “bHLH6-like polypeptide” as defined herein refers to any polypeptide comprising a basic
domain followed by a HLH domain (HMMPFam PF00010, ProfileScan PS50888, SMART
SMO00353) thereby forming a basic helix-loop-helix domain (Interpro IPR001092). Preferably,
the bHLH6-like polypeptide comprises at least one, preferably two, more preferably three or
more of the following motifs:

Motif 1 (SEQ ID NO: 3): L (G/E/T)WX (D/E) (G/S) X (Y/F) (K/N)G(E/D)

wherein X in position 4 can be any amino acid, preferably a turnlike amino acid, more
preferably one of G, R, K, T, and S; and wherein X in position 7 can be any amino acid,

preferably a hydrophobic or polar amino acid, more preferably one of Y, F, N, and H.
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Motif 2 (SEQ ID NO: 4):
G(V/I) (V/I/L)E(V/L/I) (G/R) (S/V/T/A) (T/L/S) (E/D/S)

Motif 3 (SEQ ID NO: 5): (D/E) K (A/V/I)S(L/I/V)L(G/D/E/A)

Motif 4 (SEQ ID NO: 6): (T/N/S)LO (Q/H) RLQ

Motif 5 (SEQ ID NO: 7):

(K/F) (I/F/V) (I/L/V/M/S)G (W/L/R/N/E) (E/D)AM(I/V) (G/R) (V/I) (Q/N/E/
Y)

Motif 6 (SEQ ID NO: 8):

(H/Y) (A/S) (S/N) (V/C/M/L/T) (S/Q) (V/C/S) (V/MF) (K/N/S) (D/C/E) (L/Q/F
/M) (M/R/L) (I/F/L) (Q/D/H) (Q/D/V)

Alternatively, the homologue of a bHLH6-like protein has in increasing order of preference at
least 25%, 26%, 27%, 28%, 29%, 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%,
40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%,
56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%,
72%, 73%, T4%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% overall sequence
identity to the amino acid represented by SEQ ID NO: 2, provided that the homologous protein
comprises the conserved motifs as outlined above. The overall sequence identity is
determined using a global alignment algorithm, such as the Needleman Wunsch algorithm in
the program GAP (GCG Wisconsin Package, Accelrys), preferably with default parameters.
Compared to overall sequence identity, the sequence identity will generally be higher when
only conserved domains or motifs are considered. The sequence conservation is much higher
in the region of the bHLH domain (see Table B2 in Example 3 and Figure 2). Therefore the
bHLH domain is a good criterion for the defining the group of bHLH6-like proteins. Preferably,
the bHLH6-like polypeptide comprises the sequence of Motif 7 (SEQ ID NO: 9): PKKRGRKPAN
GREEPLNHVEAERQRREKLNQRFYALRAVVPNVSKMDKASLLGDATAYINELKSKVVKTE or a
sequence that has, in increasing order of preference, at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity to SEQ ID NO: 9. The HLH domain as determined by SMART spans
residue 454 to 503 in SEQ ID NO: 2 and is comprised in Motif 7.

Preferably, the polypeptide sequence which when used in the construction of a phylogenetic
tree, such as the one depicted in Figure 6 in Li et al. (2006), clusters within subgroup N (which

comprises the amino acid sequence represented by SEQ ID NO: 2), rather than with any other

group.
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Preferably, the genomic DNA sequence encoding the bHLH6-like polypeptide does not
comprise introns.

The terms “domain”, “sighature” and “motif” are defined in the “definitions” section herein.
Specialist databases exist for the identification of domains, for example, SMART (Schultz et al.
(1998) Proc. Natl. Acad. Sci. USA 95, 5857-5864; Letunic et al. (2002) Nucleic Acids Res 30,
242-244), InterPro (Mulder et al., (2003) Nucl. Acids. Res. 31, 315-318), Prosite (Bucher and
Bairoch (1994), A generalized profile syntax for biomolecular sequences motifs and its function
in automatic sequence interpretation. (In) ISMB-94; Proceedings 2nd International Conference
on Intelligent Systems for Molecular Biology. Altman R., Brutlag D., Karp P., Lathrop R., Searls
D., Eds., pp53-61, AAAI Press, Menlo Park; Hulo et al., Nucl. Acids. Res. 32:D134-D137,
(2004)), or Pfam (Bateman et al., Nucleic Acids Research 30(1): 276-280 (2002)). A set of
tools for in silico analysis of protein sequences is available on the ExPASy proteomics server
(Swiss Institute of Bioinformatics (Gasteiger et al., ExPASy: the proteomics server for in-depth
protein knowledge and analysis, Nucleic Acids Res. 31:3784-3788(2003)). Domains or motifs

may also be identified using routine techniques, such as by sequence alignment.

Methods for the alignment of sequences for comparison are well known in the art, such
methods include GAP, BESTFIT, BLAST, FASTA and TFASTA. GAP uses the algorithm of
Needleman and Wunsch ((1970) J Mol Biol 48: 443-453) to find the global (i.e. spanning the
complete sequences) alignment of two sequences that maximizes the number of matches and
minimizes the number of gaps. The BLAST algorithm (Altschul et al. (1990) J Mol Biol 215:
403-10) calculates percent sequence identity and performs a statistical analysis of the
similarity between the two sequences. The software for performing BLAST analysis is publicly
available through the National Centre for Biotechnology Information (NCBI). Homologues may
readily be identified using, for example, the ClustalW multiple sequence alignment algorithm
(version 1.83), with the default pairwise alignment parameters, and a scoring method in
percentage. Global percentages of similarity and identity may also be determined using one of
the methods available in the MatGAT software package (Campanella et al., BMC
Bioinformatics. 2003 Jul 10;4:29. MatGAT: an application that generates similarity/identity
matrices using protein or DNA sequences.). Minor manual editing may be performed to
optimise alignment between conserved motifs, as would be apparent to a person skilled in the
art. Furthermore, instead of using full-length sequences for the identification of homologues,
specific domains may also be used. The sequence identity values may be determined over
the entire nucleic acid or amino acid sequence or over selected domains or conserved motif(s),

using the programs mentioned above using the default parameters. For local alignments, the
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Smith-Waterman algorithm is particularly useful (Smith TF, Waterman MS (1981) J. Mol. Biol
147(1);195-7).

Furthermore, bHLH6-like polypeptides (at least in their native form) typically have DNA binding
activity. Tools and techniques for measuring DNA binding activity are well known in the art. In
addition, as shown in the present invention, a bHLH6-like protein, such as SEQ ID NO: 2,
when overexpressed in rice, gives plants having enhanced yield-related traits, in particular
emergence vigour and/or increased number of flowers per panicle. Other bioassays are
provided in Dombrecht et al. (Plant Cell 19, 2225-2245, 2007). Further details are provided in

Examples section.

The present invention is illustrated by transforming plants with the nucleic acid sequence
represented by SEQ ID NO: 1, encoding the polypeptide sequence of SEQ ID NO: 2.
However, performance of the invention is not restricted to these sequences; the methods of
the invention may advantageously be performed using any bHLH6-like-encoding nucleic acid

or bHLH6-like polypeptide as defined herein.

Examples of nucleic acids encoding bHLH6-like polypeptides are given in Table A1 of Example
1 herein. Such nucleic acids are useful in performing the methods of the invention. The amino
acid sequences given in Table A1 of Example 1 are example sequences of orthologues and
paralogues of the bHLH6-like polypeptide represented by SEQ ID NO: 2, the terms
“orthologues” and “paralogues” being as defined herein. Further orthologues and paralogues
may readily be identified by performing a so-called reciprocal blast search. Typically, this
involves a first BLAST involving BLASTing a query sequence (for example using any of the
sequences listed in Table A1 of Example 1) against any sequence database, such as the
publicly available NCBI database. BLASTN or TBLASTX (using standard default values) are
generally used when starting from a nucleotide sequence, and BLASTP or TBLASTN (using
standard default values) when starting from a protein sequence. The BLAST results may
optionally be filtered. The full-length sequences of either the filtered results or non-filtered
results are then BLASTed back (second BLAST) against sequences from the organism from
which the query sequence is derived (where the query sequence is SEQ ID NO: 1 or SEQ ID
NO: 2, the second BLAST would therefore be against Arabidopsis thaliana sequences). The
results of the first and second BLASTSs are then compared. A paralogue is identified if a high-
ranking hit from the first blast is from the same species as from which the query sequence is
derived, a BLAST back then ideally results in the query sequence amongst the highest hits; an

orthologue is identified if a high-ranking hit in the first BLAST is not from the same species as
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from which the query sequence is derived, and preferably results upon BLAST back in the

query sequence being among the highest hits.

High-ranking hits are those having a low E-value. The lower the E-value, the more significant
the score (or in other words the lower the chance that the hit was found by chance).
Computation of the E-value is well known in the art. In addition to E-values, comparisons are
also scored by percentage identity. Percentage identity refers to the number of identical
nucleotides (or amino acids) between the two compared nucleic acid (or polypeptide)
sequences over a particular length. In the case of large families, ClustalW may be used,
followed by a neighbour joining tree, to help visualize clustering of related genes and to identify

orthologues and paralogues.

Nucleic acid variants may also be useful in practising the methods of the invention. Examples
of such variants include nucleic acids encoding homologues and derivatives of any one of the
amino acid sequences given in Table A1 of Example 1, the terms “homologue” and “derivative”
being as defined herein. Also useful in the methods of the invention are nucleic acids
encoding homologues and derivatives of orthologues or paralogues of any one of the amino
acid sequences given in Table A1 of Example 1. Homologues and derivatives useful in the
methods of the present invention have substantially the same biological and functional activity

as the unmodified protein from which they are derived.

Further nucleic acid variants useful in practising the methods of the invention include portions
of nucleic acids encoding bHLH6-like polypeptides, nucleic acids hybridising to nucleic acids
encoding bHLH6-like polypeptides, splice variants of nucleic acids encoding bHLH6-like
polypeptides, allelic variants of nucleic acids encoding bHLH6-like polypeptides and variants of
nucleic acids encoding bHLH6-like polypeptides obtained by gene shuffling. The terms

hybridising sequence, splice variant, allelic variant and gene shuffling are as described herein.

Nucleic acids encoding bHLH6-like polypeptides need not be full-length nucleic acids, since
performance of the methods of the invention does not rely on the use of full-length nucleic acid
sequences. According to the present invention, there is provided a method for enhancing
yield-related traits in plants, comprising introducing and expressing in a plant a portion of any
one of the nucleic acid sequences given in Table A1 of Example 1, or a portion of a nucleic
acid encoding an orthologue, paralogue or homologue of any of the amino acid sequences

given in Table A1 of Example 1.
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A portion of a nucleic acid may be prepared, for example, by making one or more deletions to
the nucleic acid. The portions may be used in isolated form or they may be fused to other
coding (or non-coding) sequences in order to, for example, produce a protein that combines
several activities. When fused to other coding sequences, the resultant polypeptide produced

upon translation may be bigger than that predicted for the protein portion.

Portions useful in the methods of the invention, encode a bHLH6-like polypeptide as defined
herein, and have substantially the same biological activity as the amino acid sequences given
in Table A1 of Example 1. Preferably, the portion is a portion of any one of the nucleic acids
given in Table A1 of Example 1, or is a portion of a nucleic acid encoding an orthologue or
paralogue of any one of the amino acid sequences given in Table A1 of Example 1. Preferably
the portion is at least 500, 600, 700, 800, 900, 1000, 1100, 1200; 1300, 1400, 1500, 1600,
1700, 1800, 1900, 2000, 2100, 2200 consecutive nucleotides in length, the consecutive
nucleotides being of any one of the nucleic acid sequences given in Table A1 of Example 1, or
of a nucleic acid encoding an orthologue or paralogue of any one of the amino acid sequences
given in Table A1 of Example 1. Most preferably the portion is a portion of the nucleic acid of
SEQ ID NO: 1. Preferably, the portion encodes a fragment of an amino acid sequence which,
when used in the construction of a phylogenetic tree, such as the one depicted in Figure 6 in Li
et al. (2006), clusters within subgroup N (which comprises the amino acid sequence

represented by SEQ ID NO: 2), rather than with any other group.

Another nucleic acid variant useful in the methods of the invention is a nucleic acid capable of
hybridising, under reduced stringency conditions, preferably under stringent conditions, with a
nucleic acid encoding a bHLH6-like polypeptide as defined herein, or with a portion as defined

herein.

According to the present invention, there is provided a method for enhancing yield-related
traits in plants, comprising introducing and expressing in a plant a nucleic acid capable of
hybridizing to any one of the nucleic acids given in Table A1 of Example 1, or comprising
introducing and expressing in a plant a nucleic acid capable of hybridising to a nucleic acid
encoding an orthologue, paralogue or homologue of any of the nucleic acid sequences given in
Table A1 of Example 1.

Hybridising sequences useful in the methods of the invention encode a bHLH6-like polypeptide
as defined herein, having substantially the same biological activity as the amino acid
sequences given in Table A1 of Example 1. Preferably, the hybridising sequence is capable of

hybridising to any one of the nucleic acids given in Table A1 of Example 1, or to a portion of
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any of these sequences, a portion being as defined above, or the hybridising sequence is
capable of hybridising to a nucleic acid encoding an orthologue or paralogue of any one of the
amino acid sequences given in Table A1 of Example 1. Most preferably, the hybridising
sequence is capable of hybridising to a nucleic acid as represented by SEQ ID NO: 1 or to a

portion thereof.

Preferably, the hybridising sequence encodes a polypeptide with an amino acid sequence
which, when full-length and used in the construction of a phylogenetic tree, such as the one
depicted in Figure 6 in Li et al. (2006), clusters within subgroup N (which comprises the amino

acid sequence represented by SEQ ID NO: 2), rather than with any other group.

Another nucleic acid variant useful in the methods of the invention is a splice variant encoding

a bHLH6-like polypeptide as defined hereinabove, a splice variant being as defined herein.

According to the present invention, there is provided a method for enhancing yield-related
traits in plants, comprising introducing and expressing in a plant a splice variant of any one of
the nucleic acid sequences given in Table A1 of Example 1, or a splice variant of a nucleic acid
encoding an orthologue, paralogue or homologue of any of the amino acid sequences given in
Table A1 of Example 1.

Preferred splice variants are splice variants of a nucleic acid represented by SEQ ID NO: 1, or
a splice variant of a nucleic acid encoding an orthologue or paralogue of SEQ ID NO: 2.
Preferably, the amino acid sequence encoded by the splice variant, when used in the
construction of a phylogenetic tree, such as the one depicted in Figure 6 in Li et al. (2006),
clusters within subgroup N (which comprises the amino acid sequence represented by SEQ ID

NO: 2), rather than with any other group.

Another nucleic acid variant useful in performing the methods of the invention is an allelic
variant of a nucleic acid encoding a bHLH6-like polypeptide as defined hereinabove, an allelic

variant being as defined herein.

According to the present invention, there is provided a method for enhancing yield-related
traits in plants, comprising introducing and expressing in a plant an allelic variant of any one of
the nucleic acids given in Table A1 of Example 1, or comprising introducing and expressing in
a plant an allelic variant of a nucleic acid encoding an orthologue, paralogue or homologue of

any of the amino acid sequences given in Table A1 of Example 1.
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The polypeptides encoded by allelic variants useful in the methods of the present invention
have substantially the same biological activity as the bHLH6-like polypeptide of SEQ ID NO: 2
and any of the amino acids depicted in Table A1 of Example 1. Allelic variants exist in nature,
and encompassed within the methods of the present invention is the use of these natural
alleles. Preferably, the allelic variant is an allelic variant of SEQ ID NO: 1 or an allelic variant
of a nucleic acid encoding an orthologue or paralogue of SEQ ID NO: 2. Preferably, the amino
acid sequence encoded by the allelic variant, when used in the construction of a phylogenetic
tree, such as the one depicted in Figure 6 in Li et al. (2006), clusters within subgroup N (which

comprises the amino acid sequence represented by SEQ ID NO: 2), rather than with any other

group.

Gene shuffling or directed evolution may also be used to generate variants of nucleic acids
encoding bHLHG6-like polypeptides as defined above; the term “gene shuffling” being as
defined herein. An example of optimisation of bHLH proteins is provided by Pattanaik et al.
(BBA1759, 308-318, 2006). This approach may be used for selecting optimised bHLH6-like

proteins for use in enhancing yield related traits in plants.

According to the present invention, there is provided a method for enhancing yield-related
traits in plants, comprising introducing and expressing in a plant a variant of any one of the
nucleic acid sequences given in Table A1 of Example 1, or comprising introducing and
expressing in a plant a variant of a nucleic acid encoding an orthologue, paralogue or
homologue of any of the amino acid sequences given in Table A1 of Example 1, which variant

nucleic acid is obtained by gene shuffling.

Preferably, the amino acid sequence encoded by the variant nucleic acid obtained by gene
shuffling, when used in the construction of a phylogenetic tree such as the one depicted in
Figure 6 in Li et al. (2006), clusters within subgroup N (which comprises the amino acid

sequence represented by SEQ ID NO: 2), rather than with any other group.

Furthermore, nucleic acid variants may also be obtained by site-directed mutagenesis.
Several methods are available to achieve site-directed mutagenesis, the most common being

PCR based methods (Current Protocols in Molecular Biology. Wiley Eds.).

Nucleic acids encoding bHLHG6-like polypeptides may be derived from any natural or artificial
source. The nucleic acid may be modified from its native form in composition and/or genomic
environment through deliberate human manipulation. Preferably the bHLH6-like polypeptide-

encoding nucleic acid is from a plant, further preferably from a dicotyledonous plant, more
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preferably from the family Brassicaceae, most preferably the nucleic acid is from Arabidopsis

thaliana.

Performance of the methods of the invention gives plants having enhanced yield-related traits.
In particular performance of the methods of the invention gives plants having increased yield,
especially increased seed yield relative to control plants. The terms “yield” and “seed yield”

are described in more detail in the “definitions” section herein.

Reference herein to enhanced yield-related traits is taken to mean an increase in biomass
(weight) of one or more parts of a plant, which may include aboveground (harvestable) parts
and/or (harvestable) parts below ground. In particular, such harvestable parts are seeds, and
performance of the methods of the invention results in plants having increased seed yield
relative to the seed yield of control plants. It should be noted that the enhanced yield related
traits do not encompass increased resistance to osmotic stress, increased oxidative stress

resistance or increased resistance to insects.

Taking corn as an example, a yield increase may be manifested as one or more of the
following: increase in the number of plants established per square meter, an increase in the
number of ears per plant, an increase in the number of rows, humber of kernels per row, kernel
weight, thousand kernel weight, ear length/diameter, increase in the seed filling rate (which is
the number of filled seeds divided by the total number of seeds and multiplied by 100), among
others. Taking rice as an example, a yield increase may manifest itself as an increase in one
or more of the following: number of plants per square meter, number of panicles per plant,
number of spikelets per panicle, number of flowers (florets) per panicle (which is expressed as
a ratio of the number of filled seeds over the number of primary panicles), increase in the seed
filling rate (which is the number of filled seeds divided by the total number of seeds and

multiplied by 100), increase in thousand kernel weight, among others.

The present invention provides a method for increasing yield, especially seed yield of plants,
relative to control plants, which method comprises modulating expression in a plant of a

nucleic acid encoding a bHLH6-like polypeptide as defined herein.

Since the transgenic plants according to the present invention have increased yield, it is likely
that these plants exhibit an increased growth rate (during at least part of their life cycle),

relative to the growth rate of control plants at a corresponding stage in their life cycle.
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The increased growth rate may be specific to one or more parts of a plant (including seeds), or
may be throughout substantially the whole plant. Plants having an increased growth rate may
have a shorter life cycle. The life cycle of a plant may be taken to mean the time needed to
grow from a dry mature seed up to the stage where the plant has produced dry mature seeds,
similar to the starting material. This life cycle may be influenced by factors such as early
vigour, growth rate, greenness index, flowering time and speed of seed maturation. The
increase in growth rate may take place at one or more stages in the life cycle of a plant or
during substantially the whole plant life cycle. Increased growth rate during the early stages in
the life cycle of a plant may reflect enhanced vigour. The increase in growth rate may alter the
harvest cycle of a plant allowing plants to be sown later and/or harvested sooner than would
otherwise be possible (a similar effect may be obtained with earlier flowering time). If the
growth rate is sufficiently increased, it may allow for the further sowing of seeds of the same
plant species (for example sowing and harvesting of rice plants followed by sowing and
harvesting of further rice plants all within one conventional growing period). Similarly, if the
growth rate is sufficiently increased, it may allow for the further sowing of seeds of different
plants species (for example the sowing and harvesting of corn plants followed by, for example,
the sowing and optional harvesting of soybean, potato or any other suitable plant). Harvesting
additional times from the same rootstock in the case of some crop plants may also be possible.
Altering the harvest cycle of a plant may lead to an increase in annual biomass production per
square meter (due to an increase in the number of times (say in a year) that any particular
plant may be grown and harvested). An increase in growth rate may also allow for the
cultivation of transgenic plants in a wider geographical area than their wild-type counterparts,
since the territorial limitations for growing a crop are often determined by adverse
environmental conditions either at the time of planting (early season) or at the time of
harvesting (late season). Such adverse conditions may be avoided if the harvest cycle is
shortened. The growth rate may be determined by deriving various parameters from growth
curves, such parameters may be: T-Mid (the time taken for plants to reach 50% of their
maximal size) and T-90 (time taken for plants to reach 90% of their maximal size), amongst

others.

According to a preferred feature of the present invention, performance of the methods of the
invention gives plants having an increased growth rate relative to control plants. Therefore,
according to the present invention, there is provided a method for increasing the growth rate of
plants, which method comprises modulating expression in a plant of a nucleic acid encoding a

bHLH6-like polypeptide as defined herein.
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An increase in yield and/or growth rate occurs whether the plant is under non-stress conditions
or whether the plant is exposed to various stresses compared to control plants. Plants typically
respond to exposure to stress by growing more slowly. In conditions of severe stress, the plant
may even stop growing altogether. Mild stress on the other hand is defined herein as being
any stress to which a plant is exposed which does not result in the plant ceasing to grow
altogether without the capacity to resume growth. Mild stress in the sense of the invention
leads to a reduction in the growth of the stressed plants of less than 40%, 35% or 30%,
preferably less than 25%, 20% or 15%, more preferably less than 14%, 13%, 12%, 11% or
10% or less in comparison to the control plant under non-stress conditions. Due to advances
in agricultural practices (irrigation, fertilization, pesticide treatments) severe stresses are not
often encountered in cultivated crop plants. As a consequence, the compromised growth
induced by mild stress is often an undesirable feature for agriculture. Mild stresses are the
everyday biotic and/or abiotic (environmental) stresses to which a plant is exposed. Abiotic
stresses may be due to drought or excess water, anaerobic stress, salt stress, chemical
toxicity, oxidative stress and hot, cold or freezing temperatures. The abiotic stress may be an
osmotic stress caused by a water stress (particularly due to drought), salt stress, oxidative
stress or an ionic stress. Biotic stresses are typically those stresses caused by pathogens,

such as bacteria, viruses, fungi, nematodes and insects.

In particular, the methods of the present invention may be performed under non-stress
conditions or under conditions of mild drought to give plants having increased yield relative to
control plants. As reported in Wang et al. (Planta (2003) 218: 1-14), abiotic stress leads to a
series of morphological, physiological, biochemical and molecular changes that adversely
affect plant growth and productivity. Drought, salinity, extreme temperatures and oxidative
stress are known to be interconnected and may induce growth and cellular damage through
similar mechanisms. Rabbani et al. (Plant Physiol (2003) 133: 1755-1767) describes a
particularly high degree of “cross talk” between drought stress and high-salinity stress. For
example, drought and/or salinisation are manifested primarily as osmotic stress, resulting in
the disruption of homeostasis and ion distribution in the cell. Oxidative stress, which frequently
accompanies high or low temperature, salinity or drought stress, may cause denaturing of
functional and structural proteins. As a consequence, these diverse environmental stresses
often activate similar cell signalling pathways and cellular responses, such as the production of
stress proteins, up-regulation of anti-oxidants, accumulation of compatible solutes and growth
arrest. The term “non-stress” conditions as used herein are those environmental conditions
that allow optimal growth of plants. Persons skilled in the art are aware of normal soil

conditions and climatic conditions for a given location.
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Performance of the methods of the invention gives plants grown under non-stress conditions or
under mild drought conditions increased yield relative to control plants grown under
comparable conditions. Therefore, according to the present invention, there is provided a
method for increasing yield in plants grown under non-stress conditions or under mild drought
conditions, which method comprises modulating expression in a plant of a nucleic acid

encoding a bHLH6-like polypeptide.

Performance of the methods of the invention gives plants grown under conditions of nutrient
deficiency, particularly under conditions of nitrogen deficiency, increased yield relative to
control plants grown under comparable conditions. Therefore, according to the present
invention, there is provided a method for increasing yield in plants grown under conditions of
nutrient deficiency, which method comprises modulating expression in a plant of a nucleic acid
encoding a bHLH6-like polypeptide. Nutrient deficiency may result from a lack of nutrients such
as nitrogen, phosphates and other phosphorous-containing compounds, potassium, calcium,

cadmium, magnesium, manganese, iron and boron, amongst others.

The present invention encompasses plants or parts thereof (including seeds) obtainable by the
methods according to the present invention. The plants or parts thereof comprise a nucleic

acid transgene encoding a bHLH6-like polypeptide as defined above.

The invention also provides genetic constructs and vectors to facilitate introduction and/or
expression in plants of nucleic acids encoding bHLH6-like polypeptides. The gene constructs
may be inserted into vectors, which may be commercially available, suitable for transforming
into plants and suitable for expression of the gene of interest in the transformed cells. The
invention also provides use of a gene construct as defined herein in the methods of the

invention.

More specifically, the present invention provides a construct comprising:
(a) a nucleic acid encoding a bHLH6-like polypeptide as defined above;
(b) one or more control sequences capable of driving expression of the nucleic acid
sequence of (a); and optionally

(c) a transcription termination sequence.

Preferably, the nucleic acid encoding a bHLH6-like polypeptide is as defined above. The term

“control sequence” and “termination sequence” are as defined herein.

PCT/EP2008/058370



10

15

20

25

30

35

WO 2009/003977 49
Plants are transformed with a vector comprising any of the nucleic acids described above. The
skilled artisan is well aware of the genetic elements that must be present on the vector in order
to successfully transform, select and propagate host cells containing the sequence of interest.
The sequence of interest is operably linked to one or more control sequences (at least to a

promoter).

Advantageously, any type of promoter, whether natural or synthetic, may be used to drive
expression of the nucleic acid sequence. A constitutive promoter of plant origin is particularly
useful in the methods. Preferably the constitutive promoter is also a ubiquitous promoter. See
the “Definitions” section herein for definitions of the various promoter types. Preferably, the
plant constitutive promoter is a medium strength promoter and is less strong than the CaMV
35S promoter.

It should be clear that the applicability of the present invention is not restricted to the bHLH6-
like polypeptide-encoding nucleic acid represented by SEQ ID NO: 1, nor is the applicability of
the invention restricted to expression of a bHLH6-like polypeptide-encoding nucleic acid when

driven by a constitutive promoter.

The constitutive promoter is preferably a GOS2 promoter, preferably a GOS2 promoter from
rice. Further preferably the constitutive promoter is represented by a nucleic acid sequence
substantially similar to SEQ ID NO: 12, most preferably the constitutive promoter is as
represented by SEQ ID NO: 12. See Table 2a in the “Definitions” section herein for further

examples of constitutive promoters.

Optionally, one or more terminator sequences may be used in the construct introduced into a
plant. Preferably, the construct comprises an expression cassette essentially similar or
identical to SEQ ID NO 56, comprising the GOS2 promoter and the nucleic acid encoding the
bHLH6-like polypeptide.

Additional regulatory elements may include transcriptional as well as translational enhancers.
Those skilled in the art will be aware of terminator and enhancer sequences that may be
suitable for use in performing the invention. An intron sequence may also be added to the 5'
untranslated region (UTR) or in the coding sequence to increase the amount of the mature
message that accumulates in the cytosol, as described in the definitions section. Other control
sequences (besides promoter, enhancer, silencer, intron sequences, 3'UTR and/or 5'UTR
regions) may be protein and/or RNA stabilizing elements. Such sequences would be known or

may readily be obtained by a person skilled in the art.
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The genetic constructs of the invention may further include an origin of replication sequence
that is required for maintenance and/or replication in a specific cell type. One example is when
a genetic construct is required to be maintained in a bacterial cell as an episomal genetic
element (e.g. plasmid or cosmid molecule). Preferred origins of replication include, but are not

limited to, the f1-ori and colE1.

For the detection of the successful transfer of the nucleic acid sequences as used in the
methods of the invention and/or selection of transgenic plants comprising these nucleic acids,
it is advantageous to use marker genes (or reporter genes). Therefore, the genetic construct
may optionally comprise a selectable marker gene. Selectable markers are described in more
detail in the “definitions” section herein. The marker genes may be removed or excised from
the transgenic cell once they are no longer needed. Techniques for marker removal are

known in the art, useful techniques are described above in the definitions section.

The invention also provides a method for the production of transgenic plants having enhanced
yield-related traits relative to control plants, comprising introduction and expression in a plant

of any nucleic acid encoding a bHLH6-like polypeptide as defined hereinabove.

More specifically, the present invention provides a method for the production of transgenic
plants having increased enhanced yield-related traits, particularly increased emergence vigour
and/or seed yield, which method comprises:

(i) introducing and expressing in a plant or plant cell a bHLH6-like polypeptide-

encoding nucleic acid; and

(ii) cultivating the plant cell under conditions promoting plant growth and

development.

The nucleic acid of (i) may be any of the nucleic acids capable of encoding a bHLH6-like

polypeptide as defined herein.

The nucleic acid may be introduced directly into a plant cell or into the plant itself (including
introduction into a tissue, organ or any other part of a plant). According to a preferred feature
of the present invention, the nucleic acid is preferably introduced into a plant by transformation.

The term “transformation” is described in more detail in the “definitions” section herein.
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The genetically modified plant cells can be regenerated via all methods with which the skilled
worker is familiar. Suitable methods can be found in the abovementioned publications by S.D.

Kung and R. Wu, Potrykus or Héfgen and Willmitzer.

Generally after transformation, plant cells or cell groupings are selected for the presence of
one or more markers which are encoded by plant-expressible genes co-transferred with the
gene of interest, following which the transformed material is regenerated into a whole plant.
To select transformed plants, the plant material obtained in the transformation is, as a rule,
subjected to selective conditions so that transformed plants can be distinguished from
untransformed plants. For example, the seeds obtained in the above-described manner can be
planted and, after an initial growing period, subjected to a suitable selection by spraying. A
further possibility consists in growing the seeds, if appropriate after sterilization, on agar plates
using a suitable selection agent so that only the transformed seeds can grow into plants.
Alternatively, the transformed plants are screened for the presence of a selectable marker

such as the ones described above.

Following DNA transfer and regeneration, putatively transformed plants may also be
evaluated, for instance using Southern analysis, for the presence of the gene of interest, copy
number and/or genomic organisation. Alternatively or additionally, expression levels of the
newly introduced DNA may be monitored using Northern and/or Western analysis, both

techniques being well known to persons having ordinary skill in the art.

The generated transformed plants may be propagated by a variety of means, such as by clonal
propagation or classical breeding techniques. For example, a first generation (or T1)
transformed plant may be selfed and homozygous second-generation (or T2) transformants
selected, and the T2 plants may then further be propagated through classical breeding
techniques. The generated transformed organisms may take a variety of forms. For example,
they may be chimeras of transformed cells and non-transformed cells; clonal transformants
(e.g., all cells transformed to contain the expression cassette); grafts of transformed and
untransformed tissues (e.g., in plants, a transformed rootstock grafted to an untransformed

scion).

The present invention clearly extends to any plant cell or plant produced by any of the methods
described herein, and to all plant parts and propagules thereof. The present invention extends
further to encompass the progeny of a primary transformed or transfected cell, tissue, organ or

whole plant that has been produced by any of the aforementioned methods, the only
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requirement being that progeny exhibit the same genotypic and/or phenotypic characteristic(s)

as those produced by the parent in the methods according to the invention.

The invention also includes host cells containing an isolated nucleic acid encoding a bHLH6-
like polypeptide as defined hereinabove. Preferred host cells according to the invention are
plant cells. Host plants for the nucleic acids or the vector used in the method according to the
invention, the expression cassette or construct or vector are, in principle, advantageously all

plants, which are capable of synthesizing the polypeptides used in the inventive method.

The methods of the invention are advantageously applicable to any plant. Plants that are
particularly useful in the methods of the invention include all plants which belong to the
superfamily Viridiplantae, in particular monocotyledonous and dicotyledonous plants including
fodder or forage legumes, ornamental plants, food crops, trees or shrubs. According to a
preferred embodiment of the present invention, the plant is a crop plant. Examples of crop
plants include soybean, sunflower, canola, alfalfa, rapeseed, linseed, cotton, tomato, potato
and tobacco. Further preferably, the plant is a monocotyledonous plant. Examples of
monocotyledonous plants include sugarcane. More preferably the plant is a cereal. Examples
of cereals include rice, maize, wheat, barley, millet, rye, triticale, sorghum, emmer, spelt,

secale, einkorn, teff, milo and oats.

The invention also extends to harvestable parts of a plant such as, but not limited to seeds,
leaves, fruits, flowers, stems, roots, rhizomes, tubers and bulbs. The invention furthermore
relates to products derived, preferably directly derived, from a harvestable part of such a plant,

such as dry pellets or powders, oil, fat and fatty acids, starch or proteins.

According to a preferred feature of the invention, the modulated expression is increased
expression. Methods for increasing expression of nucleic acids or genes, or gene products,

are well documented in the art and examples are provided in the definitions section.

As mentioned above, a preferred method for modulating expression of a nucleic acid encoding
a bHLH6-like polypeptide is by introducing and expressing in a plant a nucleic acid encoding a
bHLH6-like polypeptide; however the effects of performing the method, i.e. enhancing yield-
related traits may also be achieved using other well known techniques, including but not limited
to T-DNA activation tagging, TILLING, homologous recombination. A description of these

techniques is provided in the definitions section.
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The present invention also encompasses use of nucleic acids encoding bHLH6-like
polypeptides as described herein and use of these bHLH6-like polypeptides in enhancing any

of the aforementioned yield-related traits in plants.

Nucleic acids encoding bHLH6-ike polypeptide described herein, or the bHLH6-like
polypeptides themselves, may find use in breeding programmes in which a DNA marker is
identified which may be genetically linked to a bHLH6-like polypeptide-encoding gene. The
nucleic acids/genes, or the bHLH6-like polypeptides themselves may be used to define a
molecular marker. This DNA or protein marker may then be used in breeding programmes to
select plants having enhanced yield-related traits as defined hereinabove in the methods of the

invention.

Allelic variants of a bHLH6-like polypeptide-encoding nucleic acid/gene may also find use in
marker-assisted breeding programmes. Such breeding programmes sometimes require
introduction of allelic variation by mutagenic treatment of the plants, using for example EMS
mutagenesis; alternatively, the programme may start with a collection of allelic variants of so
called “natural” origin caused unintentionally. Identification of allelic variants then takes place,
for example, by PCR. This is followed by a step for selection of superior allelic variants of the
sequence in question and which give increased yield. Selection is typically carried out by
monitoring growth performance of plants containing different allelic variants of the sequence in
question. Growth performance may be monitored in a greenhouse or in the field. Further
optional steps include crossing plants in which the superior allelic variant was identified with
another plant. This could be used, for example, to make a combination of interesting

phenotypic features.

Nucleic acids encoding bHLH6-like polypeptides may also be used as probes for genetically
and physically mapping the genes that they are a part of, and as markers for traits linked to
those genes. Such information may be useful in plant breeding in order to develop lines with
desired phenotypes. Such use of bHLH6-like polypeptide-encoding nucleic acids requires only
a nucleic acid sequence of at least 15 nucleotides in length. The bHLH6-like polypeptide-
encoding nucleic acids may be used as restriction fragment length polymorphism (RFLP)
markers. Southern blots (Sambrook J, Fritsch EF and Maniatis T (1989) Molecular Cloning, A
Laboratory Manual) of restriction-digested plant genomic DNA may be probed with the bHLH6-
like-encoding nucleic acids. The resulting banding patterns may then be subjected to genetic
analyses using computer programs such as MapMaker (Lander et al. (1987) Genomics 1: 174-
181) in order to construct a genetic map. In addition, the nucleic acids may be used to probe

Southern blots containing restriction endonuclease-treated genomic DNAs of a set of
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individuals representing parent and progeny of a defined genetic cross. Segregation of the
DNA polymorphisms is noted and used to calculate the position of the bHLH6-like polypeptide-
encoding nucleic acid in the genetic map previously obtained using this population (Botstein et
al. (1980) Am. J. Hum. Genet. 32:314-331).

The production and use of plant gene-derived probes for use in genetic mapping is described
in Bernatzky and Tanksley (1986) Plant Mol. Biol. Reporter 4: 37-41. Numerous publications
describe genetic mapping of specific cDNA clones using the methodology outlined above or
variations thereof. For example, F2 intercross populations, backcross populations, randomly
mated populations, near isogenic lines, and other sets of individuals may be used for mapping.

Such methodologies are well known to those skilled in the art.

The nucleic acid probes may also be used for physical mapping (i.e., placement of sequences
on physical maps; see Hoheisel et al. In: Non-mammalian Genomic Analysis: A Practical

Guide, Academic press 1996, pp. 319-346, and references cited therein).

In another embodiment, the nucleic acid probes may be used in direct fluorescence in situ
hybridisation (FISH) mapping (Trask (1991) Trends Genet. 7:149-154). Although current
methods of FISH mapping favour use of large clones (several kb to several hundred kb; see
Laan et al. (1995) Genome Res. 5:13-20), improvements in sensitivity may allow performance

of FISH mapping using shorter probes.

A variety of nucleic acid amplification-based methods for genetic and physical mapping may be
carried out using the nucleic acids. Examples include allele-specific amplification (Kazazian
(1989) J. Lab. Clin. Med 11:95-96), polymorphism of PCR-amplified fragments (CAPS;
Sheffield et al. (1993) Genomics 16:325-332), allele-specific ligation (Landegren et al. (1988)
Science 241:1077-1080), nucleotide extension reactions (Sokolov (1990) Nucleic Acid Res.
18:3671), Radiation Hybrid Mapping (Walter et al. (1997) Nat. Genet. 7:22-28) and Happy
Mapping (Dear and Cook (1989) Nucleic Acid Res. 17:6795-6807). For these methods, the
sequence of a nucleic acid is used to design and produce primer pairs for use in the
amplification reaction or in primer extension reactions. The design of such primers is well
known to those skilled in the art. In methods employing PCR-based genetic mapping, it may be
necessary to identify DNA sequence differences between the parents of the mapping cross in
the region corresponding to the instant nucleic acid sequence. This, however, is generally not

necessary for mapping methods.
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The methods according to the present invention result in plants having enhanced yield-related
traits, as described hereinbefore. These traits may also be combined with other economically
advantageous traits, such as further yield-enhancing traits, tolerance to other abiotic and biotic
stresses, traits modifying various architectural features and/or biochemical and/or physiological

features.
In one embodiment the invention relates to subject mater summarized as follows:

ltem 1: A method for enhancing yield-related traits in plants relative to control plants,
comprising modulating expression in a plant of a nucleic acid encoding a bHLH6-like

polypeptide, wherein said bHLH6-like polypeptide comprises a HLH domain.

ltem 2: A method according to item 1, wherein said bHLH6-like polypeptide comprises one or
more of the following motifs:
Motif 1 (SEQ ID NO: 3),
Motif 2 (SEQ ID NO: 4),
Motif 3: (SEQ ID NO: 5)
Motif 7 (SEQ ID NO: 9) or a sequence that has at least 80% sequence identity to
SEQ ID NO: 9.

ltem 3: Method according to item 1 or 2, wherein said modulated expression is effected by

introducing and expressing in a plant a nucleic acid encoding a bHLH6-like polypeptide.

ltem 4. Method according to any preceding claim, wherein said nucleic acid encoding a
bHLH6-like polypeptide encodes any one of the proteins listed in Table A1 or is a portion of

such a nucleic acid, or a nucleic acid capable of hybridising with such a nucleic acid.

ltem 5: Method according to any preceding claim, wherein said nucleic acid sequence encodes

an orthologue or paralogue of any of the proteins given in Table A1.

ltem 6: Method according to any preceding claim, wherein said enhanced yield-related traits
comprise increased yield, preferably increased emergence vigour and/or increased seed yield

relative to control plants.

ltem 7: Method according to any one of items 1 to 6, wherein said enhanced yield-related traits

are obtained under non-stress conditions.
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ltem 8: Method according to any one of items 3 to 7, wherein said nucleic acid is operably
linked to a constitutive promoter, preferably to a GOS2 promoter, most preferably to a GOS2

promoter from rice.

ltem 9: Method according to any preceding item, wherein said nucleic acid encoding a bHLH6-
like polypeptide is of plant origin, preferably from a dicotyledonous plant, further preferably
from the family Brassicaceae, more preferably from the genus Arabidopsis, most preferably

from Arabidopsis thaliana.

ltem 10: Plant or part thereof, including seeds, obtainable by a method according to any
preceding item, wherein said plant or part thereof comprises a recombinant nucleic acid

encoding a bHLH6-like polypeptide.

ltem 11: Construct comprising:

(a) nucleic acid encoding a bHLH6-like polypeptide as defined in items 1 or 2;

(b) one or more control sequences capable of driving expression of the nucleic acid
sequence of (a); and optionally

(c) a transcription termination sequence.

ltem 12: Construct according to item 11, wherein one of said control sequences is a
constitutive promoter, preferably a GOS2 promoter, most preferably a GOS2 promoter from

rice.

ltem 13: Use of a construct according to item 11 or 12 in a method for making plants having
increased yield, particularly increased emergence vigour and/or increased seed yield relative

to control plants.
ltem 14: Plant, plant part or plant cell transformed with a construct according to item 10 or 11.

ltem 15: Method for the production of a transgenic plant having increased vyield, particularly
increased biomass and/or increased seed yield relative to control plants, comprising:

(i) introducing and expressing in a plant a nucleic acid encoding a bHLH6-like
polypeptide as defined in item 1 or 2; and

(ii) cultivating the plant cell under conditions promoting plant growth and

development.
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ltem 16: Transgenic plant having increased yield, particularly increased biomass and/or
increased seed yield, relative to control plants, resulting from modulated expression of a
nucleic acid encoding a bHLH6-like polypeptide as defined in item 1 or 2, or a transgenic plant

cell derived from said transgenic plant.

ltem 17: Transgenic plant according to item 10, 14 or 16, or a transgenic plant cell derived
thereof, wherein said plant is a crop plant or a monocot or a cereal, such as rice, maize, wheat,

barley, millet, rye, triticale, sorghum emmer, spelt, secale, einkorn, teff, milo and oats.

ltem 18: Harvestable parts of a plant according to item 17, wherein said harvestable parts are

preferably shoot biomass and/or seeds.

ltem 19: Products derived from a plant according to item 17 and/or from harvestable parts of a

plant according to item 19.

ltem 20: Use of a nucleic acid encoding a bHLH6-like polypeptide in increasing yield,

particularly in increasing seed yield and/or shoot biomass in plants, relative to control plants.

In another embodiment of the invention it has now been found that modulating expression in a
plant of a nucleic acid sequence encoding a GRP polypeptide, wherein said GRP polypeptide
is an RrmJ/Ftsd ribosomal RNA methyltransferase polypeptide, gives plants having enhanced
yield-related traits relative to control plants. According to a first embodiment, the present
invention provides a method for enhancing yield-related traits in plants relative to control
plants, comprising modulating expression in a plant of a nucleic acid sequence encoding a
GRP polypeptide, wherein said GRP polypeptide is an RrmJ/FtsJ ribosomal RNA
methyltransferase polypeptide (RrmJ/FtsJ polypeptide).

A preferred method for modulating (preferably, increasing) expression of a nucleic acid
sequence encoding a GRP polypeptide is by introducing and expressing in a plant a nucleic

acid sequence encoding a GRP polypeptide.

In one embodiment any reference hereinafter to a “protein useful in the methods of the
invention” is taken to mean a GRP polypeptide as defined herein. In the same embodiment
any reference hereinafter to a “nucleic acid useful in the methods of the invention” is taken to
mean a nucleic acid sequence capable of encoding such a GRP polypeptide. In one

embodiment the nucleic acid sequence to be introduced into a plant (and therefore useful in
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performing the methods of the invention) is any nucleic acid sequence encoding the type of

protein which will now be described, hereafter also named “GRP nucleic acid” or “GRP gene”.

In one embodiment a “GRP polypeptide” as defined herein refers the proteins represented by
SEQ ID NO: 58, by SEQ ID NO: 60, and to homologues (orthologues and paralogues) thereof.

Table A2 of Example 1 herein presents such orthologues and paralogues.

Preferably, the homologues of SEQ ID NO: 58 or of SEQ ID NO: 60 have a ribosomal RNA
methyltransferase RrmJ/FtsJ domain (InterPro entries IPR002877 and IPR015507; Pfam entry
PF01728; PANTHER entry PTHR10920).

Alternatively or additionally, a “GRP polypeptide” as defined herein refers to any polypeptide
having in increasing order of preference at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 98%, 99% or more polypeptide sequence identity to the GRP polypeptide as
represented by SEQ ID NO: 58, or by SEQ ID NO: 60, or to any of the polypeptide sequences

given in Table A2 of Example 1 herein.

In one embodiment the methods of the present invention make use of a partial GRP
polypeptide, wherein the GRP polypeptide is an RrmJ/FtsJ polypeptide. GRP polypeptides
may be identified by the presence of one or more of several well-known features (see above).
Upon identification of a GRP polypeptide, a person skilled in the art could easily derive, using
routine techniques, a corresponding partial GRP-encoding nucleic acid sequence useful in

performing the methods of the invention.

The term “domain” and “motif’ is defined in the “definitions” section herein. Specialist
databases exist for the identification of domains, for example, SMART (Schultz et al. (1998)
Proc. Natl. Acad. Sci. USA 95, 5857-5864; Letunic et al. (2002) Nucleic Acids Res 30, 242-
244), InterPro (Mulder et al., (2003) Nucl. Acids. Res. 31, 315-318), Prosite (Bucher and
Bairoch (1994), A generalized profile syntax for biomolecular sequences motifs and its function
in automatic sequence interpretation. (In) ISMB-94; Proceedings 2nd International Conference
on Intelligent Systems for Molecular Biology. Altman R., Brutlag D., Karp P., Lathrop R., Searls
D., Eds., pp53-61, AAAI Press, Menlo Park; Hulo et al., Nucl. Acids. Res. 32:D134-D137,
(2004)), or Pfam (Bateman et al., Nucleic Acids Research 30(1): 276-280 (2002)). A set of
tools for in silico analysis of protein sequences is available on the ExPASy proteomics server
(Swiss Institute of Bioinformatics (Gasteiger et al., ExPASy: the proteomics server for in-depth
protein knowledge and analysis, Nucleic Acids Res. 31:3784-3788(2003)). Domains or motifs

may also be identified using routine techniques, such as by sequence alignment.
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Methods for the alignment of sequences for comparison are well known in the art, such
methods include GAP, BESTFIT, BLAST, FASTA and TFASTA. GAP uses the algorithm of
Needleman and Wunsch ((1970) J Mol Biol 48: 443-453) to find the global (i.e. spanning the
complete sequences) alignment of two sequences that maximizes the number of matches and
minimizes the number of gaps. The BLAST algorithm (Altschul et al. (1990) J Mol Biol 215:
403-10) calculates percent sequence identity and performs a statistical analysis of the
similarity between the two sequences. The software for performing BLAST analysis is publicly
available through the National Centre for Biotechnology Information (NCBI). Homologues may
readily be identified using, for example, the ClustalW multiple sequence alignment algorithm
(version 1.83), with the default pairwise alignment parameters, and a scoring method in
percentage. Global percentages of similarity and identity may also be determined using one of
the methods available in the MatGAT software package (Campanella et al., BMC
Bioinformatics. 2003 Jul 10;4:29. MatGAT: an application that generates similarity/identity
matrices using protein or DNA sequences). Minor manual editing may be performed to
optimise alignment between conserved motifs, as would be apparent to a person skilled in the
art. Furthermore, instead of using full-length sequences for the identification of homologues,
specific domains may also be used. The sequence identity values may be determined over
the entire nucleic acid sequence or polypeptide sequence or over selected domains or

conserved motif(s), using the programs mentioned above using the default parameters.

Furthermore, GRP polypeptides, as far as SEQ ID NO: 58, SEQ ID NO: 60, and its
homologues are concerned, typically have the capability to methylate 23 S ribosomal RNA at
position U2552 in the aminoacyl (A)1-site of the ribosome, only when the 23 S rRNA is present
in 50 S ribosomal subunits. Tools and techniques for assaying the rRNA methyltransferase
activity are well known in the art, for example in Hager et al. (2004) J Bacteriol 186(19): 6634—
6642.

The present invention is illustrated by transforming plants with the nucleic acid sequence
represented by SEQ ID NO: 57, encoding the polypeptide sequence of SEQ ID NO: 58.
However, performance of the invention is not restricted to these sequences; the methods of
the invention may advantageously be performed using any GRP-encoding nucleic acid

sequence or GRP polypeptide as defined herein.

Examples of nucleic acids encoding GRP polypeptides may be found in databases known in
the art. Such nucleic acids are useful in performing the methods of the invention. Orthologues

and paralogues, the terms “orthologues” and “paralogues” being as defined herein, may readily
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be identified by performing a so-called reciprocal blast search. Typically, this involves a first
BLAST involving BLASTing a query sequence (for example using SEQ ID NO: 58 or SEQ ID
NO: 60) against any sequence database, such as the publicly available NCBI database.
BLASTN or TBLASTX (using standard default values) are generally used when starting from a
nucleotide sequence, and BLASTP or TBLASTN (using standard default values) when starting
from a protein sequence. The BLAST results may optionally be filtered. The full-length
sequences of either the filtered results or non-filtered results are then BLASTed back (second
BLAST) against sequences from the organism from which the query sequence is derived
(where the query sequence is SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, or SEQ ID
NO: 60, the second BLAST would therefore be against Nicotiana tabacum sequences). The
results of the first and second BLASTSs are then compared. A paralogue is identified if a high-
ranking hit from the first blast is from the same species as from which the query sequence is
derived, a BLAST back then ideally results in the query sequence amongst the highest hits; an
orthologue is identified if a high-ranking hit in the first BLAST is not from the same species as
from which the query sequence is derived, and preferably results upon BLAST back in the

query sequence being among the highest hits.

High-ranking hits are those having a low E-value. The lower the E-value, the more significant
the score (or in other words the lower the chance that the hit was found by chance).
Computation of the E-value is well known in the art. In addition to E-values, comparisons are
also scored by percentage identity. Percentage identity refers to the number of identical
nucleotides (or amino acids) between the two compared nucleic acid sequence (or
polypeptide) sequences over a particular length. In the case of large families, ClustalW may
be used, followed by a neighbour joining tree, to help visualize clustering of related genes and

to identify orthologues and paralogues.

Nucleic acid variants encoding homologues and derivatives of SEQ ID NO: 58 or of SEQ ID
NO: 60, may also be useful in practising the methods of the invention, the terms “homologue”
and “derivative” being as defined herein. Also useful in the methods of the invention are
nucleic acids encoding homologues and derivatives of orthologues or paralogues of SEQ ID
NO: 58 or of SEQ ID NO: 60. Homologues and derivatives useful in the methods of the
present invention have substantially the same biological and functional activity as the

unmodified protein from which they are derived.

Further nucleic acid sequence variants useful in practising the methods of the invention include
portions of nucleic acids encoding GRP polypeptides, nucleic acids hybridising to nucleic acids

encoding GRP polypeptides, splice variants of nucleic acids encoding GRP polypeptides,
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allelic variants of nucleic acids encoding GRP polypeptides and variants of nucleic acids
encoding GRP polypeptides obtained by gene shuffling. The terms hybridising sequence,

splice variant, allelic variant and gene shuffling are as described herein.

Nucleic acids encoding GRP polypeptides need not be full-length nucleic acids, since
performance of the methods of the invention does not rely on the use of full-length nucleic acid
sequences. According to the present invention, there is provided a method for enhancing
yield-related traits in plants, comprising introducing and expressing in a plant a portion of SEQ
ID NO: 57, or a portion of SEQ ID NO: 59, or a portion of a nucleic acid sequence encoding an

orthologue, paralogue or homologue of SEQ ID NO: 60.

A portion of a nucleic acid sequence may be prepared, for example, by making one or more
deletions to the nucleic acid. The portions may be used in isolated form or they may be fused
to other coding (or non-coding) sequences in order to, for example, produce a protein that
combines several activities. When fused to other coding sequences, the resultant polypeptide

produced upon translation may be bigger than that predicted for the protein portion.

Portions useful in the methods of the invention, encode a GRP polypeptide as defined herein,
and have substantially the same biological activity as the polypeptide sequences given in SEQ
ID NO: 58 or of SEQ ID NO: 60. Preferably, the portion is a portion of the nucleic acid given in
SEQ ID NO: 57 or SEQ ID NO: 59, or is a portion of a nucleic acid sequence encoding an
orthologue or paralogue of the polypeptide sequences given in SEQ ID NO: 58 or of SEQ ID
NO: 60. Preferably the portion is at least 400, 450, 500, 550, 600, 650, 700, 750 consecutive
nucleotides in length, the consecutive nucleotides being of SEQ ID NO: 57 or of SEQ ID NO:
59, or of a nucleic acid sequence encoding an orthologue or paralogue of SEQ ID NO: 58 or of
SEQ ID NO: 60. Most preferably the portion is a portion of the nucleic acid sequence of SEQ
ID NO: 57 or of SEQ ID NO: 59.

Another nucleic acid sequence variant useful in the methods of the invention is a nucleic acid
sequence capable of hybridising, under reduced stringency conditions, preferably under
stringent conditions, with a nucleic acid sequence encoding a GRP polypeptide as defined

herein, or with a portion as defined herein.

According to the present invention, there is provided a method for enhancing yield-related
traits in plants, comprising introducing and expressing in a plant a nucleic acid sequence
capable of hybridizing to SEQ ID NO: 57 or to SEQ ID NO: 59, or comprising introducing and

expressing in a plant a nucleic acid sequence capable of hybridising to a nucleic acid
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sequence encoding an orthologue, paralogue or homologue of SEQ ID NO: 58 or of SEQ ID
NO: 60.

Hybridising sequences useful in the methods of the invention encode a GRP polypeptide as
defined herein, having substantially the same biological activity as the polypeptide sequences
given in SEQ ID NO: 58. Preferably, the hybridising sequence is capable of hybridising to
SEQ ID NO: 57 or to SEQ ID NO: 59, or to a portion of any of these sequences, a portion
being as defined above, or the hybridising sequence is capable of hybridising to a nucleic acid

sequence encoding an orthologue or paralogue of SEQ ID NO: 58 or of SEQ ID NO: 60.

Another nucleic acid sequence variant useful in the methods of the invention is a splice variant

encoding a GRP polypeptide as defined hereinabove, a splice variant being as defined herein.

According to the present invention, there is provided a method for enhancing yield-related
traits in plants, comprising introducing and expressing in a plant a splice variant of SEQ ID NO:
57 or of SEQ ID NO: 59, or a splice variant of a nucleic acid sequence encoding an orthologue,
paralogue or homologue of SEQ ID NO: 58 or of SEQ ID NO: 60.

Another nucleic acid sequence variant useful in performing the methods of the invention is an
allelic variant of a nucleic acid sequence encoding a GRP polypeptide as defined hereinabove,

an allelic variant being as defined herein.

According to the present invention, there is provided a method for enhancing yield-related
traits in plants, comprising introducing and expressing in a plant an allelic variant of SEQ ID
NO: 57 or of SEQ ID NO: 59, or comprising introducing and expressing in a plant an allelic
variant of a nucleic acid sequence encoding an orthologue, paralogue or homologue of the
polypeptide sequences represented by SEQ ID NO: 58 or of SEQ ID NO: 60.

The allelic variants useful in the methods of the present invention have substantially the same
biological activity as the GRP polypeptide of SEQ ID NO: 58 or of SEQ ID NO: 60. Allelic
variants exist in nature, and encompassed within the methods of the present invention is the
use of these natural alleles. Gene shuffling or directed evolution may also be used to generate
variants of nucleic acids encoding GRP polypeptides as defined above; the term “gene

shuffling” being as defined herein.

According to the present invention, there is provided a method for enhancing yield-related

traits in plants, comprising introducing and expressing in a plant a variant of SEQ ID NO: 57 or
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of SEQ ID NO: 59, or comprising introducing and expressing in a plant a variant of a nucleic
acid sequence encoding an orthologue, paralogue or homologue of SEQ ID NO: 58 or of SEQ

ID NO: 60, which variant nucleic acid sequence is obtained by gene shuffling.

Furthermore, nucleic acid sequence variants may also be obtained by site-directed
mutagenesis. Several methods are available to achieve site-directed mutagenesis, the most

common being PCR based methods (Current Protocols in Molecular Biology. Wiley Eds.).

Nucleic acids encoding GRP polypeptides may be derived from any natural or artificial source.
The nucleic acid sequence may be modified from its native form in composition and/or
genomic environment through deliberate human manipulation. Preferably the GRP
polypeptide-encoding nucleic acid sequence is from a plant. In the case of SEQ ID NO: 57 or
of SEQ ID NO: 59, the GRP polypeptide encoding nucleic acid sequence is preferably from a
dicotyledonous plant, more preferably from the family Solanaceae, most preferably the nucleic

acid sequence is from Nicotiana tabacum.

Performance of the methods of the invention gives plants having enhanced yield-related traits.
In particular performance of the methods of the invention gives plants having increased early
vigour and increased yield, especially increased biomass and increased seed yield relative to
control plants. The terms “yield” and “seed yield” are described in more detail in the

“definitions” section herein.

Reference herein to enhanced yield-related traits is taken to mean an increase in early vigour
and/or in biomass (weight) of one or more parts of a plant, which may include aboveground
(harvestable) parts and/or (harvestable) parts below ground. In particular, such harvestable
parts are biomass and/or seeds, and performance of the methods of the invention results in
plants having increased early vigour, biomass and/or seed yield relative to the early vigour,

biomass or seed yield of control plants.

Taking corn as an example, a yield increase may be manifested as one or more of the
following: increase in the number of plants established per hectare or acre, an increase in the
number of ears per plant, an increase in the number of rows, humber of kernels per row, kernel
weight, thousand kernel weight, ear length/diameter, increase in the seed filling rate (which is
the number of filled seeds divided by the total number of seeds and multiplied by 100), among
others. Taking rice as an example, a yield increase may manifest itself as an increase in one
or more of the following: number of plants per hectare or acre, humber of panicles per plant,

number of spikelets per panicle, number of flowers (florets) per panicle (which is expressed as
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a ratio of the number of filled seeds over the number of primary panicles), increase in the seed
filling rate (which is the number of filled seeds divided by the total number of seeds and

multiplied by 100), increase in thousand kermnel weight, among others.

The present invention provides a method for enhancing yield-related traits, especially biomass
and/or seed yield of plants, relative to control plants, which method comprises modulating
expression, preferably increasing expression, in a plant of a nucleic acid sequence encoding a

GRP polypeptide as defined herein.

Since the transgenic plants according to the present invention have enhanced yield-related
traits, it is likely that these plants exhibit an increased growth rate (during at least part of their
life cycle), relative to the growth rate of control plants at a corresponding stage in their life

cycle.

The increased growth rate may be specific to one or more parts of a plant (including seeds), or
may be throughout substantially the whole plant. Plants having an increased growth rate may
have a shorter life cycle. The life cycle of a plant may be taken to mean the time needed to
grow from a dry mature seed up to the stage where the plant has produced dry mature seeds,
similar to the starting material. This life cycle may be influenced by factors such as early
vigour, growth rate, greenness index, flowering time and speed of seed maturation. The
increase in growth rate may take place at one or more stages in the life cycle of a plant or
during substantially the whole plant life cycle. Increased growth rate during the early stages in
the life cycle of a plant may reflect enhanced vigour. The increase in growth rate may alter the
harvest cycle of a plant allowing plants to be sown later and/or harvested sooner than would
otherwise be possible (a similar effect may be obtained with earlier flowering time). If the
growth rate is sufficiently increased, it may allow for the further sowing of seeds of the same
plant species (for example sowing and harvesting of rice plants followed by sowing and
harvesting of further rice plants all within one conventional growing period). Similarly, if the
growth rate is sufficiently increased, it may allow for the further sowing of seeds of different
plants species (for example the sowing and harvesting of corn plants followed by, for example,
the sowing and optional harvesting of soybean, potato or any other suitable plant). Harvesting
additional times from the same rootstock in the case of some crop plants may also be possible.
Altering the harvest cycle of a plant may lead to an increase in annual biomass production per
acre (due to an increase in the number of times (say in a year) that any particular plant may be
grown and harvested). An increase in growth rate may also allow for the cultivation of
transgenic plants in a wider geographical area than their wild-type counterparts, since the

territorial limitations for growing a crop are often determined by adverse environmental

PCT/EP2008/058370



10

15

20

25

30

35

WO 2009/003977 65
conditions either at the time of planting (early season) or at the time of harvesting (late
season). Such adverse conditions may be avoided if the harvest cycle is shortened. The
growth rate may be determined by deriving various parameters from growth curves, such
parameters may be: T-Mid (the time taken for plants to reach 50% of their maximal size) and

T-90 (time taken for plants to reach 90% of their maximal size), amongst others.

According to a preferred feature of the present invention, performance of the methods of the
invention gives plants having an increased growth rate relative to control plants. Therefore,
according to the present invention, there is provided a method for increasing the growth rate of
plants, which method comprises modulating expression, preferably increasing expression, in a

plant of a nucleic acid sequence encoding a GRP polypeptide as defined herein.

An enhancement of yield-related traits (an increase in yield and/or growth rate) occurs whether
the plant is under non-stress conditions or whether the plant is exposed to various stresses
compared to control plants. Plants typically respond to exposure to stress by growing more
slowly. In conditions of severe stress, the plant may even stop growing altogether. Mild stress
on the other hand is defined herein as being any stress to which a plant is exposed which does
not result in the plant ceasing to grow altogether without the capacity to resume growth. Mild
stress in the sense of the invention leads to a reduction in the growth of the stressed plants of
less than 40%, 35% or 30%, preferably less than 25%, 20% or 15%, more preferably less than
14%, 13%, 12%, 11% or 10% or less in comparison to the control plant under non-stress
conditions. Due to advances in agricultural practices (irrigation, fertilization, pesticide
treatments) severe stresses are not often encountered in cultivated crop plants. As a
consequence, the compromised growth induced by mild stress is often an undesirable feature
for agriculture. Mild stresses are the everyday biotic and/or abiotic (environmental) stresses to
which a plant is exposed. Abiotic stresses may be due to drought or excess water, anaerobic
stress, salt stress, chemical toxicity, oxidative stress and hot, cold or freezing temperatures.
The abiotic stress may be an osmotic stress caused by a water stress (particularly due to
drought), salt stress, oxidative stress or an ionic stress. Biotic stresses are typically those
stresses caused by pathogens, such as bacteria, viruses, fungi and insects. The term “non-
stress” conditions as used herein are those environmental conditions that allow optimal growth
of plants. Persons skilled in the art are aware of normal soil conditions and climatic conditions

for a given location.

Performance of the methods of the invention gives plants grown under non-stress conditions or
under mild drought conditions enhanced yield-related traits relative to control plants grown

under comparable conditions. Therefore, according to the present invention, there is provided
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a method for enhancing yield-related traits in plants grown under non-stress conditions or
under mild drought conditions, which method comprises modulating, preferably increasing,

expression in a plant of a nucleic acid sequence encoding a GRP polypeptide.

Performance of the methods according to the present invention results in plants grown under
abiotic stress conditions having enhanced yield-related traits, preferably enhanced seed yield-
related traits, relative to control plants grown under comparable stress conditions. As reported
in Wang et al. (Planta (2003) 218: 1-14), abiotic stress leads to a series of morphological,
physiological, biochemical and molecular changes that adversely affect plant growth and
productivity. Drought, salinity, extreme temperatures and oxidative stress are known to be
interconnected and may induce growth and cellular damage through similar mechanisms.
Rabbani et al. (Plant Physiol (2003) 133: 1755-1767) describes a particularly high degree of
“cross talk” between drought stress and high-salinity stress. For example, drought and/or
salinisation are manifested primarily as osmotic stress, resulting in the disruption of
homeostasis and ion distribution in the cell. Oxidative stress, which frequently accompanies
high or low temperature, salinity or drought stress, may cause denaturing of functional and
structural proteins. As a consequence, these diverse environmental stresses often activate
similar cell signalling pathways and cellular responses, such as the production of stress
proteins, up-regulation of anti-oxidants, accumulation of compatible solutes and growth arrest.
Since diverse environmental stresses activate similar pathways, the exemplification of the
present invention with drought stress should not be seen as a limitation to drought stress, but
more as a screen to indicate the involvement of GRP polypeptides as defined above, in
enhancing yield-related traits, preferably enhancing seed yield-related traits, relative to control

plants grown in comparable stress conditions, in abiotic stresses in general.

The term “abiotic stress” as defined herein is taken to mean any one or more of: water stress
(due to drought or excess water), anaerobic stress, salt stress, temperature stress (due to hot,
cold or freezing temperatures), chemical toxicity stress and oxidative stress. According to one
aspect of the invention, the abiotic stress is an osmotic stress, selected from water stress, salt
stress, oxidative stress and ionic stress. Preferably, the water stress is drought stress. The
term salt stress is not restricted to common salt (NaCl), but may be any stress caused by one
or more of: NaCl, KCI, LiCl, MgCI2, CaCl2, amongst others.

Performance of the methods of the invention gives plants having enhanced yield-related traits,
preferably enhanced seed yield-related traits, under abiotic stress conditions relative to control
plants grown in comparable stress conditions. Therefore, according to the present invention,

there is provided a method for enhancing yield-related traits, preferably enhancing seed yield-
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related traits, in plants grown under abiotic stress conditions, which method comprises
modulatingexpression in a plant of a nucleic acid sequence encoding a GRP polypeptide.
According to one aspect of the invention, the abiotic stress is an osmotic stress, selected from

one or more of the following: water stress, salt stress, oxidative stress and ionic stress.

Performance of the methods of the invention gives plants grown under conditions of nutrient
deficiency, particularly under conditions of nitrogen deficiency, enhanced yield-related traits
relative to control plants grown under comparable conditions. Therefore, according to the
present invention, there is provided a method for enhancing yield—related traits in plants grown
under conditions of nutrient deficiency, which method comprises modulating, preferably
increasing, expression in a plant of a nucleic acid sequence encoding a GRP polypeptide.
Nutrient deficiency may result from a lack of nutrients such as nitrogen, phosphates and other
phosphorous-containing compounds, potassium, calcium, cadmium, magnesium, manganese,

iron and boron, amongst others.

The present invention encompasses plants, parts thereof (including seeds), or plant cells
obtainable by the methods according to the present invention. The plants, parts thereof, or

plant cells comprise a nucleic acid transgene encoding a GRP polypeptide as defined above.

The invention also provides genetic constructs and vectors to facilitate introduction and/or
expression in plants of nucleic acids encoding GRP polypeptides. The gene constructs may
be inserted into vectors, which may be commercially available, suitable for transforming into
plants and suitable for expression of the gene of interest in the transformed cells. The
invention also provides use of a gene construct as defined herein in the methods of the

invention.

More specifically, the present invention provides a construct comprising:
(a) a nucleic acid sequence encoding a GRP polypeptide as defined above;
(b) one or more control sequences capable of driving expression of the nucleic acid
sequence of (a); and optionally

(c) a transcription termination sequence.

Preferably, the nucleic acid sequence encoding a GRP polypeptide is as defined above. The

term “control sequence” and “termination sequence” are as defined herein.

Plants are transformed with a vector comprising any of the nucleic acids described above. The

skilled artisan is well aware of the genetic elements that must be present on the vector in order
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to successfully transform, select and propagate host cells containing the sequence of interest.
The sequence of interest is operably linked to one or more control sequences (at least to a

promoter).

Advantageously, any type of promoter, whether natural or synthetic, may be used to drive
expression of the nucleic acid sequence. A seed-specific promoter is particularly useful in the
methods of the invention. See the “Definitions” section herein for definitions of the various

promoter types.

It should be clear that the applicability of the present invention is not restricted to the GRP
polypeptide-encoding nucleic acid sequence represented by SEQ ID NO: 57 or of SEQ ID NO:
59, nor is the applicability of the invention restricted to expression of a GRP polypeptide-

encoding nucleic acid sequence when driven by a seed-specific promoter.

The seed-specific promoter is preferably an oleosin promoter, preferably a oleosin promoter
from rice. Further preferably the oleosin promoter is represented by a nucleic acid sequence
substantially similar to SEQ ID NO: 91, most preferably the oleosin promoter is as represented
by SEQ ID NO: 91. See Table 2b in the “Definitions” section herein for further examples of

seed-specific promoters.

Optionally, one or more terminator sequences may be used in the construct introduced into a
plant. Additional regulatory elements may include transcriptional as well as translational
enhancers. Those skilled in the art will be aware of terminator and enhancer sequences that
may be suitable for use in performing the invention. An intron sequence may also be added to
the 5' untranslated region (UTR) or in the coding sequence to increase the amount of the
mature message that accumulates in the cytosol, as described in the definitions section. Other
control sequences (besides promoter, enhancer, silencer, intron sequences, 3'UTR and/or
5'UTR regions) may be protein and/or RNA stabilizing elements. Such sequences would be

known or may readily be obtained by a person skilled in the art.

The genetic constructs of the invention may further include an origin of replication sequence
that is required for maintenance and/or replication in a specific cell type. One example is when
a genetic construct is required to be maintained in a bacterial cell as an episomal genetic
element (e.g. plasmid or cosmid molecule). Preferred origins of replication include, but are not

limited to, the f1-ori and colE1.
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For the detection of the successful transfer of the nucleic acid sequences as used in the
methods of the invention and/or selection of transgenic plants comprising these nucleic acids,
it is advantageous to use marker genes (or reporter genes). Therefore, the genetic construct
may optionally comprise a selectable marker gene. Selectable markers are described in more
detail in the “definitions” section herein. The marker genes may be removed or excised from
the transgenic cell once they are no longer needed. Techniques for marker removal are

known in the art, useful techniques are described above in the definitions section.

The invention also provides a method for the production of transgenic plants having enhanced
yield-related traits relative to control plants, comprising introduction and expression in a plant

of any nucleic acid sequence encoding a GRP polypeptide as defined hereinabove.

More specifically, the present invention provides a method for the production of transgenic
plants having enhanced yield-related traits which method comprises:
(i) introducing and expressing in a plant, plant part, or plant cell, a nucleic acid
sequence encoding a GRP polypeptide; and
(ii) cultivating the plant, plant part or plant cell under conditions promoting plant

growth and development.

The nucleic acid sequence of (i) may be any of the nucleic acids capable of encoding a GRP

polypeptide as defined herein.

The nucleic acid sequence may be introduced directly into a plant cell or into the plant itself
(including introduction into a tissue, organ or any other part of a plant). According to a
preferred feature of the present invention, the nucleic acid sequence is preferably introduced
into a plant by transformation. The term “transformation” is described in more detail in the

“definitions” section herein.

The genetically modified plant cells can be regenerated via all methods with which the skilled
worker is familiar. Suitable methods can be found in the abovementioned publications by S.D.

Kung and R. Wu, Potrykus or Hofgen and Willmitzer.

Generally after transformation, plant cells or cell groupings are selected for the presence of
one or more markers which are encoded by plant-expressible genes co-transferred with the
gene of interest, following which the transformed material is regenerated into a whole plant.
To select transformed plants, the plant material obtained in the transformation is, as a rule,

subjected to selective conditions so that transformed plants can be distinguished from
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untransformed plants. For example, the seeds obtained in the above-described manner can be
planted and, after an initial growing period, subjected to a suitable selection by spraying. A
further possibility consists in growing the seeds, if appropriate after sterilization, on agar plates
using a suitable selection agent so that only the transformed seeds can grow into plants.
Alternatively, the transformed plants are screened for the presence of a selectable marker

such as the ones described above.

Following DNA transfer and regeneration, putatively transformed plants may also be
evaluated, for instance using Southern analysis, for the presence of the gene of interest, copy
number and/or genomic organisation. Alternatively or additionally, expression levels of the
newly introduced DNA may be monitored using Northern and/or Western analysis, both

techniques being well known to persons having ordinary skill in the art.

The generated transformed plants may be propagated by a variety of means, such as by clonal
propagation or classical breeding techniques. For example, a first generation (or T1)
transformed plant may be selfed and homozygous second-generation (or T2) transformants
selected, and the T2 plants may then further be propagated through classical breeding
techniques. The generated transformed organisms may take a variety of forms. For example,
they may be chimeras of transformed cells and non-transformed cells; clonal transformants
(e.g., all cells transformed to contain the expression cassette); grafts of transformed and
untransformed tissues (e.g., in plants, a transformed rootstock grafted to an untransformed

scion).

The present invention clearly extends to any plant cell or plant produced by any of the methods
described herein, and to all plant parts and propagules thereof. The present invention extends
further to encompass the progeny of a primary transformed or transfected cell, tissue, organ or
whole plant that has been produced by any of the aforementioned methods, the only
requirement being that progeny exhibit the same genotypic and/or phenotypic characteristic(s)

as those produced by the parent in the methods according to the invention.

The invention also includes host cells containing an isolated nucleic acid sequence encoding a
GRP polypeptide as defined hereinabove. Preferred host cells according to the invention are
plant cells. Host plants for the nucleic acids or the vector used in the method according to the
invention, the expression cassette or construct or vector are, in principle, advantageously all

plants, which are capable of synthesizing the polypeptides used in the inventive method.
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The methods of the invention are advantageously applicable to any plant. Plants that are
particularly useful in the methods of the invention include all plants which belong to the
superfamily Viridiplantae, in particular monocotyledonous and dicotyledonous plants including
fodder or forage legumes, ornamental plants, food crops, trees or shrubs. According to a
preferred embodiment of the present invention, the plant is a crop plant. Examples of crop
plants include soybean, sunflower, canola, alfalfa, rapeseed, cotton, tomato, potato and
tobacco. Further preferably, the plant is a monocotyledonous plant. Examples of
monocotyledonous plants include sugarcane. More preferably the plant is a cereal. Examples

of cereals include rice, maize, wheat, barley, millet, rye, triticale, sorghum and oats.

The invention also extends to harvestable parts of a plant such as, but not limited to seeds,
leaves, fruits, flowers, stems, roots, rhizomes, tubers and bulbs. The invention furthermore
relates to products derived, preferably directly derived, from a harvestable part of such a plant,

such as dry pellets or powders, oil, fat and fatty acids, starch or proteins.

According to a preferred feature of the invention, the modulated expression is increased
expression. Methods for increasing expression of nucleic acids or genes, or gene products,

are well documented in the art and examples are provided in the definitions section.

As mentioned above, a preferred method for modulating (preferably, increasing) expression of
a nucleic acid sequence encoding a GRP polypeptide is by introducing and expressing in a
plant a nucleic acid sequence encoding a GRP polypeptide; however the effects of performing
the method, i.e. enhancing yield-related traits may also be achieved using other well known
techniques, including but not limited to T-DNA activation tagging, TILLING, homologous

recombination. A description of these techniques is provided in the definitions section.

The present invention also encompasses use of nucleic acids encoding GRP polypeptides as
described herein and use of these GRP polypeptides in enhancing any of the aforementioned

yield-related traits in plants.

Nucleic acids encoding GRP polypeptide described herein, or the GRP polypeptides
themselves, may find use in breeding programmes in which a DNA marker is identified which
may be genetically linked to a GRP polypeptide-encoding gene. The nucleic acids/genes, or
the GRP polypeptides themselves may be used to define a molecular marker. This DNA or
protein marker may then be used in breeding programmes to select plants having enhanced

yield-related traits as defined hereinabove in the methods of the invention.
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Allelic variants of a GRP polypeptide-encoding nucleic acid/gene may also find use in marker-
assisted breeding programmes. Such breeding programmes sometimes require introduction of
allelic variation by mutagenic treatment of the plants, using for example EMS mutagenesis;
alternatively, the programme may start with a collection of allelic variants of so called “natural’
origin caused unintentionally. ldentification of allelic variants then takes place, for example, by
PCR. This is followed by a step for selection of superior allelic variants of the sequence in
question and which give enhanced yield-related traits. Selection is typically carried out by
monitoring growth performance of plants containing different allelic variants of the sequence in
question. Growth performance may be monitored in a greenhouse or in the field. Further
optional steps include crossing plants in which the superior allelic variant was identified with
another plant. This could be used, for example, to make a combination of interesting

phenotypic features.

Nucleic acids encoding GRP polypeptides may also be used as probes for genetically and
physically mapping the genes that they are a part of, and as markers for traits linked to those
genes. Such information may be useful in plant breeding in order to develop lines with desired
phenotypes. Such use of GRP polypeptide-encoding nucleic acids requires only a nucleic acid
sequence of at least 15 nucleotides in length. The GRP polypeptide-encoding nucleic acids
may be used as restriction fragment length polymorphism (RFLP) markers. Southern blots
(Sambrook J, Fritsch EF and Maniatis T (1989) Molecular Cloning, A Laboratory Manual) of
restriction-digested plant genomic DNA may be probed with the GRP-encoding nucleic acids.
The resulting banding patterns may then be subjected to genetic analyses using computer
programs such as MapMaker (Lander et al. (1987) Genomics 1: 174-181) in order to construct
a genetic map. In addition, the nucleic acids may be used to probe Southern blots containing
restriction endonuclease-treated genomic DNAs of a set of individuals representing parent and
progeny of a defined genetic cross. Segregation of the DNA polymorphisms is noted and used
to calculate the position of the GRP polypeptide-encoding nucleic acid sequence in the genetic
map previously obtained using this population (Botstein et al. (1980) Am. J. Hum. Genet.
32:314-331).

The production and use of plant gene-derived probes for use in genetic mapping is described
in Bernatzky and Tanksley (1986) Plant Mol. Biol. Reporter 4: 37-41. Numerous publications
describe genetic mapping of specific cDNA clones using the methodology outlined above or
variations thereof. For example, F2 intercross populations, backcross populations, randomly
mated populations, near isogenic lines, and other sets of individuals may be used for mapping.

Such methodologies are well known to those skilled in the art.

PCT/EP2008/058370



10

15

20

25

30

35

WO 2009/003977 73
The nucleic acid sequence probes may also be used for physical mapping (i.e., placement of
sequences on physical maps; see Hoheisel et al. In: Non-mammalian Genomic Analysis: A

Practical Guide, Academic press 1996, pp. 319-346, and references cited therein).

In another embodiment, the nucleic acid sequence probes may be used in direct fluorescence
in situ hybridisation (FISH) mapping (Trask (1991) Trends Genet. 7:149-154). Although current
methods of FISH mapping favour use of large clones (several kb to several hundred kb; see
Laan et al. (1995) Genome Res. 5:13-20), improvements in sensitivity may allow performance

of FISH mapping using shorter probes.

A variety of nucleic acid sequence amplification-based methods for genetic and physical
mapping may be carried out using the nucleic acids. Examples include allele-specific
amplification (Kazazian (1989) J. Lab. Clin. Med 11:95-96), polymorphism of PCR-amplified
fragments (CAPS; Sheffield et al. (1993) Genomics 16:325-332), allele-specific ligation
(Landegren et al. (1988) Science 241:1077-1080), nucleotide extension reactions (Sokolov
(1990) nucleic acid sequence Res. 18:3671), Radiation Hybrid Mapping (Walter et al. (1997)
Nat. Genet. 7:22-28) and Happy Mapping (Dear and Cook (1989) nucleic acid sequence Res.
17:6795-6807). For these methods, the sequence of a nucleic acid sequence is used to design
and produce primer pairs for use in the amplification reaction or in primer extension reactions.
The design of such primers is well known to those skilled in the art. In methods employing
PCR-based genetic mapping, it may be necessary to identify DNA sequence differences
between the parents of the mapping cross in the region corresponding to the instant nucleic

acid sequence. This, however, is generally not hecessary for mapping methods.

The methods according to the present invention result in plants having enhanced yield-related
traits, as described hereinbefore. These traits may also be combined with other economically
advantageous traits, such as further yield-enhancing traits, tolerance to other abiotic and biotic
stresses, traits modifying various architectural features and/or biochemical and/or physiological

features.

The term "table A2” used in this specification is to be taken to specify the content of table A2a
and table A2b. The term "table A2a” used in this specification is to be taken to specify the
content of table A2a. The term "table A2b” used in this specification is to be taken to specify
the content of table A2b. In one preferred embodiment, the term "table A2” means table A2b.

In one embodiment the invention relates to subject mater summarized as follows:
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ltem 21: A method for enhancing yield-related traits in plants relative to control plants,
comprising modulating expression in a plant of a nucleic acid sequence encoding a GRP,
wherein said GRP is an RrmJ/FtsJ ribosomal RNA methyltransferase polypeptide (RrmJ/FtsJ

polypeptide), and optionally selecting for plants having enhance yield-related traits.

ltem 22: Method according to item 21, wherein said GRP polypeptide comprises a ribosomal
RNA methyltransferase RrmJ/FtsJ domain (InterPro entries IPR002877 and IPR015507; Pfam
entry PF01728; PANTHER entry PTHR10920).

ltem 23: Method according to item 21 or 22, wherein said GRP polypeptide has in increasing
order of preference at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%,
99% or more polypeptide sequence identity to the GRP polypeptide as represented by SEQ ID
NO: 58, or by SEQ ID NO: 60, or to any of the polypeptide sequences given in Table A2 of

Example 1.

ltem 24: Method according to any of the items 21 to 23, wherein said nucleic acid sequence
encoding a GRP polypeptide is represented by any one of the nucleic acid sequence SEQ ID
NOs given in Table A2 or a portion thereof, or a sequence capable of hybridising with any one

of the nucleic acid sequences SEQ ID NOs given in Table A2 of Example 1.

ltem 25: Method according to any preceding item wherein said modulated expression is
effected by introducing and expressing in a plant a nucleic acid sequence encoding said GRP

polypeptide.

ltem 26: Method according to any preceding item, wherein said enhanced yield-related traits
comprise increased seed yield, increased number of filled seeds, increased seed fill rate, and

increased harvest index, relative to control plants.

ltem 27: Method according to any preceding item, wherein said modulated expression is

increased expression.

ltem 28: Method according to any preceding item, wherein said nucleic acid sequence is
operably linked to a seed-specific promoter, preferably to an oleosin promoter, most preferably

to an oleosin promoter from rice.
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ltem 29: Method according to any preceding item, wherein said nucleic acid sequence

encoding a GRP polypeptide is of plant origin, preferably from a dicotyledonous plant, further

preferably from the family Solanaceae, more preferably from Nicotiana tabacum.

Iltem 30: An isolated nucleic acid sequence comprising a nucleic acid sequence selected from
the group consisting of:

a)

b)

c)

d)

e)

f)

9)

h)

and

an isolated nucleic acid molecule encoding the polypeptide as depicted in SEQ ID
NO: 97, 99, 101 and/or 103 and/or table A2b;

an isolated nucleic acid molecule as depicted in SEQ ID NO: 96, 98, 100 and/or
102 and/or table A2b;

an isolated nucleic acid molecule, which, as a result of the degeneracy of the
genetic code, can be derived from a polypeptide sequence depicted in table A2
and confers enhanced yield-related traits relative to control plants;

an isolated nucleic acid molecule having at least 30 %, 31%, 32%, 33%, 34%,
35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%,
49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%,
63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%,
77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity with the
nucleic acid molecule sequence of a polynucleotide comprising the nucleic acid
molecule depicted in table A2 and confers enhanced yield-related traits relative to
control plants;

an isolated nucleic acid molecule encoding a polypeptide having at least 30 %,
31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%,
45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%,
59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%,
73%, 74%, 75%, 716%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity with the amino acid sequence of the polypeptide encoded by
the nucleic acid molecule of (a) to (c) and confers enhanced yield-related traits
relative to control plants;

an isolated nucleic acid molecule which hybridizes with a nucleic acid molecule of
(a) to (c) under stringent hybridization conditions and confers enhanced yield-
related traits relative to control plants;

an isolated nucleic acid molecule encoding a polypeptide comprising the
consensus sequence or one or more polypeptide motifs as shown figure 5 and
preferably having the activity represented by a nucleic acid molecule comprising a
polynucleotide as depicted in table A2;

an isolated nucleic acid molecule encoding a polypeptide having the activity
represented by a protein as depicted in table A2 and confering enhanced yield-
related traits relative to control plants;
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i)  anucleic acid molecule which is obtainable by screening a suitable nucleic acid
library under stringent hybridization conditions with a probe comprising a
complementary sequence of a nucleic acid molecule of (a) or (b) or with a
fragment thereof, having at least 15 nt, preferably 20 nt, 30 nt, 50 nt, 100 nt, 200
nt or 500 nt of a nucleic acid molecule complementary to a nucleic acid molecule
sequence characterized in (a) to (e) and encoding a polypeptide having the
activity represented by a protein comprising a polypeptide as depicted in table A2;

whereby the nucleic acid molecule according to (a) to (i) is at least in one or more
nucleotides different from the sequence depicted in table A2a and preferably which
encodes a protein which differs at least in one or more amino acids from the protein
sequences depicted in table A2a.

ltem 31: Plant, part thereof (including seeds), or plant cell obtainable by a method according to
any preceding item, wherein said plant, part thereof, or plant cell comprises a nucleic acid

transgene encoding a GRP polypeptide, preferably according to item 30.

Tem 32: Construct comprising:

(i) nucleic acid sequence encoding a GRP polypeptide as defined in items 21 to 24
or of a polypeptide encoded by a nucleic acid molecule according to item 30;

(ii) one or more control sequences capable of driving expression of the nucleic acid
sequence of (i); and optionally

(iii) a transcription termination sequence.

ltem 33: Construct according to item 32, wherein one of said control sequences is a seed-
specific promoter, preferably an oleosin promoter, most preferably a oleosin promoter from

rice.

ltem 34: Use of a construct according to any of litems 32 or 33 or of a nucleic acid molecule
according to item 30 in a method for making plants having enhanced yield-related traits,
particularly increased seed yield, increased number of filled seeds, increased seed fill rate, and

increased harvest index, relative to control plants.

ltem 35: Plant, plant part or plant cell transformed with a construct according to any of items 32
or 33.

ltem 36: Method for the production of a transgenic plant having enhanced-yield related traits

relative to control plants, comprising:
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819 introducing and expressing in a plant, plant part, or plant cell, a nucleic acid

sequence encoding a GRP polypeptide as defined in items 21 to 24 or of a polypeptide
encoded by a nucleic acid molecule according to item 30; and

(ii) cultivating the plant, plant part, or plant cell under conditions promoting plant

growth and development.

ltem 37: Transgenic plant having enhanced yield-related traits, particularly increased seed
yield, increased number of filled seeds, increased seed fill rate, and increased harvest index,
relative to control plants, resulting from increased expression of a nucleic acid sequence
encoding a GRP polypeptide as defined in items 21 to 24 or of a polypeptide encoded by a
nucleic acid molecule according to item 30, or a transgenic plant cell derived from said

transgenic plant.

ltem 38: Transgenic plant according to item 31, 35 or 37, or a transgenic plant cell derived
thereof, wherein said plant is a crop plant or a monocot or a cereal, such as rice, maize, wheat,

barley, millet, rye, triticale, sorghum and oats.

ltem 39: Harvestable parts of a plant comprising a nucleic acid sequence encoding a GRP

polypeptide according to item 38, wherein said harvestable parts are preferably seeds.

ltem 40: Products derived from a plant according to item 38 and/or from harvestable parts of a

plant according to item 39.

ltem 41: Use of a nucleic acid sequence encoding a GRP polypeptide in enhanced yield-
related traits in plants, particularly in increasing particularly increased seed yield, increased
number of filled seeds, increased seed fill rate, and increased harvest index, relative to control

plants.

According to a further embodiment of the present invention, there is also provided an isolated
polypeptide comprising a polypeptide sequence selected from the group consisting of:

(i) an amino acid sequence encoded by any one of the nucleic acids represented by Item
30;

(ii) an amino acid sequence having, in increasing order of preference, at least 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or more sequence identity
to the amino acid sequence of (i);

(iii)  derivatives of any of the amino acid sequences given in (i) or (ii) above.
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In an other embodiment of the invention it has now been found that modulating expression
(preferably, increasing) in a plant of a nucleic acid sequence encoding a GRP polypeptide,
wherein said GRP polypeptide is a basic-helix-loop-helix 4 (bHLH4) polypeptide, gives plants
having enhanced yield-related traits, preferably enhanced seed yield-related traits, relative to
control plants. According to a first embodiment, the present invention provides a method for
enhancing yield-related traits, preferably enhanced seed yield-related traits, in plants relative to
control plants, comprising modulating expression (preferably, increasing) in a plant of a nucleic
acid sequence encoding a GRP polypeptide, wherein said GRP polypeptide is a basic-helix-
loop-helix 4 (bHLH4) polypeptide.

A preferred method for modulating (preferably, increasing) expression of a nucleic acid
sequence encoding a GRP polypeptide is by introducing and expressing in a plant a nucleic

acid sequence encoding a GRP polypeptide.

Any reference hereinafter to a “protein useful in the methods of the invention” is taken to mean
a GRP polypeptide as defined herein. Any reference hereinafter to a “nucleic acid sequence
useful in the methods of the invention” is taken to mean a nucleic acid sequence capable of
encoding such a GRP polypeptide. The nucleic acid sequence to be introduced into a plant
(and therefore useful in performing the methods of the invention) is any nucleic acid sequence
encoding the type of protein which will now be described, hereafter also named “GRP nucleic

acid sequence” or “GRP gene”.

In one embodiment of the invention a “GRP polypeptide” as defined herein refers the proteins
represented by SEQ ID NO: 105, and to orthologues, paralogues, and homologues thereof.

Table A3 of Example 1 herein presents such orthologues and paralogues.

Preferably, the orthologues, paralogues, and homologues of SEQ ID NO: 105 have a basic-
helix-loop-helix dimerisation region with InterPro entry IPR001092, and helix-loop-helix DNA-
binding with InterPro entry IPR011598.

Alternatively or additionally, a “GRP polypeptide” as defined herein refers to any polypeptide
having in increasing order of preference at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 98%, 99% or more amino acid sequence identity to the GRP polypeptide as
represented by SEQ ID NO: 105, or to any of the polypeptide sequences given in Table A3 of

Example 1 herein.
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The term “domain” and “motif’ is defined in the “definitions” section herein. Specialist
databases exist for the identification of domains, for example, SMART (Schultz et al. (1998)
Proc. Natl. Acad. Sci. USA 95, 5857-5864; Letunic et al. (2002) Nucleic Acids Res 30, 242-
244), InterPro (Mulder et al., (2003) Nucl. Acids. Res. 31, 315-318), Prosite (Bucher and
Bairoch (1994), A generalized profile syntax for biomolecular sequences motifs and its function
in automatic sequence interpretation. (In) ISMB-94; Proceedings 2nd International Conference
on Intelligent Systems for Molecular Biology. Altman R., Brutlag D., Karp P., Lathrop R., Searls
D., Eds., pp53-61, AAAI Press, Menlo Park; Hulo et al., Nucl. Acids. Res. 32:D134-D137,
(2004)), or Pfam (Bateman et al., Nucleic Acids Research 30(1): 276-280 (2002)). A set of
tools for in silico analysis of protein sequences is available on the ExPASy proteomics server
(Swiss Institute of Bioinformatics (Gasteiger et al., ExPASy: the proteomics server for in-depth
protein knowledge and analysis, Nucleic Acids Res. 31:3784-3788(2003)). Domains or motifs

may also be identified using routine techniques, such as by sequence alignment.

Methods for the alignment of sequences for comparison are well known in the art, such
methods include GAP, BESTFIT, BLAST, FASTA and TFASTA. GAP uses the algorithm of
Needleman and Wunsch ((1970) J Mol Biol 48: 443-453) to find the global (i.e. spanning the
complete sequences) alignment of two sequences that maximizes the number of matches and
minimizes the number of gaps. The BLAST algorithm (Altschul et al. (1990) J Mol Biol 215:
403-10) calculates percent sequence identity and performs a statistical analysis of the
similarity between the two sequences. The software for performing BLAST analysis is publicly
available through the National Centre for Biotechnology Information (NCBI). Homologues may
readily be identified using, for example, the ClustalWW multiple sequence alignment algorithm
(version 1.83), with the default pairwise alignment parameters, and a scoring method in
percentage. Global percentages of similarity and identity may also be determined using one of
the methods available in the MatGAT software package (Campanella et al., BMC
Bioinformatics. 2003 Jul 10;4:29. MatGAT: an application that generates similarity/identity
matrices using protein or DNA sequences). Minor manual editing may be performed to
optimise alignment between conserved motifs, as would be apparent to a person skilled in the
art. Furthermore, instead of using full-length sequences for the identification of homologues,
specific domains may also be used. The sequence identity values may be determined over
the entire nucleic acid sequence or polypeptide sequence or over selected domains or

conserved motif(s), using the programs mentioned above using the default parameters.

Furthermore, GRP polypeptides, as far as SEQ ID NO: 105, and its orthologues, paralogues,
and homologues are concerned, typically have the capability to bind DNA (at least in their

native form), but not necessarily, have transcriptional regulatory activity and capacity to
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interact with other proteins. Therefore, GRP polypeptides with reduced transcriptional
regulatory activity, without transcriptional regulatory activity, with reduced protein-protein
interaction capacity, or with no protein-protein interaction capacity, may equally be useful in the
methods of the present invention. DNA-binding activity and protein-protein interactions may
readily be determined in vitro or in vivo using techniques well known in the art (for example in
Current Protocols in Molecular Biology, Volumes 1 and 2, Ausubel et al. (1994), Current
Protocols). To determine the DNA binding activity of GRP polypeptides, several assays are
available, such as DNA binding gel-shift assays (or gel retardation assays; Korfhage et al.
(1994) Plant C 6: 695-708), in vitro DNA binding assays (Schindler et al. (1993) Plant J 4(1):
137-150), or transcriptional activation of GRP polypeptides in yeast, animal and plant cells.
GRP polypeptides typically bind to a consensus sequence called an E-box, CANNTG. The
canonical E-box is CACGTG (palindromic), however some bHLH4 transcription factors bind to
different sequences, which are often similar to the E-box. Specific DNA binding sequences can
be determined using the random oligonucleotide selection technique (Viola & Gonzalez (May
26, 2007) Biochemistry).

The present invention is illustrated by transforming plants with the nucleic acid sequence
represented by SEQ ID NO: 104, encoding the polypeptide sequence of SEQ ID NO: 105.
However, performance of the invention is not restricted to these sequences; the methods of
the invention may advantageously be performed using any GRP-encoding nucleic acid

sequence or GRP polypeptide as defined herein.

Examples of nucleic acid sequences encoding GRP polypeptides may be found in databases
known in the art. Such nucleic acid sequences are useful in performing the methods of the
invention. Orthologues and paralogues, the terms “orthologues” and “paralogues” being as
defined herein, may readily be identified by performing a so-called reciprocal blast search.
Typically, this involves a first BLAST involving BLASTing a query sequence (for example using
SEQ ID NO: 105) against any sequence database, such as the publicly available NCBI
database. BLASTN or TBLASTX (using standard default values) are generally used when
starting from a nucleotide sequence, and BLASTP or TBLASTN (using standard default
values) when starting from a protein sequence. The BLAST results may optionally be filtered.
The full-length sequences of either the filtered results or non-filtered results are then BLASTed
back (second BLAST) against sequences from the organism from which the query sequence is
derived (where the query sequence is SEQ ID NO: 104 or SEQ ID NO: 105, the second
BLAST would therefore be against Arabidopsis thaliana sequences). The results of the first
and second BLASTSs are then compared. A paralogue is identified if a high-ranking hit from the

first blast is from the same species as from which the query sequence is derived, a BLAST
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back then ideally results in the query sequence amongst the highest hits; an orthologue is
identified if a high-ranking hit in the first BLAST is not from the same species as from which the
query sequence is derived, and preferably results upon BLAST back in the query sequence

being among the highest hits.

High-ranking hits are those having a low E-value. The lower the E-value, the more significant
the score (or in other words the lower the chance that the hit was found by chance).
Computation of the E-value is well known in the art. In addition to E-values, comparisons are
also scored by percentage identity. Percentage identity refers to the number of identical
nucleotides (or amino acids) between the two compared nucleic acid sequence (or
polypeptide) sequences over a particular length. In the case of large families, ClustalW may
be used, followed by a neighbour joining tree, to help visualize clustering of related genes and

to identify orthologues and paralogues.

Nucleic acid sequence variants encoding homologues and derivatives of SEQ ID NO: 105 may
also be useful in practising the methods of the invention, the terms “homologue” and
“derivative” being as defined herein. Also useful in the methods of the invention are nucleic
acid sequences encoding homologues and derivatives of orthologues or paralogues of SEQ ID
NO: 105. Homologues and derivatives useful in the methods of the present invention have
substantially the same biological and functional activity as the unmodified protein from which

they are derived.

Further nucleic acid sequence variants useful in practising the methods of the invention include
portions of nucleic acid sequences encoding GRP polypeptides, nucleic acid sequences
hybridising to nucleic acid sequences encoding GRP polypeptides, splice variants of nucleic
acid sequences encoding GRP polypeptides, allelic variants of nucleic acid sequences
encoding GRP polypeptides and variants of nucleic acid sequences encoding GRP
polypeptides obtained by gene shuffling. The terms hybridising sequence, splice variant,

allelic variant and gene shuffling are as described herein.

Nucleic acid sequences encoding GRP polypeptides need not be full-length nucleic acid
sequences, since performance of the methods of the invention does not rely on the use of full-
length nucleic acid sequences. According to the present invention, there is provided a method
for enhancing vyield-related traits in plants, preferably enhanced seed yield-related traits,
comprising introducing and expressing in a plant a portion of SEQ ID NO: 104, or a portion of a

nucleic acid sequence encoding an orthologue, paralogue or homologue of SEQ ID NO: 105.
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A portion of a nucleic acid sequence may be prepared, for example, by making one or more
deletions to the nucleic acid sequence. The portions may be used in isolated form or they may
be fused to other coding (or non-coding) sequences in order to, for example, produce a protein
that combines several activities. When fused to other coding sequences, the resultant
polypeptide produced upon translation may be bigger than that predicted for the protein

portion.

Portions useful in the methods of the invention, encode a GRP polypeptide as defined herein,
and have substantially the same biological activity as the polypeptide sequence given in SEQ
ID NO: 105. Preferably, the portion is a portion of the nucleic acid sequence given in SEQ ID
NO: 104, or is a portion of a nucleic acid sequence encoding an orthologue or paralogue of the
polypeptide sequence given in SEQ ID NO: 105. Preferably the portion is at least 500, 600,
700, 800, 850, 900, 950, 1000, 1050, 1100, 1150, 1200, 1250, 1300, 1350, 1400, 1450, 1500,
1550, 1600, 1650, 1700, 1750 or more consecutive nucleotides in length, the consecutive
nucleotides being of SEQ ID NO: 104, or of a nucleic acid sequence encoding an orthologue or
paralogue of SEQ ID NO: 105. Most preferably the portion is a portion of the nucleic acid
sequence of SEQ ID NO: 104.

Another nucleic acid sequence variant useful in the methods of the invention is a nucleic acid
sequence capable of hybridising, under reduced stringency conditions, preferably under
stringent conditions, with a nucleic acid sequence encoding a GRP polypeptide as defined

herein, or with a portion as defined herein.

According to the present invention, there is provided a method for enhancing yield-related
traits in plants, preferably enhanced seed yield-related traits, comprising introducing and
expressing in a plant a nucleic acid sequence capable of hybridizing to SEQ ID NO: 104, or
comprising introducing and expressing in a plant a nucleic acid sequence capable of
hybridising to a nucleic acid sequence encoding an orthologue, paralogue or homologue of
SEQ ID NO: 105.

Hybridising sequences useful in the methods of the invention encode a GRP polypeptide as
defined herein, having substantially the same biological activity as the polypeptide sequence
given in SEQ ID NO: 105. Preferably, the hybridising sequence is capable of hybridising to
SEQ ID NO: 104, or to a portion of this sequence, a portion being as defined above, or the
hybridising sequence is capable of hybridising to a nucleic acid sequence encoding an

orthologue or paralogue of SEQ ID NO: 105, or to a portion thereof.
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Another nucleic acid sequence variant useful in the methods of the invention is a splice variant

encoding a GRP polypeptide as defined hereinabove, a splice variant being as defined herein.

According to the present invention, there is provided a method for enhancing yield-related
traits in plants, preferably enhancing seed yield-related traits, comprising introducing and
expressing in a plant a splice variant of SEQ ID NO: 104, or a splice variant of a nucleic acid

sequence encoding an orthologue, paralogue or homologue of SEQ ID NO: 105.

Another nucleic acid sequence variant useful in performing the methods of the invention is an
allelic variant of a nucleic acid sequence encoding a GRP polypeptide as defined hereinabove,

an allelic variant being as defined herein.

According to the present invention, there is provided a method for enhancing yield-related
traits in plants, preferably enhanced seed yield-related traits, comprising introducing and
expressing in a plant an allelic variant of SEQ ID NO: 104, or comprising introducing and
expressing in a plant an allelic variant of a nucleic acid sequence encoding an orthologue,
paralogue or homologue of the polypeptide sequence represented by SEQ ID NO: 105.

The allelic variants useful in the methods of the present invention have substantially the same
biological activity as the GRP polypeptide of SEQ ID NO: 105. Allelic variants exist in nature,
and encompassed within the methods of the present invention is the use of these natural
alleles. Gene shuffling or directed evolution may also be used to generate variants of nucleic
acid sequences encoding GRP polypeptides as defined above; the term “gene shuffling” being

as defined herein.

According to the present invention, there is provided a method for enhancing yield-related
traits in plants, preferably enhanced seed yield-related traits, comprising introducing and
expressing in a plant a variant nucleic acid sequence of SEQ ID NO: 104, or comprising
introducing and expressing in a plant a variant of a nucleic acid sequence encoding an
orthologue, paralogue or homologue of SEQ ID NO: 105, which variant nucleic acid sequence

is obtained by gene shuffling.

Furthermore, nucleic acid sequence variants may also be obtained by site-directed
mutagenesis. Several methods are available to achieve site-directed mutagenesis, the most

common being PCR based methods (Current Protocols in Molecular Biology. Wiley Eds.).
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Nucleic acid sequences encoding GRP polypeptides may be derived from any natural or
artificial source. The nucleic acid sequence may be modified from its native form in
composition and/or genomic environment through deliberate human manipulation. Preferably
the GRP polypeptide-encoding nucleic acid sequence is from a plant. In the case of SEQ ID
NO: 104, the GRP polypeptide encoding nucleic acid sequence is preferably from a
dicotyledonous plant, more preferably from the family Brassicaceae, most preferably the

nucleic acid sequence is from Arabidopsis thaliana.

Performance of the methods of the invention gives plants having enhanced yield-related traits,
in particular enhanced seed yield-related traits. The terms “yield” and “seed yield” are

described in more detail in the “definitions” section herein.

Reference herein to enhanced yield-related traits is taken to mean an increase in early vigour
and/or in biomass (weight) of one or more parts of a plant, which may include aboveground
(harvestable) parts and/or (harvestable) parts below ground. In particular, such harvestable
parts are biomass and/or seeds, and performance of the methods of the invention results in
plants having increased early vigour, biomass and/or seed yield relative to the early vigour,

biomass or seed yield of control plants.

Taking corn as an example, a yield increase may be manifested as one or more of the
following: increase in the number of plants established per hectare or acre, an increase in the
number of ears per plant, an increase in the number of rows, humber of kernels per row, kernel
weight, thousand kernel weight, ear length/diameter, increase in the seed filling rate (which is
the number of filled seeds divided by the total number of seeds and multiplied by 100), among
others. Taking rice as an example, a yield increase may manifest itself as an increase in one
or more of the following: number of plants per hectare or acre, humber of panicles per plant,
number of spikelets per panicle, number of flowers (florets) per panicle (which is expressed as
a ratio of the number of filled seeds over the number of primary panicles), increase in the seed
filling rate (which is the number of filled seeds divided by the total number of seeds and

multiplied by 100), increase in thousand kernel weight, among others.

The present invention provides a method for enhancing yield-related traits, especially biomass
and/or seed yield of plants, relative to control plants, which method comprises modulating
expression (preferably, increasing) in a plant of a nucleic acid sequence encoding a GRP

polypeptide as defined herein.
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Since the transgenic plants according to the present invention have enhanced yield-related
traits, preferably enhanced seed yield-related traits, it is likely that these plants exhibit an
increased growth rate (during at least part of their life cycle), relative to the growth rate of

control plants at a corresponding stage in their life cycle.

The increased growth rate may be specific to one or more parts of a plant (including seeds), or
may be throughout substantially the whole plant. Plants having an increased growth rate may
have a shorter life cycle. The life cycle of a plant may be taken to mean the time needed to
grow from a dry mature seed up to the stage where the plant has produced dry mature seeds,
similar to the starting material. This life cycle may be influenced by factors such as early
vigour, growth rate, greenness index, flowering time and speed of seed maturation. The
increase in growth rate may take place at one or more stages in the life cycle of a plant or
during substantially the whole plant life cycle. Increased growth rate during the early stages in
the life cycle of a plant may reflect enhanced vigour. The increase in growth rate may alter the
harvest cycle of a plant allowing plants to be sown later and/or harvested sooner than would
otherwise be possible (a similar effect may be obtained with earlier flowering time). If the
growth rate is sufficiently increased, it may allow for the further sowing of seeds of the same
plant species (for example sowing and harvesting of rice plants followed by sowing and
harvesting of further rice plants all within one conventional growing period). Similarly, if the
growth rate is sufficiently increased, it may allow for the further sowing of seeds of different
plants species (for example the sowing and harvesting of corn plants followed by, for example,
the sowing and optional harvesting of soybean, potato or any other suitable plant). Harvesting
additional times from the same rootstock in the case of some crop plants may also be possible.
Altering the harvest cycle of a plant may lead to an increase in annual biomass production per
acre (due to an increase in the number of times (say in a year) that any particular plant may be
grown and harvested). An increase in growth rate may also allow for the cultivation of
transgenic plants in a wider geographical area than their wild-type counterparts, since the
territorial limitations for growing a crop are often determined by adverse environmental
conditions either at the time of planting (early season) or at the time of harvesting (late
season). Such adverse conditions may be avoided if the harvest cycle is shortened. The
growth rate may be determined by deriving various parameters from growth curves, such
parameters may be: T-Mid (the time taken for plants to reach 50% of their maximal size) and

T-90 (time taken for plants to reach 90% of their maximal size), amongst others.

According to a preferred feature of the present invention, performance of the methods of the
invention gives plants having an increased growth rate relative to control plants. Therefore,

according to the present invention, there is provided a method for increasing the growth rate of
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plants, which method comprises modulating expression (preferably, increasing) in a plant of a

nucleic acid sequence encoding a GRP polypeptide as defined herein.

An enhancement of yield-related traits (an increase in seed yield and/or growth rate) occurs
whether the plant is under non-stress conditions or whether the plant is exposed to various
stresses compared to control plants. Plants typically respond to exposure to stress by growing
more slowly. In conditions of severe stress, the plant may even stop growing altogether. Mild
stress on the other hand is defined herein as being any stress to which a plant is exposed
which does not result in the plant ceasing to grow altogether without the capacity to resume
growth. Mild stress in the sense of the invention leads to a reduction in the growth of the
stressed plants of less than 40%, 35% or 30%, preferably less than 25%, 20% or 15%, more
preferably less than 14%, 13%, 12%, 11% or 10% or less in comparison to the control plant
under non-stress conditions. Due to advances in agricultural practices (irrigation, fertilization,
pesticide treatments) severe stresses are not often encountered in cultivated crop plants. As a
consequence, the compromised growth induced by mild stress is often an undesirable feature
for agriculture. Mild stresses are the everyday biotic and/or abiotic (environmental) stresses to
which a plant is exposed. Abiotic stresses may be due to drought or excess water, anaerobic
stress, salt stress, chemical toxicity, oxidative stress and hot, cold or freezing temperatures.
The abiotic stress may be an osmotic stress caused by a water stress (particularly due to
drought), salt stress, oxidative stress or an ionic stress. Biotic stresses are typically those
stresses caused by pathogens, such as bacteria, viruses, nematodes, fungi and insects. The
term “non-stress” conditions as used herein are those environmental conditions that allow
optimal growth of plants. Persons skilled in the art are aware of normal soil conditions and

climatic conditions for a given location.

Performance of the methods of the invention gives plants grown under non-stress conditions or
under mild stress conditions having enhanced yield-related traits, preferably enhanced seed
yield-related traits, relative to control plants grown under comparable conditions. Therefore,
according to the present invention, there is provided a method for enhancing yield-related
traits, preferably enhanced seed yield-related traits, in plants grown under non-stress
conditions or under mild stress conditions, which method comprises modulating (preferably,

increasing) expression in a plant of a nucleic acid sequence encoding a GRP polypeptide.

Performance of the methods according to the present invention results in plants grown under
abiotic stress conditions having enhanced yield-related traits, preferably enhanced seed yield-
related traits, relative to control plants grown under comparable stress conditions. As reported

in Wang et al. (Planta (2003) 218: 1-14), abiotic stress leads to a series of morphological,
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physiological, biochemical and molecular changes that adversely affect plant growth and
productivity. Drought, salinity, extreme temperatures and oxidative stress are known to be
interconnected and may induce growth and cellular damage through similar mechanisms.
Rabbani et al. (Plant Physiol (2003) 133: 1755-1767) describes a particularly high degree of
“cross talk” between drought stress and high-salinity stress. For example, drought and/or
salinisation are manifested primarily as osmotic stress, resulting in the disruption of
homeostasis and ion distribution in the cell. Oxidative stress, which frequently accompanies
high or low temperature, salinity or drought stress, may cause denaturing of functional and
structural proteins. As a consequence, these diverse environmental stresses often activate
similar cell signalling pathways and cellular responses, such as the production of stress
proteins, up-regulation of anti-oxidants, accumulation of compatible solutes and growth arrest.
Since diverse environmental stresses activate similar pathways, plants having enhanced yield-
related traits, preferably enhanced seed yield-related traits, under one type of abiotic stress
growth conditions, relative to control plants grown under comparable abiotic stress conditions,
should not be seen as a limitation to that type of abiotic stress growth conditions, but more as
a screen to indicate the involvement of GRP polypeptides as defined above, in enhancing

yield-related traits in abiotic stress growth conditions in general.

The term “abiotic stress” as defined herein is taken to mean any one or more of: water stress
(due to drought or excess water), anaerobic stress, salt stress, temperature stress (due to hot,
cold or freezing temperatures), chemical toxicity stress and oxidative stress. According to one
aspect of the invention, the abiotic stress is an osmotic stress, selected from water stress, salt
stress, oxidative stress and ionic stress. Preferably, the water stress is drought stress. The
term salt stress is not restricted to common salt (NaCl), but may be any stress caused by one
or more of: NaCl, KCI, LiCl, MgCI2, CaCl2, amongst others.

Performance of the methods of the invention gives plants having enhanced yield-related traits,
preferably enhanced seed yield-related traits, under abiotic stress growth conditions relative to
control plants grown in comparable stress conditions. Therefore, according to the present
invention, there is provided a method for enhancing yield-related traits, preferably enhancing
seed yield-related traits, in plants grown under abiotic stress growth conditions, which method
comprises modulating (preferably, increasing) expression in a plant of a nucleic acid sequence
encoding a GRP polypeptide. According to one aspect of the invention, the abiotic stress is an
osmotic stress, selected from one or more of the following: water stress, salt stress, oxidative

stress and ionic stress.
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Performance of the methods of the invention gives plants grown under conditions of reduced
nutrient availability, particularly under conditions of reduced nitrogen availability, enhanced
yield-related traits, preferably enhancing seed yield-related traits, relative to control plants
grown under comparable conditions. Therefore, according to the present invention, there is
provided a method for enhancing yield—related traits in plants grown under conditions of
reduced nutrient availability, which method comprises modulating (preferably, increasing)
expression in a plant of a nucleic acid sequence encoding a GRP polypeptide. Reduced
nutrient availability may comprise reduced availability of nutrients such as nitrogen,
phosphates and other phosphorous-containing compounds, potassium, calcium, cadmium,

magnesium, manganese, iron and boron, amongst others.

The present invention encompasses plants, parts thereof (including seeds), or plant cells
obtainable by the methods according to the present invention. The plants, parts thereof, or
plant cells comprise a nucleic acid transgene encoding a GRP polypeptide as defined above,

preferably a basic-helix-loop-helix 4 (bHLH4) polypeptide.

The invention also provides genetic constructs and vectors to facilitate introduction and/or
expression in plants of nucleic acid sequences encoding GRP polypeptides. The gene
constructs may be inserted into vectors, which may be commercially available, suitable for
transforming into plants and suitable for expression of the gene of interest in the transformed
cells. The invention also provides use of a gene construct as defined herein in the methods of

the invention.

More specifically, the present invention provides a construct comprising:
(a) a nucleic acid sequence encoding a GRP polypeptide, preferably a basic-helix-
loop-helix 4 (bHLH4) polypeptide as defined above;
(b) one or more control sequences capable of driving expression of the nucleic acid
sequence of (a); and optionally

(c) a transcription termination sequence.

Preferably, the nucleic acid sequence encoding a GRP polypeptide is as defined above. The

term “control sequence” and “termination sequence” are as defined herein.

Plants are transformed with a vector comprising any of the nucleic acid sequences described
above. The skilled artisan is well aware of the genetic elements that must be present on the

vector in order to successfully transform, select and propagate host cells containing the
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sequence of interest. The sequence of interest is operably linked to one or more control

sequences (at least to a promoter).

Advantageously, any type of promoter, whether natural or synthetic, may be used to drive
expression of the nucleic acid sequence. A constitutive promoter is particularly useful in the
methods of the invention. See the “Definitions” section herein for definitions of the various

promoter types.

It should be clear that the applicability of the present invention is not restricted to the GRP
polypeptide-encoding nucleic acid sequence represented by SEQ ID NO: 104, nor is the
applicability of the invention restricted to expression of a GRP polypeptide-encoding nucleic

acid sequence when driven by a constitutive promoter.

The constitutive promoter is preferably a high mobility group B (HMGB) promoter, preferably
an HMGB promoter from rice. Further preferably the HMGB promoter is represented by a
nucleic acid sequence substantially similar to SEQ ID NO: 106, most preferably the HMGB
promoter is as represented by SEQ ID NO: 106. See Table 2 in the “Definitions” section

herein for further examples of constitutive promoters.

Optionally, one or more terminator sequences may be used in the construct introduced into a
plant. Additional regulatory elements may include transcriptional as well as translational
enhancers. Those skilled in the art will be aware of terminator and enhancer sequences that
may be suitable for use in performing the invention. An intron sequence may also be added to
the 5' untranslated region (UTR) or in the coding sequence to increase the amount of the
mature message that accumulates in the cytosol, as described in the definitions section. Other
control sequences (besides promoter, enhancer, silencer, intron sequences, 3'UTR and/or
5'UTR regions) may be protein and/or RNA stabilizing elements. Such sequences would be

known or may readily be obtained by a person skilled in the art.

The genetic constructs of the invention may further include an origin of replication sequence
that is required for maintenance and/or replication in a specific cell type. One example is when
a genetic construct is required to be maintained in a bacterial cell as an episomal genetic
element (e.g. plasmid or cosmid molecule). Preferred origins of replication include, but are not

limited to, the f1-ori and colE1.

For the detection of the successful transfer of the nucleic acid sequences as used in the

methods of the invention and/or selection of transgenic plants comprising these nucleic acid
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sequences, it is advantageous to use marker genes (or reporter genes). Therefore, the
genetic construct may optionally comprise a selectable marker gene. Selectable markers are
described in more detail in the “definitions” section herein. The marker genes may be removed
or excised from the transgenic cell once they are no longer needed. Techniques for marker

removal are known in the art, useful techniques are described above in the definitions section.

The invention also provides a method for the production of transgenic plants having enhanced
yield-related traits, preferably enhanced seed yield-related traits, relative to control plants,
comprising introduction and expression in a plant of a nucleic acid sequence encoding a GRP

polypeptide as defined hereinabove.

More specifically, the present invention provides a method for the production of transgenic
plants having enhanced yield-related traits, preferably enhanced seed yield-related traits,
which method comprises:

(i) introducing and expressing in a plant, plant part, or plant cell, a nucleic acid

sequence encoding a GRP polypeptide; and

(ii) cultivating the plant, plant part or plant cell under conditions promoting plant

growth and development.

The nucleic acid sequence of (i) may be any of the nucleic acid sequences capable of
encoding a GRP polypeptide as defined herein, in one embodiment having the activity of a

basic-helix-loop-helix 4 (bHLH4) polypeptide.

The nucleic acid sequence may be introduced directly into a plant cell or into the plant itself
(including introduction into a tissue, organ or any other part of a plant). According to a
preferred feature of the present invention, the nucleic acid sequence is preferably introduced
into a plant by transformation. The term “transformation” is described in more detail in the

“definitions” section herein.

The genetically modified plant cells can be regenerated via all methods with which the skilled
worker is familiar. Suitable methods can be found in the abovementioned publications by S.D.

Kung and R. Wu, Potrykus or Hofgen and Willmitzer.

Generally after transformation, plant cells or cell groupings are selected for the presence of
one or more markers which are encoded by plant-expressible genes co-transferred with the
gene of interest, following which the transformed material is regenerated into a whole plant.

To select transformed plants, the plant material obtained in the transformation is, as a rule,
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subjected to selective conditions so that transformed plants can be distinguished from
untransformed plants. For example, the seeds obtained in the above-described manner can be
planted and, after an initial growing period, subjected to a suitable selection by spraying. A
further possibility consists in growing the seeds, if appropriate after sterilization, on agar plates
using a suitable selection agent so that only the transformed seeds can grow into plants.
Alternatively, the transformed plants are screened for the presence of a selectable marker

such as the ones described above.

Following DNA transfer and regeneration, putatively transformed plants may also be
evaluated, for instance using Southern analysis, for the presence of the gene of interest, copy
number and/or genomic organisation. Alternatively or additionally, expression levels of the
newly introduced DNA may be monitored using Northern and/or Western analysis, both

techniques being well known to persons having ordinary skill in the art.

The generated transformed plants may be propagated by a variety of means, such as by clonal
propagation or classical breeding techniques. For example, a first generation (or T1)
transformed plant may be selfed and homozygous second-generation (or T2) transformants
selected, and the T2 plants may then further be propagated through classical breeding
techniques. The generated transformed organisms may take a variety of forms. For example,
they may be chimeras of transformed cells and non-transformed cells; clonal transformants
(e.g., all cells transformed to contain the expression cassette); grafts of transformed and
untransformed tissues (e.g., in plants, a transformed rootstock grafted to an untransformed

scion).

The present invention clearly extends to any plant cell or plant produced by any of the methods
described herein, and to all plant parts and propagules thereof. The present invention extends
further to encompass the progeny of a primary transformed or transfected cell, tissue, organ or
whole plant that has been produced by any of the aforementioned methods, the only
requirement being that progeny exhibit the same genotypic and/or phenotypic characteristic(s)

as those produced by the parent in the methods according to the invention.

The invention also includes host cells containing an isolated nucleic acid sequence encoding a
GRP polypeptide as defined hereinabove. Preferred host cells according to the invention are
plant cells. Host plants for the nucleic acid transgene or the vector used in the method
according to the invention, the expression cassette or construct or vector are, in principle,
advantageously all plants, which are capable of synthesizing the polypeptides used in the

inventive method.
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The methods of the invention are advantageously applicable to any plant. Plants that are
particularly useful in the methods of the invention include all plants which belong to the
superfamily Viridiplantae, in particular monocotyledonous and dicotyledonous plants including
fodder or forage legumes, ornamental plants, food crops, trees or shrubs. According to a
preferred embodiment of the present invention, the plant is a crop plant. Examples of crop
plants include soybean, sunflower, canola, alfalfa, rapeseed, cotton, tomato, potato and
tobacco. Further preferably, the plant is a monocotyledonous plant. Examples of
monocotyledonous plants include sugarcane. More preferably the plant is a cereal. Examples

of cereals include rice, maize, wheat, barley, millet, rye, triticale, sorghum and oats.

The invention also extends to harvestable parts of a plant such as, but not limited to seeds,
leaves, fruits, flowers, stems, roots, rhizomes, tubers and bulbs. The invention furthermore
relates to products derived, preferably directly derived, from a harvestable part of such a plant,

such as dry pellets or powders, oil, fat and fatty acids, starch or proteins.

According to a preferred feature of the invention, the modulated expression is increased
expression. Methods for increasing expression of nucleic acid sequences or genes, or gene

products, are well documented in the art and examples are provided in the definitions section.

As mentioned above, a preferred method for modulating (preferably, increasing) expression of
a nucleic acid sequence encoding a GRP polypeptide is by introducing and expressing in a
plant a nucleic acid sequence encoding a GRP polypeptide; however the effects of performing
the method, i.e. enhancing yield-related traits, preferably enhancing seed yield-related traits,
may also be achieved using other well known techniques, including but not limited to T-DNA
activation tagging, TILLING, homologous recombination. A description of these techniques is

provided in the definitions section.

The present invention also encompasses use of nucleic acid sequences encoding GRP
polypeptides as described herein and use of these GRP polypeptides in enhancing any of the

aforementioned yield-related traits, preferably seed yield-related traits, in plants.

Nucleic acid sequences encoding GRP polypeptide described herein, or the GRP polypeptides
themselves, may find use in breeding programmes in which a DNA marker is identified which
may be genetically linked to a GRP polypeptide-encoding gene. The genes/nucleic acid
sequences, or the GRP polypeptides themselves may be used to define a molecular marker.

This DNA or protein marker may then be used in breeding programmes to select plants having
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enhanced vyield-related traits, preferably enhanced seed yield-related traits, as defined

hereinabove in the methods of the invention.

Allelic variants of a GRP polypeptide-encoding nucleic acid sequence/gene may also find use
in marker-assisted breeding programmes. Such breeding programmes sometimes require
introduction of allelic variation by mutagenic treatment of the plants, using for example EMS
mutagenesis; alternatively, the programme may start with a collection of allelic variants of so
called “natural” origin caused unintentionally. Identification of allelic variants then takes place,
for example, by PCR. This is followed by a step for selection of superior allelic variants of the
sequence in question and which give enhanced yield-related traits, preferably enhanced seed
yield-related traits. Selection is typically carried out by monitoring growth performance of plants
containing different allelic variants of the sequence in question. Growth performance may be
monitored in a greenhouse or in the field. Further optional steps include crossing plants in
which the superior allelic variant was identified with another plant. This could be used, for

example, to make a combination of interesting phenotypic features.

Nucleic acid sequences encoding GRP polypeptides may also be used as probes for
genetically and physically mapping the genes that they are a part of, and as markers for traits
linked to those genes. Such information may be useful in plant breeding in order to develop
lines with desired phenotypes. Such use of GRP polypeptide-encoding nucleic acid sequences
requires only a nucleic acid sequence of at least 15 nucleotides in length. The GRP
polypeptide-encoding nucleic acid sequences may be used as restriction fragment length
polymorphism (RFLP) markers. Southern blots (Sambrook J, Fritsch EF and Maniatis T (1989)
Molecular Cloning, A Laboratory Manual) of restriction-digested plant genomic DNA may be
probed with the GRP-encoding nucleic acid sequences. The resulting banding patterns may
then be subjected to genetic analyses using computer programs such as MapMaker (Lander et
al. (1987) Genomics 1: 174-181) in order to construct a genetic map. In addition, the nucleic
acid sequences may be used to probe Southern blots containing restriction endonuclease-
treated genomic DNAs of a set of individuals representing parent and progeny of a defined
genetic cross. Segregation of the DNA polymorphisms is noted and used to calculate the
position of the GRP polypeptide-encoding nucleic acid sequence in the genetic map previously
obtained using this population (Botstein et al. (1980) Am. J. Hum. Genet. 32:314-331).

The production and use of plant gene-derived probes for use in genetic mapping is described
in Bernatzky and Tanksley (1986) Plant Mol. Biol. Reporter 4: 37-41. Numerous publications
describe genetic mapping of specific cDNA clones using the methodology outlined above or

variations thereof. For example, F2 intercross populations, backcross populations, randomly
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mated populations, near isogenic lines, and other sets of individuals may be used for mapping.

Such methodologies are well known to those skilled in the art.

The nucleic acid sequence probes may also be used for physical mapping (i.e., placement of
sequences on physical maps; see Hoheisel et al. In: Non-mammalian Genomic Analysis: A

Practical Guide, Academic press 1996, pp. 319-346, and references cited therein).

In another embodiment, the nucleic acid sequence probes may be used in direct fluorescence
in situ hybridisation (FISH) mapping (Trask (1991) Trends Genet. 7:149-154). Although current
methods of FISH mapping favour use of large clones (several kb to several hundred kb; see
Laan et al. (1995) Genome Res. 5:13-20), improvements in sensitivity may allow performance

of FISH mapping using shorter probes.

A variety of nucleic acid sequence amplification-based methods for genetic and physical
mapping may be carried out using the nucleic acid sequences. Examples include allele-
specific amplification (Kazazian (1989) J. Lab. Clin. Med 11:95-96), polymorphism of PCR-
amplified fragments (CAPS; Sheffield et al. (1993) Genomics 16:325-332), allele-specific
ligation (Landegren et al. (1988) Science 241:1077-1080), nucleotide extension reactions
(Sokolov (1990) Nucleic Acids Res. 18:3671), Radiation Hybrid Mapping (Walter et al. (1997)
Nat. Genet. 7:22-28) and Happy Mapping (Dear and Cook (1989) Nucleic Acids Res. 17:6795-
6807). For these methods, the sequence of a nucleic acid sequence is used to design and
produce primer pairs for use in the amplification reaction or in primer extension reactions. The
design of such primers is well known to those skilled in the art. In methods employing PCR-
based genetic mapping, it may be necessary to identify DNA sequence differences between
the parents of the mapping cross in the region corresponding to the instant nucleic acid

sequence. This, however, is generally not hecessary for mapping methods.

The methods according to the present invention result in plants having enhanced yield-related
traits, preferably enhanced seed yield-related traits, as described hereinbefore. These traits
may also be combined with other economically advantageous traits, such as further yield-
enhancing traits, tolerance to other abiotic and biotic stresses, traits modifying various

architectural features and/or biochemical and/or physiological features.

The term "table A3” used in this specification is to be taken to specify the content of table A3a
and table A3b. The term "table A3a” used in this specification is to be taken to specify the
content of table A3a. The term "table A3b” used in this specification is to be taken to specify
the content of table A3b. In one preferred embodiment, the term "table A3” means table A3b.
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In one embodiment the invention relates to subject mater summarized as follows:

ltem 42: A method for enhancing yield-related traits, preferably enhancing seed yield-related
traits, in plants relative to control plants, comprising modulating expression (preferably,
increasing) in a plant of a nucleic acid sequence encoding a GRP polypeptide, wherein said
GRP polypeptide is a basic-helix-loop-helix 4 (bHLH4) polypeptide as represented by SEQ ID
NO: 2 or any of the polypeptides given in table A3 or an orthologue, paralogue, or homologue
thereof , and optionally selecting for plants having enhanced yield-related traits, preferably

enhanced seed yield-related traits.

ltem 43: A method according to item 42, wherein said GRP polypeptide as represented by
SEQ ID NO: 105 and an orthologue, paralogue, or homologue thereof, have a basic-helix-loop-
helix dimerisation region with InterPro entry IPR001092, and helix-loop-helix DNA-binding with
InterPro entry IPR011598.

ltem 44: Method according to item 42 or 43, wherein said GRP polypeptide has in increasing
order of preference at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%,
99% or more amino acid sequence identity to the GRP polypeptide as represented by SEQ ID
NO: 105 or to any of the polypeptide sequences given in Table A3 of Example 1.

ltem 45: Method according to any preceding item 42 to 44, wherein said nucleic acid sequence
encoding a GRP polypeptide is represented by the nucleic acid sequence of SEQ ID NO: 104
or a portion thereof, or a sequence capable of hybridising with the nucleic acid sequence of
SEQ ID NO: 104 or a portion thereof or a sequence capable of hybridising with any one of the

nucleic acid sequences SEQ ID NOs given in Table A3 of Example 1.

ltem 46: Method according to any preceding item 42 to 45 wherein said modulated expression
(preferably, increased) is effected by introducing and expressing in a plant a nucleic acid

sequence encoding said GRP polypeptide.

ltem 47: Method according to any preceding item 42 to 46, wherein said enhanced yield-
related traits comprise one or more of: increased early vigour, increased greenness index,
increased total seed yield per plant, increased number of filled seeds, increased seed fill rate,

and increased harvest index, relative to control plants.
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ltem 48: Method according to any preceding item 42 to 47, wherein said modulated expression

is increased expression.

ltem 49: Method according to any preceding item 42 to 48, wherein said nucleic acid sequence
is operably linked to a constitutive promoter, preferably to a high mobility group B (HMGB)

promoter, most preferably to an HMGB promoter from rice.

ltem 50: Method according to any preceding item 42 to 49, wherein said nucleic acid sequence
encoding a GRP polypeptide is of plant origin, preferably from a dicotyledonous plant, further

preferably from the family Brassicaceae, more preferably from Arabidopsis thaliana.

ltem 51: Plant, part thereof (including seeds), or plant cell obtainable by a method according to
any preceding item 42 to 45, wherein said plant, part thereof, or plant cell comprises a nucleic

acid transgene encoding a GRP polypeptide.

ltem 52: An isolated nucleic acid sequence comprising a nucleic acid sequence selected from

the group consisting of:
(a) an isolated nucleic acid molecule encoding the polypeptide as depicted in SEQ
ID NO: 122, 124, 126, 128 and/or 130 and/or table A3b;
(b) an isolated nucleic acid molecule as depicted in SEQ ID NO:121, 123, 125, 127
and/or 129 and/or table A3b;
(c) an isolated nucleic acid molecule, which, as a result of the degeneracy of the
genetic code, can be derived from a polypeptide sequence depicted in table A3 and
confers enhanced yield-related traits relative to control plants;
(d) an isolated nucleic acid molecule having at least 30 %, 31%, 32%, 33%, 34%,
35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%,
49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%,
63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%,
77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity with the
nucleic acid molecule sequence of a polynucleotide comprising the nucleic acid
molecule depicted in table A3 and confers enhanced yield-related traits relative to
control plants;
(e) an isolated nucleic acid molecule encoding a polypeptide having at least 30 %,
31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%,
45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%,
59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%,
73%, 74%, 75%, 716%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity with the amino acid sequence of the polypeptide encoded by the
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nucleic acid molecule of (a) to (c) and confers enhanced yield-related traits relative
to control plants;

(f) an isolated nucleic acid molecule which hybridizes with a nucleic acid molecule
of (a) to (c) under stringent hybridization conditions and confers enhanced yield-
related traits relative to control plants;

(g) an isolated nucleic acid molecule encoding a polypeptide comprising the
consensus sequence or one or more polypeptide motifs as shown figure 10 and
preferably having the activity represented by a nucleic acid molecule comprising a
polynucleotide as depicted in table A3;

(h) an isolated nucleic acid molecule encoding a polypeptide having the activity
represented by a protein as depicted in table A3 and confering enhanced yield-
related traits relative to control plants;

and

(i) a nucleic acid molecule which is obtainable by screening a suitable nucleic acid
library under stringent hybridization conditions with a probe comprising a
complementary sequence of a nucleic acid molecule of (a) or (b) or with a fragment
thereof, having at least 15 nt, preferably 20 nt, 30 nt, 50 nt, 100 nt, 200 nt or 500 nt
of a nucleic acid molecule complementary to a nucleic acid molecule sequence
characterized in (a) to (e) and encoding a polypeptide having the activity
represented by a protein comprising a polypeptide as depicted in table A3;

whereby the nucleic acid molecule according to (a) to (i) is at least in one or more
nucleotides different from the sequence depicted in table A3a and preferably which
encodes a protein which differs at least in one or more amino acids from the protein
sequences depicted in table A3a.

Iltem 53: Construct comprising:
(a) nucleic acid sequence encoding a GRP polypeptide as defined in item 42 to 44 or 52;
onhe or more control sequences capable of driving expression of the nucleic acid sequence
of (a); and optionally

(b) a transcription termination sequence.

ltem 54: Construct according to item 53, wherein one of said control sequences is a
constitutive promoter, preferably an HMGB promoter, most preferably an HMGB promoter from

rice.

ltem 55: Use of a construct according to any of items 53 to 54 in a method for making plants

having enhanced vyield-related traits, particularly increased early vigour, increased greenness
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index, increased total seed yield per plant, increased number of filled seeds, increased seed fill

rate, and increased harvest index, relative to control plants.

ltem 56: Plant, plant part or plant cell transformed with a construct according to any of items 53
to 54.

ltem 57: Method for the production of a transgenic plant having enhanced-yield related traits
relative to control plants, comprising:
(i) introducing and expressing in a plant, plant part, or plant cell, a nucleic acid sequence
encoding a GRP polypeptide as defined in items 42 to 44 and 52; and
(ii) cultivating the plant, plant part, or plant cell under conditions promoting plant growth

and development.

ltem 58: Transgenic plant having enhanced yield-related traits, particularly increased early
vigour, increased greenness index, increased total seed yield per plant, increased number of
filled seeds, increased seed fill rate, and increased harvest index, relative to control plants,
resulting from increased expression of a nucleic acid sequence encoding a GRP polypeptide
as defined in items 42 to 44 and 52, or a transgenic plant cell derived from said transgenic

plant.

ltem 59: Transgenic plant according to items 51, 56 and 58, or a transgenic plant cell derived
thereof, wherein said plant is a crop plant or a monocot or a cereal, such as rice, maize, wheat,

barley, millet, rye, triticale, sorghum and oats.

ltem 60: Harvestable parts of a plant comprising a nucleic acid sequence encoding a GRP

polypeptide according to item 59, wherein said harvestable parts are preferably seeds.

ltem 61: Products derived from a plant according to item 59 and/or from harvestable parts of a

plant according to item 60.

ltem 62: Use of a nucleic acid sequence encoding a GRP polypeptide in enhancing yield-
related traits in plants, particularly in increasing early vigour, increasing greenness index,
increasing total seed yield per plant, increasing number of filled seeds, increasing seed fill rate,

and increasing harvest index, relative to control plants.

According to a further embodiment of the present invention, there is also provided an isolated

polypeptide comprising a polypeptide sequence selected from the group consisting of:
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(i) an amino acid sequence encoded by any one of the nucleic acids represented by Item
52;
(ii) an amino acid sequence having, in increasing order of preference, at least 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or more sequence identity
to the amino acid sequence of (i);

(iii)  derivatives of any of the amino acid sequences given in (i) or (ii) above.

In one embodiment of the invention it has now been found that modulating expression
(preferably, increasing) in a plant of a nucleic acid sequence encoding a GRP polypeptide,
wherein said GRP polypeptide is an jsopentenyl transferase (IPT) polypeptide, gives plants
having enhanced yield-related traits relative to control plants. According to a first embodiment,
the present invention provides a method for enhancing yield-related traits in plants relative to
control plants, comprising modulating expression (preferably, increasing) in a plant of a nucleic
acid sequence encoding a GRP polypeptide, wherein said GRP polypeptide is an isopentenyl

transferase (IPT) polypeptide.

A preferred method for modulating (preferably, increasing) expression of a nucleic acid
sequence encoding a GRP polypeptide is by introducing and expressing in a plant a nucleic

acid sequence encoding a GRP polypeptide.

Any reference hereinafter to a “protein useful in the methods of the invention” is taken to mean
a GRP polypeptide as defined herein. Any reference hereinafter to a “nucleic acid sequence
useful in the methods of the invention” is taken to mean a nucleic acid sequence capable of
encoding such a GRP polypeptide. The nucleic acid sequence to be introduced into a plant
(and therefore useful in performing the methods of the invention) is any nucleic acid sequence
encoding the type of protein which will now be described, hereafter also named “GRP nucleic

acid sequence” or “GRP gene”.

A “GRP polypeptide” as defined herein refers the polypeptides represented by SEQ ID NO:
132, and to orthologues, paralogues, and homologues thereof or any of the polypeptide

sequences given in Table A4 of Example 1 herein.

Preferably, the orthologues, paralogues, and homologues of SEQ ID NO: 132 belong to the
tRNA isopentenyltransferase family with InterPro entries IPR002627 and IPR011593.

Alternatively or additionally, a “GRP polypeptide” as defined herein refers to any polypeptide
having in increasing order of preference at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
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90%, 95%, 98%, 99% or more amino acid sequence identity to the GRP polypeptide as
represented by SEQ ID NO: 132 or to any of the polypeptide sequences given in Table A4 of

Example 1 herein.

The term “domain” and “motif’ is defined in the “definitions” section herein. Specialist
databases exist for the identification of domains, for example, SMART (Schultz et al. (1998)
Proc. Natl. Acad. Sci. USA 95, 5857-5864; Letunic et al. (2002) Nucleic Acids Res 30, 242-
244), InterPro (Mulder et al., (2003) Nucl. Acids. Res. 31, 315-318), Prosite (Bucher and
Bairoch (1994), A generalized profile syntax for biomolecular sequences motifs and its function
in automatic sequence interpretation. (In) ISMB-94; Proceedings 2nd International Conference
on Intelligent Systems for Molecular Biology. Altman R., Brutlag D., Karp P., Lathrop R., Searls
D., Eds., pp53-61, AAAI Press, Menlo Park; Hulo et al., Nucl. Acids. Res. 32:D134-D137,
(2004)), or Pfam (Bateman et al., Nucleic Acids Research 30(1): 276-280 (2002)). A set of
tools for in silico analysis of protein sequences is available on the ExPASy proteomics server
(Swiss Institute of Bioinformatics (Gasteiger et al., ExPASy: the proteomics server for in-depth
protein knowledge and analysis, Nucleic Acids Res. 31:3784-3788(2003)). Domains or motifs

may also be identified using routine techniques, such as by sequence alignment.

Methods for the alignment of sequences for comparison are well known in the art, such
methods include GAP, BESTFIT, BLAST, FASTA and TFASTA. GAP uses the algorithm of
Needleman and Wunsch ((1970) J Mol Biol 48: 443-453) to find the global (i.e. spanning the
complete sequences) alignment of two sequences that maximizes the number of matches and
minimizes the number of gaps. The BLAST algorithm (Altschul et al. (1990) J Mol Biol 215:
403-10) calculates percent sequence identity and performs a statistical analysis of the
similarity between the two sequences. The software for performing BLAST analysis is publicly
available through the National Centre for Biotechnology Information (NCBI). Homologues may
readily be identified using, for example, the ClustalW multiple sequence alignment algorithm
(version 1.83), with the default pairwise alignment parameters, and a scoring method in
percentage. Global percentages of similarity and identity may also be determined using one of
the methods available in the MatGAT software package (Campanella et al., BMC
Bioinformatics. 2003 Jul 10;4:29. MatGAT: an application that generates similarity/identity
matrices using protein or DNA sequences). Minor manual editing may be performed to
optimise alignment between conserved motifs, as would be apparent to a person skilled in the
art. Furthermore, instead of using full-length sequences for the identification of homologues,
specific domains may also be used. The sequence identity values may be determined over
the entire nucleic acid sequence or polypeptide sequence or over selected domains or

conserved motif(s), using the programs mentioned above using the default parameters.
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Cytokinins, which are central regulators of cell division and differentiation in plants, are
adenine derivatives carrying an isopentenyl side chain that may be hydroxylated. Plants have
two classes of isopentenyltransferases (IPTs) acting on the adenine moiety: ATP/ADP
isopentenyltransferases (in Arabidopsis thaliana, AtIPT1, 3, 4-8) and tRNA IPTs (in
Arabidopsis, AtIPT2 and 9; Miyawaki et al. (2006) Proc Natl Acad Sci U S A. 103(44): 16598—
16603.). As described above, isopentenylation of ATP and ADP, by ATP/ADP IPTs, is the key
step in the biosynthesis of iP- and {Z-type cytokinins. GRP polypeptides, as far as SEQ ID NO:
2, and its orthologues, paralogues, and homologues are concerned, typically are responsible
for the isopentenylation of ATP and ADP in the biosynthesis of iP- and tZ-type cytokinins.
Measuring such enzymatic activity is well known in the art (for example, Miyawaki et al.,

supra).

The present invention is illustrated by transforming plants with the nucleic acid sequence
represented by SEQ ID NO: 131, encoding the polypeptide sequence of SEQ ID NO: 132.

However, performance of the invention is not restricted to these sequences; the methods of
the invention may advantageously be performed using any GRP-encoding nucleic acid

sequence or GRP polypeptide as defined herein.

Examples of nucleic acid sequences encoding GRP polypeptides may be found in databases
known in the art. Such nucleic acid sequences are useful in performing the methods of the
invention. Orthologues and paralogues, the terms “orthologues” and “paralogues” being as
defined herein, may readily be identified by performing a so-called reciprocal blast search.
Typically, this involves a first BLAST involving BLASTing a query sequence (for example using
SEQ ID NO: 132) against any sequence database, such as the publicly available NCBI
database. BLASTN or TBLASTX (using standard default values) are generally used when
starting from a nucleotide sequence, and BLASTP or TBLASTN (using standard default
values) when starting from a protein sequence. The BLAST results may optionally be filtered.
The full-length sequences of either the filtered results or non-filtered results are then BLASTed
back (second BLAST) against sequences from the organism from which the query sequence is
derived (where the query sequence is SEQ ID NO: 131 or SEQ ID NO: 132, the second
BLAST would therefore be against Arabidopsis thaliana sequences). The results of the first
and second BLASTSs are then compared. A paralogue is identified if a high-ranking hit from the
first blast is from the same species as from which the query sequence is derived, a BLAST
back then ideally results in the query sequence amongst the highest hits; an orthologue is

identified if a high-ranking hit in the first BLAST is not from the same species as from which the
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query sequence is derived, and preferably results upon BLAST back in the query sequence

being among the highest hits.

High-ranking hits are those having a low E-value. The lower the E-value, the more significant
the score (or in other words the lower the chance that the hit was found by chance).
Computation of the E-value is well known in the art. In addition to E-values, comparisons are
also scored by percentage identity. Percentage identity refers to the number of identical
nucleotides (or amino acids) between the two compared nucleic acid sequence (or
polypeptide) sequences over a particular length. In the case of large families, ClustalW may
be used, followed by a neighbour joining tree, to help visualize clustering of related genes and

to identify orthologues and paralogues.

Nucleic acid sequence variants encoding homologues and derivatives of SEQ ID NO: 132 may
also be useful in practising the methods of the invention, the terms “homologue” and
“derivative” being as defined herein. Also useful in the methods of the invention are nucleic
acid sequences encoding homologues and derivatives of orthologues or paralogues of SEQ ID
NO: 132 or of any of the polypeptide sequences given in Table A4 of Example 1. Homologues
and derivatives useful in the methods of the present invention have substantially the same

biological and functional activity as the unmodified protein from which they are derived.

Further nucleic acid sequence variants useful in practising the methods of the invention include
portions of nucleic acid sequences encoding GRP polypeptides, nucleic acid sequences
hybridising to nucleic acid sequences encoding GRP polypeptides, splice variants of nucleic
acid sequences encoding GRP polypeptides, allelic variants of nucleic acid sequences
encoding GRP polypeptides and variants of nucleic acid sequences encoding GRP
polypeptides obtained by gene shuffling. The terms hybridising sequence, splice variant,

allelic variant and gene shuffling are as described herein.

Nucleic acid sequences encoding GRP polypeptides need not be full-length nucleic acid
sequences, since performance of the methods of the invention does not rely on the use of full-
length nucleic acid sequences. According to the present invention, there is provided a method
for enhancing yield-related traits in plants, comprising introducing and expressing in a plant a
portion of SEQ ID NO: 131, or a portion of a nucleic acid sequence encoding an orthologue,

paralogue, or homologue of SEQ ID NO: 132.

A portion of a nucleic acid sequence may be prepared, for example, by making one or more

deletions to the nucleic acid sequence. The portions may be used in isolated form or they may
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be fused to other coding (or non-coding) sequences in order to, for example, produce a protein
that combines several activities. When fused to other coding sequences, the resultant
polypeptide produced upon translation may be bigger than that predicted for the polypeptide

portion.

Portions useful in the methods of the invention, encode a GRP polypeptide as defined herein,
and have substantially the same biological activity as the polypeptide sequence given in SEQ
ID NO: 132 or as any of the polypeptide sequences given in Table A4 of Example 1.
Preferably, the portion is a portion of the nucleic acid sequence given in SEQ ID NO: 131, or is
a portion of a nucleic acid sequence encoding an orthologue or paralogue of the polypeptide
sequence given in SEQ ID NO: 132. Preferably the portion is at least 300, 400, 500, 600, 700,
800, 850, 900, 950, 1000, 1050, or more consecutive nucleotides in length, the consecutive
nucleotides being of SEQ ID NO: 131, or of a nucleic acid sequence encoding an orthologue or
paralogue of SEQ ID NO: 132. Most preferably the portion is a portion of the nucleic acid
sequence of SEQ ID NO: 131.

Another nucleic acid sequence variant useful in the methods of the invention is a nucleic acid
sequence capable of hybridising, under reduced stringency conditions, preferably under
stringent conditions, with a nucleic acid sequence encoding a GRP polypeptide as defined

herein, or with a portion as defined herein.

According to the present invention, there is provided a method for enhancing yield-related
traits in plants comprising introducing and expressing in a plant a nucleic acid sequence
capable of hybridizing to SEQ ID NO: 131, or comprising introducing and expressing in a plant
a nucleic acid sequence capable of hybridising to a nucleic acid sequence encoding an
orthologue, paralogue, or homologue of SEQ ID NO: 132 or of any of the polypeptide

sequences given in Table A of Example 1.

Hybridising sequences useful in the methods of the invention encode a GRP polypeptide as
defined herein, having substantially the same biological activity as the polypeptide sequence
given in SEQ ID NO: 132. Preferably, the hybridising sequence is capable of hybridising to
SEQ ID NO: 131, or to a portion of this sequence, a portion being as defined above, or the
hybridising sequence is capable of hybridising to a nucleic acid sequence encoding an
orthologue or paralogue of SEQ ID NO: 132, or to a portion thereof or to any of the polypeptide

sequences given in Table A of Example 1.
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Another nucleic acid sequence variant useful in the methods of the invention is a splice variant

encoding a GRP polypeptide as defined hereinabove, a splice variant being as defined herein.

According to the present invention, there is provided a method for enhancing yield-related
traits in plants, comprising introducing and expressing in a plant a splice variant of SEQ ID NO:
131, or a splice variant of a nucleic acid sequence encoding an orthologue, paralogue, or
homologue of SEQ ID NO: 132.

Another nucleic acid sequence variant useful in performing the methods of the invention is an
allelic variant of a nucleic acid sequence encoding a GRP polypeptide as defined hereinabove,

an allelic variant being as defined herein.

According to the present invention, there is provided a method for enhancing yield-related
traits in plants comprising introducing and expressing in a plant an allelic variant of SEQ ID
NO: 131, or comprising introducing and expressing in a plant an allelic variant of a nucleic acid
sequence encoding an orthologue, paralogue, or homologue of the polypeptide sequence
represented by SEQ ID NO: 132.

The allelic variants useful in the methods of the present invention have substantially the same
biological activity as the GRP polypeptide of SEQ ID NO: 132. Allelic variants exist in nature,
and encompassed within the methods of the present invention is the use of these natural
alleles. Gene shuffling or directed evolution may also be used to generate variants of nucleic
acid sequences encoding GRP polypeptides as defined above; the term “gene shuffling” being

as defined herein.

According to the present invention, there is provided a method for enhancing yield-related
traits in plants comprising introducing and expressing in a plant a variant nucleic acid
sequence of SEQ ID NO: 131, or comprising introducing and expressing in a plant a variant of
a nucleic acid sequence encoding an orthologue, paralogue, or homologue of SEQ ID NO:

132, which variant nucleic acid sequence is obtained by gene shuffling.

Furthermore, nucleic acid sequence variants may also be obtained by site-directed
mutagenesis. Several methods are available to achieve site-directed mutagenesis, the most

common being PCR based methods (Current Protocols in Molecular Biology. Wiley Eds.).

Nucleic acid sequences encoding GRP polypeptides may be derived from any natural or

artificial source. The nucleic acid sequence may be modified from its native form in
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composition and/or genomic environment through deliberate human manipulation. Preferably
the GRP polypeptide-encoding nucleic acid sequence is from a plant. In the case of SEQ ID
NO: 131, the GRP polypeptide encoding nucleic acid sequence is preferably from a
dicotyledonous plant, more preferably from the family Brassicaceae, most preferably the

nucleic acid sequence is from Arabidopsis thaliana.

Performance of the methods of the invention gives plants having enhanced yield-related traits,
preferably enhanced seed yield-related traits. The terms “yield” and “seed yield” are described

in more detail in the “definitions” section herein.

Reference herein to enhanced yield-related traits is taken to mean an increase in early vigour
and/or in biomass (weight) of one or more parts of a plant, which may include aboveground
(harvestable) parts and/or (harvestable) parts below ground. In particular, such harvestable
parts are biomass and/or seeds, and performance of the methods of the invention results in
plants having increased early vigour, biomass and/or seed yield relative to the early vigour,

biomass or seed yield of control plants.

Taking corn as an example, a yield increase may be manifested as one or more of the
following: increase in the number of plants established per hectare or acre, an increase in the
number of ears per plant, an increase in the number of rows, humber of kernels per row, kernel
weight, thousand kernel weight, ear length/diameter, increase in the seed filling rate (which is
the number of filled seeds divided by the total number of seeds and multiplied by 100), among
others. Taking rice as an example, a yield increase may manifest itself as an increase in one
or more of the following: humber of plants per hectare or acre, nhumber of panicles per plant,
number of spikelets per panicle, number of flowers (florets) per panicle (which is expressed as
a ratio of the number of filled seeds over the number of primary panicles), increase in the seed
filling rate (which is the number of filled seeds divided by the total number of seeds and

multiplied by 100), increase in thousand kernel weight, among others.

The present invention provides a method for enhancing yield-related traits, especially biomass
and/or seed yield of plants, relative to control plants, which method comprises modulating
expression (preferably, increasing) in a plant of a nucleic acid sequence encoding a GRP

polypeptide as defined herein.

Since the transgenic plants according to the present invention have enhanced yield-related

traits, it is likely that these plants exhibit an increased growth rate (during at least part of their
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life cycle), relative to the growth rate of control plants at a corresponding stage in their life

cycle.

The increased growth rate may be specific to one or more parts of a plant (including seeds), or
may be throughout substantially the whole plant. Plants having an increased growth rate may
have a shorter life cycle. The life cycle of a plant may be taken to mean the time needed to
grow from a dry mature seed up to the stage where the plant has produced dry mature seeds,
similar to the starting material. This life cycle may be influenced by factors such as early
vigour, growth rate, greenness index, flowering time and speed of seed maturation. The
increase in growth rate may take place at one or more stages in the life cycle of a plant or
during substantially the whole plant life cycle. Increased growth rate during the early stages in
the life cycle of a plant may reflect enhanced vigour. The increase in growth rate may alter the
harvest cycle of a plant allowing plants to be sown later and/or harvested sooner than would
otherwise be possible (a similar effect may be obtained with earlier flowering time). If the
growth rate is sufficiently increased, it may allow for the further sowing of seeds of the same
plant species (for example sowing and harvesting of rice plants followed by sowing and
harvesting of further rice plants all within one conventional growing period). Similarly, if the
growth rate is sufficiently increased, it may allow for the further sowing of seeds of different
plants species (for example the sowing and harvesting of corn plants followed by, for example,
the sowing and optional harvesting of soybean, potato or any other suitable plant). Harvesting
additional times from the same rootstock in the case of some crop plants may also be possible.
Altering the harvest cycle of a plant may lead to an increase in annual biomass production per
acre (due to an increase in the number of times (say in a year) that any particular plant may be
grown and harvested). An increase in growth rate may also allow for the cultivation of
transgenic plants in a wider geographical area than their wild-type counterparts, since the
territorial limitations for growing a crop are often determined by adverse environmental
conditions either at the time of planting (early season) or at the time of harvesting (late
season). Such adverse conditions may be avoided if the harvest cycle is shortened. The
growth rate may be determined by deriving various parameters from growth curves, such
parameters may be: T-Mid (the time taken for plants to reach 50% of their maximal size) and

T-90 (time taken for plants to reach 90% of their maximal size), amongst others.

According to a preferred feature of the present invention, performance of the methods of the
invention gives plants having an increased growth rate relative to control plants. Therefore,
according to the present invention, there is provided a method for increasing the growth rate of
plants, which method comprises modulating expression (preferably, increasing) in a plant of a

nucleic acid sequence encoding a GRP polypeptide as defined herein.
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An enhancement of yield-related traits (an increase in seed yield and/or growth rate) occurs
whether the plant is under non-stress conditions or whether the plant is exposed to various
stresses compared to control plants. Plants typically respond to exposure to stress by growing
more slowly. In conditions of severe stress, the plant may even stop growing altogether. Mild
stress on the other hand is defined herein as being any stress to which a plant is exposed
which does not result in the plant ceasing to grow altogether without the capacity to resume
growth. Mild stress in the sense of the invention leads to a reduction in the growth of the
stressed plants of less than 40%, 35% or 30%, preferably less than 25%, 20% or 15%, more
preferably less than 14%, 13%, 12%, 11% or 10% or less in comparison to the control plant
under non-stress conditions. Due to advances in agricultural practices (irrigation, fertilization,
pesticide treatments) severe stresses are not often encountered in cultivated crop plants. As a
consequence, the compromised growth induced by mild stress is often an undesirable feature
for agriculture. Mild stresses are the everyday biotic and/or abiotic (environmental) stresses to
which a plant is exposed. Abiotic stresses may be due to drought or excess water, anaerobic
stress, salt stress, chemical toxicity, oxidative stress and hot, cold or freezing temperatures.
The abiotic stress may be an osmotic stress caused by a water stress (particularly due to
drought), salt stress, oxidative stress or an ionic stress. Biotic stresses are typically those
stresses caused by pathogens, such as bacteria, viruses, nematodes, fungi and insects. The
term “non-stress” conditions as used herein are those environmental conditions that allow
optimal growth of plants. Persons skilled in the art are aware of normal soil conditions and

climatic conditions for a given location.

Performance of the methods of the invention gives plants grown under non-stress conditions or
under mild stress conditions having enhanced vyield-related traits relative to control plants
grown under comparable conditions. Therefore, according to the present invention, there is
provided a method for enhancing vyield-related traits in plants grown under non-stress
conditions or under mild stress conditions, which method comprises modulating (preferably,

increasing) expression in a plant of a nucleic acid sequence encoding a GRP polypeptide.

Performance of the methods according to the present invention results in plants grown under
abiotic stress conditions having enhanced yield-related traits relative to control plants grown
under comparable stress conditions. As reported in Wang et al. (Planta (2003) 218: 1-14),
abiotic stress leads to a series of morphological, physiological, biochemical and molecular
changes that adversely affect plant growth and productivity. Drought, salinity, extreme
temperatures and oxidative stress are known to be interconnected and may induce growth and

cellular damage through similar mechanisms. Rabbani et al. (Plant Physiol (2003) 133: 1755-
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1767) describes a particularly high degree of “cross talk” between drought stress and high-
salinity stress. For example, drought and/or salinisation are manifested primarily as osmotic
stress, resulting in the disruption of homeostasis and ion distribution in the cell. Oxidative
stress, which frequently accompanies high or low temperature, salinity or drought stress, may
cause denaturing of functional and structural proteins. As a consequence, these diverse
environmental stresses often activate similar cell signalling pathways and cellular responses,
such as the production of stress proteins, up-regulation of anti-oxidants, accumulation of
compatible solutes and growth arrest. Since diverse environmental stresses activate similar
pathways, plants having enhanced yield-related traits, preferably enhanced seed yield-related
traits, under one type of abiotic stress growth conditions, relative to control plants grown under
comparable abiotic stress conditions, should not be seen as a limitation to that type of abiotic
stress growth conditions, but more as a screen to indicate the involvement of GRP
polypeptides as defined above, in enhancing yield-related traits in abiotic stress growth

conditions in general.

The term “abiotic stress” as defined herein is taken to mean any one or more of: water stress
(due to drought or excess water), anaerobic stress, salt stress, temperature stress (due to hot,
cold or freezing temperatures), chemical toxicity stress and oxidative stress. According to one
aspect of the invention, the abiotic stress is an osmotic stress, selected from water stress, salt
stress, oxidative stress and ionic stress. Preferably, the water stress is drought stress. The
term salt stress is not restricted to common salt (NaCl), but may be any stress caused by one
or more of: NaCl, KCI, LiCl, MgCI2, CaCl2, amongst others.

Performance of the methods of the invention gives plants having enhanced yield-related traits
under abiotic stress growth conditions relative to control plants grown in comparable stress
conditions. Therefore, according to the present invention, there is provided a method for
enhancing yield-related traits in plants grown under abiotic stress growth conditions, which
method comprises modulating (preferably, increasing) expression in a plant of a nucleic acid
sequence encoding a GRP polypeptide. According to one aspect of the invention, the abiotic
stress is an osmotic stress, selected from one or more of the following: water stress, salt

stress, oxidative stress and ionic stress.

Performance of the methods of the invention gives plants grown under conditions of reduced
nutrient availability, particularly under conditions of reduced nitrogen availability, enhanced
yield-related traits relative to control plants grown under comparable conditions. Therefore,
according to the present invention, there is provided a method for enhancing yield—related

traits in plants grown under conditions of reduced nutrient availability, which method comprises
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modulating (preferably, increasing) expression in a plant of a nucleic acid sequence encoding
a GRP polypeptide. Reduced nutrient availability may comprise reduced availability of nutrients
such as nitrogen, phosphates and other phosphorous-containing compounds, potassium,

calcium, cadmium, magnesium, manganese, iron and boron, amongst others.

The present invention encompasses plants, parts thereof (including seeds), or plant cells
obtainable by the methods according to the present invention. The plants, parts thereof, or
plant cells comprise a nucleic acid transgene encoding a GRP polypeptide as defined above,

preferably of isopentenyl transferase (IPT) polypeptide.

The invention also provides genetic constructs and vectors to facilitate introduction and/or
expression in plants of nucleic acid sequences encoding GRP polypeptides. The gene
constructs may be inserted into vectors, which may be commercially available, suitable for
transforming into plants and suitable for expression of the gene of interest in the transformed
cells. The invention also provides use of a gene construct as defined herein in the methods of

the invention.

More specifically, the present invention provides a construct comprising:
(i) a nucleic acid sequence encoding a GRP polypeptide as defined above,
preferably of isopentenyl transferase (IPT) polypeptide;
(ii) one or more control sequences capable of driving expression of the nucleic acid
sequence of (a); and optionally

(iii) a transcription termination sequence.

Preferably, the nucleic acid sequence encoding a GRP polypeptide is as defined above. The

term “control sequence” and “termination sequence” are as defined herein.

Plants are transformed with a vector comprising any of the nucleic acid sequences described
above. The skilled artisan is well aware of the genetic elements that must be present on the
vector in order to successfully transform, select and propagate host cells containing the
sequence of interest. The sequence of interest is operably linked to one or more control

sequences (at least to a promoter).

Advantageously, any type of promoter, whether natural or synthetic, may be used to drive
expression of the nucleic acid sequence. A seed-specific promoter is particularly useful in the
methods of the invention. See the “Definitions” section herein for definitions of the various

promoter types.
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It should be clear that the applicability of the present invention is not restricted to the GRP
polypeptide-encoding nucleic acid sequence represented by SEQ ID NO: 131, nor is the
applicability of the invention restricted to expression of a GRP polypeptide-encoding nucleic

acid sequence when driven by a seed-specific promoter.

The seed-specific promoter is preferably a prolamin promoter, preferably a prolamin promoter
from rice. Further preferably the prolamin promoter is represented by a nucleic acid sequence
substantially similar to SEQ ID NO: 133, most preferably the prolamin promoter is as
represented by SEQ ID NO: 133. See Table 2 in the “Definitions” section herein for further

examples of seed-specific promoters.

Optionally, one or more terminator sequences may be used in the construct introduced into a
plant. Additional regulatory elements may include transcriptional as well as translational
enhancers. Those skilled in the art will be aware of terminator and enhancer sequences that
may be suitable for use in performing the invention. An intron sequence may also be added to
the 5' untranslated region (UTR) or in the coding sequence to increase the amount of the
mature message that accumulates in the cytosol, as described in the definitions section. Other
control sequences (besides promoter, enhancer, silencer, intron sequences, 3'UTR and/or
5'UTR regions) may be protein and/or RNA stabilizing elements. Such sequences would be

known or may readily be obtained by a person skilled in the art.

The genetic constructs of the invention may further include an origin of replication sequence
that is required for maintenance and/or replication in a specific cell type. One example is when
a genetic construct is required to be maintained in a bacterial cell as an episomal genetic
element (e.g. plasmid or cosmid molecule). Preferred origins of replication include, but are not

limited to, the f1-ori and colE1.

For the detection of the successful transfer of the nucleic acid sequences as used in the
methods of the invention and/or selection of transgenic plants comprising these nucleic acid
sequences, it is advantageous to use marker genes (or reporter genes). Therefore, the
genetic construct may optionally comprise a selectable marker gene. Selectable markers are
described in more detail in the “definitions” section herein. The marker genes may be removed
or excised from the transgenic cell once they are no longer needed. Techniques for marker

removal are known in the art, useful techniques are described above in the definitions section.
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The invention also provides a method for the production of transgenic plants having enhanced
yield-related traits relative to control plants, comprising introduction and expression in a plant
of a nucleic acid sequence encoding a GRP polypeptide as defined hereinabove, preferably of

isopentenyl transferase (IPT) polypeptide.

More specifically, the present invention provides a method for the production of transgenic
plants having enhanced yield-related traits, which method comprises:
(i) introducing and expressing in a plant, plant part, or plant cell, a nucleic acid
sequence encoding a GRP polypeptide; and
(ii) cultivating the plant, plant part or plant cell under conditions promoting plant

growth and development.

The nucleic acid sequence of (i) may be any of the nucleic acid sequences capable of

encoding a GRP polypeptide as defined herein.

The nucleic acid sequence may be introduced directly into a plant cell or into the plant itself
(including introduction into a tissue, organ or any other part of a plant). According to a
preferred feature of the present invention, the nucleic acid sequence is preferably introduced
into a plant by transformation. The term “transformation” is described in more detail in the
“definitions” section herein.

The genetically modified plant cells can be regenerated via all methods with which the skilled
worker is familiar. Suitable methods can be found in the abovementioned publications by S.D.

Kung and R. Wu, Potrykus or H6fgen and Willmitzer.

Generally after transformation, plant cells or cell groupings are selected for the presence of
one or more markers which are encoded by plant-expressible genes co-transferred with the
gene of interest, following which the transformed material is regenerated into a whole plant.
To select transformed plants, the plant material obtained in the transformation is, as a rule,
subjected to selective conditions so that transformed plants can be distinguished from
untransformed plants. For example, the seeds obtained in the above-described manner can be
planted and, after an initial growing period, subjected to a suitable selection by spraying. A
further possibility consists in growing the seeds, if appropriate after sterilization, on agar plates
using a suitable selection agent so that only the transformed seeds can grow into plants.
Alternatively, the transformed plants are screened for the presence of a selectable marker
such as the ones described above.
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Following DNA transfer and regeneration, putatively transformed plants may also be
evaluated, for instance using Southern analysis, for the presence of the gene of interest, copy
number and/or genomic organisation. Alternatively or additionally, expression levels of the
newly introduced DNA may be monitored using Northern and/or Western analysis, both

techniques being well known to persons having ordinary skill in the art.

The generated transformed plants may be propagated by a variety of means, such as by clonal
propagation or classical breeding techniques. For example, a first generation (or T1)
transformed plant may be selfed and homozygous second-generation (or T2) transformants
selected, and the T2 plants may then further be propagated through classical breeding
techniques. The generated transformed organisms may take a variety of forms. For example,
they may be chimeras of transformed cells and non-transformed cells; clonal transformants
(e.g., all cells transformed to contain the expression cassette); grafts of transformed and
untransformed tissues (e.g., in plants, a transformed rootstock grafted to an untransformed

scion).

The present invention clearly extends to any plant cell or plant produced by any of the methods
described herein, and to all plant parts and propagules thereof. The present invention extends
further to encompass the progeny of a primary transformed or transfected cell, tissue, organ or
whole plant that has been produced by any of the aforementioned methods, the only
requirement being that progeny exhibit the same genotypic and/or phenotypic characteristic(s)

as those produced by the parent in the methods according to the invention.

The invention also includes host cells containing an isolated nucleic acid sequence encoding a
GRP polypeptide as defined hereinabove. Preferred host cells according to the invention are
plant cells. Host plants for the nucleic acid transgene or the vector used in the method
according to the invention, the expression cassette or construct or vector are, in principle,
advantageously all plants, which are capable of synthesizing the polypeptides used in the

inventive method.

The methods of the invention are advantageously applicable to any plant. Plants that are
particularly useful in the methods of the invention include all plants which belong to the
superfamily Viridiplantae, in particular monocotyledonous and dicotyledonous plants including
fodder or forage legumes, ornamental plants, food crops, trees or shrubs. According to a
preferred embodiment of the present invention, the plant is a crop plant. Examples of crop
plants include soybean, sunflower, canola, alfalfa, rapeseed, cotton, tomato, potato and

tobacco. Further preferably, the plant is a monocotyledonous plant. Examples of
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monocotyledonous plants include sugarcane. More preferably the plant is a cereal. Examples

of cereals include rice, maize, wheat, barley, millet, rye, triticale, sorghum and oats.

The invention also extends to harvestable parts of a plant such as, but not limited to seeds,
leaves, fruits, flowers, stems, roots, rhizomes, tubers and bulbs. The invention furthermore
relates to products derived, preferably directly derived, from a harvestable part of such a plant,

such as dry pellets or powders, oil, fat and fatty acids, starch or proteins.

According to a preferred feature of the invention, the modulated expression is increased
expression. Methods for increasing expression of nucleic acid sequences or genes, or gene

products, are well documented in the art and examples are provided in the definitions section.

As mentioned above, a preferred method for modulating (preferably, increasing) expression of
a nucleic acid sequence encoding a GRP polypeptide is by introducing and expressing in a
plant a nucleic acid sequence encoding a GRP polypeptide; however the effects of performing
the method, i.e. enhancing yield-related traits, may also be achieved using other well known
techniques, including but not limited to T-DNA activation tagging, TILLING, homologous

recombination. A description of these techniques is provided in the definitions section.

The present invention also encompasses use of nucleic acid sequences encoding GRP
polypeptides as described herein and use of these GRP polypeptides in enhancing any of the

aforementioned yield-related traits in plants.

Nucleic acid sequences encoding GRP polypeptide described herein, or the GRP polypeptides
themselves, may find use in breeding programmes in which a DNA marker is identified which
may be genetically linked to a GRP polypeptide-encoding gene. The genes/nucleic acid
sequences, or the GRP polypeptides themselves may be used to define a molecular marker.
This DNA or protein marker may then be used in breeding programmes to select plants having

enhanced yield-related traits, as defined hereinabove in the methods of the invention.

Allelic variants of a GRP polypeptide-encoding nucleic acid sequence/gene may also find use
in marker-assisted breeding programmes. Such breeding programmes sometimes require
introduction of allelic variation by mutagenic treatment of the plants, using for example EMS
mutagenesis; alternatively, the programme may start with a collection of allelic variants of so
called “natural” origin caused unintentionally. Identification of allelic variants then takes place,
for example, by PCR. This is followed by a step for selection of superior allelic variants of the

sequence in question and which give enhanced yield-related traits. Selection is typically
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carried out by monitoring growth performance of plants containing different allelic variants of
the sequence in question. Growth performance may be monitored in a greenhouse or in the
field. Further optional steps include crossing plants in which the superior allelic variant was
identified with another plant. This could be used, for example, to make a combination of

interesting phenotypic features.

Nucleic acid sequences encoding GRP polypeptides may also be used as probes for
genetically and physically mapping the genes that they are a part of, and as markers for traits
linked to those genes. Such information may be useful in plant breeding in order to develop
lines with desired phenotypes. Such use of GRP polypeptide-encoding nucleic acid sequences
requires only a nucleic acid sequence of at least 15 nucleotides in length. The GRP
polypeptide-encoding nucleic acid sequences may be used as restriction fragment length
polymorphism (RFLP) markers. Southern blots (Sambrook J, Fritsch EF and Maniatis T (1989)
Molecular Cloning, A Laboratory Manual) of restriction-digested plant genomic DNA may be
probed with the GRP-encoding nucleic acid sequences. The resulting banding patterns may
then be subjected to genetic analyses using computer programs such as MapMaker (Lander et
al. (1987) Genomics 1: 174-181) in order to construct a genetic map. In addition, the nucleic
acid sequences may be used to probe Southern blots containing restriction endonuclease-
treated genomic DNAs of a set of individuals representing parent and progeny of a defined
genetic cross. Segregation of the DNA polymorphisms is noted and used to calculate the
position of the GRP polypeptide-encoding nucleic acid sequence in the genetic map previously
obtained using this population (Botstein et al. (1980) Am. J. Hum. Genet. 32:314-331).

The production and use of plant gene-derived probes for use in genetic mapping is described
in Bernatzky and Tanksley (1986) Plant Mol. Biol. Reporter 4: 37-41. Numerous publications
describe genetic mapping of specific cDNA clones using the methodology outlined above or
variations thereof. For example, F2 intercross populations, backcross populations, randomly
mated populations, near isogenic lines, and other sets of individuals may be used for mapping.

Such methodologies are well known to those skilled in the art.

The nucleic acid sequence probes may also be used for physical mapping (i.e., placement of
sequences on physical maps; see Hoheisel et al. In: Non-mammalian Genomic Analysis: A

Practical Guide, Academic press 1996, pp. 319-346, and references cited therein).

In another embodiment, the nucleic acid sequence probes may be used in direct fluorescence
in situ hybridisation (FISH) mapping (Trask (1991) Trends Genet. 7:149-154). Although current

methods of FISH mapping favour use of large clones (several kb to several hundred kb; see
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Laan et al. (1995) Genome Res. 5:13-20), improvements in sensitivity may allow performance

of FISH mapping using shorter probes.

A variety of nucleic acid sequence amplification-based methods for genetic and physical
mapping may be carried out using the nucleic acid sequences. Examples include allele-
specific amplification (Kazazian (1989) J. Lab. Clin. Med 11:95-96), polymorphism of PCR-
amplified fragments (CAPS; Sheffield et al. (1993) Genomics 16:325-332), allele-specific
ligation (Landegren et al. (1988) Science 241:1077-1080), nucleotide extension reactions
(Sokolov (1990) Nucleic Acids Res. 18:3671), Radiation Hybrid Mapping (Walter et al. (1997)
Nat. Genet. 7:22-28) and Happy Mapping (Dear and Cook (1989) Nucleic Acids Res. 17:6795-
6807). For these methods, the sequence of a nucleic acid sequence is used to design and
produce primer pairs for use in the amplification reaction or in primer extension reactions. The
design of such primers is well known to those skilled in the art. In methods employing PCR-
based genetic mapping, it may be necessary to identify DNA sequence differences between
the parents of the mapping cross in the region corresponding to the instant nucleic acid

sequence. This, however, is generally not necessary for mapping methods.

The methods according to the present invention result in plants having enhanced yield-related
traits, as described hereinbefore. These traits may also be combined with other economically
advantageous traits, such as further yield-enhancing traits, tolerance to other abiotic and biotic
stresses, traits modifying various architectural features and/or biochemical and/or physiological

features.
In one embodiment the invention relates to subject mater summarized as follows:

ltem 63: A method for enhancing yield-related traits in plants relative to control plants,
comprising modulating expression (preferably, increasing) in a plant of a nucleic acid
sequence encoding a GRP polypeptide, wherein said GRP polypeptide is an isopentenyl
transferase (IPT) polypeptide as represented by SEQ ID NO: 132 or an orthologue, paralogue,

or homologue thereof, and optionally selecting for plants having enhanced yield-related traits.

ltem 64: A method according to item 63, wherein said GRP polypeptide as represented by
SEQ ID NO: 132 and an orthologue, paralogue, or homologue thereof, belong to the tRNA
isopentenyltransferase family with InterPro entries IPR002627 and IPR011593 or comprising a

domain or motif according to the consensus sequence as depicted in figure 13.
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ltem 65: Method according to item 63 or 64, wherein said GRP polypeptide has in increasing
order of preference at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%,
99% or more amino acid sequence identity to the GRP polypeptide as represented by SEQ ID
NO: 132 or to any of the polypeptide sequences given in Table A4 of Example 1.

ltem 66: Method according to any preceding item 63 to 65, wherein said nucleic acid sequence
encoding a GRP polypeptide is represented by the nucleic acid sequence of SEQ ID NO: 131
or a portion thereof, or a sequence capable of hybridising with the nucleic acid sequence of
SEQ ID NO: 131 or a portion thereof or a sequence capable of hybridising with any one of the

nucleic acid sequences SEQ ID NOs given in Table A4 of Example 1.

ltem 67: Method according to any preceding item 63 to 66wherein said modulated expression
(preferably, increased) is effected by introducing and expressing in a plant a nucleic acid

sequence encoding said GRP polypeptide.

ltem 68: Method according to any preceding item 63 to 67, wherein said enhanced yield-
related traits comprise one or more of: increased total seed yield per plant, increased number
of filled seeds, increased total number of seeds, and increased harvest index, relative to

control plants.

ltem 69: Method according to any preceding item 63 to 68, wherein said modulated expression

is increased expression.

ltem 70: Method according to any preceding item 63 to 69, wherein said nucleic acid sequence
is operably linked to a seed-specific promoter, preferably to a prolamin promoter, most

preferably to a prolamin promoter from rice.

ltem 71: Method according to any preceding item 63 to 70, wherein said nucleic acid sequence
encoding a GRP polypeptide is of plant origin, preferably from a dicotyledonous plant, further

preferably from the family Brassicaceae, more preferably from Arabidopsis thaliana.

ltem 72: Plant, part thereof (including seeds), or plant cell obtainable by a method according to
any preceding item 63 to 71, wherein said plant, part thereof, or plant cell comprises a nucleic

acid transgene encoding a GRP polypeptide.

ltem 73: Construct comprising:

(a) nucleic acid sequence encoding a GRP polypeptide as defined in item 63 to 65;
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(b) one or more control sequences capable of driving expression of the nucleic acid
sequence of (a); and optionally

(c) a transcription termination sequence.

ltem 74: Construct according to item 73, wherein one of said control sequences is a seed-
specific promoter, preferably a prolamin promoter, most preferably a prolamin promoter from

rice.

ltem 75: Use of a construct according to any of items 73 to 75 in a method for making plants
having enhanced yield-related traits, particularly increased total seed yield per plant, increased
number of filled seeds, increased total number of seeds, and increased harvest index, relative

to control plants.

ltem 76: Plant, plant part or plant cell transformed with a construct according to any of items 74
to 75.

ltem 77: Method for the production of a transgenic plant having enhanced-yield related traits
relative to control plants, comprising:
(i) introducing and expressing in a plant, plant part, or plant cell, a nucleic acid sequence
encoding a GRP polypeptide as defined in item 63 to 65; and
(i) cultivating the plant, plant part, or plant cell under conditions promoting plant growth and

development.

ltem 78: Transgenic plant having enhanced yield-related traits, particularly increased total seed
yield per plant, increased number of filled seeds, increased total number of seeds, and
increased harvest index, relative to control plants, resulting from increased expression of a
nucleic acid sequence encoding a GRP polypeptide as defined in items 63 to 65, or a

transgenic plant cell derived from said transgenic plant.

ltem 79: Transgenic plant according to item 72, 76 or 78, or a transgenic plant cell derived
thereof, wherein said plant is a crop plant or a monocot or a cereal, such as rice, maize, wheat,

barley, millet, rye, triticale, sorghum and oats.

ltem 80: Harvestable parts of a plant comprising a nucleic acid sequence encoding a GRP

polypeptide according to item 79, wherein said harvestable parts are preferably seeds.
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ltem 81: Products derived from a plant according to item 79 and/or from harvestable parts of a

plant according to item 80.

ltem 81: Use of a nucleic acid sequence encoding a GRP polypeptide in enhancing yield-
related traits in plants, particularly in increasing total seed yield per plant, increasing number of
filled seeds, increasing total number of seeds, and increasing harvest index, relative to control

plants.

In one embodiment of the invention it has now been found that modulating expression in a
plant of a nucleic acid encoding an STO polypeptide gives plants having enhanced yield-
related traits relative to control plants. According to a first embodiment, the present invention
provides a method for enhancing yield-related traits in plants relative to control plants,

comprising modulating expression in a plant of a nucleic acid encoding an STO polypeptide.

A preferred method for modulating (preferably, increasing) expression of a nucleic acid
encoding an STO polypeptide is by introducing and expressing in a plant a nucleic acid

encoding an STO polypeptide.

Any reference hereinafter to a “protein useful in the methods of the invention” is taken to mean
an STO polypeptide as defined herein. Any reference hereinafter to a “nucleic acid useful in
the methods of the invention” is taken to mean a nucleic acid capable of encoding such an
STO polypeptide. The nucleic acid to be introduced into a plant (and therefore useful in
performing the methods of the invention) is any nucleic acid encoding the type of protein which

will now be described, hereinafter also hamed “STO nucleic acid” or “STO gene”.

An “STO polypeptide” as defined herein refers to any polypeptide comprising at least one B-
box domain. The B-box domain is an amino acid domain conserved in proteins of diverse
origin including prokaryotic and eukaryotic organism. B-box domain is about 40 amino acids in
length comprising conserved cysteine and/or histidine residues at key positions such that the
domain can fall into a tertiary structure similar to the zinc fingers involved in the coordination of
zinc ions. NMR analysis reveals that the B-box structure comprises two beta-strands, two
helical turns and three extended loop regions different from any other zinc binding motif
(Borden et al. 1995 EMBO J. 1995 Dec 1;14(23):5947-56).

Proteins comprising B-box domains can be found in specific databases such as Pfam and
Interpro. The accession number of the B-box domain in the release 15.1 of the Interpro
database is IPR000315, and PF00643 in Pfam version 21.0.
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Based on sequence comparison of B-box domains found in different proteins it is possible to
define consensus sequences representing B-box domains. For example Reymond et al.
(EMBO J. 2001 May 1;20(9):2140-51) were able to define consensus sequences to the two B-
box domains present in TRIM proteins of Homo sapiens, as represented by CXX(C/D)X(7-
12)CXXCXXXXCXX(C/H)X(3-4)HX(4-9)H for B-box1 and CXXHX(7-
9)CXX(C/D/E/H)IXXXXCXXCX(3-6)H(X-4)H/C) for B-box2. A consensus sequence found
within the B-box domains of many STO proteins of plant origin is represented by SEQ ID NO:
221 (CX2CX16CX2C). A signhature characteristic of all B-box domains is the presence of at
least 4 amino acid residues, typically Cysteine and/or Histidine residues with the putative

capacity to bind zinc ions.

Preferred STO polypeptides useful in the methods of the invention comprise at least one, more
preferably two B B-box domain having the consensus represented by CX2CX16CX2C (SEQ ID
NO: 221).

The B-box domains found in SEQ ID NO: 169 are represented by SEQ ID NO: 219 and SEQ
ID NO: 220. Further preferred STO polypeptides useful in the methods of the invention
comprise at least one, more preferably two B-box domains having at least 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95% or more sequence identity to SEQ ID NO: 219 or SEQ
ID NO: 220.

Alternatively, a B-box domain in an STO polypeptide may be identified by performing a
sequence comparison with known polypeptides comprising a B-box domain and establishing
the similarity in the region of the B-box domain. The sequences may be aligned using any of
the methods well known in the art such as Blast algorithms. The probability for the alignment to
occur with a given sequence is taken as basis for identifying similar polypeptides. A parameter
that is typically used to represent such probability is called e-value. The E-value is a measure
of the reliability of the S score. The S score is a measure of the similarity of the query to the
sequence shown. The e-value describes how often a given S score is expected to occur at
random. The e-value cut-off may be as high as 1.0. The typical threshold for a trusted e-value
from a BLAST search output using an STO polypeptide as query sequence can is lower than
1.e%1.e™ 1™ 1% 1.e% 1% 1.7 1.0 1,620 1,30 140 1 g0 1 g60 1 o700
and 1.e¥°. Preferred STO polypeptides useful in the methods of the invention comprise at
least one, more preferably two B-box domains having a sequence having in increasing order of
preference an e-value lower than e®(=10°), 1., 1.e™, 1.6 1.e% 1.e® 1.7, 1" 1.¢e

20 1.0 1690 1% 1% 1.7 and 1.6 in an alignment with SEQ ID NO: 219 or
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SEQ ID NO: 220 or any B-box domain as found in a known STO polypeptide, such as those
listed in Table A.

Preferably, the STO polypeptide sequence useful in the methods of the invention when used in
the construction of a phylogenetic tree, such as the one depicted in Figure 16, clusters with the
group of STO polypeptides comprising the amino acid sequence represented by SEQ ID NO:
169 (0S049g0540200 in the Figure) rather than with any other group.

Alternatively or additionally, a “STO polypeptide” as defined herein refers to any polypeptide
having in increasing order of preference at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 98%, 99% or more polypeptide sequence identity to the STO polypeptide as
represented by SEQ ID NO: 169, or by SEQ ID NO: 171, or to any of the polypeptide

sequences given in Table A5 of Example 1 herein.

The term “domain” and “motif’ is defined in the “definitions” section herein. Specialist
databases exist for the identification of domains, for example, SMART (Schultz et al. (1998)
Proc. Natl. Acad. Sci. USA 95, 5857-5864; Letunic et al. (2002) Nucleic Acids Res 30, 242-
244), InterPro (Mulder et al., (2003) Nucl. Acids. Res. 31, 315-318), Prosite (Bucher and
Bairoch (1994), A generalized profile syntax for biomolecular sequences motifs and its function
in automatic sequence interpretation. (In) ISMB-94; Proceedings 2nd International Conference
on Intelligent Systems for Molecular Biology. Altman R., Brutlag D., Karp P., Lathrop R., Searls
D., Eds., pp53-61, AAAI Press, Menlo Park; Hulo et al., Nucl. Acids. Res. 32:D134-D137,
(2004)), or Pfam (Bateman et al., Nucleic Acids Research 30(1): 276-280 (2002)). A set of
tools for in silico analysis of protein sequences is available on the ExPASy proteomics server
(Swiss Institute of Bioinformatics (Gasteiger et al., ExPASy: the proteomics server for in-depth
protein knowledge and analysis, Nucleic Acids Res. 31:3784-3788(2003)). Domains or motifs

may also be identified using routine techniques, such as by sequence alignment.

Methods for the alignment of sequences for comparison are well known in the art, such
methods include GAP, BESTFIT, BLAST, FASTA and TFASTA. GAP uses the algorithm of
Needleman and Wunsch ((1970) J Mol Biol 48: 443-453) to find the global (i.e. spanning the
complete sequences) alignment of two sequences that maximizes the number of matches and
minimizes the number of gaps. The BLAST algorithm (Altschul et al. (1990) J Mol Biol 215:
403-10) calculates percent sequence identity and performs a statistical analysis of the
similarity between the two sequences. The software for performing BLAST analysis is publicly
available through the National Centre for Biotechnology Information (NCBI). Homologues may

readily be identified using, for example, the ClustalW multiple sequence alignment algorithm
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(version 1.83), with the default pairwise alignment parameters, and a scoring method in
percentage. Global percentages of similarity and identity may also be determined using one of
the methods available in the MatGAT software package (Campanella et al., BMC
Bioinformatics. 2003 Jul 10;4:29. MatGAT: an application that generates similarity/identity
matrices using protein or DNA sequences.). Minor manual editing may be performed to
optimise alignment between conserved motifs, as would be apparent to a person skilled in the
art. Furthermore, instead of using full-length sequences for the identification of homologues,
specific domains may also be used. The sequence identity values may be determined over
the entire nucleic acid or amino acid sequence or over selected domains or conserved motif(s),

using the programs mentioned above using the default parameters.

Furthermore, STO polypeptides (at least in their native form) typically when expressed in a
transgenic plant, preferably rice, under the control of a constitutive promoter result in
modulation of flowering time, typically in shortening flowering time. Tools and techniques for
producing transgenic plants and measuring flowering time are well known in the art. Further

details are provided in the Examples section.

The present invention is illustrated by transforming plants with the nucleic acid sequence
represented by SEQ ID NO: 168, encoding the polypeptide sequence of SEQ ID NO: 169.
However, performance of the invention is not restricted to these sequences; the methods of
the invention may advantageously be performed using any STO-encoding nucleic acid or STO

polypeptide as defined herein.

Examples of nucleic acids encoding STO polypeptides are given in Table A5 of Example 1
herein. Such nucleic acids are useful in performing the methods of the invention. The amino
acid sequences given in Table A5 of Example 1 are example sequences of orthologues and
paralogues of the STO polypeptide represented by SEQ ID NO: 169, the terms “orthologues”
and “paralogues” being as defined herein. Further orthologues and paralogues may readily be
identified by performing a so-called reciprocal blast search. Typically, this involves a first
BLAST involving BLASTing a query sequence (for example using any of the sequences listed
in Table A5 of Example 1) against any sequence database, such as the publicly available
NCBI database. BLASTN or TBLASTX (using standard default values) are generally used
when starting from a nucleotide sequence, and BLASTP or TBLASTN (using standard default
values) when starting from a protein sequence. The BLAST results may optionally be filtered.
The full-length sequences of either the filtered results or non-filtered results are then BLASTed
back (second BLAST) against sequences from the organism from which the query sequence is
derived (where the query sequence is SEQ ID NO: 168 or SEQ ID NO: 169, the second
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BLAST would therefore be against rice sequences). The results of the first and second
BLASTSs are then compared. A paralogue is identified if a high-ranking hit from the first blast is
from the same species as from which the query sequence is derived, a BLAST back then
ideally results in the query sequence amongst the highest hits; an orthologue is identified if a
high-ranking hit in the first BLAST is not from the same species as from which the query
sequence is derived, and preferably results upon BLAST back in the query sequence being

among the highest hits.
Preferred homologs

High-ranking hits are those having a low E-value. The lower the E-value, the more significant
the score (or in other words the lower the chance that the hit was found by chance).
Computation of the E-value is well known in the art. In addition to E-values, comparisons are
also scored by percentage identity. Percentage identity refers to the number of identical
nucleotides (or amino acids) between the two compared nucleic acid (or polypeptide)
sequences over a particular length. In the case of large families, ClustalW may be used,
followed by a neighbour joining tree, to help visualize clustering of related genes and to identify

orthologues and paralogues.

Nucleic acid variants may also be useful in practising the methods of the invention. Examples
of such variants include nucleic acids encoding homologues and derivatives of any one of the
amino acid sequences given in Table A5 of Example 1, the terms “homologue” and “derivative”
being as defined herein. Also useful in the methods of the invention are nucleic acids
encoding homologues and derivatives of orthologues or paralogues of any one of the amino
acid sequences given in Table A5 of Example 1. Homologues and derivatives useful in the
methods of the present invention have substantially the same biological and functional activity

as the unmodified protein from which they are derived.

Further nucleic acid variants useful in practising the methods of the invention include portions
of nucleic acids encoding STO polypeptides, nucleic acids hybridising to nucleic acids
encoding STO polypeptides, splice variants of nucleic acids encoding STO polypeptides, allelic
variants of nucleic acids encoding STO polypeptides and variants of nucleic acids encoding
STO polypeptides obtained by gene shuffling. The terms hybridising sequence, splice variant,

allelic variant and gene shuffling are as described herein.

Nucleic acids encoding STO polypeptides need not be full-length nucleic acids, since

performance of the methods of the invention does not rely on the use of full-length nucleic acid
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sequences. According to the present invention, there is provided a method for enhancing
yield-related traits in plants, comprising introducing and expressing in a plant a portion of any
one of the nucleic acid sequences given in Table A5 of Example 1, or a portion of a nucleic
acid encoding an orthologue, paralogue or homologue of any of the amino acid sequences

given in Table A5 of Example 1.

A portion of a nucleic acid may be prepared, for example, by making one or more deletions to
the nucleic acid. The portions may be used in isolated form or they may be fused to other
coding (or non-coding) sequences in order to, for example, produce a protein that combines
several activities. When fused to other coding sequences, the resultant polypeptide produced

upon translation may be bigger than that predicted for the protein portion.

Portions useful in the methods of the invention, encode an STO polypeptide as defined herein,
and have substantially the same biological activity as the amino acid sequences given in Table
A5 of Example 1. Preferably, the portion is a portion of any one of the nucleic acids given in
Table A of Example 1, or is a portion of a nucleic acid encoding an orthologue or paralogue of
any one of the amino acid sequences given in Table A5 of Example 1. Preferably the portion
is at least 100, 200, 300, 400, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000
consecutive nucleotides in length, the consecutive nucleotides being of any one of the nucleic
acid sequences given in Table A5 of Example 1, or of a nucleic acid encoding an orthologue or
paralogue of any one of the amino acid sequences given in Table A5 of Example 1. Most
preferably the portion is a portion of the nucleic acid of SEQ ID NO: 168. Preferably, the
portion encodes an amino acid sequence which, when used in the construction of a
phylogenetic tree, such as the one depicted in Figure 16, Preferably, the STO polypeptide
sequence useful in the methods of the invention when used in the construction of a
phylogenetic tree, such as the one depicted in Figure 16, clusters with the group of STO
polypeptides comprising the amino acid sequence represented by SEQ ID NO: 169
(0S04g0540200 in the Figure) rather than with any other group.

Another nucleic acid variant useful in the methods of the invention is a nucleic acid capable of
hybridising, under reduced stringency conditions, preferably under stringent conditions, with a
nucleic acid encoding an STO polypeptide as defined herein, or with a portion as defined

herein.

According to the present invention, there is provided a method for enhancing yield-related
traits in plants, comprising introducing and expressing in a plant a nucleic acid capable of

hybridizing to any one of the nucleic acids given in Table A5 of Example 1, or comprising
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introducing and expressing in a plant a nucleic acid capable of hybridising to a nucleic acid
encoding an orthologue, paralogue or homologue of any of the nucleic acid sequences given in
Table A5 of Example 1.

Hybridising sequences useful in the methods of the invention encode an STO polypeptide as
defined herein, having substantially the same biological activity as the amino acid sequences
given in Table A5 of Example 1. Preferably, the hybridising sequence is capable of hybridising
to any one of the nucleic acids given in Table A5 of Example 1, or to a portion of any of these
sequences, a portion being as defined above, or the hybridising sequence is capable of
hybridising to a nucleic acid encoding an orthologue or paralogue of any one of the amino acid
sequences given in Table A5 of Example 1. Most preferably, the hybridising sequence is
capable of hybridising to a nucleic acid as represented by SEQ ID NO: 168 or to a portion

thereof.

Preferably, the hybridising sequence encodes a polypeptide with an amino acid sequence
which, when full-length and used in the construction of a phylogenetic tree, such as the one
depicted in Figure 16, clusters with the group of STO polypeptides comprising the amino acid
sequence represented by SEQ ID NO: 169 (0S04g0540200 in the Figure) rather than with any

other group.

Another nucleic acid variant useful in the methods of the invention is a splice variant encoding

an STO polypeptide as defined hereinabove, a splice variant being as defined herein.

According to the present invention, there is provided a method for enhancing yield-related
traits in plants, comprising introducing and expressing in a plant a splice variant of any one of
the nucleic acid sequences given in Table A5 of Example 1, or a splice variant of a nucleic acid
encoding an orthologue, paralogue or homologue of any of the amino acid sequences given in
Table A5 of Example 1.

Preferred splice variants are splice variants of a nucleic acid represented by SEQ ID NO: 168,
or a splice variant of a nucleic acid encoding an orthologue or paralogue of SEQ ID NO: 169.
Preferably, the amino acid sequence encoded by the splice variant, when used in the
construction of a phylogenetic tree, such as the one depicted in Figure 16, clusters with the
group of STO polypeptides comprising the amino acid sequence represented by SEQ ID NO:
169 (0S04g0540200 in the Figure) rather than with any other group.
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Another nucleic acid variant useful in performing the methods of the invention is an allelic
variant of a nucleic acid encoding an STO polypeptide as defined hereinabove, an allelic

variant being as defined herein.

According to the present invention, there is provided a method for enhancing yield-related
traits in plants, comprising introducing and expressing in a plant an allelic variant of any one of
the nucleic acids given in Table A5 of Example 1, or comprising introducing and expressing in
a plant an allelic variant of a nucleic acid encoding an orthologue, paralogue or homologue of

any of the amino acid sequences given in Table A5 of Example 1.

The allelic variants useful in the methods of the present invention have substantially the same
biological activity as the STO polypeptide of SEQ ID NO: 169 and any of the amino acids
depicted in Table A of Example 1. Allelic variants exist in nature, and encompassed within the
methods of the present invention is the use of these natural alleles. Preferably, the allelic
variant is an allelic variant of SEQ ID NO: 168 or an allelic variant of a nucleic acid encoding
an orthologue or paralogue of SEQ ID NO: 169. Preferably, the amino acid sequence encoded
by the allelic variant, when used in the construction of a phylogenetic tree, such as the one
depicted in Figure 16, clusters with the group of STO polypeptides comprising the amino acid
sequence represented by SEQ ID NO: 169 (0S04g0540200 in the Figure) rather than with any

other group.

Gene shuffling or directed evolution may also be used to generate variants of nucleic acids
encoding STO polypeptides as defined above; the term “gene shuffling” being as defined

herein.

According to the present invention, there is provided a method for enhancing yield-related
traits in plants, comprising introducing and expressing in a plant a variant of any one of the
nucleic acid sequences given in Table A5 of Example 1, or comprising introducing and
expressing in a plant a variant of a nucleic acid encoding an orthologue, paralogue or
homologue of any of the amino acid sequences given in Table A5 of Example 1, which variant

nucleic acid is obtained by gene shuffling.

Preferably, the amino acid sequence encoded by the variant nucleic acid directly or indirectly
obtained by gene shuffling, when used in the construction of a phylogenetic tree such as the
one depicted in Figure 16, clusters with the group of STO polypeptides comprising the amino
acid sequence represented by SEQ ID NO: 169 (0S04g0540200 in the Figure) rather than

with any other group.
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Furthermore, nucleic acid variants may also be obtained by site-directed mutagenesis.
Several methods are available to achieve site-directed mutagenesis, the most common being

PCR based methods (Current Protocols in Molecular Biology. Wiley Eds.).

Nucleic acids encoding STO polypeptides may be derived from any natural or artificial source.
The nucleic acid may be modified from its native form in composition and/or genomic
environment through deliberate human manipulation. Preferably the STO polypeptide-
encoding nucleic acid is from a plant, further preferably from a monocotyledonous plant, more

preferably from the family Poaceae, most preferably the nucleic acid is from Oryza sativa.

Performance of the methods of the invention gives plants having enhanced yield-related traits.
In particular performance of the methods of the invention gives plants having increased yield,
especially increased seed yield relative to control plants. The terms “yield” and “seed yield”

are described in more detail in the “definitions” section herein.

Reference herein to enhanced yield-related traits is taken to mean an increase in early
(seedling) vigour and altered flowering time more particular shorter of flowering time relative to
control plants. Preferably the shortening of the flowering time is at least of 1, 2, 3, 4, 5, 6, 7, 8,
9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 or 25 days or at least by 5%, 10%,

15%, 20%, or 25% of the time compared to relative to control plants

Taking corn as an example, a yield increase may be manifested as one or more of the
following: increase in the number of plants established per hectare or acre, an increase in the
number of ears per plant, an increase in the number of rows, nhumber of kernels per row, kernel
weight, thousand kernel weight, ear length/diameter, increase in the seed filling rate (which is
the number of filled seeds divided by the total number of seeds and multiplied by 100), among
others. Taking rice as an example, a yield increase may manifest itself as an increase in one
or more of the following: number of plants per hectare or acre, humber of panicles per plant,
number of spikelets per panicle, number of flowers (florets) per panicle (which is expressed as
a ratio of the number of filled seeds over the number of primary panicles), increase in the seed
filling rate (which is the number of filled seeds divided by the total number of seeds and

multiplied by 100), increase in thousand kernel weight, among others.

The present invention provides a method for increasing early (seedling) vigour and altering

flowering time, particularly shortening of flowering time of plants, relative to control plants
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which method comprises modulating expression, preferably increasing expression, in a plant of

a nucleic acid encoding an STO polypeptide as defined herein.

Since the transgenic plants according to the present invention have increased yield, it is likely
that these plants exhibit an increased growth rate (during at least part of their life cycle),

relative to the growth rate of control plants at a corresponding stage in their life cycle.

The increased growth rate may be specific to one or more parts of a plant (including seeds), or
may be throughout substantially the whole plant. Plants having an increased growth rate may
have a shorter life cycle. The life cycle of a plant may be taken to mean the time needed to
grow from a dry mature seed up to the stage where the plant has produced dry mature seeds,
similar to the starting material. This life cycle may be influenced by factors such as early
vigour, growth rate, greenness index, flowering time and speed of seed maturation. The
increase in growth rate may take place at one or more stages in the life cycle of a plant or
during substantially the whole plant life cycle. Increased growth rate during the early stages in
the life cycle of a plant may reflect enhanced or increased vigour. The increase in growth rate
may alter the harvest cycle of a plant allowing plants to be sown later and/or harvested sooner
than would otherwise be possible (a similar effect may be obtained with earlier flowering time).
If the growth rate is sufficiently increased, it may allow for the further sowing of seeds of the
same plant species (for example sowing and harvesting of rice plants followed by sowing and
harvesting of further rice plants all within one conventional growing period). Similarly, if the
growth rate is sufficiently increased, it may allow for the further sowing of seeds of different
plants species (for example the sowing and harvesting of corn plants followed by, for example,
the sowing and optional harvesting of soybean, potato or any other suitable plant). Harvesting
additional times from the same rootstock in the case of some crop plants may also be possible.
Altering the harvest cycle of a plant may lead to an increase in annual biomass production per
acre (due to an increase in the number of times (say in a year) that any particular plant may be
grown and harvested). An increase in growth rate may also allow for the cultivation of
transgenic plants in a wider geographical area than their wild-type counterparts, since the
territorial limitations for growing a crop are often determined by adverse environmental
conditions either at the time of planting (early season) or at the time of harvesting (late
season). Such adverse conditions may be avoided if the harvest cycle is shortened. The
growth rate may be determined by deriving various parameters from growth curves, such
parameters may be: T-Mid (the time taken for plants to reach 50% of their maximal size) and

T-90 (time taken for plants to reach 90% of their maximal size), amongst others.
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According to a preferred feature of the present invention, performance of the methods of the
invention gives plants having an increased growth rate relative to control plants. Therefore,
according to the present invention, there is provided a method for increasing the growth rate of
plants, which method comprises modulating expression, preferably increasing expression, in a

plant of a nucleic acid encoding an STO polypeptide as defined herein.

An increase in yield and/or growth rate occurs whether the plant is under non-stress conditions
or whether the plant is exposed to various stresses compared to control plants. Plants typically
respond to exposure to stress by growing more slowly. In conditions of severe stress, the plant
may even stop growing altogether. Mild stress on the other hand is defined herein as being
any stress to which a plant is exposed which does not result in the plant ceasing to grow
altogether without the capacity to resume growth. Mild stress in the sense of the invention
leads to a reduction in the growth of the stressed plants of less than 40%, 35% or 30%,
preferably less than 25%, 20% or 15%, more preferably less than 14%, 13%, 12%, 11% or
10% or less in comparison to the control plant under non-stress conditions. Due to advances
in agricultural practices (irrigation, fertilization, pesticide treatments) severe stresses are not
often encountered in cultivated crop plants. As a consequence, the compromised growth
induced by mild stress is often an undesirable feature for agriculture. Mild stresses are the
everyday biotic and/or abiotic (environmental) stresses to which a plant is exposed. Abiotic
stresses may be due to drought or excess water, anaerobic stress, salt stress, chemical
toxicity, oxidative stress and hot, cold or freezing temperatures. The abiotic stress may be an
osmotic stress caused by a water stress (particularly due to drought), salt stress, oxidative
stress or an ionic stress. Biotic stresses are typically those stresses caused by pathogens,

such as bacteria, viruses, fungi and insects.

In particular, the methods of the present invention may be performed under non-stress
conditions or under conditions of mild drought to give plants having increased yield relative to
control plants. As reported in Wang et al. (Planta (2003) 218: 1-14), abiotic stress leads to a
series of morphological, physiological, biochemical and molecular changes that adversely
affect plant growth and productivity. Drought, salinity, extreme temperatures and oxidative
stress are known to be interconnected and may induce growth and cellular damage through
similar mechanisms. Rabbani et al. (Plant Physiol (2003) 133: 1755-1767) describes a
particularly high degree of “cross talk” between drought stress and high-salinity stress. For
example, drought and/or salinisation are manifested primarily as osmotic stress, resulting in
the disruption of homeostasis and ion distribution in the cell. Oxidative stress, which frequently
accompanies high or low temperature, salinity or drought stress, may cause denaturing of

functional and structural proteins. As a consequence, these diverse environmental stresses
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often activate similar cell signalling pathways and cellular responses, such as the production of
stress proteins, up-regulation of anti-oxidants, accumulation of compatible solutes and growth
arrest. The term “non-stress” conditions as used herein are those environmental conditions
that allow optimal growth of plants. Persons skilled in the art are aware of normal soil

conditions and climatic conditions for a given location.

Performance of the methods of the invention gives plants grown under non-stress conditions or
under mild drought conditions increased yield relative to control plants grown under
comparable conditions. Therefore, according to the present invention, there is provided a
method for increasing yield in plants grown under non-stress conditions or under mild drought
conditions, which method comprises increasing expression in a plant of a nucleic acid

encoding an STO polypeptide.

Performance of the methods of the invention gives plants grown under conditions of nutrient
deficiency, particularly under conditions of nitrogen deficiency, increased yield relative to
control plants grown under comparable conditions. Therefore, according to the present
invention, there is provided a method for increasing yield in plants grown under conditions of
nutrient deficiency, which method comprises increasing expression in a plant of a nucleic acid
encoding an STO polypeptide. Nutrient deficiency may result from a lack of nutrients such as
nitrogen, phosphates and other phosphorous-containing compounds, potassium, calcium,

cadmium, magnesium, manganese, iron and boron, amongst others.

The present invention encompasses plants or parts thereof (including seeds) obtainable by the
methods according to the present invention. The plants or parts thereof comprise a nucleic

acid transgene encoding an STO polypeptide as defined above.

The invention also provides genetic constructs and vectors to facilitate introduction and/or
expression in plants of nucleic acids encoding STO polypeptides. The gene constructs may be
inserted into vectors, which may be commercially available, suitable for transforming into
plants and suitable for expression of the gene of interest in the transformed cells. The
invention also provides use of a gene construct as defined herein in the methods of the

invention.

More specifically, the present invention provides a construct comprising:
(a) a nucleic acid encoding an STO polypeptide as defined above;
(b) one or more control sequences capable of driving expression of the nucleic acid

sequence of (a); and optionally
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(c) a transcription termination sequence.

Preferably, the nucleic acid encoding an STO polypeptide is as defined above. The term

“control sequence” and “termination sequence” are as defined herein.

Plants are transformed with a vector comprising any of the nucleic acids described above. The
skilled artisan is well aware of the genetic elements that must be present on the vector in order
to successfully transform, select and propagate host cells containing the sequence of interest.
The sequence of interest is operably linked to one or more control sequences (at least to a

promoter).

Advantageously, any type of promoter, whether natural or synthetic, may be used to drive

expression of the nucleic acid sequence. A constitutive promoter is particularly useful in the

methods. See the “Definitions” section herein for definitions of the various promoter types. | .-

It should be clear that the applicability of the present invention is not restricted to the STO
polypeptide-encoding nucleic acid represented by SEQ ID NO: 168, nor is the applicability of
the invention restricted to expression of an STO polypeptide-encoding nucleic acid when

driven by a constitutive promoter.

The constitutive promoter is preferably a GOS2 promoter, preferably a GOS2 promoter from
rice. Further preferably the constitutive promoter is represented by a nucleic acid sequence
substantially similar to SEQ ID NO: 218, most preferably the constitutive promoter is as
represented by SEQ ID NO: 218. See Table 2 in the “Definitions” section herein for further

examples of constitutive promoters.

Optionally, one or more terminator sequences may be used in the construct introduced into a
plant. Additional regulatory elements may include transcriptional as well as translational
enhancers. Those skilled in the art will be aware of terminator and enhancer sequences that
may be suitable for use in performing the invention. An intron sequence may also be added to
the 5' untranslated region (UTR) or in the coding sequence to increase the amount of the
mature message that accumulates in the cytosol, as described in the definitions section. Other
control sequences (besides promoter, enhancer, silencer, intron sequences, 3'UTR and/or
5'UTR regions) may be protein and/or RNA stabilizing elements. Such sequences would be

known or may readily be obtained by a person skilled in the art.
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The genetic constructs of the invention may further include an origin of replication sequence
that is required for maintenance and/or replication in a specific cell type. One example is when
a genetic construct is required to be maintained in a bacterial cell as an episomal genetic
element (e.g. plasmid or cosmid molecule). Preferred origins of replication include, but are not

limited to, the f1-ori and colE1.

For the detection of the successful transfer of the nucleic acid sequences as used in the
methods of the invention and/or selection of transgenic plants comprising these nucleic acids,
it is advantageous to use marker genes (or reporter genes). Therefore, the genetic construct
may optionally comprise a selectable marker gene. Selectable markers are described in more
detail in the “definitions” section herein. The marker genes may be removed or excised from
the transgenic cell once they are no longer needed. Techniques for marker removal are

known in the art, useful techniques are described above in the definitions section.

The invention also provides a method for the production of transgenic plants having enhanced
yield-related traits relative to control plants, comprising introduction and expression in a plant

of any nucleic acid encoding an STO polypeptide as defined hereinabove.

More specifically, the present invention provides a method for the production of transgenic
plants having increased enhanced yield-related traits, particularly increased (early) seedling
vigour and/or altered flowering time more particular shorter flowering time of plants, which
method comprises:

(i) introducing and expressing in a plant or plant cell an STO polypeptide-encoding nucleic
acid; and

(ii) cultivating the plant cell under conditions promoting plant growth and development.

The nucleic acid of (i) may be any of the nucleic acids capable of encoding an STO

polypeptide as defined herein.

The nucleic acid may be introduced directly into a plant cell or into the plant itself (including
introduction into a tissue, organ or any other part of a plant). According to a preferred feature
of the present invention, the nucleic acid is preferably introduced into a plant by transformation.

The term “transformation” is described in more detail in the “definitions” section herein.

The genetically modified plant cells can be regenerated via all methods with which the skilled
worker is familiar. Suitable methods can be found in the abovementioned publications by S.D.

Kung and R. Wu, Potrykus or Hofgen and Willmitzer.
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Generally after transformation, plant cells or cell groupings are selected for the presence of
one or more markers which are encoded by plant-expressible genes co-transferred with the
gene of interest, following which the transformed material is regenerated into a whole plant.
To select transformed plants, the plant material obtained in the transformation is, as a rule,
subjected to selective conditions so that transformed plants can be distinguished from
untransformed plants. For example, the seeds obtained in the above-described manner can be
planted and, after an initial growing period, subjected to a suitable selection by spraying. A
further possibility consists in growing the seeds, if appropriate after sterilization, on agar plates
using a suitable selection agent so that only the transformed seeds can grow into plants.
Alternatively, the transformed plants are screened for the presence of a selectable marker

such as the ones described above.

Following DNA transfer and regeneration, putatively transformed plants may also be
evaluated, for instance using Southern analysis, for the presence of the gene of interest, copy
number and/or genomic organisation. Alternatively or additionally, expression levels of the
newly introduced DNA may be monitored using Northern and/or Western analysis, both

techniques being well known to persons having ordinary skill in the art.

The generated transformed plants may be propagated by a variety of means, such as by clonal
propagation or classical breeding techniques. For example, a first generation (or T1)
transformed plant may be selfed and homozygous second-generation (or T2) transformants
selected, and the T2 plants may then further be propagated through classical breeding
techniques. The generated transformed organisms may take a variety of forms. For example,
they may be chimeras of transformed cells and non-transformed cells; clonal transformants
(e.g., all cells transformed to contain the expression cassette); grafts of transformed and
untransformed tissues (e.g., in plants, a transformed rootstock grafted to an untransformed

scion).

The present invention clearly extends to any plant cell or plant produced by any of the methods
described herein, and to all plant parts and propagules thereof. The present invention extends
further to encompass the progeny of a primary transformed or transfected cell, tissue, organ or
whole plant that has been produced by any of the aforementioned methods, the only
requirement being that progeny exhibit the same genotypic and/or phenotypic characteristic(s)

as those produced by the parent in the methods according to the invention.
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The invention also includes host cells containing an isolated nucleic acid encoding an STO
polypeptide as defined hereinabove. Preferred host cells according to the invention are plant
cells. Host plants for the nucleic acids or the vector used in the method according to the
invention, the expression cassette or construct or vector are, in principle, advantageously all

plants, which are capable of synthesizing the polypeptides used in the inventive method.

The methods of the invention are advantageously applicable to any plant. Plants that are
particularly useful in the methods of the invention include all plants which belong to the
superfamily Viridiplantae, in particular monocotyledonous and dicotyledonous plants including
fodder or forage legumes, ornamental plants, food crops, trees or shrubs. According to a
preferred embodiment of the present invention, the plant is a crop plant. Examples of crop
plants include soybean, sunflower, canola, alfalfa, rapeseed, cotton, tomato, potato and
tobacco. Further preferably, the plant is a monocotyledonous plant. Examples of
monocotyledonous plants include sugarcane. More preferably the plant is a cereal. Examples

of cereals include rice, maize, wheat, barley, millet, rye, triticale, sorghum and oats.

The invention also extends to harvestable parts of a plant such as, but not limited to seeds,
leaves, fruits, flowers, stems, roots, rhizomes, tubers and bulbs. The invention furthermore
relates to products derived, preferably directly derived, from a harvestable part of such a plant,

such as dry pellets or powders, oil, fat and fatty acids, starch or proteins.

According to a preferred feature of the invention, the modulated expression is increased
expression. Methods for increasing expression of nucleic acids or genes, or gene products,

are well documented in the art and examples are provided in the definitions section.

As mentioned above, a preferred method for modulating (preferably, increasing) expression of
a nucleic acid encoding an STO polypeptide is by introducing and expressing in a plant a
nucleic acid encoding an STO polypeptide; however the effects of performing the method, i.e.
enhancing yield-related traits may also be achieved using other well known techniques,
including, but not limited to, T-DNA activation tagging, TILLING, homologous recombination. A

description of these techniques is provided in the definitions section.

The present invention also encompasses use of nucleic acids encoding STO polypeptides as
described herein and use of these STO polypeptides in enhancing any of the aforementioned

yield-related traits in plants.
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Nucleic acids encoding STO polypeptide described herein, or the STO polypeptides
themselves, may find use in breeding programmes in which a DNA marker is identified, which
may be genetically linked to an STO polypeptide-encoding gene. The nucleic acids/genes, or
the STO polypeptides themselves may be used to define a molecular marker. This DNA or
protein marker may then be used in breeding programmes to select plants having enhanced

yield-related traits as defined hereinabove in the methods of the invention.

Allelic variants of an STO polypeptide-encoding nucleic acid/gene may also find use in marker-
assisted breeding programmes. Such breeding programmes sometimes require introduction of
allelic variation by mutagenic treatment of the plants, using for example EMS mutagenesis;
alternatively, the programme may start with a collection of allelic variants of so called “natural”
origin caused unintentionally. ldentification of allelic variants then takes place, for example, by
PCR. This is followed by a step for selection of superior allelic variants of the sequence in
question and which give increased yield. Selection is typically carried out by monitoring growth
performance of plants containing different allelic variants of the sequence in question. Growth
performance may be monitored in a greenhouse or in the field. Further optional steps include
crossing plants in which the superior allelic variant was identified with another plant. This

could be used, for example, to make a combination of interesting phenotypic features.

Nucleic acids encoding STO polypeptides may also be used as probes for genetically and
physically mapping the genes that they are a part of, and as markers for traits linked to those
genes. Such information may be useful in plant breeding in order to develop lines with desired
phenotypes. Such use of STO polypeptide-encoding nucleic acids requires only a nucleic acid
sequence of at least 15 nucleotides in length. The STO polypeptide-encoding nucleic acids
may be used as restriction fragment length polymorphism (RFLP) markers. Southern blots
(Sambrook J, Fritsch EF and Maniatis T (1989) Molecular Cloning, A Laboratory Manual) of
restriction-digested plant genomic DNA may be probed with the STO-encoding nucleic acids.
The resulting banding patterns may then be subjected to genetic analyses using computer
programs such as MapMaker (Lander et al. (1987) Genomics 1: 174-181) in order to construct
a genetic map. In addition, the nucleic acids may be used to probe Southern blots containing
restriction endonuclease-treated genomic DNAs of a set of individuals representing parent and
progeny of a defined genetic cross. Segregation of the DNA polymorphisms is noted and used
to calculate the position of the STO polypeptide-encoding nucleic acid in the genetic map
previously obtained using this population (Botstein et al. (1980) Am. J. Hum. Genet. 32:314-
331).
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The production and use of plant gene-derived probes for use in genetic mapping is described
in Bernatzky and Tanksley (1986) Plant Mol. Biol. Reporter 4: 37-41. Numerous publications
describe genetic mapping of specific cDNA clones using the methodology outlined above or
variations thereof. For example, F2 intercross populations, backcross populations, randomly
mated populations, near isogenic lines, and other sets of individuals may be used for mapping.

Such methodologies are well known to those skilled in the art.

The nucleic acid probes may also be used for physical mapping (i.e., placement of sequences
on physical maps; see Hoheisel et al. In: Non-mammalian Genomic Analysis: A Practical

Guide, Academic press 1996, pp. 319-346, and references cited therein).

In another embodiment, the nucleic acid probes may be used in direct fluorescence in situ
hybridisation (FISH) mapping (Trask (1991) Trends Genet. 7:149-154). Although current
methods of FISH mapping favour use of large clones (several kb to several hundred kb; see
Laan et al. (1995) Genome Res. 5:13-20), improvements in sensitivity may allow performance

of FISH mapping using shorter probes.

A variety of nucleic acid amplification-based methods for genetic and physical mapping may be
carried out using the nucleic acids. Examples include allele-specific amplification (Kazazian
(1989) J. Lab. Clin. Med 11:95-96), polymorphism of PCR-amplified fragments (CAPS;
Sheffield et al. (1993) Genomics 16:325-332), allele-specific ligation (Landegren et al. (1988)
Science 241:1077-1080), nucleotide extension reactions (Sokolov (1990) Nucleic Acid Res.
18:3671), Radiation Hybrid Mapping (Walter et al. (1997) Nat. Genet. 7:22-28) and Happy
Mapping (Dear and Cook (1989) Nucleic Acid Res. 17:6795-6807). For these methods, the
sequence of a nucleic acid is used to design and produce primer pairs for use in the
amplification reaction or in primer extension reactions. The design of such primers is well
known to those skilled in the art. In methods employing PCR-based genetic mapping, it may be
necessary to identify DNA sequence differences between the parents of the mapping cross in
the region corresponding to the instant nucleic acid sequence. This, however, is generally not

necessary for mapping methods.

The methods according to the present invention result in plants having enhanced yield-related
traits, as described hereinbefore. These traits may also be combined with other economically
advantageous traits, such as further yield-enhancing traits, tolerance to other abiotic and biotic
stresses, traits modifying various architectural features and/or biochemical and/or physiological

features.
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The term "table A5” used in this specification is to be taken to specify the content of table A5a
and table A5b. The term "table A5a” used in this specification is to be taken to specify the
content of table A5a. The term "table A5b” used in this specification is to be taken to specify
the content of table A5b. In one preferred embodiment, the term "table A5” means table A5b.

In one embodiment the invention relates to subject mater summarized as follows:

ltem 82: A method for enhancing yield-related traits in plants relative to control plants,
comprising modulating expression in a plant of a nucleic acid encoding an STO polypeptide,

wherein said STO polypeptide comprises a B-box domain.

ltem 83: Method according to item 82, wherein said B-box domain comprises a consensus

sequences as represented by SEQ ID NO: 221.

ltem 84: Method according to items 82 or 83, wherein said STO polypeptides comprises a B-
box domain having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or more
sequence identity to SEQ ID NO: 219 or SEQ ID NO: 220.

ltem 85: Method according to any of items 82 to 84, wherein said modulated expression is

effected by introducing and expressing in a plant a nucleic acid encoding an STO polypeptide.

ltem 86: Method according to any of items 82 to 85, wherein said nucleic acid encoding an
STO polypeptide encodes any one of the proteins listed in Table A5 or is a portion of such a

nucleic acid, or a nucleic acid capable of hybridising with such a nucleic acid.

ltem 87: Method according to any of items 82 to 86, wherein said nucleic acid sequence

encodes an orthologue or paralogue of any of the proteins given in Table A5.

ltem 88: Method according to any of items 82 to 87, wherein said enhanced yield-related traits
comprise increased seedling vigour and/or altered flowering time preferably shorter flowering

time relative to control plants.

ltem 89: Method according to any of items 82 to 88, wherein said enhanced yield-related traits

are obtained under non-stress conditions.
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ltem 90: Method according to any of items 85 to 89, wherein said nucleic acid is operably
linked to a constitutive promoter, preferably to a GOS2 promoter, most preferably to a GOS2

promoter from rice.

ltem 91: Method according to any of items 82 to 90, wherein said nucleic acid encoding an
STO polypeptide is of plant origin, preferably from a monocotyledonous plant, further
preferably from the family Poaceae, more preferably from the genus Oryza, most preferably

from Oryza sativa.

ltem 92: Plant or part thereof, including seeds, obtainable by a method according to any
preceding claim, wherein said plant or part thereof comprises a recombinant nucleic acid

encoding an STO polypeptide.

ltem 93: An isolated nucleic acid sequence comprising a nucleic acid sequence selected from
the group consisting of:
(a) an isolated nucleic acid molecule encoding the polypeptide as depicted in SEQ
ID NO: 223 and/or table A5b;
(b) an isolated nucleic acid molecule as depicted in SEQ ID NO: 222 and/or table
A5b;
(c) an isolated nucleic acid molecule, which, as a result of the degeneracy of the
genetic code, can be derived from a polypeptide sequence depicted in table A5 and
confers enhanced yield-related traits relative to control plants;
(d) an isolated nucleic acid molecule having at least 30 %, 31%, 32%, 33%, 34%,
35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%,
49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%,
63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%,
77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity with the
nucleic acid molecule sequence of a polynucleotide comprising the nucleic acid
molecule depicted in table A5 and confers enhanced yield-related traits relative to
control plants;
(e) an isolated nucleic acid molecule encoding a polypeptide having at least 30 %,
31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%,
45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%,
59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%,
73%, 74%, 75%, 716%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity with the amino acid sequence of the polypeptide encoded by the
nucleic acid molecule of (a) to (c) and confers enhanced yield-related traits relative
to control plants;
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(f) an isolated nucleic acid molecule which hybridizes with a nucleic acid molecule
of (a) to (c) under stringent hybridization conditions and confers enhanced yield-
related traits relative to control plants;

(g) an isolated nucleic acid molecule encoding a polypeptide comprising the
consensus sequence or one or more polypeptide motifs as shown figure 15 and
preferably having the activity represented by a nucleic acid molecule comprising a
polynucleotide as depicted in table A5;

(h) an isolated nucleic acid molecule encoding a polypeptide having the activity
represented by a protein as depicted in table A5 and confering enhanced yield-
related traits relative to control plants;

and

(i) a nucleic acid molecule which is obtainable by screening a suitable nucleic acid
library under stringent hybridization conditions with a probe comprising a
complementary sequence of a nucleic acid molecule of (a) or (b) or with a fragment
thereof, having at least 15 nt, preferably 20 nt, 30 nt, 50 nt, 100 nt, 200 nt or 500 nt
of a nucleic acid molecule complementary to a nucleic acid molecule sequence
characterized in (a) to (e) and encoding a polypeptide having the activity
represented by a protein comprising a polypeptide as depicted in table A5;

whereby the nucleic acid molecule according to (a) to (i) is at least in one or more
nucleotides different from the sequence depicted in table A5a and preferably which
encodes a protein which differs at least in one or more amino acids from the protein
sequences depicted in table A5a.

Iltem 94: Construct comprising:

(a) nucleic acid encoding an STO polypeptide as defined in any of items 82 to 84 and 93;

(b) one or more control sequences capable of driving expression of the nucleic acid sequence
of (a); and optionally

(c) a transcription termination sequence.

ltem 95: Construct according to item 94, wherein one of said control sequences is a
constitutive promoter, preferably a GOS2 promoter, most preferably a GOS2 promoter from

rice.

ltem 96:Use of a construct according to any of items 94 to 95 in a method for making plants
having enhanced yield-related traits, preferably increased seedling vigour and/or altered

flowering time, particularly shorter flowering time relative to control plants.
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ltem 97: Plant, plant part or plant cell transformed with a construct according to any of items 94
to 95.

ltem 98: Method for the production of a transgenic plant having enhanced yield-related traits,
preferably increased seedling vigour and/or altered flowering time, particularly shorter
flowering time relative to control plants, comprising:

(i) introducing and expressing in a plant a nucleic acid encoding an STO polypeptide as
defined in any of items 82 to 84 and 93; and

(ii) cultivating the plant cell under conditions promoting plant growth and development.

ltem 99: Transgenic plant having enhanced yield-related traits, preferably increased seedling
vigour and/or altered flowering time, particularly shorter flowering time relative to control plants,
resulting from increased expression of a nucleic acid encoding an STO polypeptide as defined

in any of items 82 to 84 and 93, or a transgenic plant cell derived from said transgenic plant.

ltem 100: Transgenic plant according to item 92, 97 or 99, or a transgenic plant cell derived
thereof, wherein said plant is a crop plant or a monocot or a cereal, such as rice, maize, wheat,

barley, millet, rye, triticale, sorghum and oats.

ltem 101: Harvestable parts of a plant according to item 100, wherein said harvestable parts

are preferably shoot biomass and/or seeds.

ltem 102: Products derived from a plant according to item 100 and/or from harvestable parts of

a plant according to item 101.

ltem 103: Use of a nucleic acid encoding an STO polypeptide in increasing seedling vigour

and/or altering flowering time, particularly shortening flowering time relative to control plants.

According to a further embodiment of the present invention, there is also provided an isolated
polypeptide comprising a polypeptide sequence selected from the group consisting of:

(i) an amino acid sequence encoded by any one of the nucleic acids represented by Item
93;

(ii) an amino acid sequence having, in increasing order of preference, at least 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or more sequence identity
to the amino acid sequence of (i);

(iii)  derivatives of any of the amino acid sequences given in (i) or (ii) above.
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In a further embodiment of the invention it has now been found that modulating expression in a
plant of a nucleic acid encoding a UGE polypeptide gives plants having enhanced yield-related
traits relative to control plants. According to a first embodiment, the present invention provides
a method for enhancing yield-related traits in plants relative to control plants, comprising

modulating expression in a plant of a nucleic acid encoding a UGE polypeptide.

A preferred method for modulating (preferably, increasing) expression of a nucleic acid
encoding a UGE polypeptide is by introducing and expressing in a plant a nucleic acid

encoding a UGE polypeptide.

Any reference hereinafter to a “protein useful in the methods of the invention” is taken to mean
a UGE polypeptide. Any reference hereinafter to a “nucleic acid useful in the methods of the
invention” is taken to mean a nucleic acid capable of encoding such a UGE polypeptide. The
nucleic acid to be introduced into a plant (and therefore useful in performing the methods of
the invention) is any nucleic acid encoding the type of protein which will now be described,
hereinafter also named “UGE nucleic acid” or “UGE gene”. UGE polypeptides and UGE
nucleic acids have been described before (Maxwell and Robichon-Szulmajster (1960); J. Biol.
Chem. 235 (1960) 308-312; Wilson, D.B. and Hogness, D.S. (1964). J. Biol. Chem. 239 2469-
2481; reviewed by Frey FASEB J. 1996 Mar;10(4):461-70; Thoden et al. (1997). Biochemistry
36:6294-6304; Dormann and Benning 1998; Shaw et al. 2003. Mol. Biochem. Parasitol. 126,
173-180; Barber et al. 2006).

A “UGE polypeptide” comprises an epimerase domain and typically has UDP-Glucose-4-
epimerase activity. Epimerase domain refers to a sequence of varying length, in average
around 200 amino acids long, conserved amongst epimerases (InterPro reference IPR0O05886;
Pfam reference: PF01370).

UGE polypeptides can be found by searching in specialized databases such as Pfam, (Finn et
al. Nucleic Acids Research (2006) Database Issue 34:D247-D251). Pfam compiles a large
collection of multiple sequence alignments and hidden Markov models (HMM) covering many
common protein domains and families and is available through the Sanger Institute in the
United Kingdom. Trusted matches as considered in the Pfam database are those sequences
scoring higher than the gathering cut-off threshold. The gathering cutoff threshold of the
epimerase domain in the Pfam HMM_fs method is -46.3 and in the Pfam HMM_Is method is
16.7. However potential matches, comprising true epimerase domains, may still fall under the

gathering cut-off. Preferably a UGE polypeptide useful in the methods of the invention is a
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protein having one or more domains in their sequence that exceed the gathering cutoff of the
Pfam protein domain family PF01370, known as epimerase or NAD dependent

epimerase/dehydratase family domain.

Alternatively, an epimerase domain in a polypeptide may be identified by performing a
sequence comparison with known polypeptides comprising a epimerase domain and
establishing the similarity in the region of the epimerase domain. The sequences may be
aligned using any of the methods well known in the art such as Blast algorithms. The
probability for the alignment to occur with a given sequence is taken as basis for identifying
similar polypeptides. A parameter that is typically used to represent such probability is called e-
value. The E-value is a measure of the reliability of the S score. The S score is a measure of
the similarity of the query to the sequence shown. The e-value describes how often a given S
score is expected to occur at random. The e-value cut-off may be as high as 1.0. The typical
threshold for a trusted e-value from a BLAST search output using an epimerase polypeptide as
query sequence is lower than e5(=10-5), 1.e-10, 1.e-15, 1.e-20, 1.e-25, 1.e-50, 1.e-75, 1.e-
100, 1.e-200, 1.e-300, 1.e-400, 1.e-500, 1.e-600, 1.e-700 and 1.e-800. Preferably UGE
polypeptides useful in the methods of the invention comprise a sequence having in increasing
order of preference an e-value lower than e-5(=10-5), 1.e-10, 1.e-15, 1.e-20, 1.e-25, 1.e-50,
1.e-75, 1.e-100, 1.e-200, 1.e-300, 1.e-400, 1.e-500, 1.e-600, 1.e-700 and 1.e-800 in an
alignment with an epimerase domain found in a known UGE polypeptide, such as for example
SEQ ID NO: 225.

A preferred UGE polypeptide useful in the methods of the invention refers to a polypeptide
comprising an epimerase domain, such domain having in increasing order of preference at
least 70%, 75%, 80%, 85%, 90%, 95%, 97% or more sequence identity to SEQ ID NO: 275

(sequence representing the epimerase domain comprised in SEQ ID NO: 225).

Examples of UGE polypeptides useful in the methods of the invention are given in Table A6.
The amino acid coordinates of the epimerase domain in the representative UGE protein as
represented by SEQ ID NO: 225 are given in Table C. The sequence of the epimerase domain
comprised in SEQ ID NO: 225 is given in SEQ ID NO: 275).

Preferred UGE polypeptides useful in the methods of the invention are those having in
increasing order of preference at least 70%, 75%, 80%, 85%, 90%, 95%, 96%; 98% or more
sequence identity to any of the polypeptides given in Table A6.
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UGE polypeptides typically comprise conserved motifs relevant to their enzymatic activity such
as i) Motif 8 involved in binding of the UGE protein to the cofactor NAD+ and represented by
GXXGXXG (SEQ ID NO: 276) and ii) Motif 9 located in the active site as represented by
YGRT/S (SEQ ID NO: 277), wherein the G can be substituted by any other non polar amino

acid and the R by any other polar amino acid.

UGE polypeptides may comprise in addition to the epimerase domain one or more of the
following conserved motifs: (i) Motif 10 as represented by SEQ ID NO: 278, which comprises
the NAD+ binding motif, (ii) Motif 11 as represented by SEQ ID NO: 279 and iii) Motif 12 as
represented by SEQ ID: 280. Figure 19 shows the conserved motifs Motif 8 to Motif 12 and
their relative position in the UGE polypeptide sequence represented by SEQ ID NO: 225.

Therefore, preferred UGE polypeptides useful in the method of the invention, comprise in
addition to the epimerase domain any one or more of the following conserved motifs:
(i Motif 8 as represented by SEQ ID NO: 276;
(i) Motif 9 as represented by SEQ ID NO: 277 wherein the G can be substituted by
any other non polar amino acid and the R by any other polar amino acid ;
(iii) Motif 10 as represented by SEQ ID NO: 278, wherein 1, 2, 3 or 4 mismatches
are allowed;
(iv) Motif 11 as represented by SEQ ID NO: 279,
(v) Motif 12 as represented by SEQ ID NO: 280, wherein 1, 2, 3 or 4 mismatches

are allowed.

The polarity of the 20 essential amino acids in given in Table 3. Most frequently the amino
acids comprised in polypeptides are alpha amino acids having an amine and a carboxyl group
attached to the same carbon, the alpha carbon, which amino acid molecules often comprise a
side chain attached to the alpha carbon. Table 3 shows the classification of amino acids based

on the physical and biochemical properties of the side chain.

Table 3: Classification of amino acids according to the side chain properties.

Amino Acid [3-Letter [1-Letter [Side chain Side chain acidity |[Hydropathy
polarity  |or basicity index
Arginine Arg R polar basic 4.5
Asparagine |Asn N polar neutral 3.5
Aspartic acid |Asp D polar acidic 3.5
Cysteine Cys C polar neutral 2.5
Glutamic acid |Glu E polar acidic 3.5
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Amino Acid [3-Letter [1-Letter [Side chain Side chain acidity |[Hydropathy
polarity  |or basicity index
Glutamine  |GIn Q polar neutral 3.5
Histidine His H polar basic 3.2
Lysine Lys K polar basic 3.9
Serine Ser S polar neutral +0.8
IThreonine Thr T polar neutral 0.7
ITyrosine Tyr Y polar neutral 1.3
Alanine Ala A nonpolar  |neutral 1.8
Glycine Gly G nonpolar  |neutral 0.4
Isoleucine Ile I nonpolar  |neutral 4.5
Leucine Leu L nonpolar  |neutral 3.8
Methionine  [Met M nonpolar  |neutral 1.9
PhenylalaninelPhe F nonpolar  |neutral 2.8
Proline Pro P nonpolar  |neutral 1.6
ITryptophan [Trp W nonpolar  |neutral +0.9
Valine Val \Y nonpolar  |neutral 4.2

Examples of UGE polypeptides comprising one or more of the conserved motifs Motif 8 to
Motif 12 are given in Example 1. Figure 20 shows the position of the conserved motifs in those

UGE polypeptides.

Additionally UGE polypeptides may comprise a sighal polypeptide functional in subcellular
localisation of the protein in a cell. For example SEQ ID NO: 225 comprises a putative
secretory pathway signal peptide located between amino acid 13 and 37, with a putative

cleavage site between amino acid 36 and 37.

UGE polypeptides may be modified further in the cell, for example, by cleavage of signal
peptides to produce a so-called, mature UGE polypeptide. A preferred derivative of a UGE
polypeptide useful in the methods of the invention is that resulting from removal of the

signalling peptide and corresponding to the mature UGE polypeptide.

Preferably, the polypeptide sequence which when used in the construction of a phylogenetic
tree, such as the one depicted in Figure 21, clusters with the group comprising the amino acid

sequence represented by SEQ ID NO: 225 (Os_UGEZ2) or alternatively, when in a tree such
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as that of Figure 1 in Rosti et al. 2007 (The Plant Cell 19:1565-1579) clusters with group
comprising AtUGE2.

The term “domain” and “motif’ is defined in the “definitions” section herein. Specialist
databases exist for the identification of domains, for example, SMART (Schultz et al. (1998)
Proc. Natl. Acad. Sci. USA 95, 5857-5864; Letunic et al. (2002) Nucleic Acids Res 30, 242-
244), InterPro (Mulder et al., (2003) Nucl. Acids. Res. 31, 315-318), Prosite (Bucher and
Bairoch (1994), A generalized profile syntax for biomolecular sequences motifs and its function
in automatic sequence interpretation. (In) ISMB-94; Proceedings 2nd International Conference
on Intelligent Systems for Molecular Biology. Altman R., Brutlag D., Karp P., Lathrop R., Searls
D., Eds., pp53-61, AAAI Press, Menlo Park; Hulo et al., Nucl. Acids. Res. 32:D134-D137,
(2004)), or Pfam (Bateman et al., Nucleic Acids Research 30(1): 276-280 (2002)). A set of
tools for in silico analysis of protein sequences is available on the ExPASy proteomics server
(Swiss Institute of Bioinformatics (Gasteiger et al., ExPASy: the proteomics server for in-depth
protein knowledge and analysis, Nucleic Acids Res. 31:3784-3788(2003)). Domains or motifs

may also be identified using routine techniques, such as by sequence alignment.

Methods for the alignment of sequences for comparison are well known in the art, such
methods include GAP, BESTFIT, BLAST, FASTA and TFASTA. GAP uses the algorithm of
Needleman and Wunsch ((1970) J Mol Biol 48: 443-453) to find the global (i.e. spanning the
complete sequences) alignment of two sequences that maximizes the number of matches and
minimizes the number of gaps. The BLAST algorithm (Altschul et al. (1990) J Mol Biol 215:
403-10) calculates percent sequence identity and performs a statistical analysis of the
similarity between the two sequences. The software for performing BLAST analysis is publicly
available through the National Centre for Biotechnology Information (NCBI). Homologues may
readily be identified using, for example, the ClustalW multiple sequence alignment algorithm
(version 1.83), with the default pairwise alignment parameters, and a scoring method in
percentage. Global percentages of similarity and identity may also be determined using one of
the methods available in the MatGAT software package (Campanella et al., BMC
Bioinformatics. 2003 Jul 10;4:29. MatGAT: an application that generates similarity/identity
matrices using protein or DNA sequences.). Minor manual editing may be performed to
optimise alignment between conserved motifs, as would be apparent to a person skilled in the
art. Furthermore, instead of using full-length sequences for the identification of homologues,
specific domains may also be used. The sequence identity values may be determined over
the entire nucleic acid or amino acid sequence or over selected domains or conserved motif(s),

using the programs mentioned above using the default parameters.
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Furthermore, UGE polypeptides (at least in their native form) typically have UDP-Glucose 4-
epimerase or UDP-Galactose 4-epimerase activity. In addition UGE polypeptides useful in the
methods of the invention may also be enzymatically inactive. Tools and techniques for
measuring UDP_Glucose 4-epimerase and UDP-Galactose 4-epimerase activity are well
known in the art. Further details on the reaction properties or activity as well as examples of
UGE polypeptides are well known in the art and can be found in specialized databases such
as BRENDA (The Comprehensive Enzyme Information System) developed and maintained at
the University of Cologne (Germany). In vivo assays include the complementation of defective
UDP_Glucose 4- epimerase activity in microorganisms carrying mutations in genes encoding
UGE polypeptides, e.g. the Scharomyces cerevisiae strain carrying a deficiency in the gene
encoding the GAL10 protein (Dormann and Benning. 1996. Arch Biochem Biophys. 327(1):27-
34). Methods to purify UGE polypeptides and to measure the epimearase activity in vitro have
also been described (Barber 2006).

The present invention is illustrated by transforming plants with the nucleic acid sequence
represented by SEQ ID NO: 224, encoding the polypeptide sequence of SEQ ID NO: 225.
However, performance of the invention is not restricted to these sequences; the methods of
the invention may advantageously be performed using any UGE-encoding nucleic acid or UGE

polypeptide as defined herein.

Examples of nucleic acids encoding UGE polypeptides are given in Table A6 of Example 1
herein. Such nucleic acids are useful in performing the methods of the invention. The amino
acid sequences given in Table A6 of Example 1 are example sequences of orthologues and
paralogues of the UGE polypeptide represented by SEQ ID NO: 225, the terms “orthologues”
and “paralogues” being as defined herein. Further orthologues and paralogues may readily be
identified by performing a so-called reciprocal blast search. Typically, this involves a first
BLAST involving BLASTing a query sequence (for example using any of the sequences listed
in Table A6 of Example 1) against any sequence database, such as the publicly available
NCBI database. BLASTN or TBLASTX (using standard default values) are generally used
when starting from a nucleotide sequence, and BLASTP or TBLASTN (using standard default
values) when starting from a protein sequence. The BLAST results may optionally be filtered.
The full-length sequences of either the filtered results or non-filtered results are then BLASTed
back (second BLAST) against sequences from the organism from which the query sequence is
derived (where the query sequence is SEQ ID NO: 224 or SEQ ID NO: 225, the second
BLAST would therefore be against rice sequences). The results of the first and second
BLASTSs are then compared. A paralogue is identified if a high-ranking hit from the first blast is

from the same species as from which the query sequence is derived, a BLAST back then
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ideally results in the query sequence amongst the highest hits; an orthologue is identified if a
high-ranking hit in the first BLAST is not from the same species as from which the query
sequence is derived, and preferably results upon BLAST back in the query sequence being

among the highest hits.

High-ranking hits are those having a low E-value. The lower the E-value, the more significant
the score (or in other words the lower the chance that the hit was found by chance).
Computation of the E-value is well known in the art. In addition to E-values, comparisons are
also scored by percentage identity. Percentage identity refers to the number of identical
nucleotides (or amino acids) between the two compared nucleic acid (or polypeptide)
sequences over a particular length. In the case of large families, ClustalW may be used,
followed by a neighbour joining tree, to help visualize clustering of related genes and to identify

orthologues and paralogues.

Nucleic acid variants may also be useful in practising the methods of the invention. Examples
of such variants include nucleic acids encoding homologues and derivatives of any one of the
amino acid sequences given in Table A6 of Example 1, the terms “homologue” and “derivative”
being as defined herein. Also useful in the methods of the invention are nucleic acids
encoding homologues and derivatives of orthologues or paralogues of any one of the amino
acid sequences given in Table A6 of Example 1. Homologues and derivatives useful in the
methods of the present invention have substantially the same biological and functional activity

as the unmodified protein from which they are derived.

Further nucleic acid variants useful in practising the methods of the invention include portions
of nucleic acids encoding UGE polypeptides, nucleic acids hybridising to nucleic acids
encoding UGE polypeptides, splice variants of nucleic acids encoding UGE polypeptides,
allelic variants of nucleic acids encoding UGE polypeptides and variants of nucleic acids
encoding UGE polypeptides obtained by gene shuffling. The terms hybridising sequence,

splice variant, allelic variant and gene shuffling are as described herein.

Nucleic acids encoding UGE polypeptides need not be full-length nucleic acids, since
performance of the methods of the invention does not rely on the use of full-length nucleic acid
sequences. According to the present invention, there is provided a method for enhancing
yield-related traits in plants, comprising introducing and expressing in a plant a portion of any
one of the nucleic acid sequences given in Table A6 of Example 1, or a portion of a nucleic
acid encoding an orthologue, paralogue or homologue of any of the amino acid sequences

given in Table A6 of Example 1.
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A portion of a nucleic acid may be prepared, for example, by making one or more deletions to
the nucleic acid. The portions may be used in isolated form or they may be fused to other
coding (or non-coding) sequences in order to, for example, produce a protein that combines
several activities. When fused to other coding sequences, the resultant polypeptide produced

upon translation may be bigger than that predicted for the protein portion.

Portions useful in the methods of the invention, encode a UGE polypeptide as defined herein,
and have substantially the same biological activity as the amino acid sequences given in Table
A6 of Example 1. Preferably, the portion is a portion of any one of the nucleic acids given in
Table A of Example 1, or is a portion of a nucleic acid encoding an orthologue or paralogue of
any one of the amino acid sequences given in Table A6 of Example 1. Preferably the portion
is at least 250, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000 consecutive
nucleotides in length, the consecutive nucleotides being of any one of the nucleic acid
sequences given in Table A6 of Example 1, or of a nucleic acid encoding an orthologue or
paralogue of any one of the amino acid sequences given in Table A6 of Example 1. Most
preferably the portion is a portion of the nucleic acid of SEQ ID NO: 224. Preferably, the
portion encodes an amino acid sequence which when used in the construction of a
phylogenetic tree, such as the one depicted in Figure 21, clusters with the group comprising
the amino acid sequence represented by SEQ ID NO: 225 (Os_UGEZ2) or alternatively, when
in a tree such as that of Figure 1 in Rosti et al. 2007 (The Plant Cell 19:1565-1579) clusters
with group comprising AtUGE?2.

Another nucleic acid variant useful in the methods of the invention is a nucleic acid capable of
hybridising, under reduced stringency conditions, preferably under stringent conditions, with a
nucleic acid encoding a UGE polypeptide as defined herein, or with a portion as defined

herein.

According to the present invention, there is provided a method for enhancing yield-related
traits in plants, comprising introducing and expressing in a plant a nucleic acid capable of
hybridizing to any one of the nucleic acids given in Table A6 of Example 1, or comprising
introducing and expressing in a plant a nucleic acid capable of hybridising to a nucleic acid
encoding an orthologue, paralogue or homologue of any of the nucleic acid sequences given in
Table A6 of Example 1.

Hybridising sequences useful in the methods of the invention encode a UGE polypeptide as

defined herein, having substantially the same biological activity as the amino acid sequences
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given in Table A6 of Example 1. Preferably, the hybridising sequence is capable of hybridising
to any one of the nucleic acids given in Table A6 of Example 1, or to a portion of any of these
sequences, a portion being as defined above, or the hybridising sequence is capable of
hybridising to a nucleic acid encoding an orthologue or paralogue of any one of the amino acid
sequences given in Table A6 of Example 1. Most preferably, the hybridising sequence is
capable of hybridising to a nucleic acid as represented by SEQ ID NO: 224 or to a portion
thereof.

Preferably, the hybridising sequence encodes a polypeptide with an amino acid sequence
which when used in the construction of a phylogenetic tree, such as the one depicted in Figure
21, clusters with the group comprising the amino acid sequence represented by SEQ ID NO:
225 (Os_UGE?2) or alternatively when used in the construction of a phylogenetic tree such as
that of Figure 1 in Rosti et al. 2007 (The Plant Cell 19:1565-1579) clusters with group
comprising AtUGE2.

Another nucleic acid variant useful in the methods of the invention is a splice variant encoding

a UGE polypeptide as defined hereinabove, a splice variant being as defined herein.

According to the present invention, there is provided a method for enhancing yield-related
traits in plants, comprising introducing and expressing in a plant a splice variant of any one of
the nucleic acid sequences given in Table A6 of Example 1, or a splice variant of a nucleic acid
encoding an orthologue, paralogue or homologue of any of the amino acid sequences given in
Table A6 of Example 1.

Preferred splice variants are splice variants of a nucleic acid represented by SEQ ID NO: 224,
or a splice variant of a nucleic acid encoding an orthologue or paralogue of SEQ ID NO: 225.
Preferably, the amino acid sequence encoded by the splice variant, when used in the
construction of a phylogenetic tree, such as the one depicted in Figure 21, clusters with the
group comprising the amino acid sequence represented by SEQ ID NO: 225 (Os _UGEZ2) or
alternatively when used in the construction of a phylogenetic tree such as that of Figure 1 in
Rosti et al. 2007 (The Plant Cell 19:1565-1579) clusters with group comprising AtUGE2.

Another nucleic acid variant useful in performing the methods of the invention is an allelic
variant of a nucleic acid encoding a UGE polypeptide as defined hereinabove, an allelic variant

being as defined herein.
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According to the present invention, there is provided a method for enhancing yield-related
traits in plants, comprising introducing and expressing in a plant an allelic variant of any one of
the nucleic acids given in Table A6 of Example 1, or comprising introducing and expressing in
a plant an allelic variant of a nucleic acid encoding an orthologue, paralogue or homologue of

any of the amino acid sequences given in Table A6 of Example 1.

The allelic variants useful in the methods of the present invention have substantially the same
biological activity as the UGE polypeptide of SEQ ID NO: 225 and any of the amino acids
depicted in Table A6 of Example 1. Allelic variants exist in nature, and encompassed within
the methods of the present invention is the use of these natural alleles. Preferably, the allelic
variant is an allelic variant of SEQ ID NO: 224 or an allelic variant of a nucleic acid encoding
an orthologue or paralogue of SEQ ID NO: 225. Preferably, the amino acid sequence encoded
by the allelic variant, when used in the construction of a phylogenetic tree, such as the one
depicted in Figure 21, clusters with the group comprising the amino acid sequence
represented by SEQ ID NO: 225 (Os_UGE2) or alternatively when used in the construction of
a phylogenetic tree such as that of Figure 1 in Rosti et al. 2007 (The Plant Cell 19:1565-1579)
clusters with group comprising AtUGEZ2.

Gene shuffling or directed evolution may also be used to generate variants of nucleic acids
encoding UGE polypeptides as defined above; the term “gene shuffling” being as defined

herein.

According to the present invention, there is provided a method for enhancing yield-related
traits in plants, comprising introducing and expressing in a plant a variant of any one of the
nucleic acid sequences given in Table A6 of Example 1, or comprising introducing and
expressing in a plant a variant of a nucleic acid encoding an orthologue, paralogue or
homologue of any of the amino acid sequences given in Table A6 of Example 1, which variant

nucleic acid is obtained by gene shuffling.

Preferably, the amino acid sequence encoded by the variant nucleic acid obtained by gene
shuffling, when used in the construction of a phylogenetic tree such as the one depicted in
Figure 21, clusters with the group comprising the amino acid sequence represented by SEQ ID
NO: 225 (Os_UGE2) or alternatively when used in the construction of a phylogenetic tree
such as that of Figure 1 in Rosti et al. 2007 (The Plant Cell 19:1565-1579) clusters with group
comprising AtUGE2.
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Furthermore, nucleic acid variants may also be obtained by site-directed mutagenesis.
Several methods are available to achieve site-directed mutagenesis, the most common being

PCR based methods (Current Protocols in Molecular Biology. Wiley Eds.).

Nucleic acids encoding UGE polypeptides may be derived from any natural or artificial source.
The nucleic acid may be modified from its native form in composition and/or genomic
environment through deliberate human manipulation. Preferably the UGE polypeptide-
encoding nucleic acid is from a plant, further preferably from a monocotyledonous plant, more

preferably from the family Poaceae, most preferably the nucleic acid is from Oryza sativa.

Performance of the methods of the invention gives plants having enhanced yield-related traits.
In particular performance of the methods of the invention gives plants having increased yield,
especially increased seed yield relative to control plants. The terms “yield” and “seed yield”

are described in more detail in the “definitions” section herein.

Reference herein to enhanced yield-related traits is taken to mean an increase in biomass
(weight) of one or more parts of a plant, which may include aboveground (harvestable) parts
and/or (harvestable) parts below ground. In particular, such harvestable parts are seeds, and
performance of the methods of the invention results in plants having increased seed yield

relative to the seed yield of control plants.

Taking corn as an example, a yield increase may be manifested as one or more of the
following: increase in the number of plants established per hectare or acre, an increase in the
number of ears per plant, an increase in the number of rows, humber of kernels per row, kernel
weight, thousand kernel weight, ear length/diameter, increase in the seed filling rate (which is
the number of filled seeds divided by the total number of seeds and multiplied by 100), among
others. Taking rice as an example, a yield increase may manifest itself as an increase in one
or more of the following: number of plants per hectare or acre, humber of panicles per plant,
number of spikelets per panicle, number of flowers (florets) per panicle (which is expressed as
a ratio of the number of filled seeds over the number of primary panicles), increase in the seed
filling rate (which is the number of filled seeds divided by the total number of seeds and

multiplied by 100), increase in thousand kernel weight, among others.

The present invention provides a method for increasing yield, especially seed yield of plants,
relative to control plants, which method comprises modulating expression, preferably
increasing expression, in a plant of a nucleic acid encoding a UGE polypeptide as defined

herein.
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Since the transgenic plants according to the present invention have increased yield, it is likely
that these plants exhibit an increased growth rate (during at least part of their life cycle),

relative to the growth rate of control plants at a corresponding stage in their life cycle.

The increased growth rate may be specific to one or more parts of a plant (including seeds), or
may be throughout substantially the whole plant. Plants having an increased growth rate may
have a shorter life cycle. The life cycle of a plant may be taken to mean the time needed to
grow from a dry mature seed up to the stage where the plant has produced dry mature seeds,
similar to the starting material. This life cycle may be influenced by factors such as early
vigour, growth rate, greenness index, flowering time and speed of seed maturation. The
increase in growth rate may take place at one or more stages in the life cycle of a plant or
during substantially the whole plant life cycle. Increased growth rate during the early stages in
the life cycle of a plant may reflect enhanced vigour. The increase in growth rate may alter the
harvest cycle of a plant allowing plants to be sown later and/or harvested sooner than would
otherwise be possible (a similar effect may be obtained with earlier flowering time). If the
growth rate is sufficiently increased, it may allow for the further sowing of seeds of the same
plant species (for example sowing and harvesting of rice plants followed by sowing and
harvesting of further rice plants all within one conventional growing period). Similarly, if the
growth rate is sufficiently increased, it may allow for the further sowing of seeds of different
plants species (for example the sowing and harvesting of corn plants followed by, for example,
the sowing and optional harvesting of soybean, potato or any other suitable plant). Harvesting
additional times from the same rootstock in the case of some crop plants may also be possible.
Altering the harvest cycle of a plant may lead to an increase in annual biomass production per
acre (due to an increase in the number of times (say in a year) that any particular plant may be
grown and harvested). An increase in growth rate may also allow for the cultivation of
transgenic plants in a wider geographical area than their wild-type counterparts, since the
territorial limitations for growing a crop are often determined by adverse environmental
conditions either at the time of planting (early season) or at the time of harvesting (late
season). Such adverse conditions may be avoided if the harvest cycle is shortened. The
growth rate may be determined by deriving various parameters from growth curves, such
parameters may be: T-Mid (the time taken for plants to reach 50% of their maximal size) and

T-90 (time taken for plants to reach 90% of their maximal size), amongst others.

According to a preferred feature of the present invention, performance of the methods of the
invention gives plants having an increased growth rate relative to control plants. Therefore,

according to the present invention, there is provided a method for increasing the growth rate of
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plants, which method comprises modulating expression, preferably increasing expression, in a

plant of a nucleic acid encoding a UGE polypeptide as defined herein.

An increase in yield and/or growth rate occurs whether the plant is under non-stress conditions
or whether the plant is exposed to various stresses compared to control plants. Plants typically
respond to exposure to stress by growing more slowly. In conditions of severe stress, the plant
may even stop growing altogether. Mild stress on the other hand is defined herein as being
any stress to which a plant is exposed which does not result in the plant ceasing to grow
altogether without the capacity to resume growth. Mild stress in the sense of the invention
leads to a reduction in the growth of the stressed plants of less than 40%, 35% or 30%,
preferably less than 25%, 20% or 15%, more preferably less than 14%, 13%, 12%, 11% or
10% or less in comparison to the control plant under non-stress conditions. Due to advances
in agricultural practices (irrigation, fertilization, pesticide treatments) severe stresses are not
often encountered in cultivated crop plants. As a consequence, the compromised growth
induced by mild stress is often an undesirable feature for agriculture. Mild stresses are the
everyday biotic and/or abiotic (environmental) stresses to which a plant is exposed. Abiotic
stresses may be due to drought or excess water, anaerobic stress, salt stress, chemical
toxicity, oxidative stress and hot, cold or freezing temperatures. The abiotic stress may be an
osmotic stress caused by a water stress (particularly due to drought), salt stress, oxidative
stress or an ionic stress. Biotic stresses are typically those stresses caused by pathogens,

such as bacteria, viruses, fungi and insects.

In particular, the methods of the present invention may be performed under non-stress
conditions or under conditions of mild drought to give plants having increased yield relative to
control plants. As reported in Wang et al. (Planta (2003) 218: 1-14), abiotic stress leads to a
series of morphological, physiological, biochemical and molecular changes that adversely
affect plant growth and productivity. Drought, salinity, extreme temperatures and oxidative
stress are known to be interconnected and may induce growth and cellular damage through
similar mechanisms. Rabbani et al. (Plant Physiol (2003) 133: 1755-1767) describes a
particularly high degree of “cross talk” between drought stress and high-salinity stress. For
example, drought and/or salinisation are manifested primarily as osmotic stress, resulting in
the disruption of homeostasis and ion distribution in the cell. Oxidative stress, which frequently
accompanies high or low temperature, salinity or drought stress, may cause denaturing of
functional and structural proteins. As a consequence, these diverse environmental stresses
often activate similar cell signalling pathways and cellular responses, such as the production of
stress proteins, up-regulation of anti-oxidants, accumulation of compatible solutes and growth

arrest. The term “non-stress” conditions as used herein are those environmental conditions
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that allow optimal growth of plants. Persons skilled in the art are aware of normal soil

conditions and climatic conditions for a given location.

Performance of the methods of the invention gives plants grown under non-stress conditions or
under mild drought conditions increased yield relative to control plants grown under
comparable conditions. Therefore, according to the present invention, there is provided a
method for increasing yield in plants grown under non-stress conditions or under mild drought
conditions, which method comprises increasing expression in a plant of a nucleic acid

encoding a UGE polypeptide.

Performance of the methods of the invention gives plants grown under conditions of nutrient
deficiency, particularly under conditions of nitrogen deficiency, increased yield relative to
control plants grown under comparable conditions. Therefore, according to the present
invention, there is provided a method for increasing yield in plants grown under conditions of
nutrient deficiency, which method comprises increasing expression in a plant of a nucleic acid
encoding a UGE polypeptide. Nutrient deficiency may result from a lack of nutrients such as
nitrogen, phosphates and other phosphorous-containing compounds, potassium, calcium,

cadmium, magnesium, manganese, iron and boron, amongst others.

The present invention encompasses plants or parts thereof (including seeds) obtainable by the
methods according to the present invention. The plants or parts thereof comprise a nucleic

acid transgene encoding a UGE polypeptide as defined above.

The invention also provides genetic constructs and vectors to facilitate introduction and/or
expression in plants of nucleic acids encoding UGE polypeptides. The gene constructs may
be inserted into vectors, which may be commercially available, suitable for transforming into
plants and suitable for expression of the gene of interest in the transformed cells. The
invention also provides use of a gene construct as defined herein in the methods of the

invention.

More specifically, the present invention provides a construct comprising:

(a) a nucleic acid encoding a UGE polypeptide as defined above;

(b) one or more control sequences capable of driving expression of the nucleic acid
sequence of (a); and optionally

(c) a transcription termination sequence.
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Preferably, the nucleic acid encoding a UGE polypeptide is as defined above. The term

“control sequence” and “termination sequence” are as defined herein.

Plants are transformed with a vector comprising any of the nucleic acids described above. The
skilled artisan is well aware of the genetic elements that must be present on the vector in order
to successfully transform, select and propagate host cells containing the sequence of interest.
The sequence of interest is operably linked to one or more control sequences (at least to a

promoter).

Advantageously, any type of promoter, whether natural or synthetic, may be used to drive
expression of the nucleic acid sequence. A constitutive promoter is particularly useful in the

methods. See the “Definitions” section herein for definitions of the various promoter types.

It should be clear that the applicability of the present invention is not restricted to the UGE
polypeptide-encoding nucleic acid represented by SEQ ID NO: 1, nor is the applicability of the
invention restricted to expression of a UGE polypeptide-encoding nucleic acid when driven by

a constitutive promoter, or when driven by a root-specific promoter.

The constitutive promoter is preferably a GOS2 promoter, preferably a GOS2 promoter from
rice. Further preferably the constitutive promoter is represented by a nucleic acid sequence
substantially similar to SEQ ID NO: 270, most preferably the constitutive promoter is as
represented by SEQ ID NO: 270. See Table 2 in the “Definitions” section herein for further

examples of constitutive promoters.

Optionally, one or more terminator sequences may be used in the construct introduced into a
plant. Additional regulatory elements may include transcriptional as well as translational
enhancers. Those skilled in the art will be aware of terminator and enhancer sequences that
may be suitable for use in performing the invention. An intron sequence may also be added to
the 5' untranslated region (UTR) or in the coding sequence to increase the amount of the
mature message that accumulates in the cytosol, as described in the definitions section. Other
control sequences (besides promoter, enhancer, silencer, intron sequences, 3'UTR and/or
5'UTR regions) may be protein and/or RNA stabilizing elements. Such sequences would be

known or may readily be obtained by a person skilled in the art.

The genetic constructs of the invention may further include an origin of replication sequence
that is required for maintenance and/or replication in a specific cell type. One example is when

a genetic construct is required to be maintained in a bacterial cell as an episomal genetic
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element (e.g. plasmid or cosmid molecule). Preferred origins of replication include, but are not

limited to, the f1-ori and colE1.

For the detection of the successful transfer of the nucleic acid sequences as used in the
methods of the invention and/or selection of transgenic plants comprising these nucleic acids,
it is advantageous to use marker genes (or reporter genes). Therefore, the genetic construct
may optionally comprise a selectable marker gene. Selectable markers are described in more
detail in the “definitions” section herein. The marker genes may be removed or excised from
the transgenic cell once they are no longer needed. Techniques for marker removal are

known in the art, useful techniques are described above in the definitions section.

The invention also provides a method for the production of transgenic plants having enhanced
yield-related traits relative to control plants, comprising introduction and expression in a plant

of any nucleic acid encoding a UGE polypeptide as defined hereinabove.

More specifically, the present invention provides a method for the production of transgenic
plants having increased enhanced yield-related traits, particularly increased (seed) yield, which
method comprises:
(i) introducing and expressing in a plant or plant cell a UGE polypeptide-encoding nucleic
acid; and

(ii) cultivating the plant cell under conditions promoting plant growth and development.

The nucleic acid of (i) may be any of the nucleic acids capable of encoding a UGE polypeptide

as defined herein.

The nucleic acid may be introduced directly into a plant cell or into the plant itself (including
introduction into a tissue, organ or any other part of a plant). According to a preferred feature
of the present invention, the nucleic acid is preferably introduced into a plant by transformation.

The term “transformation” is described in more detail in the “definitions” section herein.

The genetically modified plant cells can be regenerated via all methods with which the skilled
worker is familiar. Suitable methods can be found in the abovementioned publications by S.D.

Kung and R. Wu, Potrykus or Hofgen and Willmitzer.

Generally after transformation, plant cells or cell groupings are selected for the presence of
one or more markers which are encoded by plant-expressible genes co-transferred with the

gene of interest, following which the transformed material is regenerated into a whole plant.
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To select transformed plants, the plant material obtained in the transformation is, as a rule,
subjected to selective conditions so that transformed plants can be distinguished from
untransformed plants. For example, the seeds obtained in the above-described manner can be
planted and, after an initial growing period, subjected to a suitable selection by spraying. A
further possibility consists in growing the seeds, if appropriate after sterilization, on agar plates
using a suitable selection agent so that only the transformed seeds can grow into plants.
Alternatively, the transformed plants are screened for the presence of a selectable marker

such as the ones described above.

Following DNA transfer and regeneration, putatively transformed plants may also be
evaluated, for instance using Southern analysis, for the presence of the gene of interest, copy
number and/or genomic organisation. Alternatively or additionally, expression levels of the
newly introduced DNA may be monitored using Northern and/or Western analysis, both

techniques being well known to persons having ordinary skill in the art.

The generated transformed plants may be propagated by a variety of means, such as by clonal
propagation or classical breeding techniques. For example, a first generation (or T1)
transformed plant may be selfed and homozygous second-generation (or T2) transformants
selected, and the T2 plants may then further be propagated through classical breeding
techniques. The generated transformed organisms may take a variety of forms. For example,
they may be chimeras of transformed cells and non-transformed cells; clonal transformants
(e.g., all cells transformed to contain the expression cassette); grafts of transformed and
untransformed tissues (e.g., in plants, a transformed rootstock grafted to an untransformed

scion).

The present invention clearly extends to any plant cell or plant produced by any of the methods
described herein, and to all plant parts and propagules thereof. The present invention extends
further to encompass the progeny of a primary transformed or transfected cell, tissue, organ or
whole plant that has been produced by any of the aforementioned methods, the only
requirement being that progeny exhibit the same genotypic and/or phenotypic characteristic(s)

as those produced by the parent in the methods according to the invention.

The invention also includes host cells containing an isolated nucleic acid encoding a UGE
polypeptide as defined hereinabove. Preferred host cells according to the invention are plant
cells. Host plants for the nucleic acids or the vector used in the method according to the
invention, the expression cassette or construct or vector are, in principle, advantageously all

plants, which are capable of synthesizing the polypeptides used in the inventive method.
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The methods of the invention are advantageously applicable to any plant. Plants that are
particularly useful in the methods of the invention include all plants which belong to the
superfamily Viridiplantae, in particular monocotyledonous and dicotyledonous plants including
fodder or forage legumes, ornamental plants, food crops, trees or shrubs. According to a
preferred embodiment of the present invention, the plant is a crop plant. Examples of crop
plants include soybean, sunflower, canola, alfalfa, rapeseed, cotton, tomato, potato and
tobacco. Further preferably, the plant is a monocotyledonous plant. Examples of
monocotyledonous plants include sugarcane. More preferably the plant is a cereal. Examples

of cereals include rice, maize, wheat, barley, millet, rye, triticale, sorghum and oats.

The invention also extends to harvestable parts of a plant such as, but not limited to seeds,
leaves, fruits, flowers, stems, roots, rhizomes, tubers and bulbs. The invention furthermore
relates to products derived, preferably directly derived, from a harvestable part of such a plant,

such as dry pellets or powders, oil, fat and fatty acids, starch or proteins.

According to a preferred feature of the invention, the modulated expression is increased
expression. Methods for increasing expression of nucleic acids or genes, or gene products,

are well documented in the art and examples are provided in the definitions section.

As mentioned above, a preferred method for modulating (preferably, increasing) expression of
a nucleic acid encoding a UGE polypeptide is by introducing and expressing in a plant a
nucleic acid encoding a UGE polypeptide; however the effects of performing the method, i.e.
enhancing yield-related traits may also be achieved using other well known techniques,
including but not limited to T-DNA activation tagging, TILLING, homologous recombination. A

description of these techniques is provided in the definitions section.

The present invention also encompasses use of nucleic acids encoding UGE polypeptides as
described herein and use of these UGE polypeptides in enhancing any of the aforementioned

yield-related traits in plants.

Nucleic acids encoding UGE polypeptide described herein, or the UGE polypeptides
themselves, may find use in breeding programmes in which a DNA marker is identified which
may be genetically linked to a UGE polypeptide-encoding gene. The nucleic acids/genes, or
the UGE polypeptides themselves may be used to define a molecular marker. This DNA or
protein marker may then be used in breeding programmes to select plants having enhanced

yield-related traits as defined hereinabove in the methods of the invention.

PCT/EP2008/058370



10

15

20

25

30

35

WO 2009/003977 158
Allelic variants of a UGE polypeptide-encoding nucleic acid/gene may also find use in marker-
assisted breeding programmes. Such breeding programmes sometimes require introduction of
allelic variation by mutagenic treatment of the plants, using for example EMS mutagenesis;
alternatively, the programme may start with a collection of allelic variants of so called “natural”
origin caused unintentionally. ldentification of allelic variants then takes place, for example, by
PCR. This is followed by a step for selection of superior allelic variants of the sequence in
question and which give increased yield. Selection is typically carried out by monitoring growth
performance of plants containing different allelic variants of the sequence in question. Growth
performance may be monitored in a greenhouse or in the field. Further optional steps include
crossing plants in which the superior allelic variant was identified with another plant. This

could be used, for example, to make a combination of interesting phenotypic features.

Nucleic acids encoding UGE polypeptides may also be used as probes for genetically and
physically mapping the genes that they are a part of, and as markers for traits linked to those
genes. Such information may be useful in plant breeding in order to develop lines with desired
phenotypes. Such use of UGE polypeptide-encoding nucleic acids requires only a nucleic acid
sequence of at least 15 nucleotides in length. The UGE polypeptide-encoding nucleic acids
may be used as restriction fragment length polymorphism (RFLP) markers. Southern blots
(Sambrook J, Fritsch EF and Maniatis T (1989) Molecular Cloning, A Laboratory Manual) of
restriction-digested plant genomic DNA may be probed with the UGE-encoding nucleic acids.
The resulting banding patterns may then be subjected to genetic analyses using computer
programs such as MapMaker (Lander et al. (1987) Genomics 1: 174-181) in order to construct
a genetic map. In addition, the nucleic acids may be used to probe Southern blots containing
restriction endonuclease-treated genomic DNAs of a set of individuals representing parent and
progeny of a defined genetic cross. Segregation of the DNA polymorphisms is noted and used
to calculate the position of the UGE polypeptide-encoding nucleic acid in the genetic map
previously obtained using this population (Botstein et al. (1980) Am. J. Hum. Genet. 32:314-
331).

The production and use of plant gene-derived probes for use in genetic mapping is described
in Bernatzky and Tanksley (1986) Plant Mol. Biol. Reporter 4: 37-41. Numerous publications
describe genetic mapping of specific cDNA clones using the methodology outlined above or
variations thereof. For example, F2 intercross populations, backcross populations, randomly
mated populations, near isogenic lines, and other sets of individuals may be used for mapping.

Such methodologies are well known to those skilled in the art.
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The nucleic acid probes may also be used for physical mapping (i.e., placement of sequences
on physical maps; see Hoheisel et al. In: Non-mammalian Genomic Analysis: A Practical

Guide, Academic press 1996, pp. 319-346, and references cited therein).

In another embodiment, the nucleic acid probes may be used in direct fluorescence in situ
hybridisation (FISH) mapping (Trask (1991) Trends Genet. 7:149-154). Although current
methods of FISH mapping favour use of large clones (several kb to several hundred kb; see
Laan et al. (1995) Genome Res. 5:13-20), improvements in sensitivity may allow performance

of FISH mapping using shorter probes.

A variety of nucleic acid amplification-based methods for genetic and physical mapping may be
carried out using the nucleic acids. Examples include allele-specific amplification (Kazazian
(1989) J. Lab. Clin. Med 11:95-96), polymorphism of PCR-amplified fragments (CAPS;
Sheffield et al. (1993) Genomics 16:325-332), allele-specific ligation (Landegren et al. (1988)
Science 241:1077-1080), nucleotide extension reactions (Sokolov (1990) Nucleic Acid Res.
18:3671), Radiation Hybrid Mapping (Walter et al. (1997) Nat. Genet. 7:22-28) and Happy
Mapping (Dear and Cook (1989) Nucleic Acid Res. 17:6795-6807). For these methods, the
sequence of a nucleic acid is used to design and produce primer pairs for use in the
amplification reaction or in primer extension reactions. The design of such primers is well
known to those skilled in the art. In methods employing PCR-based genetic mapping, it may be
necessary to identify DNA sequence differences between the parents of the mapping cross in
the region corresponding to the instant nucleic acid sequence. This, however, is generally not

necessary for mapping methods.

The methods according to the present invention result in plants having enhanced yield-related
traits, as described hereinbefore. These traits may also be combined with other economically
advantageous traits, such as further yield-enhancing traits, tolerance to other abiotic and biotic
stresses, traits modifying various architectural features and/or biochemical and/or physiological

features.

The term "table A6” used in this specification is to be taken to specify the content of table A6a
and table A6b. The term "table A6a” used in this specification is to be taken to specify the
content of table A6a. The term "table A6b” used in this specification is to be taken to specify
the content of table ABb. In one preferred embodiment, the term "table A6” means table A6b.

In one embodiment the invention relates to subject mater summarized as follows:

PCT/EP2008/058370
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ltem 104: A method for enhancing yield-related traits in plants relative to control plants,

comprising modulating expression in a plant of a nucleic acid encoding a UGE polypeptide.

ltem 105: Method according to item 104, wherein said UGE polypeptide comprises an
epimerase domain having in increasing order of preference at least 70%, 75%, 80%, 85%,
90%, 95%, 97% or more sequence identity to SEQ ID NO: 275.

ltem 106: Method according to item 104 or 105, wherein said UGE polypeptide comprises one
or more of the following motifs:

Motif 8 as represented by SEQ ID NO: 276;

Motif 9 as represented by SEQ ID NO: 277 wherein the G can be substituted by any other non
polar amino acid and the R by any other polar amino acid ;

Motif 10 as represented by SEQ ID NO: 278, wherein 1, 2, 3 or 4 mismatches are allowed;
Motif 11 as represented by SEQ ID NO: 279,

Motif 12 as represented by SEQ ID NO: 280, wherein 1, 2, 3 or 4 mismatches are allowed.

ltem 107: Method according to item 104 to 106, wherein said modulated expression is effected

by introducing and expressing in a plant a nucleic acid encoding a UGE polypeptide.

ltem 108: Method according to any of the items 104 to 107, wherein said nucleic acid encoding
a UGE polypeptide encodes any one of the proteins listed in Table A6 or is a portion of such a

nucleic acid, or a nucleic acid capable of hybridising with such a nucleic acid.

ltem 109: Method according to any of the items 104 to 108, wherein said nucleic acid

sequence encodes an orthologue or paralogue of any of the proteins given in Table A6.

ltem 110: Method according to any of the items 104 to 109, wherein said enhanced yield-
related traits comprise increased yield, preferably increased seed yield relative to control

plants.

ltem 111: Method according to any of the items 104 to 110, wherein said enhanced yield-

related traits are obtained under non-stress conditions.

ltem 112: Method according to any of the items 104 to 111, wherein said enhanced yield-

related traits are obtained under conditions of drought stress.
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ltem 113: Method according to any of the items 104 to 112, wherein said nucleic acid is
operably linked to a constitutive promoter, preferably to a GOS2 promoter, most preferably to a

GOS2 promoter from rice.

ltem 114: Method according to any of the items 104 to 113, wherein said nucleic acid encoding
a UGE polypeptide is of plant origin, preferably from a monocotyledonous plant, further
preferably from the family Poaceae, more preferably from the genus Oryza, most preferably

from Oryza sativa.

ltem 115: Plant or part thereof, including seeds, obtainable by a method according to any of
the items 104 to 114, wherein said plant or part thereof comprises a recombinant nucleic acid

encoding a UGE polypeptide.

ltem 116: An isolated nucleic acid sequence comprising a nucleic acid sequence selected from
the group consisting of:
(a) an isolated nucleic acid molecule encoding the polypeptide as depicted in SEQ
ID NO: 282, 284, 286, 288, 290, 292, 294, 296, 298, 300, 302, 304, 306, 308, 310,
312, 314, 316, 318 and/or 320 and/or table A6b;
(b) an isolated nucleic acid molecule as depicted in SEQ ID NO: 281, 283, 285,
287, 289, 291, 293, 295, 297, 299, 301, 303, 305, 307, 309, 311, 313, 315, 317
and/or 319 and/or table A6b;
(c) an isolated nucleic acid molecule, which, as a result of the degeneracy of the
genetic code, can be derived from a polypeptide sequence depicted in table A6 and
confers enhanced yield-related traits relative to control plants;
(d) an isolated nucleic acid molecule having at least 30 %, 31%, 32%, 33%, 34%,
35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%,
49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%,
63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%,
77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity with the
nucleic acid molecule sequence of a polynucleotide comprising the nucleic acid
molecule depicted in table A6 and confers enhanced yield-related traits relative to
control plants;
(e) an isolated nucleic acid molecule encoding a polypeptide having at least 30 %,
31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%,
45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%,
59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%,
73%, 74%, 75%, 716%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity with the amino acid sequence of the polypeptide encoded by the
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nucleic acid molecule of (a) to (c) and confers enhanced yield-related traits relative
to control plants;

(f) an isolated nucleic acid molecule which hybridizes with a nucleic acid molecule
of (a) to (c) under stringent hybridization conditions and confers enhanced yield-
related traits relative to control plants;

(g) an isolated nucleic acid molecule encoding a polypeptide comprising the
consensus sequence or one or more polypeptide motifs as shown figure 20 and
preferably having the activity represented by a nucleic acid molecule comprising a
polynucleotide as depicted in table Ag;

(h) an isolated nucleic acid molecule encoding a polypeptide having the activity
represented by a protein as depicted in table A6 and confering enhanced yield-
related traits relative to control plants;

and

(i) a nucleic acid molecule which is obtainable by screening a suitable nucleic acid
library under stringent hybridization conditions with a probe comprising a
complementary sequence of a nucleic acid molecule of (a) or (b) or with a fragment
thereof, having at least 15 nt, preferably 20 nt, 30 nt, 50 nt, 100 nt, 200 nt or 500 nt
of a nucleic acid molecule complementary to a nucleic acid molecule sequence
characterized in (a) to (e) and encoding a polypeptide having the activity
represented by a protein comprising a polypeptide as depicted in table A6;

whereby the nucleic acid molecule according to (a) to (i) is at least in one or more
nucleotides different from the sequence depicted in table A6a and preferably which
encodes a protein which differs at least in one or more amino acids from the protein
sequences depicted in table ABa.

ltem 117: Construct comprising:

(a)
(b)

(c)

Item 118:

nucleic acid encoding a UGE polypeptide as defined in items 104 to 106 or 116;
one or more control sequences capable of driving expression of the nucleic acid
sequence of (a); and optionally

a transcription termination sequence.

Construct according to item 117, wherein one of said control sequences is a

constitutive promoter, preferably a GOS2 promoter, most preferably a GOS2 promoter from

rice.

ltem 119: Use of a construct according to any of the items 117 to 118 in a method for making

plants having enhanced vyield-related traits preferably increased yield, more preferably

increased seed yield relative to control plants.
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ltem 120: Plant, plant part or plant cell transformed with a construct according to item 117 or
118.

ltem 121: Method for the production of a transgenic plant having increased yield, particularly
increased seed yield relative to control plants, comprising:

(i) introducing and expressing in a plant a nucleic acid encoding a UGE polypeptide as
defined in items 104 to 106 or 116; and

(ii) cultivating the plant cell under conditions promoting plant growth and development.

ltem 122: Transgenic plant having increased yield, particularly increased seed yield, relative to
control plants, resulting from increased expression of a nucleic acid encoding a UGE
polypeptide as defined in items 104 to 106 or 116, or a transgenic plant cell derived from said

transgenic plant.

ltem 123: Transgenic plant according to item 115, 120 or 122, or a transgenic plant cell derived
thereof, wherein said plant is a crop plant or a monocot or a cereal, such as rice, maize, wheat,

barley, millet, rye, triticale, sorghum and oats.

ltem 124: Harvestable parts of a plant according to item 123, wherein said harvestable parts

are preferably shoot biomass and/or seeds.

ltem 125: Products derived from a plant according to item 123 and/or from harvestable parts of

a plant according to item 124.

ltem 126: Use of a nucleic acid encoding a UGE polypeptide enhancing yield-related traits

preferably increased yield, more preferably increased seed yield relative to control plants.

According to a further embodiment of the present invention, there is also provided an isolated
polypeptide comprising a polypeptide sequence selected from the group consisting of:

(i) an amino acid sequence encoded by any one of the nucleic acids represented by Item
116;

(ii) an amino acid sequence having, in increasing order of preference, at least 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or more sequence identity
to the amino acid sequence of (i);

(iii)  derivatives of any of the amino acid sequences given in (i) or (ii) above.
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Description of figures

The present invention will now be described with reference to the following figures in which:
Fig. 1 represents the domain structure of SEQ ID NO: 2 with the conserved motifs indicated by
underlining and their number. The HLH domain as determined by SMART is shown in bold
underlined.

Fig. 2 represents a multiple alignment of a number of bHLH6-like proteins. A dot indicates
conserved residues, a colon indicates highly conserved residues and an asterisk stands for
perfectly conserved residues. The highest degree of sequence conservation is found in the
region of the bHLH domain and in the more N-terminal part of the protein sequence

Fig. 3 represents the binary vector for increased expression in Oryza sativa of a bHLH6-like-
encoding nucleic acid under the control of a rice GOS2 promoter (pGOS2)

Fig. 4 details examples of sequences useful in performing the methods according to the

present invention.

Fig. 5 represents a CLUSTAL W (1;83) multiple sequence alignment of RrmJ/FtsJ
polypeptides from Table A2.

Fig. 6 represents the binary vector for increased expression in Oryza sativa of a GRP-
encoding nucleic acid sequence (wherein said GRP polypeptide is an RrmJ/FtsJ polypeptide)
under the control of a rice oleosin promoter (pOleo::GRP)

Fig. 7 details examples of sequences useful in performing the methods according to the

present invention.

Fig. 8 represents the binary vector for increased expression in Oryza sativa of a GRP-
encoding nucleic acid sequence (wherein said GRP polypeptide is a a basic-helix-loop-helix 4
(bHLH4) polypeptide) under the control of a rice HMGB promoter (pPHMGB::GRP)

Fig. 9 details examples of sequences useful in performing the methods according to the

present invention.

Fig. 10 represents a multiple sequence alignment of GRP-polypeptides (wherein said GRP
polypeptide is a basic-helix-loop-helix 4 (bHLH4) polypeptide). A consensus sequence,
domains and motifs representative of bHLH4-polypeptides are given. In the consensus
sequence the highly conserved amino acids are provided; empty blank spaces in between

represent any amino acid.
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Fig. 11 represents the binary vector for increased expression in Oryza sativa of a GRP-
encoding nucleic acid sequence (wherein said GRP polypeptide is an isopentenyl transferase

(IPT) polypeptide under the control of a rice prolamine promoter (pProl::GRP)

Fig. 12 details examples of sequences useful in performing the methods according to the

present invention.

Fig. 13 represents a multiple sequence alignment of GRP-polypeptides (wherein said GRP
polypeptide is a isopentenyl transferase (IPT) polypeptide). A consensus sequence, domains
and motifs representative of IPT-polypeptides are given. In the consensus sequence the highly
conserved amino acids are provided; empty blank spaces in between represent any amino

acid.

Fig. 14 represents the amino acid sequence and domain structure of SEQ ID NO: 169. The
two conserved B-box domains in SEQ ID NO: 169 are indicated by dotted line (B-box domain
1) and by a continuous line (B-box domain 2). The four cysteine residues in each B-box

domain with putative potential to bind zinc ions are indicated by boxes.

Fig. 15 represents a multiple sequence alignment of STO polypeptides. Position of the
conserved amino acid residues and domains corresponding to those described in Fig. 14 are
indicated. A consensus sequence representative of STO polypeptides is given. In the
consensus sequence the highly conserved amino acids are provided; empty blank spaces in

between represent any amino acid.

Fig. 16 shows phylogenetic tree of STO polypeptides. In the phylogenetic tree SEQ ID NO:
169 is represented by Os04g0540200.

Fig. 17 represents the binary vector for increased expression in Oryza sativa of an STO-

encoding nucleic acid under the control of a rice GOS2 promoter (pGOS2)

Fig. 18 details examples of sequences useful in performing the methods according to the

present invention.
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Fig. 19 represents the amino acid sequence of SEQ ID NO: 225 wherein relevant functional
domains and conserved motifs are indicated. Epimerase domain (boxed region), Motif 8
(capital letters in bold, underlined with an interrupted line), Motif 9 (small letters in bold), Motif
10 (capital letter in bold), Motif 11 (capital letters underlined by dots) and Motif 12 (capital

letters underlined with a continuous line) are indicated.

Fig. 20 represents a multiple protein alignment of the UGE polypeptides of Table A6. A

consensus sequences is given. Position of the conserved domain and motifs is indicated.
Fig. 21 shows a phylogenetic tree of the of the UGE polypeptides of Table A6.

Fig. 22 represents the binary vector for increased expression in Oryza sativa of a UGE-

encoding nucleic acid under the control of a rice GOS2 promoter (pGOS2).

Fig. 23 details examples of sequences useful in performing the methods according to the

present invention.

Examples

The present invention will now be described with reference to the following examples, which
are by way of illustration alone. The following examples are not intended to completely define

or otherwise limit the scope of the invention.

DNA manipulation: unless otherwise stated, recombinant DNA techniques are performed
according to standard protocols described in (Sambrook (2001) Molecular Cloning: a
laboratory manual, 3rd Edition Cold Spring Harbor Laboratory Press, CSH, New York) or in
Volumes 1 and 2 of Ausubel et al. (1994), Current Protocols in Molecular Biology, Current
Protocols. Standard materials and methods for plant molecular work are described in Plant
Molecular Biology Labfax (1993) by R.D.D. Croy, published by BIOS Scientific Publications Ltd
(UK) and Blackwell Scientific Publications (UK).

Example 1: Identification of sequences related to the nucleic acid sequence
used in the methods of the invention

Sequences (full length cDNA, ESTs or genomic) related to the nucleic acid sequence used in
the methods of the present invention were identified amongst those maintained in the Entrez

Nucleotides database at the National Center for Biotechnology Information (NCBI) using

PCT/EP2008/058370
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database sequence search tools, such as the Basic Local Alignment Tool (BLAST) (Altschul et
al. (1990) J. Mol. Biol. 215:403-410; and Altschul et al. (1997) Nucleic Acids Res. 25:3389-
3402). The program is used to find regions of local similarity between sequences by
comparing nucleic acid or polypeptide sequences to sequence databases and by calculating
the statistical significance of matches. For example, the polypeptide encoded by the nucleic
acid used in the present invention was used for the TBLASTN algorithm, with default settings
and the filter to ignore low complexity sequences set off. The output of the analysis was
viewed by pairwise comparison, and ranked according to the probability score (E-value), where
the score reflect the probability that a particular alignment occurs by chance (the lower the E-
value, the more significant the hit). In addition to E-values, comparisons were also scored by
percentage identity. Percentage identity refers to the number of identical nucleotides (or
amino acids) between the two compared nucleic acid (or polypeptide) sequences over a
particular length. In some instances, the default parameters may be adjusted to modify the
stringency of the search. For example the E-value may be increased to show less stringent

matches. This way, short nearly exact matches may be identified.

Table A provides a list of nucleic acid sequences related to the nucleic acid sequence used in

the methods of the present invention.

Table A1: Examples of bHLH6-like polypeptides:

Plant Source Nucleic acid Protein
SEQID NO: SEQID NO:
Arabidopsis thaliana 1 2
Phaseolus vulgaris 13 14
Catharanthus roseus 15 16
Solanum tuberosum 17 18
Pisum sativum 19 20
Brassica oleracea 21 22
Oryza sativa 23 24
Rheum australe 25 26
Zea mays 27 28
Physcomitrella patens 29 30
Lycopersicon esculentum 31 32
Populus trichocarpa 33 34
Triticum aestivum 35 36
Populus sp 37 38

PCT/EP2008/058370
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Oryza sativa

1

Table A2a: Examples of GRP polypeptides, wherein the GRP polypeptides are RrmJ/FtsJ

polypeptides:
Name Source SEQID NO SEQID NO Status | Public database
organism nucleic acid | polypeptide accession
sequence sequence number
Nicta_RrmJ/ | Nicotiana 57 58 Partial
FtsJ partial tabacum
Nicta_RrmJ/ | Nicotiana 59 60 Full EB446219,
FtsJ tabacum length | EB448450.1
Arath_ RrmJ/ | Arabidopsis 61 62 Full AY087952.1
FtsJ thaliana length
Lyces RrmJ/ | Lycopersicon 63 64 Full BT013964
FtsJ esculentum length
Medtr_ RrmJ/ | Medicago 65 66 Full AC149135.2
FtsJ truncatula length
Orysa_RrmJ/ | Oryza sativa 67 68 Full AK103054
FtsJ length
Osta_RrmJ/F | Ostreococcus 69 70 Full XM_001418019
tsJ lucimarinus length
CCE9901
Poptr_RrmJ/ | Populus 71 72 Full contig of
FtsJ tremuloides length [ CX183550.1
DT504907.1
Sacof RrmJ/ | Saccharum 73 74 Full contig of
FtsJ officinarum length [ CA279558.1
CF576902.1
Triae_RrmdJ/ | Triticum aestivum | 75 76 Full DR740715
FtsJ length
Apime_Rrmd | Apis mellifera 77 78 Full XM_392223
/FtsJ length
Caeel RrmJ/ | Caenorhabditis 79 80 Full NM_065442
FtsJ elegans length
Danre_RrmJ/ | Danio rerio 81 82 Full BC085449
FtsJ length
Homsa Rrm | Homo sapiens 83 84 Full AK024023
JIFtsJ length
Horvu_FtsJ Hordeum vulgare | 92 93 Full
length
Sorbi_FtsJ Sorghum bicolor | 94 95 Full
length

Table A2b: Examples of GRP polypeptides, wherein the GRP polypeptides are RrmJ/FtsJ

polypeptides:
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Name Source SEQID NO SEQID NO Status
organism nucleic acid | polypeptide
sequence sequence
Brana_FtsJ Brassica napus 96 97 Full length
Glyma_FtsJ | Glycine max 98 99 Full length
Zeama FtsJ | Zea mays 100 101 Full length
Tager Fisd Partial
) Tagetes erecta
partial

Table A3a: Examples of GRP polypeptides, wherein the GRP polypeptides are bHLH4

polypeptides:

Name Source SEQID NO SEQID NO Public database
organism nucleic acid | polypeptide [ accession

sequence sequence humber

Arath_ Arabidopsis 104 105

bHLH4 thaliana

Arath_ bHLH | Arabidopsis 109 110

41 thaliana

Brana_bHLH ) 111 112

an Brassica napus

Lotja_ Lotus japonicus 13 114

bHLH4

Lyces bHLH | Lycopersicon 115 116

4 esculentum

Vitvi_bHLH4 117 118 contig like
Vitis vinifera VV78X118066.5

AM475703.2
Zeama_bHL | Zea mays 119 120 full length nucleic
H4 acid sequence

contig of
AF061107 and
EE190449

Table A3b: Examples of GRP polypeptides, wherein the GRP polypeptides are bHLH4

polypeptides:

Name Source SEQID NO SEQID NO Public database
organism nucleic acid | polypeptide [ accession

sequence sequence humber

Brana_bHLH | Brassica napus 121 122

4

Glyma_ Glycine max 123 124

bHLH4

Glyma_ Glycine max 125 126

bHLH4 11

Horvu_ Hordeum vulgare | 127 128

bHLH4

Zeama bHL | Zea mays 129 130
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[ H4 1 | | |
Table A4: Examples of GRP polypeptides, wherein the GRP polypeptides are IPT
polypeptides:
Name Source SEQID NO SEQID NO
organism nucleic acid | polypeptide
sequence sequence
Arath_IPT Arabidopsis 131 132
thaliana
Arath _IPT4 Arabidopsis 136 137
thaliana
Arath_IPT6 Arabidopsis 138 139
thaliana
Humlu_IPT Humulus lupunus | 140 141
like
Lotja IPT Lotus japonica 142 143
like
Medtr IPT Medicago 144 145
like truncatula
Moral_IPT Morus alba 146 147
like
Orysa_IPT Oryza sativa 148 149
like
Pethy IPT Petunia hybrida 150 151
like
Poptr_IPT Populus 152 153
like tremuloides
Poptr_IPT Populus 154 155
like Il tremuloides
Poptr_IPT Populus 156 157
like 111 tremuloides
Poptr_IPT Populus 158 159
like IV tremuloides
Poptr IPT Populus 160 161
like V tremuloides
Poptr_IPT Populus 162 163
like VI tremuloides
Vitvi_IPT like | Vitis vinifera 164 165
Zeama_ IPT | Zea mays 166 167
like
Table Ab5a: Examples of STO nucleic acids a and polypeptides:
Name Plant Source Nucleic acid [Protein SEQ
SEQ ID NO: |ID NO:
0s04g0540200 cds3887 Oryza sativa 168 169
0s01g0202500 Oryza sativa 170 171
0s02g0606200 Oryza sativa 172 173
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Name Plant Source Nucleic acid [Protein SEQ
SEQ ID NO: ID NO:
0s02g0646200 Oryza sativa 174 175
0s04g049300 Oryza sativa 176 177
0s05g0204600 Oryza sativa 178 179
0s06g0152200 Oryza sativa 180 181
0s06g071300 Oryza sativa 182 183
0s09g0527900 Oryza sativa 184 185
051290209200 Oryza sativa 186 187
SO_STO Saccharum officinarum 188 189
IAT1G06040_spliced variant1 |Arabidopsis thaliana 190 191
IAT1G06040_spliced variant2 |Arabidopsis thaliana 192 193
AT1G75540 \Arabidopsis thaliana 194 195
AT1G78600 \Arabidopsis thaliana 106 197
AT2G31380 \Arabidopsis thaliana 108 199
AT4G10240 \Arabidopsis thaliana 200 201
AT4G39070 \Arabidopsis thaliana 202 203
Mt ABO84497 Medicago truncatula 204 205
LE_qil45544865 | ycopersicul esculentum 206 207
ST gi|76160970 Solanum tuberosum 208 209
PP_STO LIKE populus trichoparcca 210 211
VV_CAN72879 Vitis vinifera 212 213
GM_gi|78173056 Glycine max 214 215
Table A5b: Examples of STO nucleic acids and polypeptides:
Name Plant Source Nucleic acid [Protein SEQ
SEQ ID NO: ID NO:
Zeama_STO Zea mays 222 223
5 Table A6: Examples of UGE nucleic acids and polypeptides:
Name 'Source organism Nucleic acid |Protein SEQ
SEQID NO: |ID NO:
OS UGE2 Oryza sativa 224 225
0s04g0618200 Oryza sativa 226 227
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Name 'Source organism Nucleic acid |Protein SEQ
SEQID NO: |ID NO:
0s05g0595100 Oryza sativa 228 229
0Os07g0139400 Oryza sativa 230 231
0Os08g0374800 Oryza sativa 232 233
0s09g0323000 Oryza sativa 234 235
0s09g0504000 Oryza sativa 236 237
0s09g0526700 Oryza sativa 238 239
AT1G12780 UGE1 Arabidopsis thaliana 240 241
AT1G63180 UGE3 Arabidopsis thaliana 42 243
AT1G64440 UGE4 Arabidopsis thaliana P44 245
AT4G10960_UGE5 \Arabidopsis thaliana 246 247
AT4G23920 UGE2 Arabidopsis thaliana 248 249
Pt _Icl|scaff XVI1.140 Populus trichocarpa 250 251
Pt _Icl|scaff XI.1329 Populus trichocarpa 252 253
Pt _Icl|scaff _VI.203 Populus trichocarpa 254 255
Pt _Icl|scaff _111.961 Populus trichocarpa 256 257
Pt _Icl|scaff [11.1133 Populus trichocarpa 258 259
Pt _Icl|scaff 1.773 Populus trichocarpa 260 261
Pt _Icl|scaff _1.2996 Populus trichocarpa 262 263
Pt _Icl|scaff 5422 Populus trichocarpa 264 265
0t08g015500 Ostreococcus tauri 266 267
SC_GAL10_P04397 Ostreococcus tauri 268 269
Ec GALE_AAOQO37702 Escherichia coli 270 271
Table A6b: Examples of UGE nucleic acids and polypeptides:
Name 'Source organism Nucleic acid |Protein SEQ
SEQID NO: |ID NO:
Brana_UGE | Brassica napus 281 282
Brana_UGE Il Brassica napus 283 284
Veama_UGE | Zea mays 285 286
Veama_UGE Il Zea mays 287 288
Veama UGE Il Zea mays 289 290
Veama_UGE IV Zea mays 291 292
Veama_UGE V Zea mays 293 294
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Name 'Source organism Nucleic acid |Protein SEQ
SEQID NO: |ID NO:
Veama_ UGE VI Zea mays 295 296
Veama_UGE VII Zea mays 297 298
Veama_UGE VIII Zea mays 299 300
Orysa_ UGE Oryza sativa 301 302
Glyma_UGE | Glycine max 303 304
Glyma_UGE I Glycine max 305 306
Glyma_UGE Il Glycine max 307 308
Glyma_UGE IV Glycine max 309 310
Glyma_UGE V Glycine max 311 312
Helan UGE Helianthus annuus 313 314
Veama_UGE IX Zea mays 315 316
Veama_UGE X Zea mays 317 318
Glyma_UGE VI Glycine max 319 320

In addition, in some instances, related sequences have tentatively been assembled and
publicly disclosed by research institutions, such as The Institute for Genomic Research (TIGR).
The Eukaryotic Gene Orthologs (EGO) database may be used to identify such related
sequences, either by keyword search or by using the BLAST algorithm with the nucleic acid or
polypeptide sequence of interest. Some of the listed sequences are partial; preferably full
length sequences or functionally equivalent fragments are used in the methods of the present
invention. Where only partial sequences are available from the databases, standard cloning

techniques can be used by the skilled in the art for obtaining a full length gene sequence.

Example 2: Alignment of polypeptide sequences of the invention

Alignment of polypeptide sequences was performed using the AlignX programme from the
Vector NTI (Invitrogen) which is based on the popular Clustal W algorithm of progressive
alignment (Thompson et al. (1997) Nucleic Acids Res 25:4876-4882; Chenna et al. (2003).
Nucleic Acids Res 31:3497-3500). Default values were for the gap open penalty of 10, for the
gap extension penalty of 0,1 and the selected weight matrix was Blosum 62 (if polypeptides

are aligned). Minor manual editing was done to further optimise the alignment.

Alignment of bHLH6-like polypeptide sequences
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Sequence conservation among bHLH6-like polypeptides is essentially in the N-terminal
domain and the C-terminal bHLH domain of the polypeptides, the central part usually being
more variable in sequence length and composition. The bHLH6-like polypeptides are aligned in

Figure 2.

Alignment of RrmJ/FtsJ polypeptide sequences
A CLUSTAL W (1;83) multiple sequence alignment of RrmJ/FtsJ polypeptides from Table A2 is

shown in Figure 5.

A consensus sequence of bHLH4 polypeptides comprising highly conserved representative
amino acids at each position is given; blanks in between given amino acids in the consensus
sequence represent any amino acid.

The bHLH4 polypeptides are aligned in Figure 10.

Sequence conservation among bHLH4 polypeptides was found essentially along the bHLH
domain. The consensus sequence represents highly conserved amino acid residues in bHLH4

polypetides; blanks in the consensus sequence represent highly variable regions.

Alignment of IPT polypeptide sequences

A consensus sequence of IPT polypeptides comprising highly conserved representative amino
acids at each position is given; blanks in between given amino acids in the consensus
sequence represent any amino acid.

The IPT polypeptides are aligned in Figure 13.

The consensus sequence represents highly conserved amino acid residues in IPT polypetides;

blanks in the consensus sequence represent highly variable regions.

A phylogenetic tree of GRP polypeptides is constructed using a neighbour-joining clustering

algorithm as provided in the AlignX programme from Vector NTI (Invitrogen).

Sequence conservation among STO polypeptides is essentially in the N-terminal region
comprising the two B-box domains. The two B-box domains are separated by a linker region of

variable length, typically between 2 and 20 amino acids.

PCT/EP2008/058370
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A phylogenetic tree of STO polypeptides (Figure 16) was constructed using a neighbour-
joining clustering algorithm as provided in the AlignX programme from the Vector NTI

(Invitrogen).

A consensus sequence of UGE polypeptides comprising highly conserved representative
amino acids at each position is given; blanks in between given amino acids in the consensus

sequence represent any amino acid.

The UGE polypeptides are aligned in Figure 20.

Sequence conservation among UGE polypeptides is higher in the region located at the N-
terminal of the epimerase domain. Regions wherein in the consensus sequence there are
defined amino acids given represent the regions with high similarity; blanks in the consensus

sequence represent highly variable regions.

A phylogenetic tree of UGE polypeptides (Figure 21) was constructed using a neighbour-
joining clustering algorithm as provided in the AlignX programme from the Vector NTI

(Invitrogen).

Example 3: Calculation of global percentage identity between polypeptide
sequences useful in performing the methods of the invention

Global percentages of similarity and identity between full length polypeptide sequences useful
in performing the methods of the invention were determined using one of the methods
available in the art, the MatGAT (Matrix Global Alignment Tool) software (BMC Bioinformatics.
2003 4:29. MatGAT: an application that generates similarity/identity matrices using protein or
DNA sequences. Campanella JJ, Bitincka L, Smalley J; software hosted by Ledion Bitincka).
MatGAT software generates similarity/identity matrices for DNA or protein sequences without
needing pre-alignment of the data. The program performs a series of pair-wise alignments
using the Myers and Miller global alignment algorithm (with a gap opening penalty of 12, and a
gap extension penalty of 2), calculates similarity and identity using for example Blosum 62 (for
polypeptides), and then places the results in a distance matrix. Sequence similarity is shown in
the bottom half of the dividing line and sequence identity is shown in the top half of the

diagonal dividing line.

Parameters used in the comparison were:
Scoring matrix: Blosum62
First Gap: 12

PCT/EP2008/058370
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Extending gap: 2
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Results of the software analysis are shown in Table B1 for the global similarity and identity
over the full length of the polypeptide sequences. Percentage identity is given above the

diagonal in bold and percentage similarity is given below the diagonal (normal face).

The percentage identity between the bHLH6-like polypeptide sequences useful in performing
the methods of the invention can be as low as 30 % amino acid identity compared to SEQ ID
NO: 2 (AAL55713). However, when the alignment is made over the bHLH domain, the
sequence identity becomes much higher among the different bHLH6-like proteins. In Table
B2, values for the global similarity and identity between sequences that align with SEQ ID NO:
9, (comprising the bHLH domains of bHLH6-like polypeptide sequences) are listed. The
sequence identity is about 80% or higher. The used peptide sequences are: SEQ ID NO: 42,
NP_001065478; SEQ ID NO: 43, EAY79619; SEQ ID NO: 44, AAD15818; SEQ ID NO: 45,
AABO006E86; SEQ ID NO: 46, ABD59338; SEQ ID NO: 47, Pt29.195#1; SEQ ID NO: 48,
CAF74710; SEQ ID NO: 49, AAF04917; SEQ ID NO: 50, AAQ14332; SEQ ID NO: 51,
AAY90122; SEQ ID NO: 52, AAL55713; SEQ ID NO: 53, ABD65632; SEQ ID NO: 54,
ABK94979; SEQ ID NO: 55, EDQ81347.

Table B1: MatGAT results for global similarity and identity over the full length of the

polypeptide sequences.

1 2 3 4 5 6 7 8 9 10 " 12 13 14

1. AAB00686 66.5 | 59.1 | 56.6 | 58.3 | 28.2 | 49.1 | 484 | 48.0 | 43.7 | 47.8 | 31.9 | 30.5 | 626
2. ABD59338 79.1 541 | 50.1 | 551 | 27.9 | 46.6 | 43.8 | 458 | 41.7 | 45.5 | 29.5 | 31.7 | 57.4
3. AAQ14332 7.1 | 677 53.5 | 64.0 | 28.8 | 521 | 454 | 47.8 | 436 | 46.2 | 29.3 | 30.6 | 60.5
4. AALS5713 70.7 | 68.3 | 67.2 520 | 24.7 | 46.3 | 476 | 47.2 | 426 | 458 | 33.6 | 33.2 | 554
5. CAF74710 702 | 68.8 | 784 | 66.8 37.3 | 529 | 46.4 | 49.7 | 455 | 49.2 | 30.0 | 30.0 | 60.5
6. AAF04917 349 | 344 | 351 [ 324 | 409 26.0 | 27.8 | 23.3 | 24.4 | 242 | 23.2 | 20.7 | 29.5
7. AAY90122 636 | 621 | 681 [ 59.6 | 676 | 30.7 411 | 451 | 424 | 442 | 27.0 | 29.8 | 49.7
8. ABD65632 66.8 | 61.8 | 60.2 | 66.8 | 59.1 | 34.3 | 54.2 39.3 | 36.8 | 40.0 | 335 | 32.2 | 49.2
9. NP001065478 | 63.8 | 63.5 | 64.8 | 60.8 | 655 | 30.9 | 614 | 535 94.7 | 79.2 | 28.7 | 29.9 | 483
10. EAY79619 620 | 61.2 | 59.8 [ 58.7 | 614 [ 323 | 57.9 | 52.6 | 94.8 753 | 27.9 | 279 | 43.2
11. AAD15818 623 | 624 | 634 [ 59.0 | 65.7 | 31.1 | 621 [ 541 | 876 | 83.3 285 | 311 | 470
12. ABK94979 486 | 454 [ 452 | 52.6 | 449 | 358 | 426 | 52.2 | 429 | 42.8 | 427 27.3 | 30.4
13. EDQ81347 503 | 494 | 471 [ 506 | 48.7 | 314 | 46.7 | 53.2 | 459 | 44.6 | 456 | 481 32.2
14. Pt29.195#1 768 | 726 | 745 [ 716 | 734 | 369 | 64.0 [ 66.2 | 63.7 | 61.5 | 61.8 | 47.9 | 48.8

PCT/EP2008/058370
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Table B2: MatGAT results for global similarity and identity over the peptide sequences

corresponding to Motif 7.

1 2 3 4 5 6 7 8 9| 10| 1 12| 13 14
1. AAL55713 886 | 886 |88.6 (90.090.0 871|929 |[90.0 914900 |90.0)|81.4 829
2.NP_001065478 | 94.3 100.0 | 98.6 | 929 | 94.3 | 929 | 929 | 90.0 | 92.9 | 91.4 | 91.4 | 80.0 | 84.3
3. EAY79619 94.3 | 100.0 98.6 (929 | 94.3 | 929 | 929 |90.0 ( 929 [ 91.4 | 91.4 | 80.0 | 84.3
4. AAD15818 94.3  100.0 | 100.0 929 | 943 (943|929 |90.0|929 914|914 | 80.0 | 843
5. AAB00686 95.7 [ 957 | 957 | 957 943 (90.0 [ 943 |91.4 | 929|929 | 91.4 | 84.3 | 829
6. ABD59338 943 [ 957 | 957 | 957 (943 929 | 957 | 929 | 957|943 | 943 | 814 | 857
7. Pt29.195#1 957 [ 957 | 957 | 957 (943 | 95.7 929 |[90.0 | 929|914 |929 | 771 | 857
8. CAF74710 971 (943 | 943 | 957 (943 957 | 98.6 971 | 971 | 971 | 94.3 | 80.0 | 85.7
9. AAF04917 971 (943 | 943 | 957 (943 957|986 | 100.0 94.3 [ 94.3 | 94.3 | 77.1 | 829
10. AAQ14332 971 (943 | 943 | 957 (943 (957 971|986 |986 94.3 | 957 | 81.4 | 85.7
11. AAY90122 957 (957 | 957 |971 (957 (971986 |986 |986 | 971 929 [ 78.6 | 84.3
12. ABD65632 971 (943 | 943 | 943 (957 957|971 | 971 |971|971 (971 80.0 | 871
13. ABK94979 900 (886 | 886 |886 (929 886|871 |886 |886 886 (900 |90.0 7.4
14. EDQ81347 914 (914 | 914 | 914 (914 (929|943 | 929 |929 (929 (929 | 95.7 | 871

The percentage identity between the STO polypeptide sequences useful in performing the
methods of the invention can be as low as 15 % amino acid identity compared to SEQ ID NO:
2 (0s04g0540200)

Table B3: MatGAT results for global similarity and identity over the full length of the

polypeptide sequence amongst rice STO proteins.

1 2 3 4 5 6 7 8 9 10
1. 0s0490540200 204 32.3] 631 338 28 202 303 28| 372
2. 0s0190202500 | 39.5 2711 274 265 501 391 286 179 309
3. 0s0290606200 | 49.1| 384 303 612 264 296 318 266 296
4. 0s0290646200 | 71.7| 39.8| 458 305 27 291 411 253 333
5. 030490493000 | 482 375 71.6] 439 282 304 346 257 317
6. 0s0590204600 | 36.2 63| 36.2 36 36 37.9 262 176 294
7. 0s0690152200 40 54.4) 425 392 403 542 288 211 28
8. 0s0690713000 | 52.3| 39.8| 438 519 455 37| 414 214, 299
9. 050990527900 | 39.2| 275 343 353 416 257 303 325 251
10. 0s1290209200 | 46.8) 37.8| 424| 446 436| 341 36.1 386 384




WO 2009/003977

178

PCT/EP2008/058370

Table B4: MatGAT results for global similarity and identity over the full length of the

polypeptide sequence amongst orthologous sequences to SEQ IC NO:2

1 2 3 4 5 6 7 8 9 10 11 12} 13
1. AT1G06040_SplicedVariant1 68.5| 29.5| 32 69.2[ 29.1| 31.5 31.6| 58.9] 59.7] 32.3 30| 625
2. AT1G06040_SplicedVariant2 | 69 26.2 30.1| 47.4| 38.3| 30.6| 329 49.4| 40.8 30 39.3| 486
3. AT1G75540 43.2| 356 205 284 23.4| 35.6| 32.3| 30.5 30.2| 515 25.5| 29
4. AT1G78600 48.2| 40.1| 459 32.1) 28.2) 29.7| 28.9| 32.1| 32.1] 30.9 30.5 30.
5. AT2G31380 82.7) 60.9| 40.5/ 44.5 205 34.6| 32.6| 58.2| 58.2| 32.2| 29.6| 58.3
6. AT4G10240 419 576 329 36.5 42 30| 31| 31.4| 29.3] 23.8[ 39.9| 303
7. AT4G39070 50.4) 43| 47.7) 43.5( 48.3| 409 46.8 30| 30.4| 38.7] 29.6] 309
8. MS_ABO84497 49.2| 49.1| 46.5 41.8| 49.2 44.6( 60.7 32.6| 30.8] 37.5( 35.1| 306
9. LE_AAS67368 69.4| 57.1| 41.4| 45.2| 70.6| 45.9 47.1] 51.9 08.3| 334| 33.2] 65.8
10. ST_ABA40448.1 69.8| 57.1| 40.8| 45.5( 71| 45.1| 47.1] 48.5 99.1 33.1) 32.8| 66.7
11. PP_STO 435 37.1| 65.3| 43.5| 42.6| 33.9| 50.3| 53.2| 46.1] 46.1 273 30.8
12. VV-CAN72879.1 456| 53.2| 356| 45.2) 49.2) 54.6| 44.2| 47.3 49.8| 48.9] 371 309
13. GM_ABB29467 74.6| 57.1| 40.2) 441 73.5( 43.7| 45 50| 76.5| 76.5( 42.3| 454

5 The percentage identity between the UGE polypeptide sequences useful in performing the

methods of the invention can be as low as 15 % amino acid identity compared to SEQ ID NO:

222.

Table B5: MatGAT results for global similarity and identity over the full length of the

10 polypeptide sequences representing UGE isoforms in rice.

UGE protein Name 1 2 3 4 5 6 7 8
1. Os04g0618200 36.7| 74.3 35.9 371 214 36.5| 36.7
2. 0s0590595100 51.7 36.2 65.8 722 211 58.6| 99.7
3. 0s079g0139400 81.7 50.6 347 348 215 337 36
4. 0s089g0374800 51 75.7| 50.6 744 217 53.4| 65.8
5. 0s09g0323000 51.9 82.4| 49.6 82.1 22.6 56.3| 72.8
6. 0s09g0504000 36.7 33.1| 38.8 345 357 214 216
7. 0s099g0526700 51.4 74 48.2 67.6| 729 345 58.6
8. OS_UGE2 51.7 100, 50.6 7550 829 335 73.5

Table B6: MatGAT results for global similarity and identity over the full length of the

polypeptide sequences representing UGE isoforms originating form different organisms.
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UGE protein Name 1 2 B 4 B 6 F B B 0 M (2 (13 4 5 {16 (17
1. AT1G12780_UGE 90.6 3.3 64.6 64.3 33.9 33.1 [32.9 U3.6 5.8 54.3 33.1 33.5 4.5 [59.6 ¥7.7 B5.1
2. AT1G63180_UGE P54 62.1 63.8 3.5 32.7 31.8 32.1 42.7 5.5 53.7 32 [33.1 24 0.1 49.1 B5.4
3. AT1G64440_UGE  [718.3 [77.5 79.2 [79.4 37.6 [34.6 34.2 32.3 [79.6 [64.6 [34.4 33.9 26.9 159.9 40.3 [74.9
4. AT4AG10960_UGE  181.5 80.1 |88 88.3 37.4 34.0 346 31 B81.2 64.6 34.7 35.9 8.3 64.2 |50.3 [76.4
5. AT4G23920_UGE  B0.1 /7.8 88 P29 37.1 35.3 34.8 [31.3 83.1 5.9 [35.3 [35.6 28.5 2.4 [50.4 [75.8
6. Pt Icl|scaff_XVI.140 [53.2 51.3 |55 [54.5 54 75.3 82.7 1.1 36.8 32.9 [73.2 2.5 [19.6 36.1 [35.2 36.1
7. Pt lcl|scaff_XI.1329 1494 47.5 [51.1 49.2 49.2 81.5 76.2 (18.9 34.7 31 94.5 1.1 19.9 33.3 33.1 34.3
8. Pt Icl|scaff VI.203 149548 |50 [50.2 48.8 87.6 85.9 204 349 322 [75.5 P2 (194342 33 [34.3
. Pt [cl|scaff_IIl.961 479 46.4 42 419 42.6 33.3 30.9 31.7 33.1 299196 182|152 30 [254 31.8
10. Pt_Icl|scaff_I11.1133 [79.8 [78.3 88.2 [00.3 90.3 52.9 48.7 47.8 43 4 73.1 34.4 34.7 7.2 62.5 50 [78.2
11. Pt_Icljscaff_|.773  [69.2 8.7 [16.1 [76.1 [77.4 49.2 44.1 45.9 419 80.5 30.8 28.6 3.7 52 1¥1.8 2.5
12. Pt_Icljscaff_1.2996 |49.4 47.5 50.8 49.4 48.9 80.6 P7.1 [85.1 30.9 48.2 44.1 20.8 19.4 [33.3 324 34
13. Pt_Iclscaff_5422 45 44.5 45.8 48.1 47.3 39.3 384 39.5 P25 ©6.4 40.1 38.2 32.5 35.5 [32.9 35
14. 01089015500 34.9 34.5 35.5 37.1 36.8 28.9 9.8 9.8 PO [36.3 32.2 P9.8 45.8 6.2 4.5 [26.9
15. SC_GAL10_P04397[77.8 [76.4 [/3.6 [75.6 [75.3 52.1 47 |47.3 40.9 [73.9 65.1 47.2 48.7 34.6 47.3 B1.7
16. 67.5 67.8 65.5 66.7 67.4 51.1 46.5 6.1 39.5 67.5 1.9 6.3 44.5 34.2 3.6 50
Ec_GALE_AAQ37702
17. 0S_UGE2 80.2 79.9 183.9 187.3 86.7 55.6 [50.6 [50.2 42.1 87.6 [7/4.3 50.4 45 [37.5[713.2 7.8

A MATGAT table for local alignment of a specific domain, or data on % identity/similarity
between specific domains may also be generated for the other polypeptides (or part thereof) of

the invention.

Example 4: Identification of domains comprised in polypeptide sequences useful
in performing the methods of the invention

The Integrated Resource of Protein Families, Domains and Sites (InterPro) database is an
integrated interface for the commonly used signature databases for text- and sequence-based
The
methodologies and varying degrees of biological information about well-characterized proteins
to derive protein signatures. Collaborating databases include SWISS-PROT, PROSITE,
TrEMBL, PRINTS, ProDom and Pfam, Smart and TIGRFAMs. Pfam is a large collection of

multiple sequence alignments and hidden Markov models covering many common protein

searches. InterPro database combines these databases, which use different
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domains and families. Pfam is hosted at the Sanger Institute server in the United Kingdom.

Interpro is hosted at the European Bioinformatics Institute in the United Kingdom.

The results of the InterPro scan of the polypeptide sequence as represented by SEQ ID NO: 2
are presented in Table C1. The detected domains classify within the Interpro families
IPR0O01092 (Basic helix-loop-helix dimerisation region bHLH ) and IPR001092 (Basic helix-

loop-helix dimerisation region bHLH).

Table C1: InterPro scan results (major accession numbers) of the polypeptide sequence as
represented by SEQ ID NO: 2.

180 PCT/EP2008/058370

Database | Accession number | Accession name | Amino acid coordinates
on SEQID NO 2

HMMPfam | PFO0010 HLH 449-498

ProfileScan | PS50888 HLH 438-498

superfamily | SSF47459 HLH_basic 451-522

The protein sequences representing the GRP (RrmJ/FtsJ polypeptide) are used as query to
search the InterPro database. GRP polypeptides useful in performing the methods of the
invention have a ribosomal RNA methyltransferase RrmJ/FtsJ domain (InterPro entries

IPR002877 and IPR015507; Pfam entry PF01728; PANTHER entry PTHR10920).

The GRP polypeptide (bHLH4 polypeptide) sequences are used as query to search the
InterPro database. GRP polypeptides useful in performing the methods of the invention match
two InterPro entries: (i) IPR0O01092 basic helix-loop-helix dimerisation region bHLH; and (ii)
IPR011598 helix-loop-helix DNA-binding.

Table C2:

InterPro accession Integrated database | Integrated database | Integrated database
number name accession number | accession name
IPR001092 Pfam PF00010 HLH

Basic helix-loop-helix

dimerisation region

bHLH

“ SMART SM00353 HLH

“ Prosite PS50888 HLH
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IPR011598 SSF47459 HLH_basic
Helix-loop-helix DNA-
binding
unintegrated Panther PTHR12565
Panther PTHR12565 SF7

The GRP polypeptide (IPT polypeptide) sequences are used as query to search the InterPro

database. GRP polypeptides useful in performing the methods of the invention match InterPro
entries: (i) IPR002627; and (ii) IPR011593, as shown in the table below:

Table C3:
InterPro accession Integrated database | Integrated database | Integrated database accession
number name accession number name
IPR002627 ProDom PD004674 Q6GHD2_STAAR_Q6GHD2
Family tRNA
isopentenyltransferase
Panther PTHR11088 TRNA DELTA(2)-
ISOPENTENYLPYROPHOSPHATE
TRANSFERASE-RELATED
Pfam PF01715 IPPT
IPR011593 ProDom PD005388 QICA35_ARATH_Q9CA35
Domain isopentenyl
transferase-like
No IPR integrated Panther PTHR11088:SF20 CYTOKININ SYNTHASE

The results of the InterPro scan of the polypeptide sequence as represented by SEQ ID NO:

166 are presented in Table C4.

Table C4: InterPro scan results (major accession numbers) of the polypeptide sequence as
represented by SEQ ID NO: 166.

Interpro  |Accession/AccessionName ’Amino acid [E-value |Amino acid [E-value
hit humber |humber |Accessioncoordinates| coordinates
humber |of the B- of the B-
box1 box2
domain domain
IPRO00315[PFAM PF00643 [zf-B _box [1-47] 1.20E-10[[58-105] 8.00E-12
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SMART  [SM00336 BBOX [1-47] 3.00E-11[58-105] 4.80E-13
PROFILE [PS50119 [ZF_BBOX |[1-47] 9.84 [58-105] 10.04

Table C5: Parameters used to build the HMMs for the B-box domain in pfam.

Pfam_Is [Download HMM]

Pfam_fs [Download HMM]

Gathering cutoff 15.3 15.3; 21.021.0
[Trusted cutoff 15.5 15.5; 21.021.0
Noise cutoff 15.2 15.2; 20.8 20.8

Build method of HMMhmmbuild -F HMM_|s SEED

hmmbuild -f -F HMM

fs SEED

hmmcalibrate --seed 0 HMM_Is

hmmecalibrate --seed

0 HMM _fs

5 The results of the InterPro scan of the polypeptide sequence as represented by SEQ ID NO:

10

15

20

222 are presented in Table C6.

Table C6: InterPro scan results (major accession numbers) of the polypeptide sequence as

represented by SEQ ID NO: 222.

Database
number

AccessionAccession name

Amino acid
coordinates
on SEQID NO 2

le-value

INTERPRO|IPR0O01509NAD-dependent epimerase/dehydratase[9-273]

4.20E-74

PFAM PF01370 [Epimerase

[9-273]

4.20E-74

Example 5: Topology prediction of the polypeptide sequences useful in

performing the methods of the invention

TargetP 1.1 predicts the subcellular location of eukaryotic proteins. The location assignment is

based on the predicted presence of any of the N-terminal pre-sequences: chloroplast transit

peptide (cTP), mitochondrial targeting peptide (mTP) or secretory pathway signal peptide (SP).

Scores on which the final prediction is based are not really probabilities, and they do not

necessarily add to one. However, the location with the highest score is the most likely

according to TargetP, and the relationship between the scores (the reliability class) may be an

indication of how certain the prediction is. The reliability class (RC) ranges from 1 to 5, where 1

indicates the strongest prediction. TargetP is maintained at the server of the Technical

University of Denmark.
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For the sequences predicted to contain an N-terminal presequence a potential cleavage site

can also be predicted.

A number of parameters were selected, such as organism group (non-plant or plant), cutoff
sets (nhone, predefined set of cutoffs, or user-specified set of cutoffs), and the calculation of

prediction of cleavage sites (yes or no).

The results of TargetP 1.1 analysis of the polypeptide sequence as represented by SEQ ID
NO: 2 are presented Table D. The “plant” organism group has been selected, no cutoffs
defined, and the predicted length of the transit peptide requested. The subcellular localization
of the polypeptide sequence as represented by SEQ ID NO: 2 may be the cytoplasm or

nucleus, no transit peptide is predicted.

Table D1: TargetP 1.1 analysis of the polypeptide sequence as represented by SEQ ID NO: 2

Length (AA) 623
Chloroplastic transit peptide 0.155
Mitochondrial transit peptide 0.143
Secretory pathway signal peptide | 0.099
Other subcellular targeting 0.816
Predicted Location /
Reliability class 2

Predicted transit peptide length /

When analysed with the PredictNLS algorithm, a nuclear localisation is predicted for SEQ ID
NO: 2 with a probability of 98%:

NLS From To signal Type
[KR]IKRIX[KR][KR][KR]X[KR][KR] 433 441 KRPKKRGRK Potential
NumWithNLS %NucProt

54 98.14

Many other algorithms can be used to perform such analyses, including:
. ChloroP 1.1 hosted on the server of the Technical University of Denmark;
. Protein Prowler Subcellular Localisation Predictor version 1.2 hosted on the server of

the Institute for Molecular Bioscience, University of Queensland, Brisbane, Australia;

PCT/EP2008/058370
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. PENCE Proteome Analyst PA-GOSUB 2.5 hosted on the server of the University of
Alberta, Edmonton, Alberta, Canada;

. TMHMM, hosted on the server of the Technical University of Denmark

The protein sequences representing the GRP are used to query TargetP 1.1. The “plant”
organism group is selected, no cutoffs defined, and the predicted length of the transit peptide

requested.

The results of TargetP 1.1 analysis of the polypeptide sequence as represented by SEQ ID
NO: 225 are presented Table D. The “plant” organism group has been selected, no cutoffs
defined, and the predicted length of the transit peptide requested. The polypeptide sequence
as represented by SEQ ID NO: 225 may be channelled through the secretory pathway to its

final subcellular localization.

Table D2: TargetP 1.1 analysis of the polypeptide sequence as represented by SEQ ID NO:
222

Length (AA) 354
Chloroplastic transit peptide /
Mitochondrial transit peptide 0.218
Secretory pathway signal peptide | 0.451
Other subcellular targeting 0.268
Predicted Location S*
Reliability class 5

~

Predicted transit peptide length

*S: secretory pathway.

Example 6: Functional assay for the bHLHG6-like polypeptide

A DNA-binding assay for AtbHLH6 is provided in Dombrecht et al. (2007). Briefly, a 1000-bp
fragment of the AtbHLH6 coding sequence encompassing codons 285 to 623 was amplified
from genomic DNA and cloned into the Nhel-BamHI-digested pTacLCELDG6-His vector (Xue,
Plant J. 41, 638-649, 2005). The resulting construct encoded the last 338 amino acids of
AtbHLHG6 (including the bHLH region) in-frame with the reporter protein CelD and a 6xHis tag.

Correct amplification and cloning were verified by DNA sequencing.

Determination of the consensus sequence of the MYC2 DNA binding motif and the relative

binding affinity of these sites was done according to Xue (2005), wherein a fusion of a DNA-
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binding protein (DBP) to 6-His-tagged cellulase D (CELD) serves both as a means for affinity
purification of DBP-DNA complex in the selection of binding sites from a pool of biotinylated
random-sequence oligonucleotides and as a reporter for measurement of DNA-binding activity.
For the selection of binding-sites using cellulose paper as an affinity matrix, DBP-CELD was
incubated at room temperature for 1 h with 20 ng of a biotin-labelled Bio-RS-Oligo in 40 ul of
binding/washing buffer (described above) containing 1 mM EDTA, 0.25 ug ul™* poly d(AC-TG),
1 mg mlI" BSA and 10% glycerol. An appropriate amount of crude DBP-CELD used for
binding-site selection was that achieving 20-30% relative cellulose binding efficiency
(percentage cellulose activity bound to cellulose after washing). DBP-CELD/Bio-RS-Oligo
mixtures were transferred to 96-well microplate wells containing Whatman 1 filter paper (4
mm?) which was pre-soaked with 10 pl blocking solution [binding/washing buffer containing 0.5
ug pl™" poly d(AC-TG) and 10% glycerol]. After incubation at 0°C for 1 hr with gentle shaking,
the cellulose paper was washed six times with binding/washing buffer containing 1 mM EDTA
and 0.1 mg ml" BSA. The use of extensive washing in the target site selection was based on
observations of the relatively high stability of DBP-oligonucleotide complex immobilized on
solid matrix. DBP-CELD carrying target binding sites were eluted at 40°C for 15 min with 40 pl
of cellulase eluting buffer [10 mM HEPES, pH7, 50 mM KCI, 0.2 mM EDTA, 4 mM cellobiose,
0.05 mg ml" BSA and 10 yg ml™" of a sense sequence-specific primer SP-S]. The eluate was
used for PCR amplification of selected oligonucleotides. The PCR product (0.1 ul) without
purification was used for the next round of site selection.

Alternatively, 6-His tagged DBP-CELD (10-25 ug crude protein) was incubated in 60 pl of PNT
buffer (50 mM sodium phosphate, pH8.0, 300 mM NaCl and 0.05% Tween 20) containing 10
mM imidazole and 350 pug Ni-NTA magnetic agarose beads (Qiagen) at room temperature for
45-60 min with gentle shaking in a micro-tube mixer (Tomy Seiko Co., Tokyo, Japan). The Ni-
NTA magnetic beads were collected at the side of the tubes by placing tubes in a 12-tube
magnet (Qiagen). Unbound proteins were removed by washing twice with 150-200 ul of PNT
containing 20 mM imidazole and once with 60 pl of binding/washing buffer containing 2 mM
MgCl,, 1 mg mlI" BSA and 10% glycerol. Washed beads were suspended in 40 ul of
binding/washing buffer containing 2 mM MgCl,, 0.25 pug pl”' poly d(AC-TG), 1 mg ml" BSA,
0.0025% Nonidet P-40, 10% glycerol and biotin-labelled oligonucleotides (50 ng Bio-RS-Oligo
or 1 pl of PCR product amplified from previously selected oligonucleotides). The suspension
was incubated at room temperature for 1.5 h with gentle shaking in the micro-tube mixer. After
washing four times (3-4 min each washing) with 150-200 pl of binding/washing buffer
containing 2 mM MgCl,, 0.1 mg ml” BSA and 0.0025% Nonidet P-40, the beads carrying target
site-bound BDP-CELD were resuspended in 8 pl of 5mM Tris-Cl (pH 8.0)/0.5 mM EDTA

containing 5 yg ml”" of a sense sequence-specific primer (SP-S) and the suspension was
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transferred to a clean tube and used for PCR amplification of selected oligonucleotides. The
PCR product (1 pl) without purification was used for the next round of site selection.

For EMSA assays, 6-His-tagged DBP-CELD proteins were purified using Ni-NTA magnetic
agarose beads using a high stringent binding buffer (50 mMsodium phosphate, pH8.0, 1
MNaCl, 10% glycerol, 1% Tween 20 and 10 mM imidazole) and the rest of the procedure
followed the manufacturer's instruction. Double-stranded synthetic oligonucleotides (3045
fmol) labelled with digoxigenin at the 3’-end were incubated with a purified DBP (30-75 ng) in
15 pl of binding buffer [25 mM HEPES/KOH, pH 7.0, 50 mM KCI, 0.5 mM DTT, 2 mM MgCl,,
0.2 pg pI" poly d(AC-TG), 0.3 mg mlI" BSA and 10% glycerol]. After incubation at room
temperature for 30 min, DBP/DNA complexes were separated from free probes on a 6%
polyacrylamide gel in a 40-mM Tris-acetate buffer (pH 7.5) containing 5 mM Na acetate, 0.5
mM EDTA and 5% glycerol. The DBP/DNA complexes and free probes in the gels after
electrophoresis were transferred to a Hybond Np membrane. Alkaline phosphatase-conjugated
anti-digoxigenin antibody and a chemiluminescent substrate, CDP-Star (Roche Diagnostics)
was used for detection of digoxigenin according to the manufacturer’s instructions.

Further details are provided in Xue (2005).

Example 7: Cloning of the nucleic acid sequence used in the methods of the
invention

The nucleic acid sequence used in the methods of the invention was amplified by PCR using
as template a custom-made Arabidopsis thaliana seedlings cDNA library (in pCMV Sport 6.0;
Invitrogen, Paisley, UK). PCR was performed using Hifi Taq DNA polymerase in standard
conditions, using 200 ng of template in a 50 pl PCR mix. The primers used were prm06515
(SEQ ID NO: 10; sense, start codon in bold):
5-ggggacaagtttgtacaaaaaagcaggcttaaacaatgactgattaccggctacaa-3

and prm06516 (SEQ ID NO: 11; reverse, complementary):

5 -ggggaccactttgtacaagaaagctgggtacacccttttaaccgattttt-3,

which include the AttB sites for Gateway recombination. The amplified PCR fragment was
purified also using standard methods. The first step of the Gateway procedure, the BP
reaction, was then performed, during which the PCR fragment recombines in vivo with the
pDONR201 plasmid to produce, according to the Gateway terminology, an “entry clone”,
pbHLH6-like. Plasmid pDONR201 was purchased from Invitrogen, as part of the Gateway”

technology.

The entry clone comprising SEQ ID NO: 1 was then used in an LR reaction with a destination

vector used for Oryza sativa transformation. This vector contained as functional elements
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within the T-DNA borders: a plant selectable marker; a screenable marker expression
cassette; and a Gateway cassette intended for LR in vivo recombination with the nucleic acid
sequence of interest already cloned in the entry clone. A rice GOS2 promoter (SEQ ID NO:

12) for root specific expression was located upstream of this Gateway cassette.

After the LR recombination step, the resulting expression vector pGOS2::bHLH6-like (Figure 3)
was transformed into Agrobacterium strain LBA4044 according to methods well known in the
art.

Example 8: Plant transformation

Rice transformation

The Agrobacterium containing the expression vector was used to transform Oryza sativa
plants. Mature dry seeds of the rice japonica cultivar Nipponbare were dehusked. Sterilization
was carried out by incubating for one minute in 70% ethanol, followed by 30 minutes in 0.2%
HgCl,, followed by a 6 times 15 minutes wash with sterile distilled water. The sterile seeds
were then germinated on a medium containing 2,4-D (callus induction medium). After
incubation in the dark for four weeks, embryogenic, scutellum-derived calli were excised and
propagated on the same medium. After two weeks, the calli were multiplied or propagated by
subculture on the same medium for another 2 weeks. Embryogenic callus pieces were sub-

cultured on fresh medium 3 days before co-cultivation (to boost cell division activity).

Agrobacterium strain LBA4404 containing the expression vector was used for co-cultivation.
Agrobacterium was inoculated on AB medium with the appropriate antibiotics and cultured for
3 days at 28°C. The bacteria were then collected and suspended in liquid co-cultivation
medium to a density (ODsoo) of about 1. The suspension was then transferred to a Petri dish
and the calli immersed in the suspension for 15 minutes. The callus tissues were then blotted
dry on a filter paper and transferred to solidified, co-cultivation medium and incubated for 3
days in the dark at 25°C. Co-cultivated calli were grown on 2,4-D-containing medium for 4
weeks in the dark at 28°C in the presence of a selection agent. During this period, rapidly
growing resistant callus islands developed. After transfer of this material to a regeneration
medium and incubation in the light, the embryogenic potential was released and shoots
developed in the next four to five weeks. Shoots were excised from the calli and incubated for
2 to 3 weeks on an auxin-containing medium from which they were transferred to soil.

Hardened shoots were grown under high humidity and short days in a greenhouse.

Approximately 35 independent TO rice transformants were generated for one construct. The

primary transformants were transferred from a tissue culture chamber to a greenhouse. After a
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quantitative PCR analysis to verify copy number of the T-DNA insert, only single copy
transgenic plants that exhibit tolerance to the selection agent were kept for harvest of T1 seed.
Seeds were then harvested three to five months after transplanting. The method yielded single
locus transformants at a rate of over 50 % (Aldemita and Hodges1996, Chan et al. 1993, Hiei
et al. 1994).

Corn transformation

Transformation of maize (Zea mays) is performed with a modification of the method described
by Ishida et al. (1996) Nature Biotech 14(6): 745-50. Transformation is genotype-dependent in
corn and only specific genotypes are amenable to transformation and regeneration. The inbred
line A188 (University of Minnesota) or hybrids with A188 as a parent are good sources of
donor material for transformation, but other genotypes can be used successfully as well. Ears
are harvested from corn plant approximately 11 days after pollination (DAP) when the length of
the immature embryo is about 1 to 1.2 mm. Immature embryos are cocultivated with
Agrobacterium tumefaciens containing the expression vector, and transgenic plants are
recovered through organogenesis. Excised embryos are grown on callus induction medium,
then maize regeneration medium, containing the selection agent (for example imidazolinone
but various selection markers can be used). The Petri plates are incubated in the light at 25 °C
for 2-3 weeks, or until shoots develop. The green shoots are transferred from each embryo to
maize rooting medium and incubated at 25 °C for 2-3 weeks, until roots develop. The rooted
shoots are transplanted to soil in the greenhouse. T1 seeds are produced from plants that

exhibit tolerance to the selection agent and that contain a single copy of the T-DNA insert.

Wheat transformation

Transformation of wheat is performed with the method described by Ishida et al. (1996) Nature
Biotech 14(6): 745-50. The cultivar Bobwhite (available from CIMMYT, Mexico) is commonly
used in transformation. Immature embryos are co-cultivated with Agrobacterium tumefaciens
containing the expression vector, and transgenic plants are recovered through organogenesis.
After incubation with Agrobacterium, the embryos are grown in vitro on callus induction
medium, then regeneration medium, containing the selection agent (for example imidazolinone
but various selection markers can be used). The Petri plates are incubated in the light at 25 °C
for 2-3 weeks, or until shoots develop. The green shoots are transferred from each embryo to
rooting medium and incubated at 25 °C for 2-3 weeks, until roots develop. The rooted shoots
are transplanted to soil in the greenhouse. T1 seeds are produced from plants that exhibit

tolerance to the selection agent and that contain a single copy of the T-DNA insert.

Soybean transformation

PCT/EP2008/058370
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Soybean is transformed according to a modification of the method described in the Texas A&M
patent US 5,164,310. Several commercial soybean varieties are amenable to transformation
by this method. The cultivar Jack (available from the lllinois Seed foundation) is commonly
used for transformation. Soybean seeds are sterilised for in vitro sowing. The hypocotyl, the
radicle and one cotyledon are excised from seven-day old young seedlings. The epicotyl and
the remaining cotyledon are further grown to develop axillary nodes. These axillary nodes are
excised and incubated with Agrobacterium tumefaciens containing the expression vector. After
the cocultivation treatment, the explants are washed and transferred to selection media.
Regenerated shoots are excised and placed on a shoot elongation medium. Shoots no longer
than 1 cm are placed on rooting medium until roots develop. The rooted shoots are
transplanted to soil in the greenhouse. T1 seeds are produced from plants that exhibit

tolerance to the selection agent and that contain a single copy of the T-DNA insert.

Rapeseed/canola transformation

Cotyledonary petioles and hypocotyls of 5-6 day old young seedling are used as explants for
tissue culture and transformed according to Babic et al. (1998, Plant Cell Rep 17: 183-188).
The commercial cultivar Westar (Agriculture Canada) is the standard variety used for
transformation, but other varieties can also be used. Canola seeds are surface-sterilized for in
vitro sowing. The cotyledon petiole explants with the cotyledon attached are excised from the
in vitro seedlings, and inoculated with Agrobacterium (containing the expression vector) by
dipping the cut end of the petiole explant into the bacterial suspension. The explants are then
cultured for 2 days on MSBAP-3 medium containing 3 mg/l BAP, 3 % sucrose, 0.7 % Phytagar
at 23 °C, 16 hr light. After two days of co-cultivation with Agrobacterium, the petiole explants
are transferred to MSBAP-3 medium containing 3 mg/l BAP, cefotaxime, carbenicillin, or
timentin (300 mg/l) for 7 days, and then cultured on MSBAP-3 medium with cefotaxime,
carbenicillin, or timentin and selection agent until shoot regeneration. When the shoots are 5 —
10 mm in length, they are cut and transferred to shoot elongation medium (MSBAP-0.5,
containing 0.5 mg/l BAP). Shoots of about 2 cm in length are transferred to the rooting medium
(MSO0) for root induction. The rooted shoots are transplanted to soil in the greenhouse. T1
seeds are produced from plants that exhibit tolerance to the selection agent and that contain a

single copy of the T-DNA insert.

Alfalfa transformation

A regenerating clone of alfalfa (Medicago sativa) is transformed using the method of (McKersie
et al., 1999 Plant Physiol 119: 839-847). Regeneration and transformation of alfalfa is
genotype dependent and therefore a regenerating plant is required. Methods to obtain

regenerating plants have been described. For example, these can be selected from the cultivar
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Rangelander (Agriculture Canada) or any other commercial alfalfa variety as described by
Brown DCW and A Atanassov (1985. Plant Cell Tissue Organ Culture 4: 111-112).
Alternatively, the RA3 variety (University of Wisconsin) has been selected for use in tissue
culture (Walker et al.,, 1978 Am J Bot 65:654-659). Petiole explants are cocultivated with an
overnight culture of Agrobacterium tumefaciens C58C1 pMP90 (McKersie et al., 1999 Plant
Physiol 119: 839-847) or LBA4404 containing the expression vector. The explants are
cocultivated for 3 d in the dark on SH induction medium containing 288 mg/ L Pro, 53 mg/ L
thioproline, 4.35 g/ L K2504, and 100 uym acetosyringinone. The explants are washed in half-
strength Murashige-Skoog medium (Murashige and Skoog, 1962) and plated on the same SH
induction medium without acetosyringinone but with a suitable selection agent and suitable
antibiotic to inhibit Agrobacterium growth. After several weeks, somatic embryos are
transferred to BOIi2Y development medium containing no growth regulators, no antibiotics, and
50 g/ L sucrose. Somatic embryos are subsequently germinated on half-strength Murashige-
Skoog medium. Rooted seedlings were transplanted into pots and grown in a greenhouse. T1
seeds are produced from plants that exhibit tolerance to the selection agent and that contain a

single copy of the T-DNA insert.

Cotton transformation

Cotton is transformed using Agrobacterium tumefaciens according to the method described in
US 5,159,135. Cotton seeds are surface sterilised in 3% sodium hypochlorite solution during
20 minutes and washed in distilled water with 500 ug/ml cefotaxime. The seeds are then
transferred to SH-medium with 50ug/ml benomyl for germination. Hypocotyls of 4 to 6 days
old seedlings are removed, cut into 0.5 cm pieces and are placed on 0.8% agar. An
Agrobacterium suspension (approx. 108 cells per ml, diluted from an overnight culture
transformed with the gene of interest and suitable selection markers) is used for inoculation of
the hypocotyl explants. After 3 days at room temperature and lighting, the tissues are
transferred to a solid medium (1.6 g/l Gelrite) with Murashige and Skoog salts with B5 vitamins
(Gamborg et al, Exp. Cell Res. 50:151-158 (1968)), 0.1 mg/l 2,4-D, 0.1 mg/l 6-
furfurylaminopurine and 750 ug/ml MgCL2, and with 50 to 100 pug/ml cefotaxime and 400-500
pg/ml carbenicillin to kill residual bacteria. Individual cell lines are isolated after two to three
months (with subcultures every four to six weeks) and are further cultivated on selective
medium for tissue amplification (30°C, 16 hr photoperiod). Transformed tissues are
subsequently further cultivated on non-selective medium during 2 to 3 months to give rise to
somatic embryos. Healthy looking embryos of at least 4 mm length are transferred to tubes
with SH medium in fine vermiculite, supplemented with 0.1 mg/l indole acetic acid, 6
furfurylaminopurine and gibberellic acid. The embryos are cultivated at 30°C with a

photoperiod of 16 hrs, and plantlets at the 2 to 3 leaf stage are transferred to pots with
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vermiculite and nutrients. The plants are hardened and subsequently moved to the

greenhouse for further cultivation.

Example 9: Phenotypic evaluation procedure

9.1 Evaluation setup

Approximately 35 independent TO rice transformants were generated. The primary
transformants were transferred from a tissue culture chamber to a greenhouse for growing and
harvest of T1 seed. Six events, of which the T1 progeny segregated 3:1 for presence/absence
of the transgene, were retained. For each of these events, approximately 10 T1 seedlings
containing the transgene (hetero- and homo-zygotes) and approximately 10 T1 seedlings
lacking the transgene (nullizygotes) were selected by monitoring visual marker expression.
The transgenic plants and the corresponding nullizygotes were grown side-by-side at random
positions. Greenhouse conditions were of shorts days (12 hours light), 28°C in the light and
22°C in the dark, and a relative humidity of 70%.

Four T1 events were further evaluated in the T2 generation following the same evaluation
procedure as for the T1 generation but with more individuals per event. From the stage of
sowing until the stage of maturity the plants were passed several times through a digital
imaging cabinet. At each time point digital images (2048x1536 pixels, 16 million colours) were

taken of each plant from at least 6 different angles.

Drought screen

Plants from T2 seeds are grown in potting soil under normal conditions until they approached
the heading stage. They are then transferred to a "dry" section where irrigation is withheld.
Humidity probes are inserted in randomly chosen pots to monitor the soil water content (SWC).
When SWC goes below certain thresholds, the plants are automatically re-watered
continuously until a normal level is reached again. The plants are then re-transferred again to
normal conditions. The rest of the cultivation (plant maturation, seed harvest) is the same as
for plants not grown under abiotic stress conditions. Growth and yield parameters are

recorded as detailed for growth under normal conditions.

Nitrogen use efficiency screen

Rice plants from T2 seeds are grown in potting soil under normal conditions except for the
nutrient solution. The pots are watered from transplantation to maturation with a specific
nutrient solution containing reduced N nitrogen (N) content, usually between 7 to 8 times less.

The rest of the cultivation (plant maturation, seed harvest) is the same as for plants not grown
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under abiotic stress. Growth and yield parameters are recorded as detailed for growth under

normal conditions.

Salt stress screen

Plants are grown on a substrate made of coco fibers and argex (3 to 1 ratio). A normal nutrient
solution is used during the first two weeks after transplanting the plantlets in the greenhouse.
After the first two weeks, 25 mM of salt (NaCl) is added to the nutrient solution, until the plants

were harvested. Seed-related parameters are then measured.

9.2 Statistical analysis: F test

A two factor ANOVA (analysis of variants) was used as a statistical model for the overall
evaluation of plant phenotypic characteristics. An F test was carried out on all the parameters
measured of all the plants of all the events transformed with the gene of the present invention.
The F test was carried out to check for an effect of the gene over all the transformation events
and to verify for an overall effect of the gene, also known as a global gene effect. The
threshold for significance for a true global gene effect was set at a 5% probability level for the
F test. A significant F test value points to a gene effect, meaning that it is not only the mere

presence or position of the gene that is causing the differences in phenotype.

Because two experiments with overlapping events were carried out, a combined analysis was
performed. This is useful to check consistency of the effects over the two experiments, and if
this is the case, to accumulate evidence from both experiments in order to increase confidence
in the conclusion. The method used was a mixed-model approach that takes into account the
multilevel structure of the data (i.e. experiment - event - segregants). P values were obtained

by comparing likelihood ratio test to chi square distributions.

9.3 Parameters measured

Biomass-related parameter measurement

From the stage of sowing until the stage of maturity the plants were passed several times
through a digital imaging cabinet. At each time point digital images (2048x1536 pixels, 16
million colours) were taken of each plant from at least 6 different angles.

The plant aboveground area (or leafy biomass) was determined by counting the total number
of pixels on the digital images from aboveground plant parts discriminated from the
background. This value was averaged for the pictures taken on the same time point from the
different angles and was converted to a physical surface value expressed in square mm by
calibration. Experiments show that the aboveground plant area measured this way correlates

with the biomass of plant parts above ground. The above ground area is the area measured at
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the time point at which the plant had reached its maximal leafy biomass. The early vigour is

the plant (seedling) aboveground area three weeks post-germination.

Early vigour was determined by counting the total number of pixels from aboveground plant
parts discriminated from the background. This value was averaged for the pictures taken on
the same time point from different angles and was converted to a physical surface value
expressed in square mm by calibration. The results described below are for plants three

weeks post-germination.

Seed-related parameter measurements

The mature primary panicles were harvested, counted, bagged, barcode-labelled and then
dried for three days in an oven at 37°C. The panicles were then threshed and all the seeds
were collected and counted. The filled husks were separated from the empty ones using an
air-blowing device. The empty husks were discarded and the remaining fraction was counted
again. The filled husks were weighed on an analytical balance. The number of filled seeds
was determined by counting the number of filled husks that remained after the separation step.
The total seed yield was measured by weighing all filled husks harvested from a plant. Total
seed number per plant was measured by counting the number of husks harvested from a
plant. Thousand Kernel Weight (TKW) is extrapolated from the number of filled seeds counted
and their total weight. The Harvest Index (HI) in the present invention is defined as the ratio
between the total seed yield and the above ground area (mm?2), multiplied by a factor 10°. The
total number of flowers per panicle as defined in the present invention is the ratio between the
total number of seeds and the number of mature primary panicles. The seed fill rate as
defined in the present invention is the proportion (expressed as a %) of the number of filled
seeds over the total number of seeds (or florets). Number of flowers per panicle was
calculated from the number of total seeds and the number of first panicles and is an estimation

of the average number of florets per panicle on a plant.

Example 10: Results of the phenotypic evaluation of the transgenic plants

Transgenic rice plants expressing the bHLH6-like protein of SEQ ID NO: 2 grown under normal
growth conditions showed compared to the control plants, an increase in emergence vigour
and in seed yield (as demonstrated by number of flowers per panicle, see table below). These
increases were measured in 2 experiments with T1 and T2 generation plants and were

statistically significant.

T1 generation | T2 generation

parameter % increase % increase
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Emergence vigour 11.9 2.8
number of flowers per panicle 7.4 6.2

Furthermore positive effects were observed for total weight of seeds, number of filled seeds

and harvest index, in the T1 generation as well as in T2 generation.

Example 11: Cloning of the nucleic acid sequence used in the methods of the
invention
Cloning of SEQ ID NO: 57 (coding for RrmJ/FtsJ methyltransferase):

A cDNA-AFLP experiment performed on a synchronized tobacco BY2 cell culture (Nicotiana

tabacum L. cv. Bright Yellow-2), and BY2 expressed sequence tags that were cell cycle
modulated could be identified and were elected for further cloning. The expressed sequence
tags were used to screen a tobacco cDNA library (in a Gateway compatible vector; Invitrogen,
Paisley, UK) to isolate the full-length cDNA of interest, namely one coding for RrmJ/FtsJ

methyltransferase nucleic acid sequence as represented by SEQ ID NO: 57.

The isolated plasmid comprising SEQ ID NO: 57 was then used in an LR reaction with a
destination vector used for Oryza sativa transformation. This vector contained as functional
elements within the T-DNA borders: a plant selectable marker; a screenable marker
expression cassette; and a Gateway cassette intended for LR in vivo recombination with the
nucleic acid sequence of interest already cloned in the entry clone. A rice oleosin promoter

(SEQ ID NO: 91) for seed specific expression was located upstream of this Gateway cassette.

After the LR recombination step, the resulting expression vector pOleo::GRP (Figure 6) was

transformed into Agrobacterium strain LBA4044 according to methods well known in the art.

Example 12: Plant transformation

Rice transformation

The Agrobacterium containing the expression vector was used to transform Oryza sativa
plants. Mature dry seeds of the rice japonica cultivar Nipponbare were dehusked. Sterilization
was carried out by incubating for one minute in 70% ethanol, followed by 30 minutes in 0.2%
HgCl,, followed by a 6 times 15 minutes wash with sterile distilled water. The sterile seeds
were then germinated on a medium containing 2,4-D (callus induction medium). After
incubation in the dark for four weeks, embryogenic, scutellum-derived calli were excised and

propagated on the same medium. After two weeks, the calli were multiplied or propagated by
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subculture on the same medium for another 2 weeks. Embryogenic callus pieces were sub-

cultured on fresh medium 3 days before co-cultivation (to boost cell division activity).

Agrobacterium strain LBA4404 containing the expression vector was used for co-cultivation.
Agrobacterium was inoculated on AB medium with the appropriate antibiotics and cultured for
3 days at 28°C. The bacteria were then collected and suspended in liquid co-cultivation
medium to a density (ODsoo) of about 1. The suspension was then transferred to a Petri dish
and the calli immersed in the suspension for 15 minutes. The callus tissues were then blotted
dry on a filter paper and transferred to solidified, co-cultivation medium and incubated for 3
days in the dark at 25°C. Co-cultivated calli were grown on 2,4-D-containing medium for 4
weeks in the dark at 28°C in the presence of a selection agent. During this period, rapidly
growing resistant callus islands developed. After transfer of this material to a regeneration
medium and incubation in the light, the embryogenic potential was released and shoots
developed in the next four to five weeks. Shoots were excised from the calli and incubated for
2 to 3 weeks on an auxin-containing medium from which they were transferred to soil.

Hardened shoots were grown under high humidity and short days in a greenhouse.

Approximately 35 independent TO rice transformants were generated for one construct. The
primary transformants were transferred from a tissue culture chamber to a greenhouse. After a
quantitative PCR analysis to verify copy number of the T-DNA insert, only single copy
transgenic plants that exhibit tolerance to the selection agent were kept for harvest of T1 seed.
Seeds were then harvested three to five months after transplanting. The method yielded single
locus transformants at a rate of over 50 % (Aldemita and Hodges1996, Chan et al. 1993, Hiei
et al. 1994).

Example 13: Phenotypic evaluation procedure

13.1 Evaluation setup

Approximately 35 independent TO rice transformants were generated. The primary
transformants were transferred from a tissue culture chamber to a greenhouse for growing and
harvest of T1 seed. Six events, of which the T1 progeny segregated 3:1 for presence/absence
of the transgene, were retained. For each of these events, approximately 10 T1 seedlings
containing the transgene (hetero- and homo-zygotes) and approximately 10 T1 seedlings
lacking the transgene (nullizygotes) were selected by monitoring visual marker expression.
The transgenic plants and the corresponding nullizygotes were grown side-by-side at random
positions. Greenhouse conditions were of shorts days (12 hours light), 28°C in the light and
22°C in the dark, and a relative humidity of 70%.
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Four T1 events were further evaluated in the T2 generation following the same evaluation

procedure as for the T1 generation but with more individuals per event.

From the stage of sowing until the stage of maturity the plants were passed several times
through a digital imaging cabinet. At each time point digital images (2048x1536 pixels, 16

million colours) were taken of each plant from at least 6 different angles.

Drought screen

Plants from T2 seeds are grown in potting soil under normal conditions until they approached
the heading stage. They are then transferred to a "dry" section where irrigation is withheld.
Humidity probes are inserted in randomly chosen pots to monitor the soil water content (SWC).
When SWC goes below certain thresholds, the plants are automatically re-watered
continuously until a normal level is reached again. The plants are then re-transferred again to
normal conditions. The rest of the cultivation (plant maturation, seed harvest) is the same as
for plants not grown under abiotic stress conditions. Growth and yield parameters are

recorded as detailed for growth under normal conditions.

Nitrogen use efficiency screen

Rice plants from T2 seeds are grown in potting soil under normal conditions except for the
nutrient solution. The pots are watered from transplantation to maturation with a specific
nutrient solution containing reduced N nitrogen (N) content, usually between 7 to 8 times less.
The rest of the cultivation (plant maturation, seed harvest) is the same as for plants not grown
under abiotic stress. Growth and yield parameters are recorded as detailed for growth under

normal conditions.

13.2 Statistical analysis: F test

A two factor ANOVA (analysis of variants) was used as a statistical model for the overall
evaluation of plant phenotypic characteristics. An F test was carried out on all the parameters
measured of all the plants of all the events transformed with the gene of the present invention.
The F test was carried out to check for an effect of the gene over all the transformation events
and to verify for an overall effect of the gene, also known as a global gene effect. The
threshold for significance for a true global gene effect was set at a 5% probability level for the
F test. A significant F test value points to a gene effect, meaning that it is not only the mere

presence or position of the gene that is causing the differences in phenotype.

Because two experiments with overlapping events were carried out, a combined analysis is

performed. This is useful to check consistency of the effects over the two experiments, and if
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this is the case, to accumulate evidence from both experiments in order to increase confidence
in the conclusion. The method used is a mixed-model approach that takes into account the
multilevel structure of the data (i.e. experiment - event - segregants). P values were obtained

by comparing likelihood ratio test to chi square distributions.

13.3 Parameters measured

Biomass-related parameter measurement

The plant aboveground area (or leafy biomass) was determined by counting the total number
of pixels on the digital images from aboveground plant parts discriminated from the
background. This value was averaged for the pictures taken on the same time point from the
different angles and was converted to a physical surface value expressed in square mm by
calibration. Experiments show that the aboveground plant area measured this way correlates
with the biomass of plant parts above ground. The above ground area is the area measured at

the time point at which the plant had reached its maximal leafy biomass.

Seed-related parameter measurements

The mature primary panicles were harvested, counted, bagged, barcode-labelled and then
dried for three days in an oven at 37°C. The panicles were then threshed and all the seeds
were collected and counted. The filled husks were separated from the empty ones using an
air-blowing device. The empty husks were discarded and the remaining fraction was counted
again. The filled husks were weighed on an analytical balance. The number of filled seeds
was determined by counting the number of filled husks that remained after the separation step.
The total seed yield was measured by weighing all filled husks harvested from a plant. Total
seed number per plant was measured by counting the number of husks harvested from a
plant. Thousand Kernel Weight (TKW) is extrapolated from the number of filled seeds counted
and their total weight. The Harvest Index (HI) in the present invention is defined as the ratio
between the total seed yield and the above ground area (mm?2), multiplied by a factor 10°. The
total number of flowers per panicle as defined in the present invention is the ratio between the
total number of seeds and the number of mature primary panicles. The seed fill rate as
defined in the present invention is the proportion (expressed as a %) of the number of filled

seeds over the total number of seeds (or florets).

Example 14: Results of the phenotypic evaluation of the transgenic plants
The transgenic rice plants expressing the GRP nucleic acid sequence represented by SEQ ID
NO: 57 under control of the oleosin promoter showed an increase of more than 5% for total

weight of seeds, number of filled seeds, fill rate, and harvest index.
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Average % increase | Average % increase
in 2 events in the T1 [ in 2 events in the T2
generation generation

Total seed yield per plant 48% 46%

Total number of filled seeds | 46% 44%

Fill rate 39% 45%

Harvest index 40% 40%

Example 15: Other crop transformation

Corn transformation

Transformation of maize (Zea mays) is performed with a modification of the method described
by Ishida et al. (1996) Nature Biotech 14(6): 745-50. Transformation is genotype-dependent in
corn and only specific genotypes are amenable to transformation and regeneration. The inbred
line A188 (University of Minnesota) or hybrids with A188 as a parent are good sources of
donor material for transformation, but other genotypes can be used successfully as well. Ears
are harvested from corn plant approximately 11 days after pollination (DAP) when the length of
the immature embryo is about 1 to 1.2 mm. Immature embryos are cocultivated with
Agrobacterium tumefaciens containing the expression vector, and transgenic plants are
recovered through organogenesis. Excised embryos are grown on callus induction medium,
then maize regeneration medium, containing the selection agent (for example imidazolinone
but various selection markers can be used). The Petri plates are incubated in the light at 25 °C
for 2-3 weeks, or until shoots develop. The green shoots are transferred from each embryo to
maize rooting medium and incubated at 25 °C for 2-3 weeks, until roots develop. The rooted
shoots are transplanted to soil in the greenhouse. T1 seeds are produced from plants that

exhibit tolerance to the selection agent and that contain a single copy of the T-DNA insert.

Wheat transformation

Transformation of wheat is performed with the method described by Ishida et al. (1996) Nature
Biotech 14(6): 745-50. The cultivar Bobwhite (available from CIMMYT, Mexico) is commonly
used in transformation. Immature embryos are co-cultivated with Agrobacterium tumefaciens
containing the expression vector, and transgenic plants are recovered through organogenesis.
After incubation with Agrobacterium, the embryos are grown in vitro on callus induction
medium, then regeneration medium, containing the selection agent (for example imidazolinone
but various selection markers can be used). The Petri plates are incubated in the light at 25 °C
for 2-3 weeks, or until shoots develop. The green shoots are transferred from each embryo to

rooting medium and incubated at 25 °C for 2-3 weeks, until roots develop. The rooted shoots
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are transplanted to soil in the greenhouse. T1 seeds are produced from plants that exhibit

tolerance to the selection agent and that contain a single copy of the T-DNA insert.

Soybean transformation

Soybean is transformed according to a modification of the method described in the Texas A&M
patent US 5,164,310. Several commercial soybean varieties are amenable to transformation
by this method. The cultivar Jack (available from the lllinois Seed foundation) is commonly
used for transformation. Soybean seeds are sterilised for in vitro sowing. The hypocotyl, the
radicle and one cotyledon are excised from seven-day old young seedlings. The epicotyl and
the remaining cotyledon are further grown to develop axillary nodes. These axillary nodes are
excised and incubated with Agrobacterium tumefaciens containing the expression vector. After
the cocultivation treatment, the explants are washed and transferred to selection media.
Regenerated shoots are excised and placed on a shoot elongation medium. Shoots no longer
than 1 cm are placed on rooting medium until roots develop. The rooted shoots are
transplanted to soil in the greenhouse. T1 seeds are produced from plants that exhibit

tolerance to the selection agent and that contain a single copy of the T-DNA insert.

Rapeseed/canola transformation

Cotyledonary petioles and hypocotyls of 5-6 day old young seedling are used as explants for
tissue culture and transformed according to Babic et al. (1998, Plant Cell Rep 17: 183-188).
The commercial cultivar Westar (Agriculture Canada) is the standard variety used for
transformation, but other varieties can also be used. Canola seeds are surface-sterilized for in
vitro sowing. The cotyledon petiole explants with the cotyledon attached are excised from the
in vitro seedlings, and inoculated with Agrobacterium (containing the expression vector) by
dipping the cut end of the petiole explant into the bacterial suspension. The explants are then
cultured for 2 days on MSBAP-3 medium containing 3 mg/| BAP, 3 % sucrose, 0.7 % Phytagar
at 23 °C, 16 hr light. After two days of co-cultivation with Agrobacterium, the petiole explants
are transferred to MSBAP-3 medium containing 3 mg/l BAP, cefotaxime, carbenicillin, or
timentin (300 mg/l) for 7 days, and then cultured on MSBAP-3 medium with cefotaxime,
carbenicillin, or timentin and selection agent until shoot regeneration. When the shoots are 5 —
10 mm in length, they are cut and transferred to shoot elongation medium (MSBAP-0.5,
containing 0.5 mg/l BAP). Shoots of about 2 cm in length are transferred to the rooting medium
(MSO0) for root induction. The rooted shoots are transplanted to soil in the greenhouse. T1
seeds are produced from plants that exhibit tolerance to the selection agent and that contain a

single copy of the T-DNA insert.

Alfalfa transformation
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A regenerating clone of alfalfa (Medicago sativa) is transformed using the method of (McKersie
et al.,, 1999 Plant Physiol 119: 839-847). Regeneration and transformation of alfalfa is
genotype dependent and therefore a regenerating plant is required. Methods to obtain
regenerating plants have been described. For example, these can be selected from the cultivar
Rangelander (Agriculture Canada) or any other commercial alfalfa variety as described by
Brown DCW and A Atanassov (1985. Plant Cell Tissue Organ Culture 4. 111-112).
Alternatively, the RA3 variety (University of Wisconsin) has been selected for use in tissue
culture (Walker et al., 1978 Am J Bot 65:654-659). Petiole explants are cocultivated with an
overnight culture of Agrobacterium tumefaciens C58C1 pMP90 (McKersie et al., 1999 Plant
Physiol 119: 839-847) or LBA4404 containing the expression vector. The explants are
cocultivated for 3 d in the dark on SH induction medium containing 288 mg/ L Pro, 53 mg/ L
thioproline, 4.35 g/ L K2504, and 100 uym acetosyringinone. The explants are washed in half-
strength Murashige-Skoog medium (Murashige and Skoog, 1962) and plated on the same SH
induction medium without acetosyringinone but with a suitable selection agent and suitable
antibiotic to inhibit Agrobacterium growth. After several weeks, somatic embryos are
transferred to BOIi2Y development medium containing no growth regulators, no antibiotics, and
50 g/ L sucrose. Somatic embryos are subsequently germinated on half-strength Murashige-
Skoog medium. Rooted seedlings were transplanted into pots and grown in a greenhouse. T1
seeds are produced from plants that exhibit tolerance to the selection agent and that contain a
single copy of the T-DNA insert.

Cotton transformation

Cotton (Gossypium hirsutum L.) transformation is performed using Agrobacterium
tumefaciens, on hypocotyls explants. The commercial cultivars such as Coker 130 or Coker
312 (SeedCo, Lubbock, TX) are standard varieties used for transformation, but other varieties
can also be used. The seeds are surface sterilized and germinated in the dark. Hypocotyl
explants are cut from the germinated seedlings to lengths of about 1-1.5 centimeter. The
hypotocyl explant is submersed in the Agrobacterium tumefaciens inoculum containing the
expression vector, for 5 minutes then co-cultivated for about 48 hours on MS +1.8 mg/| KNO3
+ 2% glucose at 24° C, in the dark. The explants are transferred the same medium containing
appropriate bacterial and plant selectable markers (renewed several times), until embryogenic
calli is seen. The calli are separated and subcultured until somatic embryos appear. Plantlets
derived from the somatic embryos are matured on rooting medium until roots develop. The
rooted shoots are transplanted to potting soil in the greenhouse. T1 seeds are produced from
plants that exhibit tolerance to the selection agent and that contain a single copy of the T-DNA
insert.

PCT/EP2008/058370
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Example 16: Cloning of the nucleic acid sequence used in the methods of the
invention
Cloning of SEQ ID NO: 104 (encoding a GRP, wherein said GRP polypeptide is a basic-helix-
loop-helix 4 (bHLH4) polypeptide):

The nucleic acid sequence SEQ ID NO: 104 used in the methods of the invention was

amplified by PCR using as template a custom-made Arabidopsis thaliana mixed tissues cDNA
library (in pCMV Sport 6.0; Invitrogen, Paisley, UK). PCR was performed using Hifi Tag DNA
polymerase in standard conditions, using 200 ng of template in a 50 yl PCR mix. The primers
used were prm06763 (SEQ ID NO: 107; sense:

5 ggggacaagtttgtacaaaaaagcaggcttaaacaatggctccgacgaatgtt 3

and prm06764 (SEQ ID NO: 108; reverse, complementary):

5 ggggaccactttgtacaagaaagctgggttgctgacttcaattcatggac 3,

which include the AttB sites for Gateway recombination. The amplified PCR fragment was
purified also using standard methods. The first step of the Gateway procedure, the BP
reaction, was then performed, during which the PCR fragment recombines in vivo with the
pDONR201 plasmid to produce, according to the Gateway terminology, an “entry clone”.

Plasmid pDONR201 was purchased from Invitrogen, as part of the Gateway”® technology.

The entry clone comprising SEQ ID NO: 104 was then used in an LR reaction with a
destination vector used for Oryza sativa transformation. This vector contained as functional
elements within the T-DNA borders: a plant selectable marker; a screenable marker
expression cassette; and a Gateway cassette intended for LR in vivo recombination with the
nucleic acid sequence of interest already cloned in the entry clone. A rice HMGB promoter

(SEQ ID NO: 106) for constitutive expression was located upstream of this Gateway cassette.

After the LR recombination step, the resulting expression vector pHMGB::GRP (Figure 8) was

transformed into Agrobacterium strain LBA4044 according to methods well known in the art.

Example 17: Plant transformation

Rice transformation

The Agrobacterium containing the expression vector was used to transform Oryza sativa
plants. Mature dry seeds of the rice japonica cultivar Nipponbare were dehusked. Sterilization
was carried out by incubating for one minute in 70% ethanol, followed by 30 minutes in 0.2%

HgCl,, followed by a 6 times 15 minutes wash with sterile distilled water. The sterile seeds
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were then germinated on a medium containing 2,4-D (callus induction medium). After
incubation in the dark for four weeks, embryogenic, scutellum-derived calli were excised and
propagated on the same medium. After two weeks, the calli were multiplied or propagated by
subculture on the same medium for another 2 weeks. Embryogenic callus pieces were sub-

cultured on fresh medium 3 days before co-cultivatin (to boost cell division activity).

Agrobacterium strain LBA4404 containing the expression vector was used for co-cultivation.
Agrobacterium was inoculated on AB medium with the appropriate antibiotics and cultured for
3 days at 28°C. The bacteria were then collected and suspended in liquid co-cultivation
medium to a density (ODsoo) of about 1. The suspension was then transferred to a Petri dish
and the calli immersed in the suspension for 15 minutes. The callus tissues were then blotted
dry on a filter paper and transferred to solidified, co-cultivation medium and incubated for 3
days in the dark at 25°C. Co-cultivated calli were grown on 2,4-D-containing medium for 4
weeks in the dark at 28°C in the presence of a selection agent. During this period, rapidly
growing resistant callus islands developed. After transfer of this material to a regeneration
medium and incubation in the light, the embryogenic potential was released and shoots
developed in the next four to five weeks. Shoots were excised from the calli and incubated for
2 to 3 weeks on an auxin-containing medium from which they were transferred to soil.

Hardened shoots were grown under high humidity and short days in a greenhouse.

Approximately 35 independent TO rice transformants were generated for one construct. The
primary transformants were transferred from a tissue culture chamber to a greenhouse. After a
quantitative PCR analysis to verify copy number of the T-DNA insert, only single copy
transgenic plants that exhibit tolerance to the selection agent were kept for harvest of T1 seed.
Seeds were then harvested three to five months after transplanting. The method yielded single
locus transformants at a rate of over 50 % (Aldemita and Hodges1996, Chan et al. 1993, Hiei
et al. 1994).

Example 18: Phenotypic evaluation procedure

18.1 Evaluation setup

Approximately 35 independent TO rice transformants were generated. The primary
transformants were transferred from a tissue culture chamber to a greenhouse for growing and
harvest of T1 seed. Five events, of which the T1 progeny segregated 3:1 for
presence/absence of the transgene, were retained. For each of these events, approximately
10 T1 seedlings containing the transgene (hetero- and homo-zygotes) and approximately 10
T1 seedlings lacking the transgene (nullizygotes) were selected by monitoring visual marker

expression. The transgenic plants and the corresponding nullizygotes were grown side-by-side
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at random positions. Greenhouse conditions were of shorts days (12 hours light), 28°C in the
light and 22°C in the dark, and a relative humidity of 70%.

Four T1 events were further evaluated in the T2 generation following the same evaluation

procedure as for the T1 generation but with more individuals per event.
From the stage of sowing until the stage of maturity the plants were passed several times
through a digital imaging cabinet. At each time point digital images (2048x1536 pixels, 16

million colours) were taken of each plant from at least 6 different angles.

18.2 Statistical analysis: F test

A two factor ANOVA (analysis of variants) was used as a statistical model for the overall
evaluation of plant phenotypic characteristics. An F test was carried out on all the parameters
measured of all the plants of all the events transformed with the gene of the present invention.
The F test was carried out to check for an effect of the gene over all the transformation events
and to verify for an overall effect of the gene, also known as a global gene effect. The
threshold for significance for a true global gene effect was set at a 5% probability level for the
F test. A significant F test value points to a gene effect, meaning that it is not only the mere

presence or position of the gene that is causing the differences in phenotype.

Because two experiments with overlapping events were carried out, a combined analysis is
performed. This is useful to check consistency of the effects over the two experiments, and if
this is the case, to accumulate evidence from both experiments in order to increase confidence
in the conclusion. The method used is a mixed-model approach that takes into account the
multilevel structure of the data (i.e. experiment - event - segregants). P values were obtained

by comparing likelihood ratio test to chi square distributions.

18.3 Parameters measured

Biomass-related parameter measurement

The plant aboveground area (or leafy biomass) was determined by counting the total number
of pixels on the digital images from aboveground plant parts discriminated from the
background. This value was averaged for the pictures taken on the same time point from the
different angles and was converted to a physical surface value expressed in square mm by
calibration. Experiments show that the aboveground plant area measured this way correlates
with the biomass of plant parts above ground. The above ground area is the area measured at

the time point at which the plant had reached its maximal leafy biomass.
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Seed-related parameter measurements

204

The mature primary panicles were harvested, counted, bagged, barcode-labelled and then
dried for three days in an oven at 37°C. The panicles were then threshed and all the seeds
were collected and counted. The filled husks were separated from the empty ones using an
air-blowing device. The empty husks were discarded and the remaining fraction was counted
again. The filled husks were weighed on an analytical balance. The number of filled seeds
was determined by counting the number of filled husks that remained after the separation step.
The total seed yield was measured by weighing all filled husks harvested from a plant. Total
seed number per plant was measured by counting the number of husks harvested from a
plant. Thousand Kernel Weight (TKW) is extrapolated from the number of filled seeds counted
and their total weight. The Harvest Index (HI) in the present invention is defined as the ratio
between the total seed yield and the above ground area (mm32), multiplied by a factor 10°. The
total number of flowers per panicle as defined in the present invention is the ratio between the
total number of seeds and the number of mature primary panicles. The seed fill rate as
defined in the present invention is the proportion (expressed as a %) of the number of filled

seeds over the total number of seeds (or florets).

Example 19: Results of the phenotypic evaluation of the transgenic plants
The transgenic rice plants expressing the GRP nucleic acid sequence represented by SEQ ID
NO: 104 under control of the HMGB promoter showed an increase of more than 5% for total

weight of seeds, number of filled seeds, fill rate, and harvest index.

Overall average % | Average % increase in
increase in 5 events in | 2 events in the T2
the T1 generation generation

Early vigour 21% 7%

Total seed yield per plant 23% 27%

Total number of filled seeds | 22% 28%

Seed fill rate 12% 15%

Harvest index 18% 17%

Greenness index 4% 9%

Example 20: Other crop transformation

Corn transformation

Transformation of maize (Zea mays) is performed with a modification of the method described
by Ishida et al. (1996) Nature Biotech 14(6): 745-50. Transformation is genotype-dependent in
corn and only specific genotypes are amenable to transformation and regeneration. The inbred

line A188 (University of Minnesota) or hybrids with A188 as a parent are good sources of
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donor material for transformation, but other genotypes can be used successfully as well. Ears
are harvested from corn plant approximately 11 days after pollination (DAP) when the length of
the immature embryo is about 1 to 1.2 mm. Immature embryos are cocultivated with
Agrobacterium tumefaciens containing the expression vector, and transgenic plants are
recovered through organogenesis. Excised embryos are grown on callus induction medium,
then maize regeneration medium, containing the selection agent (for example imidazolinone
but various selection markers can be used). The Petri plates are incubated in the light at 25 °C
for 2-3 weeks, or until shoots develop. The green shoots are transferred from each embryo to
maize rooting medium and incubated at 25 °C for 2-3 weeks, until roots develop. The rooted
shoots are transplanted to soil in the greenhouse. T1 seeds are produced from plants that

exhibit tolerance to the selection agent and that contain a single copy of the T-DNA insert.

Wheat transformation

Transformation of wheat is performed with the method described by Ishida et al. (1996) Nature
Biotech 14(6): 745-50. The cultivar Bobwhite (available from CIMMYT, Mexico) is commonly
used in transformation. Immature embryos are co-cultivated with Agrobacterium tumefaciens
containing the expression vector, and transgenic plants are recovered through organogenesis.
After incubation with Agrobacterium, the embryos are grown in vitro on callus induction
medium, then regeneration medium, containing the selection agent (for example imidazolinone
but various selection markers can be used). The Petri plates are incubated in the light at 25 °C
for 2-3 weeks, or until shoots develop. The green shoots are transferred from each embryo to
rooting medium and incubated at 25 °C for 2-3 weeks, until roots develop. The rooted shoots
are transplanted to soil in the greenhouse. T1 seeds are produced from plants that exhibit

tolerance to the selection agent and that contain a single copy of the T-DNA insert.

Soybean transformation

Soybean is transformed according to a modification of the method described in the Texas A&M
patent US 5,164,310. Several commercial soybean varieties are amenable to transformation
by this method. The cultivar Jack (available from the lllinois Seed foundation) is commonly
used for transformation. Soybean seeds are sterilised for in vitro sowing. The hypocotyl, the
radicle and one cotyledon are excised from seven-day old young seedlings. The epicotyl and
the remaining cotyledon are further grown to develop axillary nodes. These axillary nodes are
excised and incubated with Agrobacterium tumefaciens containing the expression vector. After
the cocultivation treatment, the explants are washed and transferred to selection media.
Regenerated shoots are excised and placed on a shoot elongation medium. Shoots no longer

than 1 cm are placed on rooting medium until roots develop. The rooted shoots are
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transplanted to soil in the greenhouse. T1 seeds are produced from plants that exhibit

tolerance to the selection agent and that contain a single copy of the T-DNA insert.

Rapeseed/canola transformation

Cotyledonary petioles and hypocotyls of 5-6 day old young seedling are used as explants for
tissue culture and transformed according to Babic et al. (1998, Plant Cell Rep 17: 183-188).
The commercial cultivar Westar (Agriculture Canada) is the standard variety used for
transformation, but other varieties can also be used. Canola seeds are surface-sterilized for in
vitro sowing. The cotyledon petiole explants with the cotyledon attached are excised from the
in vitro seedlings, and inoculated with Agrobacterium (containing the expression vector) by
dipping the cut end of the petiole explant into the bacterial suspension. The explants are then
cultured for 2 days on MSBAP-3 medium containing 3 mg/l BAP, 3 % sucrose, 0.7 % Phytagar
at 23 °C, 16 hr light. After two days of co-cultivation with Agrobacterium, the petiole explants
are transferred to MSBAP-3 medium containing 3 mg/l BAP, cefotaxime, carbenicillin, or
timentin (300 mg/l) for 7 days, and then cultured on MSBAP-3 medium with cefotaxime,
carbenicillin, or timentin and selection agent until shoot regeneration. When the shoots are 5 —
10 mm in length, they are cut and transferred to shoot elongation medium (MSBAP-0.5,
containing 0.5 mg/l BAP). Shoots of about 2 cm in length are transferred to the rooting medium
(MSO0) for root induction. The rooted shoots are transplanted to soil in the greenhouse. T1
seeds are produced from plants that exhibit tolerance to the selection agent and that contain a

single copy of the T-DNA insert.

Alfalfa transformation

A regenerating clone of alfalfa (Medicago sativa) is transformed using the method of (McKersie
et al.,, 1999 Plant Physiol 119: 839-847). Regeneration and transformation of alfalfa is
genotype dependent and therefore a regenerating plant is required. Methods to obtain
regenerating plants have been described. For example, these can be selected from the cultivar
Rangelander (Agriculture Canada) or any other commercial alfalfa variety as described by
Brown DCW and A Atanassov (1985. Plant Cell Tissue Organ Culture 4: 111-112).
Alternatively, the RA3 variety (University of Wisconsin) has been selected for use in tissue
culture (Walker et al., 1978 Am J Bot 65:654-659). Petiole explants are cocultivated with an
overnight culture of Agrobacterium tumefaciens C58C1 pMP90 (McKersie et al., 1999 Plant
Physiol 119: 839-847) or LBA4404 containing the expression vector. The explants are
cocultivated for 3 d in the dark on SH induction medium containing 288 mg/ L Pro, 53 mg/ L
thioproline, 4.35 g/ L K2504, and 100 um acetosyringinone. The explants are washed in half-
strength Murashige-Skoog medium (Murashige and Skoog, 1962) and plated on the same SH

induction medium without acetosyringinone but with a suitable selection agent and suitable
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antibiotic to inhibit Agrobacterium growth. After several weeks, somatic embryos are
transferred to BOIi2Y development medium containing no growth regulators, no antibiotics, and
50 g/ L sucrose. Somatic embryos are subsequently germinated on half-strength Murashige-
Skoog medium. Rooted seedlings were transplanted into pots and grown in a greenhouse. T1
seeds are produced from plants that exhibit tolerance to the selection agent and that contain a

single copy of the T-DNA insert.

Cotton transformation

Cotton (Gossypium hirsutum L.) transformation is performed using Agrobacterium
tumefaciens, on hypocotyls explants. The commercial cultivars such as Coker 130 or Coker
312 (SeedCo, Lubbock, TX) are standard varieties used for transformation, but other varieties
can also be used. The seeds are surface sterilized and germinated in the dark. Hypocotyl
explants are cut from the germinated seedlings to lengths of about 1-1.5 centimeter. The
hypotocyl explant is submersed in the Agrobacterium tumefaciens inoculum containing the
expression vector, for 5 minutes then co-cultivated for about 48 hours on MS +1.8 mg/| KNO3
+ 2% glucose at 24° C, in the dark. The explants are transferred the same medium containing
appropriate bacterial and plant selectable markers (renewed several times), until embryogenic
calli is seen. The calli are separated and subcultured until somatic embryos appear. Plantlets
derived from the somatic embryos are matured on rooting medium until roots develop. The
rooted shoots are transplanted to potting soil in the greenhouse. T1 seeds are produced from
plants that exhibit tolerance to the selection agent and that contain a single copy of the T-DNA

insert.

Example 21: Abiotic stress screens

Drought screen

Rice plants from T1, T2 or further generations are grown in potting soil under normal
conditions until they approached the heading stage. They are then transferred to a "dry"
section where irrigation is withheld. Humidity probes are inserted in randomly chosen pots to
monitor the soil water content (SWC). When SWC goes below certain thresholds, the plants
are automatically re-watered continuously until a normal level is reached again. The plants are
then re-transferred again to normal conditions. The rest of the cultivation (plant maturation,
seed harvest) is the same as for plants not grown under abiotic stress conditions. Growth and

yield parameters are recorded as detailed for growth under normal conditions.

Salt stress screen
Rice plants from T1, T2 or further generations are grown on a substrate made of coco fibers

and argex (3 to 1 ratio). A normal nutrient solution is used during the first two weeks after
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transplanting the plantlets in the greenhouse. After the first two weeks, 25 mM of salt (NaCl) is
added to the nutrient solution, until the plants are harvested. Growth and yield parameters are

recorded as detailed for growth under normal conditions.

Nitrogen use efficiency screen

Rice plants from T1, T2 or further generations are grown in potting soil under normal
conditions except for the nutrient solution. The pots are watered from transplantation to
maturation with a specific nutrient solution containing reduced N nitrogen (N) content, usually
between 7 to 8 times less. The rest of the cultivation (plant maturation, seed harvest) is the
same as for plants not grown under abiotic stress. Growth and yield parameters are recorded

as detailed for growth under normal conditions.

Example 22: Cloning of the nucleic acid sequence used in the methods of the
invention

Cloning of SEQ ID NO: 131 (encoding a GRP, wherein said GRP polypeptide is an jsopentenyl

transferase (IPT) polypeptide):

The nucleic acid sequence SEQ ID NO: 131 used in the methods of the invention was
amplified by PCR using as template a custom-made Arabidopsis thaliana mixed tissues cDNA
library (in pCMV Sport 6.0; Invitrogen, Paisley, UK). PCR was performed using Hifi Tag DNA
polymerase in standard conditions, using 200 ng of template in a 50 yl PCR mix. The primers
used were prm03095 (SEQ ID NO: 134; sense:

5’ ggggacaagtttgtacaaaaaagcaggcttcacaatgacagaactcaacttccac 3’

and prm03096 (SEQ ID NO: 135; reverse, complementary):

5’ ggggaccactttgtacaagaaagctgggtaactaattttgcaccaaatg 3',

which include the AttB sites for Gateway recombination. The amplified PCR fragment was
purified also using standard methods. The first step of the Gateway procedure, the BP
reaction, was then performed, during which the PCR fragment recombines in vivo with the
pDONR201 plasmid to produce, according to the Gateway terminology, an “entry clone”.

Plasmid pDONR201 was purchased from Invitrogen, as part of the Gateway” technology.

The entry clone comprising SEQ ID NO: 131 was then used in an LR reaction with a
destination vector used for Oryza sativa transformation. This vector contained as functional

elements within the T-DNA borders: a plant selectable marker; a screenable marker
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expression cassette; and a Gateway cassette intended for LR in vivo recombination with the
nucleic acid sequence of interest already cloned in the entry clone. A rice prolamin promoter
(SEQ ID NO: 133) for seed-specific expression was located upstream of this Gateway

cassette.

After the LR recombination step, the resulting expression vector pProl::GRP (Figure 11) was

transformed into Agrobacterium strain LBA4044 according to methods well known in the art.

Example 23: Plant transformation

Rice transformation

The Agrobacterium containing the expression vector was used to transform Oryza sativa
plants. Mature dry seeds of the rice japonica cultivar Nipponbare were dehusked. Sterilization
was carried out by incubating for one minute in 70% ethanol, followed by 30 minutes in 0.2%
HgCl,, followed by a 6 times 15 minutes wash with sterile distilled water. The sterile seeds
were then germinated on a medium containing 2,4-D (callus induction medium). After
incubation in the dark for four weeks, embryogenic, scutellum-derived calli were excised and
propagated on the same medium. After two weeks, the calli were multiplied or propagated by
subculture on the same medium for another 2 weeks. Embryogenic callus pieces were sub-

cultured on fresh medium 3 days before co-cultivatin (to boost cell division activity).

Agrobacterium strain LBA4404 containing the expression vector was used for co-cultivation.
Agrobacterium was inoculated on AB medium with the appropriate antibiotics and cultured for
3 days at 28°C. The bacteria were then collected and suspended in liquid co-cultivation
medium to a density (ODsoo) of about 1. The suspension was then transferred to a Petri dish
and the calli immersed in the suspension for 15 minutes. The callus tissues were then blotted
dry on a filter paper and transferred to solidified, co-cultivation medium and incubated for 3
days in the dark at 25°C. Co-cultivated calli were grown on 2,4-D-containing medium for 4
weeks in the dark at 28°C in the presence of a selection agent. During this period, rapidly
growing resistant callus islands developed. After transfer of this material to a regeneration
medium and incubation in the light, the embryogenic potential was released and shoots
developed in the next four to five weeks. Shoots were excised from the calli and incubated for
2 to 3 weeks on an auxin-containing medium from which they were transferred to soil.

Hardened shoots were grown under high humidity and short days in a greenhouse.

Approximately 35 independent TO rice transformants were generated for one construct. The
primary transformants were transferred from a tissue culture chamber to a greenhouse. After a

quantitative PCR analysis to verify copy number of the T-DNA insert, only single copy
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transgenic plants that exhibit tolerance to the selection agent were kept for harvest of T1 seed.
Seeds were then harvested three to five months after transplanting. The method yielded single
locus transformants at a rate of over 50 % (Aldemita and Hodges1996, Chan et al. 1993, Hiei
et al. 1994).

Example 24: Phenotypic evaluation procedure

24.1 Evaluation setup

Approximately 35 independent TO rice transformants were generated. The primary
transformants were transferred from a tissue culture chamber to a greenhouse for growing and
harvest of T1 seed. Six events, of which the T1 progeny segregated 3:1 for presence/absence
of the transgene, were retained. For each of these events, approximately 10 T1 seedlings
containing the transgene (hetero- and homo-zygotes) and approximately 10 T1 seedlings
lacking the transgene (nullizygotes) were selected by monitoring visual marker expression.
The transgenic plants and the corresponding nullizygotes were grown side-by-side at random
positions. Greenhouse conditions were of shorts days (12 hours light), 28°C in the light and
22°C in the dark, and a relative humidity of 70%.

Four T1 events were further evaluated in the T2 generation following the same evaluation

procedure as for the T1 generation but with more individuals per event.
From the stage of sowing until the stage of maturity the plants were passed several times
through a digital imaging cabinet. At each time point digital images (2048x1536 pixels, 16

million colours) were taken of each plant from at least 6 different angles.

24.2 Statistical analysis: F test

A two factor ANOVA (analysis of variants) was used as a statistical model for the overall
evaluation of plant phenotypic characteristics. An F test was carried out on all the parameters
measured of all the plants of all the events transformed with the gene of the present invention.
The F test was carried out to check for an effect of the gene over all the transformation events
and to verify for an overall effect of the gene, also known as a global gene effect. The
threshold for significance for a true global gene effect was set at a 5% probability level for the
F test. A significant F test value points to a gene effect, meaning that it is not only the mere

presence or position of the gene that is causing the differences in phenotype.

Because two experiments with overlapping events were carried out, a combined analysis is
performed. This is useful to check consistency of the effects over the two experiments, and if

this is the case, to accumulate evidence from both experiments in order to increase confidence
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in the conclusion. The method used is a mixed-model approach that takes into account the
multilevel structure of the data (i.e. experiment - event - segregants). P values were obtained

by comparing likelihood ratio test to chi square distributions.

24.3 Parameters measured

Biomass-related parameter measurement

The plant aboveground area (or leafy biomass) was determined by counting the total number
of pixels on the digital images from aboveground plant parts discriminated from the
background. This value was averaged for the pictures taken on the same time point from the
different angles and was converted to a physical surface value expressed in square mm by
calibration. Experiments show that the aboveground plant area measured this way correlates
with the biomass of plant parts above ground. The above ground area is the area measured at

the time point at which the plant had reached its maximal leafy biomass.

Seed-related parameter measurements

The mature primary panicles were harvested, counted, bagged, barcode-labelled and then
dried for three days in an oven at 37°C. The panicles were then threshed and all the seeds
were collected and counted. The filled husks were separated from the empty ones using an
air-blowing device. The empty husks were discarded and the remaining fraction was counted
again. The filled husks were weighed on an analytical balance. The number of filled seeds
was determined by counting the number of filled husks that remained after the separation step.
The total seed yield was measured by weighing all filled husks harvested from a plant. Total
seed number per plant was measured by counting the number of husks harvested from a
plant. Thousand Kernel Weight (TKW) is extrapolated from the number of filled seeds counted
and their total weight. The Harvest Index (HI) in the present invention is defined as the ratio
between the total seed yield and the above ground area (mm?), multiplied by a factor 10°. The
total number of flowers per panicle as defined in the present invention is the ratio between the
total number of seeds and the number of mature primary panicles. The seed fill rate as
defined in the present invention is the proportion (expressed as a %) of the number of filled

seeds over the total number of seeds (or florets).

Example 25: Results of the phenotypic evaluation of the transgenic plants
The transgenic rice plants expressing the GRP nucleic acid sequence represented by SEQ ID
NO: 131 under control of the prolamin promoter showed an increase of more than 5% for total

seed yield per plant, number of filled seeds, total number of seeds, and harvest index.
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Overall average %

Average % increase in

increase in 4 events in [ 4 events in the T2
the T1 generation generation

Total seed yield per plant 19% 14%

Number of filled seeds 20% 16%

Total number of seeds 16% 8%

Harvest index 9% 15%

Example 26: Other crop transformation

Corn transformation

Transformation of maize (Zea mays) is performed with a modification of the method described
by Ishida et al. (1996) Nature Biotech 14(6): 745-50. Transformation is genotype-dependent in
corn and only specific genotypes are amenable to transformation and regeneration. The inbred
line A188 (University of Minnesota) or hybrids with A188 as a parent are good sources of
donor material for transformation, but other genotypes can be used successfully as well. Ears
are harvested from corn plant approximately 11 days after pollination (DAP) when the length of
the immature embryo is about 1 to 1.2 mm. Immature embryos are cocultivated with
Agrobacterium tumefaciens containing the expression vector, and transgenic plants are
recovered through organogenesis. Excised embryos are grown on callus induction medium,
then maize regeneration medium, containing the selection agent (for example imidazolinone
but various selection markers can be used). The Petri plates are incubated in the light at 25 °C
for 2-3 weeks, or until shoots develop. The green shoots are transferred from each embryo to
maize rooting medium and incubated at 25 °C for 2-3 weeks, until roots develop. The rooted
shoots are transplanted to soil in the greenhouse. T1 seeds are produced from plants that

exhibit tolerance to the selection agent and that contain a single copy of the T-DNA insert.

Wheat transformation

Transformation of wheat is performed with the method described by Ishida et al. (1996) Nature
Biotech 14(6): 745-50. The cultivar Bobwhite (available from CIMMYT, Mexico) is commonly
used in transformation. Immature embryos are co-cultivated with Agrobacterium tumefaciens
containing the expression vector, and transgenic plants are recovered through organogenesis.
After incubation with Agrobacterium, the embryos are grown in vitro on callus induction
medium, then regeneration medium, containing the selection agent (for example imidazolinone
but various selection markers can be used). The Petri plates are incubated in the light at 25 °C
for 2-3 weeks, or until shoots develop. The green shoots are transferred from each embryo to

rooting medium and incubated at 25 °C for 2-3 weeks, until roots develop. The rooted shoots
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are transplanted to soil in the greenhouse. T1 seeds are produced from plants that exhibit

tolerance to the selection agent and that contain a single copy of the T-DNA insert.

Soybean transformation

Soybean is transformed according to a modification of the method described in the Texas A&M
patent US 5,164,310. Several commercial soybean varieties are amenable to transformation
by this method. The cultivar Jack (available from the lllinois Seed foundation) is commonly
used for transformation. Soybean seeds are sterilised for in vitro sowing. The hypocotyl, the
radicle and one cotyledon are excised from seven-day old young seedlings. The epicotyl and
the remaining cotyledon are further grown to develop axillary nodes. These axillary nodes are
excised and incubated with Agrobacterium tumefaciens containing the expression vector. After
the cocultivation treatment, the explants are washed and transferred to selection media.
Regenerated shoots are excised and placed on a shoot elongation medium. Shoots no longer
than 1 cm are placed on rooting medium until roots develop. The rooted shoots are
transplanted to soil in the greenhouse. T1 seeds are produced from plants that exhibit

tolerance to the selection agent and that contain a single copy of the T-DNA insert.

Rapeseed/canola transformation

Cotyledonary petioles and hypocotyls of 5-6 day old young seedling are used as explants for
tissue culture and transformed according to Babic et al. (1998, Plant Cell Rep 17: 183-188).
The commercial cultivar Westar (Agriculture Canada) is the standard variety used for
transformation, but other varieties can also be used. Canola seeds are surface-sterilized for in
vitro sowing. The cotyledon petiole explants with the cotyledon attached are excised from the
in vitro seedlings, and inoculated with Agrobacterium (containing the expression vector) by
dipping the cut end of the petiole explant into the bacterial suspension. The explants are then
cultured for 2 days on MSBAP-3 medium containing 3 mg/l BAP, 3 % sucrose, 0.7 % Phytagar
at 23 °C, 16 hr light. After two days of co-cultivation with Agrobacterium, the petiole explants
are transferred to MSBAP-3 medium containing 3 mg/l BAP, cefotaxime, carbenicillin, or
timentin (300 mg/l) for 7 days, and then cultured on MSBAP-3 medium with cefotaxime,
carbenicillin, or timentin and selection agent until shoot regeneration. When the shoots are 5 —
10 mm in length, they are cut and transferred to shoot elongation medium (MSBAP-0.5,
containing 0.5 mg/l BAP). Shoots of about 2 cm in length are transferred to the rooting medium
(MSO0) for root induction. The rooted shoots are transplanted to soil in the greenhouse. T1
seeds are produced from plants that exhibit tolerance to the selection agent and that contain a

single copy of the T-DNA insert.

Alfalfa transformation
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A regenerating clone of alfalfa (Medicago sativa) is transformed using the method of (McKersie
et al.,, 1999 Plant Physiol 119: 839-847). Regeneration and transformation of alfalfa is
genotype dependent and therefore a regenerating plant is required. Methods to obtain
regenerating plants have been described. For example, these can be selected from the cultivar
Rangelander (Agriculture Canada) or any other commercial alfalfa variety as described by
Brown DCW and A Atanassov (1985. Plant Cell Tissue Organ Culture 4. 111-112).
Alternatively, the RA3 variety (University of Wisconsin) has been selected for use in tissue
culture (Walker et al., 1978 Am J Bot 65:654-659). Petiole explants are cocultivated with an
overnight culture of Agrobacterium tumefaciens C58C1 pMP90 (McKersie et al., 1999 Plant
Physiol 119: 839-847) or LBA4404 containing the expression vector. The explants are
cocultivated for 3 d in the dark on SH induction medium containing 288 mg/ L Pro, 53 mg/ L
thioproline, 4.35 g/ L K2504, and 100 uym acetosyringinone. The explants are washed in half-
strength Murashige-Skoog medium (Murashige and Skoog, 1962) and plated on the same SH
induction medium without acetosyringinone but with a suitable selection agent and suitable
antibiotic to inhibit Agrobacterium growth. After several weeks, somatic embryos are
transferred to BOIi2Y development medium containing no growth regulators, no antibiotics, and
50 g/ L sucrose. Somatic embryos are subsequently germinated on half-strength Murashige-
Skoog medium. Rooted seedlings were transplanted into pots and grown in a greenhouse. T1
seeds are produced from plants that exhibit tolerance to the selection agent and that contain a
single copy of the T-DNA insert.

Cotton transformation

Cotton (Gossypium hirsutum L.) transformation is performed using Agrobacterium
tumefaciens, on hypocotyls explants. The commercial cultivars such as Coker 130 or Coker
312 (SeedCo, Lubbock, TX) are standard varieties used for transformation, but other varieties
can also be used. The seeds are surface sterilized and germinated in the dark. Hypocotyl
explants are cut from the germinated seedlings to lengths of about 1-1.5 centimeter. The
hypotocyl explant is submersed in the Agrobacterium tumefaciens inoculum containing the
expression vector, for 5 minutes then co-cultivated for about 48 hours on MS +1.8 mg/| KNO3
+ 2% glucose at 24° C, in the dark. The explants are transferred the same medium containing
appropriate bacterial and plant selectable markers (renewed several times), until embryogenic
calli is seen. The calli are separated and subcultured until somatic embryos appear. Plantlets
derived from the somatic embryos are matured on rooting medium until roots develop. The
rooted shoots are transplanted to potting soil in the greenhouse. T1 seeds are produced from
plants that exhibit tolerance to the selection agent and that contain a single copy of the T-DNA
insert.
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Example 27: Abiotic stress screens

215

Drought screen

Rice plants from T1, T2 or further generations are grown in potting soil under normal
conditions until they approached the heading stage. They are then transferred to a "dry"
section where irrigation is withheld. Humidity probes are inserted in randomly chosen pots to
monitor the soil water content (SWC). When SWC goes below certain thresholds, the plants
are automatically re-watered continuously until a normal level is reached again. The plants are
then re-transferred again to normal conditions. The rest of the cultivation (plant maturation,
seed harvest) is the same as for plants not grown under abiotic stress conditions. Growth and

yield parameters are recorded as detailed for growth under normal conditions.

Salt stress screen

Rice plants from T1, T2 or further generations are grown on a substrate made of coco fibers
and argex (3 to 1 ratio). A normal nutrient solution is used during the first two weeks after
transplanting the plantlets in the greenhouse. After the first two weeks, 25 mM of salt (NaCl) is
added to the nutrient solution, until the plants are harvested. Growth and yield parameters are

recorded as detailed for growth under normal conditions.

Nitrogen use efficiency screen

Rice plants from T1, T2 or further generations are grown in potting soil under normal
conditions except for the nutrient solution. The pots are watered from transplantation to
maturation with a specific nutrient solution containing reduced N nitrogen (N) content, usually
between 7 to 8 times less. The rest of the cultivation (plant maturation, seed harvest) is the
same as for plants not grown under abiotic stress. Growth and yield parameters are recorded

as detailed for growth under normal conditions.

Example 28: Cloning of the nucleic acid sequence used in the methods of the
invention, coding for an STO (Salt Tolerance) protein

The nucleic acid sequence used in the methods of the invention was amplified by PCR using
as template a custom-made Oryza sativa seedlings cDNA library (in pCMV Sport 6.0;
Invitrogen, Paisley, UK). PCR was performed using Hifi Taq DNA polymerase in standard
conditions, using 200 ng of template in a 50 pl PCR mix. The primers used were prm1-STO
(SEQ ID NO: 216; sense, start codon in bold): 5’-ggggacaagtttgtacaaaaaagcaggcttaaa
caatgaaggtgcagtgcga-3’° and prm2-STO (SEQ ID NO: 217; reverse, complementary): 5-
ggggacactttgtacaagaaagctgggticaccagtacaagcagggag 3’, which include the AttB sites for

Gateway recombination. The amplified PCR fragment was purified also using standard
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methods. The first step of the Gateway procedure, the BP reaction, was then performed,
during which the PCR fragment recombines in vivo with the pDONR201 plasmid to produce,
according to the Gateway terminology, an “entry clone”, pSTO. Plasmid pDONR201 was

purchased from Invitrogen, as part of the Gateway® technology.

The entry clone comprising SEQ ID NO: 168 was then used in an LR reaction with a
destination vector used for Oryza sativa transformation. This vector contained as functional
elements within the T-DNA borders: a plant selectable marker; a screenable marker
expression cassette; and a Gateway cassette intended for LR in vivo recombination with the
nucleic acid sequence of interest already cloned in the entry clone. A rice GOS2 promoter

(SEQ ID NO: 218) for root specific expression was located upstream of this Gateway cassette.

After the LR recombination step, the resulting expression vector pGOS2::STO (Figure 17) was

transformed into Agrobacterium strain LBA4044 according to methods well known in the art.

Example 29: Plant transformation

Rice transformation

The Agrobacterium containing the expression vector was used to transform Oryza sativa
plants. Mature dry seeds of the rice japonica cultivar Nipponbare were dehusked. Sterilization
was carried out by incubating for one minute in 70% ethanol, followed by 30 minutes in 0.2%
HgCl,, followed by a 6 times 15 minutes wash with sterile distilled water. The sterile seeds
were then germinated on a medium containing 2,4-D (callus induction medium). After
incubation in the dark for four weeks, embryogenic, scutellum-derived calli were excised and
propagated on the same medium. After two weeks, the calli were multiplied or propagated by
subculture on the same medium for another 2 weeks. Embryogenic callus pieces were sub-

cultured on fresh medium 3 days before co-cultivation (to boost cell division activity).

Agrobacterium strain LBA4404 containing the expression vector was used for co-cultivation.
Agrobacterium was inoculated on AB medium with the appropriate antibiotics and cultured for
3 days at 28°C. The bacteria were then collected and suspended in liquid co-cultivation
medium to a density (ODsoo) of about 1. The suspension was then transferred to a Petri dish
and the calli immersed in the suspension for 15 minutes. The callus tissues were then blotted
dry on a filter paper and transferred to solidified, co-cultivation medium and incubated for 3
days in the dark at 25°C. Co-cultivated calli were grown on 2,4-D-containing medium for 4
weeks in the dark at 28°C in the presence of a selection agent. During this period, rapidly
growing resistant callus islands developed. After transfer of this material to a regeneration

medium and incubation in the light, the embryogenic potential was released and shoots
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developed in the next four to five weeks. Shoots were excised from the calli and incubated for
2 to 3 weeks on an auxin-containing medium from which they were transferred to soil.

Hardened shoots were grown under high humidity and short days in a greenhouse.

Approximately 35 independent TO rice transformants were generated for one construct. The
primary transformants were transferred from a tissue culture chamber to a greenhouse. After a
quantitative PCR analysis to verify copy number of the T-DNA insert, only single copy
transgenic plants that exhibit tolerance to the selection agent were kept for harvest of T1 seed.
Seeds were then harvested three to five months after transplanting. The method yielded single
locus transformants at a rate of over 50 % (Aldemita and Hodges1996, Chan et al. 1993, Hiei
et al. 1994).

Corn transformation

Transformation of maize (Zea mays) is performed with a modification of the method described
by Ishida et al. (1996) Nature Biotech 14(6): 745-50. Transformation is genotype-dependent in
corn and only specific genotypes are amenable to transformation and regeneration. The inbred
line A188 (University of Minnesota) or hybrids with A188 as a parent are good sources of
donor material for transformation, but other genotypes can be used successfully as well. Ears
are harvested from corn plant approximately 11 days after pollination (DAP) when the length of
the immature embryo is about 1 to 1.2 mm. Immature embryos are cocultivated with
Agrobacterium tumefaciens containing the expression vector, and transgenic plants are
recovered through organogenesis. Excised embryos are grown on callus induction medium,
then maize regeneration medium, containing the selection agent (for example imidazolinone
but various selection markers can be used). The Petri plates are incubated in the light at 25 °C
for 2-3 weeks, or until shoots develop. The green shoots are transferred from each embryo to
maize rooting medium and incubated at 25 °C for 2-3 weeks, until roots develop. The rooted
shoots are transplanted to soil in the greenhouse. T1 seeds are produced from plants that

exhibit tolerance to the selection agent and that contain a single copy of the T-DNA insert.

Wheat transformation

Transformation of wheat is performed with the method described by Ishida et al. (1996) Nature
Biotech 14(6): 745-50. The cultivar Bobwhite (available from CIMMYT, Mexico) is commonly
used in transformation. Immature embryos are co-cultivated with Agrobacterium tumefaciens
containing the expression vector, and transgenic plants are recovered through organogenesis.
After incubation with Agrobacterium, the embryos are grown in vitro on callus induction
medium, then regeneration medium, containing the selection agent (for example imidazolinone

but various selection markers can be used). The Petri plates are incubated in the light at 25 °C
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for 2-3 weeks, or until shoots develop. The green shoots are transferred from each embryo to
rooting medium and incubated at 25 °C for 2-3 weeks, until roots develop. The rooted shoots
are transplanted to soil in the greenhouse. T1 seeds are produced from plants that exhibit

tolerance to the selection agent and that contain a single copy of the T-DNA insert.

Soybean transformation

Soybean is transformed according to a modification of the method described in the Texas A&M
patent US 5,164,310. Several commercial soybean varieties are amenable to transformation
by this method. The cultivar Jack (available from the lllinois Seed foundation) is commonly
used for transformation. Soybean seeds are sterilised for in vitro sowing. The hypocotyl, the
radicle and one cotyledon are excised from seven-day old young seedlings. The epicotyl and
the remaining cotyledon are further grown to develop axillary nodes. These axillary nodes are
excised and incubated with Agrobacterium tumefaciens containing the expression vector. After
the cocultivation treatment, the explants are washed and transferred to selection media.
Regenerated shoots are excised and placed on a shoot elongation medium. Shoots no longer
than 1 cm are placed on rooting medium until roots develop. The rooted shoots are
transplanted to soil in the greenhouse. T1 seeds are produced from plants that exhibit

tolerance to the selection agent and that contain a single copy of the T-DNA insert.

Rapeseed/canola transformation

Cotyledonary petioles and hypocotyls of 5-6 day old young seedling are used as explants for
tissue culture and transformed according to Babic et al. (1998, Plant Cell Rep 17: 183-188).
The commercial cultivar Westar (Agriculture Canada) is the standard variety used for
transformation, but other varieties can also be used. Canola seeds are surface-sterilized for in
vitro sowing. The cotyledon petiole explants with the cotyledon attached are excised from the
in vitro seedlings, and inoculated with Agrobacterium (containing the expression vector) by
dipping the cut end of the petiole explant into the bacterial suspension. The explants are then
cultured for 2 days on MSBAP-3 medium containing 3 mg/l BAP, 3 % sucrose, 0.7 % Phytagar
at 23 °C, 16 hr light. After two days of co-cultivation with Agrobacterium, the petiole explants
are transferred to MSBAP-3 medium containing 3 mg/l BAP, cefotaxime, carbenicillin, or
timentin (300 mg/l) for 7 days, and then cultured on MSBAP-3 medium with cefotaxime,
carbenicillin, or timentin and selection agent until shoot regeneration. When the shoots are 5 —
10 mm in length, they are cut and transferred to shoot elongation medium (MSBAP-0.5,
containing 0.5 mg/l BAP). Shoots of about 2 cm in length are transferred to the rooting medium
(MSO0) for root induction. The rooted shoots are transplanted to soil in the greenhouse. T1
seeds are produced from plants that exhibit tolerance to the selection agent and that contain a

single copy of the T-DNA insert.
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Alfalfa transformation

A regenerating clone of alfalfa (Medicago sativa) is transformed using the method of (McKersie
et al.,, 1999 Plant Physiol 119: 839-847). Regeneration and transformation of alfalfa is
genotype dependent and therefore a regenerating plant is required. Methods to obtain
regenerating plants have been described. For example, these can be selected from the cultivar
Rangelander (Agriculture Canada) or any other commercial alfalfa variety as described by
Brown DCW and A Atanassov (1985. Plant Cell Tissue Organ Culture 4. 111-112).
Alternatively, the RA3 variety (University of Wisconsin) has been selected for use in tissue
culture (Walker et al., 1978 Am J Bot 65:654-659). Petiole explants are cocultivated with an
overnight culture of Agrobacterium tumefaciens C58C1 pMP90 (McKersie et al., 1999 Plant
Physiol 119: 839-847) or LBA4404 containing the expression vector. The explants are
cocultivated for 3 d in the dark on SH induction medium containing 288 mg/ L Pro, 53 mg/ L
thioproline, 4.35 g/ L K2504, and 100 uym acetosyringinone. The explants are washed in half-
strength Murashige-Skoog medium (Murashige and Skoog, 1962) and plated on the same SH
induction medium without acetosyringinone but with a suitable selection agent and suitable
antibiotic to inhibit Agrobacterium growth. After several weeks, somatic embryos are
transferred to BOIi2Y development medium containing no growth regulators, no antibiotics, and
50 g/ L sucrose. Somatic embryos are subsequently germinated on half-strength Murashige-
Skoog medium. Rooted seedlings were transplanted into pots and grown in a greenhouse. T1
seeds are produced from plants that exhibit tolerance to the selection agent and that contain a

single copy of the T-DNA insert.

Example 30: Phenotypic evaluation procedure

30.1 Evaluation setup

Approximately 35 independent TO rice transformants were generated. The primary
transformants were transferred from a tissue culture chamber to a greenhouse for growing and
harvest of T1 seed. Six events, of which the T1 progeny segregated 3:1 for presence/absence
of the transgene, were retained. For each of these events, approximately 10 T1 seedlings
containing the transgene (hetero- and homo-zygotes) and approximately 10 T1 seedlings
lacking the transgene (nullizygotes) were selected by monitoring visual marker expression.
The transgenic plants and the corresponding nullizygotes were grown side-by-side at random
positions. Greenhouse conditions were of shorts days (12 hours light), 28°C in the light and
22°C in the dark, and a relative humidity of 70%.

Four T1 events were further evaluated in the T2 generation following the same evaluation

procedure as for the T1 generation but with more individuals per event. From the stage of
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sowing until the stage of maturity the plants were passed several times through a digital
imaging cabinet. At each time Point digital images (2048x1536 pixels, 16 million colours) were

taken of each plant from at least 6 different angles.

Drought screen

Plants from T2 seeds were grown in potting soil under normal conditions until they approached
the heading stage. They were then transferred to a "dry" section where irrigation was withheld.
Humidity probes were inserted in randomly chosen pots to monitor the soil water content
(SWC). When SWC went below certain thresholds, the plants were automatically re-watered
continuously until a normal level was reached again. The plants were then re-transferred
again to normal conditions. The rest of the cultivation (plant maturation, seed harvest) was the
same as for plants not grown under abiotic stress conditions. Growth and yield parameters

were recorded as detailed for growth under normal conditions.

Nitrogen use efficiency screen

Rice plants from T2 seeds were grown in potting soil under normal conditions except for the
nutrient solution. The pots were watered from transplantation to maturation with a specific
nutrient solution containing reduced N nitrogen (N) content, usually between 7 to 8 times less.
The rest of the cultivation (plant maturation, seed harvest) was the same as for plants not
grown under abiotic stress. Growth and yield parameters are recorded as detailed for growth

under normal conditions.

30.2 Statistical analysis: F test

A two factor ANOVA (analysis of variants) was used as a statistical model for the overall
evaluation of plant phenotypic characteristics. An F test was carried out on all the parameters
measured of all the plants of all the events transformed with the gene of the present invention.
The F test was carried out to check for an effect of the gene over all the transformation events
and to verify for an overall effect of the gene, also known as a global gene effect. The
threshold for significance for a true global gene effect was set at a 5% probability level for the
F test. A significant F test value Points to a gene effect, meaning that it is not only the mere

presence or position of the gene that is causing the differences in phenotype.

Because two experiments with overlapping events were carried out, a combined analysis was
performed. This is useful to check consistency of the effects over the two experiments, and if
this is the case, to accumulate evidence from both experiments in order to increase confidence

in the conclusion. The method used was a mixed-model approach that takes into account the
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multilevel structure of the data (i.e. experiment - event - segregants). P values were obtained

by comparing likelihood ratio test to chi square distributions.
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30.3 Parameters measured

222

Biomass-related parameter measurement

From the stage of sowing until the stage of maturity the plants were passed several times
through a digital imaging cabinet. At each time Point digital images (2048x1536 pixels, 16
million colours) were taken of each plant from at least 6 different angles.

The plant aboveground area (or leafy biomass) was determined by counting the total number
of pixels on the digital images from aboveground plant parts discriminated from the
background. This value was averaged for the pictures taken on the same time Point from the
different angles and was converted to a physical surface value expressed in square mm by
calibration. Experiments show that the aboveground plant area measured this way correlates
with the biomass of plant parts above ground. The above ground area is the area measured at
the time Point at which the plant had reached its maximal leafy biomass. The early vigour is
the plant (seedling) aboveground area three weeks post-germination. Increase in root
biomass is expressed as an increase in total root biomass (measured as maximum biomass of
roots observed during the lifespan of a plant); or as an increase in the root/shoot index
(measured as the ratio between root mass and shoot mass in the period of active growth of

root and shoot).

Early vigour was determined by counting the total number of pixels from aboveground plant
parts discriminated from the background. This value was averaged for the pictures taken on
the same time Point from different angles and was converted to a physical surface value
expressed in square mm by calibration. The results described below are for plants three

weeks post-germination.

Flowering time was calculated as previously described (PCT/EP2007/001422). Briefly, the time
elapsed between sowing and the moment when the first panicle appeared in the plant was
calculated. Appearance of the first panicle refers the point in time when the panicle is visible
and detectable in the photographic images of the plants processed as described in
(PCT/EP2007/001422).

Seed-related parameter measurements

The mature primary panicles were harvested, counted, bagged, barcode-labelled and then
dried for three days in an oven at 37°C. The panicles were then threshed and all the seeds
were collected and counted. The filled husks were separated from the empty ones using an
air-blowing device. The empty husks were discarded and the remaining fraction was counted
again. The filled husks were weighed on an analytical balance. The number of filled seeds

was determined by counting the number of filled husks that remained after the separation step.
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The total seed yield was measured by weighing all filled husks harvested from a plant. Total
seed number per plant was measured by counting the number of husks harvested from a
plant. Thousand Kernel Weight (TKW) is extrapolated from the number of filled seeds counted
and their total weight. The Harvest Index (HI) in the present invention is defined as the ratio
between the total seed yield and the above ground area (mm?2), multiplied by a factor 10°. The
total number of flowers per panicle as defined in the present invention is the ratio between the
total number of seeds and the number of mature primary panicles. The seed fill rate as
defined in the present invention is the proportion (expressed as a %) of the number of filled

seeds over the total number of seeds (or florets).

Example 31: Results of the phenotypic evaluation of the transgenic plants

The results of the evaluation of transgenic rice plants expressing an STO nucleic acid under
non-stress conditions are presented below. An increase of at least 5 % was observed for
emergence vigour (early vigour), and between 3 and 6 days (6-9%), depending on the specific
transgenic line, earlier flowering was observed in the transgenic plants when compared to

relative control plant.
The results of the evaluation of transgenic rice plants expressing an STO nucleic acid under
drought-stress conditions are presented hereunder. An increase was observed for total seed

weight, number of filled seeds, fill rate, harvest index and thousand-kernel weight (Table D).

Table D: Result phenotypic evaluation of the transgenic STO plants.

Parameter Percentage difference for the transgenic

versus the control plants

Emergence vigour 15

Flowering time (early/shorter 7

Example 32: Cloning of the nucleic acid sequence used in the methods of the
invention encoding a UGE (UDP-Glucose 4-Epimerase or UDP-Gal 4-Epimerase)
polypeptide

The nucleic acid sequence used in the methods of the invention was amplified by PCR using
as template a custom-made Oryza sativa seedlings cDNA library (in pCMV Sport 6.0;
Invitrogen, Paisley, UK). PCR was performed using Hifi Tag DNA polymerase in standard
conditions, using 200 ng of template in a 50 yl PCR mix. The primers used were prm1 (SEQ ID
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NO: 272; sense, start codon in bold): 5-ggggacaagtttgtacaaaaaagcaggcttaaacaatggtttc
ggccttgttg-3’ and prm2 (SEQ ID NO: 273; reverse, complementary): 5’-ggggaccactttgtacaag
aaagctgggtgctgctgcetactggaggatt-3’, which include the AttB sites for Gateway recombination.
The amplified PCR fragment was purified also using standard methods. The first step of the
Gateway procedure, the BP reaction, was then performed, during which the PCR fragment
recombines in vivo with the pDONR201 plasmid to produce, according to the Gateway
terminology, an “entry clone”, pUGE. Plasmid pDONR201 was purchased from Invitrogen, as

part of the Gateway® technology.

The entry clone comprising SEQ ID NO: 224 was then used in an LR reaction with a
destination vector used for Oryza sativa transformation. This vector contained as functional
elements within the T-DNA borders: a plant selectable marker; a screenable marker
expression cassette; and a Gateway cassette intended for LR in vivo recombination with the
nucleic acid sequence of interest already cloned in the entry clone. A rice GOS2 promoter

(SEQ ID NO: 274) for root specific expression was located upstream of this Gateway cassette.

After the LR recombination step, the resulting expression vector pGOS2::UGE (Figure 22) was

transformed into Agrobacterium strain LBA4044 according to methods well known in the art.

Example 33: Plant transformation

Rice transformation

The Agrobacterium containing the expression vector was used to transform Oryza sativa
plants. Mature dry seeds of the rice japonica cultivar Nipponbare were dehusked. Sterilization
was carried out by incubating for one minute in 70% ethanol, followed by 30 minutes in 0.2%
HgCl,, followed by a 6 times 15 minutes wash with sterile distilled water. The sterile seeds
were then germinated on a medium containing 2,4-D (callus induction medium). After
incubation in the dark for four weeks, embryogenic, scutellum-derived calli were excised and
propagated on the same medium. After two weeks, the calli were multiplied or propagated by
subculture on the same medium for another 2 weeks. Embryogenic callus pieces were sub-

cultured on fresh medium 3 days before co-cultivation (to boost cell division activity).

Agrobacterium strain LBA4404 containing the expression vector was used for co-cultivation.
Agrobacterium was inoculated on AB medium with the appropriate antibiotics and cultured for
3 days at 28°C. The bacteria were then collected and suspended in liquid co-cultivation
medium to a density (ODsoo) of about 1. The suspension was then transferred to a Petri dish
and the calli immersed in the suspension for 15 minutes. The callus tissues were then blotted

dry on a filter paper and transferred to solidified, co-cultivation medium and incubated for 3
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days in the dark at 25°C. Co-cultivated calli were grown on 2,4-D-containing medium for 4
weeks in the dark at 28°C in the presence of a selection agent. During this period, rapidly
growing resistant callus islands developed. After transfer of this material to a regeneration
medium and incubation in the light, the embryogenic potential was released and shoots
developed in the next four to five weeks. Shoots were excised from the calli and incubated for
2 to 3 weeks on an auxin-containing medium from which they were transferred to soil.

Hardened shoots were grown under high humidity and short days in a greenhouse.

Approximately 35 independent TO rice transformants were generated for one construct. The
primary transformants were transferred from a tissue culture chamber to a greenhouse. After a
quantitative PCR analysis to verify copy number of the T-DNA insert, only single copy
transgenic plants that exhibit tolerance to the selection agent were kept for harvest of T1 seed.
Seeds were then harvested three to five months after transplanting. The method yielded single
locus transformants at a rate of over 50 % (Aldemita and Hodges1996, Chan et al. 1993, Hiei
et al. 1994).

Corn transformation

Transformation of maize (Zea mays) is performed with a modification of the method described
by Ishida et al. (1996) Nature Biotech 14(6): 745-50. Transformation is genotype-dependent in
corn and only specific genotypes are amenable to transformation and regeneration. The inbred
line A188 (University of Minnesota) or hybrids with A188 as a parent are good sources of
donor material for transformation, but other genotypes can be used successfully as well. Ears
are harvested from corn plant approximately 11 days after pollination (DAP) when the length of
the immature embryo is about 1 to 1.2 mm. Immature embryos are cocultivated with
Agrobacterium tumefaciens containing the expression vector, and transgenic plants are
recovered through organogenesis. Excised embryos are grown on callus induction medium,
then maize regeneration medium, containing the selection agent (for example imidazolinone
but various selection markers can be used). The Petri plates are incubated in the light at 25 °C
for 2-3 weeks, or until shoots develop. The green shoots are transferred from each embryo to
maize rooting medium and incubated at 25 °C for 2-3 weeks, until roots develop. The rooted
shoots are transplanted to soil in the greenhouse. T1 seeds are produced from plants that

exhibit tolerance to the selection agent and that contain a single copy of the T-DNA insert.

Wheat transformation
Transformation of wheat is performed with the method described by Ishida et al. (1996) Nature
Biotech 14(6): 745-50. The cultivar Bobwhite (available from CIMMYT, Mexico) is commonly

used in transformation. Immature embryos are co-cultivated with Agrobacterium tumefaciens
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containing the expression vector, and transgenic plants are recovered through organogenesis.
After incubation with Agrobacterium, the embryos are grown in vitro on callus induction
medium, then regeneration medium, containing the selection agent (for example imidazolinone
but various selection markers can be used). The Petri plates are incubated in the light at 25 °C
for 2-3 weeks, or until shoots develop. The green shoots are transferred from each embryo to
rooting medium and incubated at 25 °C for 2-3 weeks, until roots develop. The rooted shoots
are transplanted to soil in the greenhouse. T1 seeds are produced from plants that exhibit

tolerance to the selection agent and that contain a single copy of the T-DNA insert.

Soybean transformation

Soybean is transformed according to a modification of the method described in the Texas A&M
patent US 5,164,310. Several commercial soybean varieties are amenable to transformation
by this method. The cultivar Jack (available from the lllinois Seed foundation) is commonly
used for transformation. Soybean seeds are sterilised for in vitro sowing. The hypocotyl, the
radicle and one cotyledon are excised from seven-day old young seedlings. The epicotyl and
the remaining cotyledon are further grown to develop axillary nodes. These axillary nodes are
excised and incubated with Agrobacterium tumefaciens containing the expression vector. After
the cocultivation treatment, the explants are washed and transferred to selection media.
Regenerated shoots are excised and placed on a shoot elongation medium. Shoots no longer
than 1 cm are placed on rooting medium until roots develop. The rooted shoots are
transplanted to soil in the greenhouse. T1 seeds are produced from plants that exhibit

tolerance to the selection agent and that contain a single copy of the T-DNA insert.

Rapeseed/canola transformation

Cotyledonary petioles and hypocotyls of 5-6 day old young seedling are used as explants for
tissue culture and transformed according to Babic et al. (1998, Plant Cell Rep 17: 183-188).
The commercial cultivar Westar (Agriculture Canada) is the standard variety used for
transformation, but other varieties can also be used. Canola seeds are surface-sterilized for in
vitro sowing. The cotyledon petiole explants with the cotyledon attached are excised from the
in vitro seedlings, and inoculated with Agrobacterium (containing the expression vector) by
dipping the cut end of the petiole explant into the bacterial suspension. The explants are then
cultured for 2 days on MSBAP-3 medium containing 3 mg/l BAP, 3 % sucrose, 0.7 % Phytagar
at 23 °C, 16 hr light. After two days of co-cultivation with Agrobacterium, the petiole explants
are transferred to MSBAP-3 medium containing 3 mg/l BAP, cefotaxime, carbenicillin, or
timentin (300 mg/l) for 7 days, and then cultured on MSBAP-3 medium with cefotaxime,
carbenicillin, or timentin and selection agent until shoot regeneration. When the shoots are 5 —

10 mm in length, they are cut and transferred to shoot elongation medium (MSBAP-0.5,
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containing 0.5 mg/l BAP). Shoots of about 2 cm in length are transferred to the rooting medium
(MSO0) for root induction. The rooted shoots are transplanted to soil in the greenhouse. T1
seeds are produced from plants that exhibit tolerance to the selection agent and that contain a

single copy of the T-DNA insert.

Alfalfa transformation

A regenerating clone of alfalfa (Medicago sativa) is transformed using the method of (McKersie
et al.,, 1999 Plant Physiol 119: 839-847). Regeneration and transformation of alfalfa is
genotype dependent and therefore a regenerating plant is required. Methods to obtain
regenerating plants have been described. For example, these can be selected from the cultivar
Rangelander (Agriculture Canada) or any other commercial alfalfa variety as described by
Brown DCW and A Atanassov (1985. Plant Cell Tissue Organ Culture 4. 111-112).
Alternatively, the RA3 variety (University of Wisconsin) has been selected for use in tissue
culture (Walker et al.,, 1978 Am J Bot 65:654-659). Petiole explants are cocultivated with an
overnight culture of Agrobacterium tumefaciens C58C1 pMP90 (McKersie et al., 1999 Plant
Physiol 119: 839-847) or LBA4404 containing the expression vector. The explants are
cocultivated for 3 d in the dark on SH induction medium containing 288 mg/ L Pro, 53 mg/ L
thioproline, 4.35 g/ L K2504, and 100 uym acetosyringinone. The explants are washed in half-
strength Murashige-Skoog medium (Murashige and Skoog, 1962) and plated on the same SH
induction medium without acetosyringinone but with a suitable selection agent and suitable
antibiotic to inhibit Agrobacterium growth. After several weeks, somatic embryos are
transferred to BOIi2Y development medium containing no growth regulators, no antibiotics, and
50 g/ L sucrose. Somatic embryos are subsequently germinated on half-strength Murashige-
Skoog medium. Rooted seedlings were transplanted into pots and grown in a greenhouse. T1
seeds are produced from plants that exhibit tolerance to the selection agent and that contain a

single copy of the T-DNA insert.

Example 34: Phenotypic evaluation procedure

34.1 Evaluation setup

Approximately 35 independent TO rice transformants were generated. The primary
transformants were transferred from a tissue culture chamber to a greenhouse for growing and
harvest of T1 seed. Six events, of which the T1 progeny segregated 3:1 for presence/absence
of the transgene, were retained. For each of these events, approximately 10 T1 seedlings
containing the transgene (hetero- and homo-zygotes) and approximately 10 T1 seedlings
lacking the transgene (nullizygotes) were selected by monitoring visual marker expression.

The transgenic plants and the corresponding nullizygotes were grown side-by-side at random

PCT/EP2008/058370
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positions. Greenhouse conditions were of shorts days (12 hours light), 28°C in the light and
22°C in the dark, and a relative humidity of 70%.

Four T1 events were further evaluated in the T2 generation following the same evaluation
procedure as for the T1 generation but with more individuals per event. From the stage of
sowing until the stage of maturity the plants were passed several times through a digital
imaging cabinet. At each time point digital images (2048x1536 pixels, 16 million colours) were

taken of each plant from at least 6 different angles.

Drought screen

Plants from T2 seeds were grown in potting soil under normal conditions until they approached
the heading stage. They were then transferred to a "dry" section where irrigation was withheld.
Humidity probes were inserted in randomly chosen pots to monitor the soil water content
(SWC). When SWC went below certain thresholds, the plants were automatically re-watered
continuously until a normal level was reached again. The plants were then re-transferred
again to normal conditions. The rest of the cultivation (plant maturation, seed harvest) was the
same as for plants not grown under abiotic stress conditions. Growth and yield parameters are

recorded as detailed for growth under normal conditions.

Nitrogen use efficiency screen

Rice plants from T2 seeds are grown in potting soil under normal conditions except for the
nutrient solution. The pots were watered from transplantation to maturation with a specific
nutrient solution containing reduced N nitrogen (N) content, usually between 7 to 8 times less.
The rest of the cultivation (plant maturation, seed harvest) was the same as for plants not
grown under abiotic stress. Growth and yield parameters are recorded as detailed for growth

under normal conditions.

34.2 Statistical analysis: F test

A two factor ANOVA (analysis of variants) was used as a statistical model for the overall
evaluation of plant phenotypic characteristics. An F test was carried out on all the parameters
measured of all the plants of all the events transformed with the gene of the present invention.
The F test was carried out to check for an effect of the gene over all the transformation events
and to verify for an overall effect of the gene, also known as a global gene effect. The
threshold for significance for a true global gene effect was set at a 5% probability level for the
F test. A significant F test value points to a gene effect, meaning that it is not only the mere

presence or position of the gene that is causing the differences in phenotype.
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Because two experiments with overlapping events were carried out, a combined analysis was
performed. This is useful to check consistency of the effects over the two experiments, and if
this is the case, to accumulate evidence from both experiments in order to increase confidence
in the conclusion. The method used was a mixed-model approach that takes into account the
multilevel structure of the data (i.e. experiment - event - segregants). P values were obtained

by comparing likelihood ratio test to chi square distributions.

34.3 Parameters measured

Biomass-related parameter measurement

From the stage of sowing until the stage of maturity the plants were passed several times
through a digital imaging cabinet. At each time point digital images (2048x1536 pixels, 16
million colours) were taken of each plant from at least 6 different angles.

The plant aboveground area (or leafy biomass) was determined by counting the total number
of pixels on the digital images from aboveground plant parts discriminated from the
background. This value was averaged for the pictures taken on the same time point from the
different angles and was converted to a physical surface value expressed in square mm by
calibration. Experiments show that the aboveground plant area measured this way correlates
with the biomass of plant parts above ground. The above ground area is the area measured at
the time point at which the plant had reached its maximal leafy biomass. The early vigour is
the plant (seedling) aboveground area three weeks post-germination. Increase in root
biomass is expressed as an increase in total root biomass (measured as maximum biomass of
roots observed during the lifespan of a plant); or as an increase in the root/shoot index
(measured as the ratio between root mass and shoot mass in the period of active growth of

root and shoot).

Early vigour was determined by counting the total number of pixels from aboveground plant
parts discriminated from the background. This value was averaged for the pictures taken on
the same time point from different angles and was converted to a physical surface value
expressed in square mm by calibration. The results described below are for plants three

weeks post-germination.

Seed-related parameter measurements

The mature primary panicles were harvested, counted, bagged, barcode-labelled and then
dried for three days in an oven at 37°C. The panicles were then threshed and all the seeds
were collected and counted. The filled husks were separated from the empty ones using an
air-blowing device. The empty husks were discarded and the remaining fraction was counted

again. The filled husks were weighed on an analytical balance. The number of filled seeds
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was determined by counting the number of filled husks that remained after the separation step.
The total seed yield was measured by weighing all filled husks harvested from a plant. Total
seed number per plant was measured by counting the number of husks harvested from a
plant. Thousand Kernel Weight (TKW) is extrapolated from the number of filled seeds counted
5 and their total weight. The Harvest Index (HI) in the present invention is defined as the ratio
between the total seed yield and the above ground area (mm?2), multiplied by a factor 10°. The
total number of flowers per panicle as defined in the present invention is the ratio between the
total number of seeds and the number of mature primary panicles. The seed fill rate as
defined in the present invention is the proportion (expressed as a %) of the number of filled

10 seeds over the total number of seeds (or florets).

Example 35: Results of the phenotypic evaluation of the transgenic plants

The results of the evaluation of transgenic rice plants expressing a UGE nucleic acid under

non-stress conditions and under drought-stress (water limiting) conditions are presented
15 below. An increase of at least 5 % was observed for total seed yield, number of filled seeds, fill

rate, and harvest index. Table E shows the results of the phenotypic evaluation.

Table E: Result of the phenotypic evaluation of transgenic plants.

Yield trait non-stress drought-stress

% Difference transgenic/ control*% Difference transgenic/ control*

See yield (grams)15 45
Nr of filled seed 13 42
Fill rate 5 45
Harvestindex 10 49

* Increase measured in the transgenic plants versus the corresponding control

20 nullyzygous plants, expressed in percentage (%).
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Claims

1. Method enhancing vield-related traits in plants relative to control plants, comprising
modulating expression in a plant of a nucleic acid encoding a vield increasing polypeptide
selected from the group consisting of:
- bHLH®6-like (basic Helix-Loop-Helix 6-like) protein,
- a GRP (Growth Regulating Protein), wherein said GRP is selected from the group consisting
of:
- an RrmJ/FtsJ ribosomal RNA methyltransferase polypeptide (RrmJ/Ftsd polypeptide)
- a basic-helix-loop-helix 4 (bHLH4) polypeptide
- an isopentenyl transferase (IPT) polypeptide
- an STO (Salt Tolerance) protein
- a UGE (UDP-Glucose 4-Epimerase or UDP-Gal 4-Epimerase) polypeptide.

2. Method according to claim 1, wherein said a yield increasing polypeptide selected from the
group consisting of:

- a polypeptide with the activity of any of the polypeptides as depicted in table A1, A2, A3, A4,
A5 and/or AB;

- a polypeptide with a sequence according to any of the polypeptides as depicted in table A1,
A2, A3, A4, A5 and/or A6;

- a polypeptide encoded by any of the nucleic acid Table A1, A2, A3, A4, A5 and/or A6 or of a
nucleic acid capable of hybridising with such a nucleic acid

- a polypeptide comprising at least one of the motif as depicted in motif 1 to 12 or as shoewn in

the figures.

3. A method for enhancing yield-related traits in plants relative to control plants, comprising
modulating expression in a plant of a nucleic acid encoding a bHLH6-like polypeptide, wherein

said bHLH6-like polypeptide comprises a HLH domain.

4. Method according to claim 1, wherein said bHLH6-like polypeptide comprises one or more
of the following motifs:
(i) Motif 1 (SEQ ID NO: 3),
(ii) Motif 2 (SEQ ID NO: 4),
(iii) Motif 3: (SEQ ID NO: 5)
(iv) Motif 7 (SEQ ID NO: 9) or a sequence that has at least 80% sequence
identity to SEQ ID NO: 9.
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5. Method according to claim 3, wherein said modulated expression is effected by introducing

and expressing in a plant a nucleic acid encoding a bHLH6-like polypeptide.

6. Method according to any preceding claim, wherein said nucleic acid encoding a bHLH®6-like
polypeptide encodes any one of the proteins listed in Table A1 or is a portion of such a nucleic

acid, or a nucleic acid capable of hybridising with such a nucleic acid.

7. Method according to any preceding claim, wherein said nucleic acid sequence encodes an

orthologue or paralogue of any of the proteins given in Table A1.

8. Method according to any preceding claim, wherein said enhanced vyield-related traits
comprise increased yield, preferably increased emergence vigour and/or increased seed yield

relative to control plants.

9. Method according to any one of claims 1 to 8, wherein said enhanced yield-related traits are

obtained under non-stress conditions.

10. Method according to any one of claims 5 to 9, wherein said nucleic acid is operably linked
to a constitutive promoter, preferably to a GOS2 promoter, most preferably to a GOS2

promoter from rice.

11. Method according to any preceding claim, wherein said nucleic acid encoding a bHLH6-like
polypeptide is of plant origin, preferably from a dicotyledonous plant, further preferably from
the family Brassicaceae, more preferably from the genus Arabidopsis, most preferably from

Arabidopsis thaliana.

12. Plant or part thereof, including seeds, obtainable by a method according to any preceding
claim, wherein said plant or part thereof comprises a recombinant nucleic acid encoding a
bHLH®6-like polypeptide.

13. Construct comprising:
(i) nucleic acid encoding a bHLH6-like polypeptide as defined in claims 1 to 4;
(i) one or more control sequences capable of driving expression of the nucleic acid
sequence of (a); and optionally

(iii) a transcription termination sequence.
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14. Construct according to claim 13, wherein one of said control sequences is a constitutive

promoter, preferably a GOS2 promoter, most preferably a GOS2 promoter from rice.

15. Use of a construct according to claim 13 or 14 in a method for making plants having
increased yield, particularly increased emergence vigour and/or increased seed yield relative

to control plants.

16. Plant, plant part or plant cell transformed with a construct according to claim 13 or 14.

17. Method for the production of a transgenic plant having increased yield, particularly
increased biomass and/or increased seed yield relative to control plants, comprising:
(i) introducing and expressing in a plant a nucleic acid encoding a bHLHG6-like
polypeptide as defined in claim 1 to 4; and

(i) cultivating the plant cell under conditions promoting plant growth and development.

18. Transgenic plant having increased vield, particularly increased biomass and/or increased
seed vyield, relative to control plants, resulting from modulated expression of a nucleic acid
encoding a bHLH6-like polypeptide as defined in claim 1 to 4, or a transgenic plant cell derived

from said transgenic plant.

19. Transgenic plant according to claim 12, 16 or 18, or a transgenic plant cell derived thereof,
wherein said plant is a crop plant or a monocot or a cereal, such as rice, maize, wheat, barley,

millet, rye, triticale, sorghum emmer, spelt, secale, einkorn, teff, milo and oats.

20. Harvestable parts of a plant according to claim 19, wherein said harvestable parts are

preferably shoot biomass and/or seeds.

21. Products derived from a plant according to claim 19 and/or from harvestable parts of a

plant according to claim 20.

22. Use of a nucleic acid encoding a bHLHB-like polypeptide in increasing yield, particularly in

increasing seed yield and/or shoot biomass in plants, relative to control plants.
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INSHIAATITIATY SWNHATANSHALO AN INYAAD TAAAS TAAYMNAS LHATAVSI0DSH
WSYHHAOAHATHITYOWTIS YA ANANASOAT TNVANDAAN T HAETY TOVOOVSNAIOVSO-
TSYHNAHTATANTVANANYOdHNAYMVOO TIIWNYAMO T IMAATHAAI SADSAOATIONO- -~
WSYHNAATHTAWITY SWTIVYdHNIAS SHATTNWVAMD T TAAATHNDAI A IS SOSSSHWA-——
ASYHIAATATAMTYVANTIVYdHNSYSONATARNYAID T IMATAATASOMDOSONTHNNAOAT
ASYHTTHATATAATYOWATIVYYAHNNYS SOANI TNV HID T IMAATAWATNOASOMNS SMTA0A
DSYIIdIIOHYSONY - - —UVAHNMMNOO TIINVAMO T IMAATAAQATIMODLHS SWATAON
ASYHHAQTATANTYYHNTIVYdHNMMNDO IO TWYAMO T IMAATIAAJAIND----DIMTAON
ANVAOAQTATAITYSHTIVYdHNIMODO TITNYAMD S TIAQIAWA T TIADENNSWT TH -~
ASYHNAQTATANTYYHTAVYdHNIMS DO TITWYAMONIMAATIATAT TISNNAI M AT AT -
ASYHNAQTATANTYYHNTIVYdHNIMS DO TITWYAMO T IMAATHTATI TS LLAMYAMNS dd
ASYHAAQTATHITYVINTIVSAHNIMHOOAT TWYHATOTIMVA I HAVHOIdODAHDD - - - -~
ASVHAAQTATHITYVINTIVYdHNIMHOOAT TNV HATOTIMVATI HAVHOIYODADDD - - ———
ASVHAAQTATHITYVINTIVYdHNIMHOOAT TNV HATOTIMVATI HAVHOIYODADDD - - ———
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SEQ ID NO: 1, Arabidopsis thaliana bHLH6 encoding sequence
ATGACTGATTACCGGCTACAACCAACGATGAATCTTTGGACCACCGACGACAACGCTTCTATGATG
GAAGCTTTCATGAGCTCTTCCGATATCTCAACTTTATGGCCTCCGGCGTCGACGACAACCACGACG
GCGACGACTGAAACAACTCCGACGCCGGCGATGGAGATTCCGGCACAGGCGGGATTTAATCAAGAG
ACTCTTCAGCAACGTTTACAAGCTTTGATTGAAGGAACACACGAAGGTTGGACCTACGCTATATTC
TGGCAACCGTCGTATGATTTCTCCGGCGCCTCCGTGCTCGGATGGGGAGATGGTTATTACAAAGGT
GAAGAAGATAAAGCAAACCCGAGACGGAGATCGAGTTCGCCGCCGTTTTCTACTCCGGCGGATCAG
GAGTACAGGAAAAAAGTGTTGAGAGAGCTTAACTCGTTGATCTCCGGTGGTGTTGCTCCGTCGGAT
GACGCTGTTGATGAGGAGGTGACGGATACGGAATGGTTTTTCTTGGTTTCGATGACGCAGAGCTTC
GCTTGCGGTGCGGGATTAGCTGGTAAAGCGTTTGCAACGGGTAACGCGGTTTGGGTTTCCGGGTCA
GATCAATTATCCGGGTCGGGTTGTGAACGGGCTAAGCAAGGAGGAGTGTTTGGGATGCATACTATT
GCGTGTATTCCTTCGGCGAACGGAGTTGTGGAAGTCGGGTCAACGGAGCCGATCCGACAGAGTTCG
GACCTTATTAACAAGGTTCGAATTCTTTTCAATTTCGACGGCGGAGCTGGAGATTTATCGGGTCTT
AATTGGAATCTTGACCCGGATCAAGGTGAGAACGACCCGTCTATGTGGATTAATGACCCGATTGGA
ACACCTGGATCTAACGAACCGGGTAACGGAGCTCCAAGTTCTAGCTCCCAGCTTTTTTCAAAGTCT
ATTCAGTTTGAGAACGGTAGCTCAAGCACAATAACCGAAAACCCGAATCTGGATCCGACTCCGAGT
CCGGTTCATTCTCAGACCCAGAATCCGAAATTCAATAACACTTTCTCCCGAGAACTTAATTTTTCG
ACGTCAAGTTCTACTTTAGTGAAACCAAGATCCGGCGAGATATTAAACTTCGGCGATGAAGGTAAA
CGAAGCTCCGGAAACCCGGATCCAAGTTCTTATTCGGGTCAAACACAATTCGAAAACAAAAGARAAG
AGGTCGATGGTTTTGAACGAAGATAAAGTTCTATCATTCGGAGATAAAACCGCCGGAGAATCAGAT
CACTCCGATCTAGAAGCTTCCGTCGTGAAAGAAGTAGCAGTAGAGAAACGTCCAAAGAAACGAGGA
AGAAAGCCAGCAAACGGTAGAGAAGAGCCACTAAACCACGTCGAAGCAGAGAGACAAAGACGCGAG
AAACTAAACCAAAGATTCTACGCGTTACGAGCGGTTGTACCAAACGTTTCAAAAATGGATAAAGCT
TCGTTACTCGGTGACGCAATCGCTTACATCAACGAGCTTAAATCCAAAGTAGTCAAAACAGAGTCA
GAGAAACTCCAAATCAAGAACCAGCTCGAGGAAGTGAAACTCGAGCTCGCCGGAAGARAAAGCGAGT
GCTAGTGGAGGAGATATGTCGTCTTCGTGTTCTTCGATTAAACCGGTGGGGATGGAGATTGAAGTG
AAGATAATTGGTTGGGACGCAATGATTAGAGTTGAATCTAGTAAGAGGAATCATCCGGCGGCGAGG
TTGATGTCGGCGTTGATGGATTTGGAGTTGGAAGTGAATCACGCGAGTATGTCGGTGGTTAACGAT
TTGATGATTCAACAAGCGACGGTGAAGATGGGTTTTAGGATCTATACGCAAGAACAGCTCAGAGCA
AGTTTGATTTCAAAAATCGGTTAA

SEQ ID NO: 2, Arabidopsis thaliana bHLH6
MTDYRLOPTMNLWTTDDNASMMEAFMSSSDISTLWPPASTTTTTATTETTPTPAMET PAQAGENQE
TLOORLOALIEGTHEGWTYATFWOPSYDEFSGASVLGWGDGYYKGEEDKANPRRRSSSPPEFSTPADQ
EYRKKVLRELNSLISGGVAPSDDAVDEEVTDTEWFEFLVSMTQSEFACGAGLAGKAFATGNAVIWVSGS
DOLSGSGCERAKQGGVEFGMHTIACIPSANGVVEVGSTEPIRQSSDLINKVRILENEFDGGAGDLSGL
NWNLDPDOQGENDPSMWINDPIGTPGSNEPGNGAPSSSSQLESKSIQFENGSSSTITENPNLDPTPS
PVHSQTONPKENNTEFSRELNEFSTSSSTLVKPRSGEILNFGDEGKRSSGNPDPSSYSGQTQFENKRK
RSMVLNEDKVLSFGDKTAGESDHSDLEASVVKEVAVEKRPKKRGRKPANGREEPLNHVEAERQRRE
KLNQRFYALRAVVPNVSKMDKASLLGDATAYINELKSKVVKTESEKLOTKNQLEEVKLELAGRKAS
ASGGDMSSSCSSIKPVGMEIEVKIIGWDAMIRVESSKRNHPAARTMSATIMDLELEVNHASMSVVND
LMIQQOATVKMGFRIYTQEQLRASLISKIG

SEQ ID NO: 3, Motif 1
L(G/E/T)WX(D/E) (G/S)X(Y/F) (K/N)G(E/D)

SEQ ID NO: 4, Motif 2
G(V/I) (V/I/L)E(V/L/I) (G/A) (S/V/T/A) (T/L/S) (E/D/S)
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SEQ ID NO: 5, Motif 3
(D/E)YK(A/V/I)S(L/I/V)L(G/D/E/A)

SEQ ID NO: 6, Motif 4
(T/N/S)LQ(Q/H)RLQ

SEQ ID NO: 7, Motif 5
(K/F) (I/F/V) (I/L/V/M/S)G(W/L/R/N/E) (E/D)AM(I/V) (G/R) (V/I) (Q/N/E/Y)

SEQ ID NO: 8, Motif 6
(H/Y) (A/S) (S/N) (V/C/M/L/T) (S/Q) (V/C/S) (V/MF) (K/N/S) (D/C/E) (L/Q/F/M
) (M/R/L) (I/F/L) (Q/D/H) (Q/D/V)

SEQ ID NO: 9, Motif 7
PKKRGRKPANGREEPLNHVEAERQRREKLNOQRFYALRAVVPNVSKMDKASLLGDATAY INELKSKV
VKTE

SEQ ID NO: 10, forward primer prm06515
ggggacaagtttgtacaaaaaagcaggcttaaacaatgactgattaccggctacaa

SEQ ID NO: 11, reverse primer prm(06516
ggggaccactttgtacaagaaagctgggtacacccttttaaccgattttt

SEQ ID NO: 12, rice GOS2 promoter

AATCCGAAAAGTTTCTGCACCGTTTTCACCCCCTAACTAACAATATAGGGAACGTGTGCTAAATAT
AAAATGAGACCTTATATATGTAGCGCTGATAACTAGAACTATGCAAGAAAAACTCATCCACCTACT
TTAGTGGCAATCGGGCTAAATAAAAAAGAGTCGCTACACTAGTTTCGTTTTCCTTAGTAATTAAGT
GGGAAAATGAAATCATTATTGCTTAGAATATACGTTCACATCTCTGTCATGAAGTTAAATTATTCG
AGGTAGCCATAATTGTCATCAAACTCTTCTTGAATAAAAAAATCTTTCTAGCTGAACTCAATGGGT
AAAGAGAGAGATTTTTTTTAAAAAAATAGAATGAAGATATTCTGAACGTATTGGCAAAGATTTAAA
CATATAATTATATAATTTTATAGTTTGTGCATTCGTCATATCGCACATCATTAAGGACATGTCTTA
CTCCATCCCAATTTTTATTTAGTAATTAAAGACAATTGACTTATTTTTATTATTTATCTTTTTTCG
ATTAGATGCAAGGTACTTACGCACACACTTTGTGCTCATGTGCATGTGTGAGTGCACCTCCTCAAT
ACACGTTCAACTAGCAACACATCTCTAATATCACTCGCCTATTTAATACATTTAGGTAGCAATATC
TGAATTCAAGCACTCCACCATCACCAGACCACTTTTAATAATATCTAAAATACAAAAAATAATTTT
ACAGAATAGCATGAAAAGTATGAAACGAACTATTTAGGTTTTTCACATACAAAAAAAAARAGAATT
TTGCTCGTGCGCGAGCGCCAATCTCCCATATTGGGCACACAGGCAACAACAGAGTGGCTGCCCACA
GAACAACCCACAAAAAACGATGATCTAACGGAGGACAGCAAGTCCGCAACAACCTTTTAACAGCAG
GCTTTGCGGCCAGGAGAGAGGAGGAGAGGCAAAGAAAACCAAGCATCCTCCTTCTCCCATCTATAA
ATTCCTCCCCCCTTTTCCCCTCTCTATATAGGAGGCATCCAAGCCAAGAAGAGGGAGAGCACCAAG
GACACGCGACTAGCAGAAGCCGAGCGACCGCCTTCTCGATCCATATCTTCCGGTCGAGTTCTTGGT
CGATCTCTTCCCTCCTCCACCTCCTCCTCACAGGGTATGTGCCTCCCTTCGGTTGTTCTTGGATTT
ATTGTTCTAGGTTGTGTAGTACGGGCGTTGATGTTAGGAAAGGGGATCTGTATCTGTGATGATTCC
TGTTCTTGGATTTGGGATAGAGGGGTTCTTGATGTTGCATGTTATCGGTTCGGTTTGATTAGTAGT
ATGGTTTTCAATCGTCTGGAGAGCTCTATGGAAATGAAATGGTTTAGGGATCGGAATCTTGCGATT
TTGTGAGTACCTTTTGTTTGAGGTAAAATCAGAGCACCGGTGATTTTGCTTGGTGTAATAAAGTAC
GGTTGTTTGGTCCTCGATTCTGGTAGTGATGCTTCTCGATTTGACGAAGCTATCCTTTGTTTATTC
CCTATTGAACAAAAATAATCCAACTTTGAAGACGGTCCCGTTGATGAGATTGAATGATTGATTCTT
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AAGCCTGTCCAAAATTTCGCAGCTGGCTTGTTTAGATACAGTAGTCCCCATCACGAAATTCATGGA
AACAGTTATAATCCTCAGGAACAGGGGATTCCCTGTTCTTCCGATTTGCTTTAGTCCCAGAATTTT
TTTTCCCAAATATCTTAAAAAGTCACTTTCTGGTTCAGTTCAATGAATTGATTGCTACAAATAATG
CTTTTATAGCGTTATCCTAGCTGTAGTTCAGTTAATAGGTAATACCCCTATAGTTTAGTCAGGAGA
AGAACTTATCCGATTTCTGATCTCCATTTTTAATTATATGAAATGAACTGTAGCATAAGCAGTATT
CATTTGGATTATTTTTTTTATTAGCTCTCACCCCTTCATTATTCTGAGCTGAAAGTCTGGCATGAA
CTGTCCTCAATTTTGTTTTCAAATTCACATCGATTATCTATGCATTATCCTCTTGTATCTACCTGT
AGAAGTTTCTTTTTGGTTATTCCTTGACTGCTTGATTACAGAAAGAAATTTATGAAGCTGTAATCG
GGATAGTTATACTGCTTGTTCTTATGATTCATTTCCTTTGTGCAGTTCTTGGTGTAGCTTGCCACT
TTCACCAGCAAAGTTC

SEQ ID NO: 13, gi|l1142618:193-2121 Phaseolus vulgaris phaseolin G-
box binding protein PGl (PGl) mRNA, complete cds
ATGACGGAGTACCGGTCGCCGCCCACAATGAATCTCTGGACCGACGACAACGCTTCCGTCATGGAG
GCCTTCATGAGCTCCTCCGATTTCTCCTCCCTTTGGCTGCCAACACCGCAATCCGCTGCCTCTACC
ACCACTCCGGGAGCCGACACTGCCAGAGCCCTGCCGCCGCCTCCGCCGTCGCAGTCCCAGTCCCTT
TTTAACCAGGAGACCTTACAACAGCGGCTGCAAACGCTGATCGAAGGCGCCGAAGAGAGCTGGACC
TACGCCATTTTCTGGCAATCTTCTTATGACTACTCCTCCAGCACTTCCCTTCTCGGTTGGGGTGAC
GGATACTACAAGGGAGAGGAGGACAAAGGAAAAGGAAAAGCCCCCARAAGAGATGTCGTCGGCGGAG
CAGGACCACCGTAAGAAGGTTCTCCGCGAGCTCAATTCGTTGATTTCCGGCCCTTTCCGTTCCGCT
GATGACGTCGACGAAGAGGTATCCGACACTGAGTGGTTCTTTCTAGTGTCCATGACTCAGTCCTTT
CTCAGCGGAAGCGGGCTCCCGGGCCAGGCTTTTCTTAATTCCAGCCCGGTTTGGGTCGCCGGGGCT
GACCGGTTATCCGATTCGACGTCGGAGCGGGCTCGCCAGGGGCAGGTCTTTGGGGTTCAGACTCTG
GTTTGCATACCGTCCGCAAACGGCGTCGTTGAGCTGGCTTCTACGGAGGTGATTTTCCAGAACTCC
GATCTCATGAAGAAAGTGCGGGATTTGTTCAACTTCAACAACCCAGACGCGGGTTTCTGGCCGTTG
AATCAGGGCGAGAACGACCCTTCCTCACTCTGGCTCAACCCTTCTTCCTCGATTGAAATCAAGGAC
ACCTCTAACGCCGTTGCACTCGTTTCAGCGAATGCATCACTGAGCAAAACCATGCCGTTCGAAACC
CCTGGTTCCAGCACTCTAACAGARAACCCCTAGTGCCGCCGCCGCAGCTCACGTCCCCAATCCCAAG
AACCAGGGTTTCTTCCCCAGAGAATTGAACTTCTCGAACTCCTTAAAACCCGAATCCGGTGAAATT
CTGAGCTTCGGAGAGAGCAAGAAGAGCTCTTACAACGGGAGTTACTTCCCCGGTGTTGCGGCTGAG
GAGACCAACAAGAAGAGAAGGTCTCCTGCTTCTCGCAGCAGCATTGACGATGGAATGCTGTCCTTC
ACCTCCGGCGTGATTATACCGGCTTCGAATATAAAATCTGGTGCCGTTGCTGGTGGTGGTGCCAGC
GGCGGTGATTCCGAGAACTCGGATCTGGAAGCTTCCGTGGTGAAAGAGGCGGACAGCAGGGTGGTG
GAGCCGGAGAAACGGCCCCGGAAGAGGGGTCGGAAGCCGGGGAACGGCAGAGAGGAGCCGCTGAAT
CACGTGGAAGCGGAGAGGCAGAGGAGGGAAAAGCTGAATCAACGGTTCTACGCGCTTCGTGCGGTG
GTTCCCAACGTGTCGAAGATGGACAAAGCATCGCTCTTAGGCGATGCCATATCCTACATAAACGAG
CTGAAGTCGAAGCTGAGTGAGCTGGAATCAGAGAAAGGGGAATTGGAGAAGCAATTGGAGTTGGTG
AAGAAGGAGCTTGAGCTGGCAACTAARAAGCCCTTCTCCTCCACCTGGGCCACCTCCATCCAACAAA
GAAGCGAAGGAAACGACGAGCAAGCTGATTGATTTGGAGTTAGAGGTGAAGATCATAGGGTGGGAC
GCCATGATAAGGATCCAATGCAGCAAGAAAAACCACCCTGCGGCCAGGTTGATGGCTGCGTTGAAG
GAGCTGGACCTTGACGTGAATCATGCCAGCGTATCCGTGGTGAATGATTTGATGATCCAACAAGCC
ACCGTGAATATGGGAAACCGGTTTTACACTCAGGAACAGCTCCGGTCGGCGCGCTCCTCCAAAATT
GGCAATGCACTATAG
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SEQ ID NO: 14, gi|1142619|gb|AAB00686.1| phaseolin G-box binding
protein PGl, Phaseolus vulgaris
MTEYRSPPTMNLWTDDNASVMEAFMSSSDESSLWLPTPOSAASTTTPGADTARALPPPPPSQSQSL
FNQETLOORLOTLIEGAEESWTYATFWQSSYDYSSSTSLLGWGDGY YKGEEDKGKGKAPKEMSSAE
ODHRKKVLRELNSLISGPFRSADDVDEEVSDTEWFEFLVSMTQSFLSGSGLPGQAFLNSSPVWVAGA
DRLSDSTSERARQGOVEFGVQTLVCIPSANGVVELASTEVIFONSDLMKKVRDLENEFNNPDAGEWPL
NOGENDPSSLWLNPSSSIEIKDTSNAVALVSANASLSKTMPFETPGSSTLTETPSAAAAAHVPNPK
NOGFEFPRELNESNSLKPESGEILSFGESKKSSYNGSYFPGVAAEETNKKRRSPASRSSIDDGMLSE
TSGVITIPASNIKSGAVAGGGASGGDSENSDLEASVVKEADSRVVEPEKRPRKRGRKPGNGREE PLN
HVEAERQRREKLNQRFYALRAVVPNVSKMDKASLLGDAISYINELKSKLSELESEKGELEKQLELV
KKELELATKSPSPPPGPPPSNKEAKETTSKLIDLELEVKITIGWDAMIRIQCSKKNHPAARTLMAALK
ELDLDVNHASVSVVNDLMIQOQATVNMGNREYTQEQLRSARSSKIGNAL

SEQ ID NO: 15, gi|33339704:194-2293 Catharanthus roseus MYC2
(myc2) mRNA, complete cds
ATGACGGACTATAGGCTACAACCGAAAATGAACCTATGGGGTACGACGACCAACACCGCAGCTTCA
CCAATAATTACTTCAGATGATAATAGTTCGATGATGGAGGCTTTTATGACCTCATCAGATCCGATT
TCTTTGTGGCCGCCGTCAATGTCTGTGAATCATCACCATCCACCAACTCCTACTTCTTCCGCCGTA
ACAACTGCGGTGGACTCCGCTAAATCTATGCCTGCCCAACCTGCTTTTTTCAATCAAGAAAATCTC
CAACAGCGCCTTCAAACTCTAATTGATGGTGCTAGGGAGAGTTGGACTTATGCCATATTTTGGCAG
TCGTCTGTTGTCGAATTCGCCGGTCCTTCGGTCTTGGGTTGGGGCGATGGATATTATAAGGGAGAA
GAAGATAAAGGGAAGAGGAAGAATTCGTCTTCCGCGAGTTCTTTTGCAGAACAGGAACACAGAAAG
AAAGTCCTTAGAGAGCTCAATTCTTTGATTGCTGGGCCACAAGGCACCGCCGATGATGCAGTTGAT
GAAGAGGTGACCGATACCGAATGGTTTTTCTTAATTTCAATGACTCAGTCATTTGTTTCCGGGAGC
GGTCTTCCAGGGCAGGCCTTATACAATTCAAACCCGGTATGGGTTACCGGAGCAGGGAGGCTGGCG
GTTTCACACTGCGACCGGGCCAGGCAGGCTCAAAGTTTTGGGCTTCAGACCTTAGTTTGTATTCCC
TCCGCAAACGGCGTTGTGGAGCTGGGTTCAACGGAATTGATTTTTCAGAGCTCCGATCTCATGAAT
AAGGTTAGGATACTGTTCAATTTTAATAATATAGATTTGGGTTCGAGCTCTGGACCTTGGCCTGAG
AACGATCCTTCTTCTCTGTGGCTTACTGATCCATCGCCCTCAGGGGTAGGGGTTAAGGAGGGGGTG
AATACTAATAATAATACTAGTGTTCAAGGGAATTCAATTCCTTCTGGTAATAAGCAGCAACTTGTG
TTTGGAAATAATGATAATCATCCAACCACGAGTACTTTGACTGATCATCCCGGGGCTGGGGCTGTA
AATAGTTATAATAATTCATCTCAGAATGCCCAGCAGCCTCAAGGTAGTTTCTTTACAAGGGAATTG
AATTTTTCAGAATACGGGTTTGAAAGGAGTAGTGTAAAGAATGGGAATTGTAAGCCAGAATCGGGA
GAAATATTGAACTTTGGTGGTGAATCTGTTACCAAGAAGAATTCTGTAAGTGGAAATGGGAACTTG
TTTTCAGTACAATCACAGTTTGGAGCTGGGGAGGAGAACAAGAACAAGAAAAGGCCATCTCCTGTG
TCAAGGGGGAGCAATGATGAGGGGATGCTTTCTTTTACTTCTGGGGTAGTTTTGCCCTCTACTGGT
GTAGTGAAGTCTAGTGGTGGTGGTGGTGGTGGAGACTCCGATCATTCTGATCTTGAGGCCTCAGTG
GTGAAGGAGGCAGAGAGTAGTAGGGTTGTGGATCCCGAGAAACGGCCTAGGAAGAGGGGGAGARAAG
CCTGCAAATGGAAGGGAAGAGCCATTGAATCATGTGGAGGCAGAGAGGCAGAGGAGGGAGAAGTTG
AACCAGAGGTTCTATGCTCTTAGAGCCGTGGTTCCTAATGTTTCAAAAATGGATAAAGCTTCACTT
CTTGGTGATGCTATTTCTTATATCAATGAGTTGAAAGCTAAACTTCAAACTACAGAAACAGATAAA
GATGAATTGAAGAACCAATTGGACTCATTAAAGAAGGAATTAGCAAGTAAAGAATCTCGGCTTTTA
TCATCACCAGATCAAGATCTCAAGTCCTCAAACAAGCAGTCAGTGGGTAACTTGGATATGGATATT
GATGTGAAAATCATTGGTCGGGAAGCAATGATTCGAGTCCAATCCAGTAAAAACAACCACCCTGCA
GCAAGAGTAATGGGAGCACTAAAGGATCTTGATCTTGAATTACTCCATGCTAGTGTCTCAGTGGTA
AATGATTTGATGATCCAGCAAAATACAGTGAGAATGGGGAGCCGATTTTATACTCAGGAGCAGCTT
AGAATAGCATTGACATCCAGAATAGCCGGAAACTCGATGAGGCTCTTGGTATGA
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SEQ ID NO: 16, gi|33339705|gb|AAQ14332.1|AF283507_1 MYC2
[Catharanthus roseus]
MTDYRLOPKMNLWGTTTNTAASPIITSDDNSSMMEAFMTSSDPISLWPPSMSVNHHHPPTPTSSAV
TTAVDSAKSMPAQPAFENQENLOQORLOQTLIDGARESWIYAIFWQSSVVEFAGPSVLGWGDGYYKGE
EDKGKRKNSSSASSFAEQEHRKKVLRELNSLIAGPOQGTADDAVDEEVTDTEWEFFLISMTQSEVSGS
GLPGQALYNSNPVWVTGAGRLAVSHCDRARQAQSFGLOTLVCIPSANGVVELGSTELIFQSSDLMN
KVRILFNENNIDLGSSSGPWPENDPSSLWLTDPSPSGVGVKEGVNTNNNTSVOGNSIPSGNKQQLV
FGNNDNHPTTSTLTDHPGAGAVNSYNNSSONAQOPQGSEFEFTRELNFSEYGFERSSVKNGNCKPESG
EILNFGGESVTKKNSVSGNGNLFSVOSQFGAGEENKNKKRPSPVSRGSNDEGMLSFTSGVVLPSTG
VVKSSGGGGGGDSDHSDLEASVVKEAESSRVVDPEKRPRKRGRKPANGREEPLNHVEAERQRREKL
NORFYALRAVVPNVSKMDKASLLGDAISYINELKAKLOQTTETDKDELKNQLDSLKKELASKESRLL
SSPDODLKSSNKQOSVGNLDMDIDVKIIGREAMIRVOSSKNNHPAARVMGALKDLDLELLHASVSVV
NDLMIQONTVRMGSREFYTQEQLRIALTSRIAGNSMRLLV

SEQ ID NO: 17, gi|45421749:1-2079 Solanum tuberosum partial mRNA
for MYC transcription factor (jamyc2 gene)
ATGACTGAATACAGCTTACCCACCATGAATTTGTGGAACAATAGTACTAGCGATGATAACGTGTCT
ATGATGGAAGCTTTTATGTCTTCTGATCTTTCTTTTTGGGCTACTACTAATTCTACTACTACTAAT
TCTGCTTCTGCTGCTGTGGTTGGCGTCAATTCAAATCTTCTTCATACTAATAATAATAATCCGTCT
GTTTTTCCTCTATCTTCTTCTACATCTGTATCCGCGGCTGCGGCTGTTGATGCTACCAAATCTATG
CCGTTTTTCAACCAAGAAACCCTTCAGCAGCGTCTTCAAGCTCTTATCGATGGTGCTAGAGAGACG
TGGACTTACGCTATCTTTTGGCAATCGTCGGTTGTTGATTTCTCGAGTCCGTCTGTGTTGGGTTGG
GGAGATGGTTATTACAAAGGCGAAGAAGATAAAGCCAAAAGGAAATTAGCGGTTTCTTCTCCTGCT
TATATTGCTGAGCAGGAGCACCGGAAGAAGGTTCTCCGGGAGCTGAATTCGTTGATTTCAGGGGCA
CCAGCTGGGACCGATGATGCTGTTGATGAAGAAGTTACCGACACCGAATGGTTCTTTCTTATCTCC
ATGACCCAATCGTTTGTTAATGGAAGTGGGCTTCCTGGTCAGGCGTTGTATAGTTCCAGCCCTATT
TGGGTCGCCGGAACTGAGAAATTGGCAGCTTCCCACTGCGAACGGGTTAGACAAGCACAAGGGTTC
GGGCTTCAGACTATTGTCTGTATTCCTTCAGCTAACGGCGTGGTTGAATTGGGCTCGACAGAGTTG
ATTGTTGAAAGTTCTGATCTCATGAACAAGGTTAGAGTATTGTTTAACTTCAGTAATGATTTGGGG
TCTGGTTCATGGGCTGTGCAGCCGGAGAGCGACCCGTCGGCGCTTTGGCTCACTGAACCATCGTCC
TCAGGTATGGAAGTTAGAGAGTCTTTAAATACAGTACAAACAAATTCAGTTCCATCAAGTAATAGT
AATAAGCAAATTGCTTATGCAAATGAGAATAATCATCAATCTGGAAATGGTCAGAGTTGTTACAAT
CTGCAGCAACAACAGAACAATCCTCCTCAACAACAAACACAAGGATTTTTCACGAGGGAGTTGAAT
TTTTCGGAATTCGGGTTCGATGGAAGTAGCAATAGGAATGGGAATGCATCGCTCTCTTGCAAACCT
GAATCAGGAGAAATCTTGAATTTTGGTGATAGTACTAAAAAAAGTGCTTCCAGTGCAAATGTGAAC
TTGTTTACGGGTCAGTCCCAATTTGGGGCAGTGGAGGAGAATAACAATAACAAGAACAAGARAAAGA
TCAGCTACTTCCAGGGGAAGCAATGAAGAAGGAATGCTTTCATTTGTTTCAGGTACAGTTTTGCCT
TCTTCGGGTATGAAGTCAGGTGGAGGTGGAGGCGAAGACTCTGAACATTCAGATCTTGAGGCTTCA
GTGGTGAAAGAAGCTGATAGTAGTAGAGTGGTAGAACCAGAAAAGAGGCCAAGGAAGCGAGGGAGA
AAGCCAGCGAATGGACGAGAGGAGCCTTTGAATCACGTCGAGGCAGAGAGGCAAAGGAGGGAGAAA
TTGAACCAAAGATTCTACGCGCTTAGAGCTGTTGTACCARAATGTGTCTAAGATGGACAAGGCATCA
CTTCTTGGAGATGCAATTTCATATATAAACGAGTTGAAATCAAAGCTTCAAAATACAGAGTCAGAT
AAAGAAGACTTGAAGAGCCAAATAGAAGATTTAAAGAAAGAATCAAGGCGCCCCGGTCCTCCACCA
CCAAACCAAGATCTCAAGATTGGAGGCAAGATTGTAGACGTGGATATAGACGTTAAGATAATCGGA
TGGGATGCAATGATTGGTATACAATGTAATAAAAAGAATCATCCAGCTGCAAGGTTAATGGCAGCC
CTCATGGAATTAGACCTAGACGTGCACCATGCCAGTGTTTCAGTTGTCAACGATTTGATGATCCAA
CAAGCCACAGTGAAAATGGGTAGCAGACATTACACTGAAGAGCAGCTTAGGGTAGCATTGAAATCG
AAAATTGCTGAAACCCCCTTAGAAAGTAGATAG
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SEQ ID NO: 18, gi|45421750|emb|CAF74710.1] MYC transcription
factor [Solanum tuberosum]
MTEYSLPTMNLWNNSTSDDNVSMMEAFMSSDLSEWATTNSTTTNSASAAVVGVNSNLLHTNNNNPS
VEFPLSSSTSVSAAAAVDATKSMPEFENQETLOORLOATLIDGARETWTYATFWQSSVVDESSPSVLGW
GDGYYKGEEDKAKRKLAVSSPAYTAEQEHRKKVLRELNSLISGAPAGTDDAVDEEVTDTEWFFLIS
MTQSEFVNGSGLPGQALYSSSPIWVAGTEKLAASHCERVROAQGEFGLQTIVCIPSANGVVELGSTEL
IVESSDLMNKVRVLFNFSNDLGSGSWAVQPESDPSALWLTEPSSSGMEVRESLNTVQTNSVPSSNS
NKQIAYANENNHQSGNGQSCYNLQOOONNPPOOOTOGFFTRELNEFSEFGEFDGSSNRNGNASLSCKP
ESGEILNFGDSTKKSASSANVNLFTGOSQFGAVEENNNNKNKKRSATSRGSNEEGMLSEFVSGTVLP
SSGMKSGGGGGEDSEHSDLEASVVKEADSSRVVEPEKRPRKRGRKPANGREEPLNHVEAERQRREK
LNORFYALRAVVPNVSKMDKASLLGDAISYINELKSKLONTESDKEDLKSQIEDLKKESRRPGPPP
PNODLKIGGKIVDVDIDVKIIGWDAMIGIQCNKKNHPAARLMAALMELDLDVHHASVSVVNDLMIQ
QATVKMGSRHYTEEQLRVALKSKIAETPLESR

SEQ ID NO: 19, gi|89027223:195-2135 Pisum sativum G-box element
binding protein (GBF) mRNA, complete cds
ATGACAGATTACCGCTCACTCCCGACAATGAATAATAGTATCTGGACAGACGACAACTCCTCCGTC
ATGGAAGCTTTCATGAGCACCACCGCCGACCTTTCTTCTATCTGGCTTCCACCACCAAATTCCGCT
GCATCAACCACCACACCAGGACCCGATACAACCAAACCTCCACCACAACAACAGCCACTCTTCAAC
CAAGAAACTCTCCAACACCGTCTTCAAGCTTTAATCGAAGACGCAAAAGAGAATTGGACTTACGCC
ATCTTCTGGCAAACCTCTTACGACTACTCTACAAGCAGACAGCTCCTTGGTTGGGGAGACGGTTAT
TACAAAGGCGAAGATGACAAAGAAAAAGCTAAAAAAGTTATCTTGCCTGAACAACAAGCTCATCGC
AATAAAGTCCTCCGTGAACTTAACGCCTTAATTTCCGGCTCATCTAGCTCAGATGATGTCGTTGAC
GAAGATGTCACCGACACTGAGTGGTTCTTTCTCACGTCGATGACACACTCCTTCGTCAACGGAAGC
GGTTTACTGAGCCAGGCTTACTTTAATTCTTCCCCAGTATGGATCAACGATAGGCTTTCCATGTCC
ACATGTGAAAGAACCCGTGCAGCACATGTTCACGGGCTTCAGACTTTGGTATATATACCAGCACCG
TCTTCAAACGGTGTCGTTGAGCTCGCATCTACTGAGATAATTCCACATAGCGCTGGTATAATGGAG
AAGGTTCGTTTTTTGTTTGATTTCAATAATCCAGAAGCACGGTCTTGGCCGTTGAATTCCGCCGAC
AACGATCCTTCTTCCATGTGGTTGGATATCCCCGGCTCCGGTGGAATTGAAATTAGAGACTCCATC
AACACTGTTAGTGCCGTCAGTGTAACGGCTTCAGCAAATGCAACAATCCCTAAAARAATCGCCGTTT
GAAATTCACGGTGCTTCTACTACTCTACCGGAATCATCCACCACCGTTAATATTTCAACTGCTCAG
CGCCAAATCCAGAATCAAAACCAGAACCAGAGCTTCTTTCCAAGAGAACTGAATTTTTCAGGTTCT
TTCAAACCGGAATCCGGCGAGATTCTGAACTTTGGGGAGAGTAARAAAGAGTTCTTACAGCTCTGCC
AATGGTAATTTCTTTTCCGGTCCGTCACCATTCGCTGCTAATGAAGAAAACAGAAAAAGAAGATCC
CCGGTGTCTAGAAGTAGTATCGAGGACGGAATTCTTTCATTCAGTTCTGGCAAACTGTTACATGGT
TCAACTATAARAATCCGGTGGCGGAGATTCCGATCATTCAGATCTGGAAGTTTCTGTGGTGAAGAAA
ACTGTGAGCAGCAGAGTTATCGAACCAGAGAAGCGGCCTCGGAAGCGAGGTAGAARAACCAGCCAAC
GGAAGAGAAGAACCCTTGAACCACGTGGAAGCAGAGAGGCAGCGACGGGAGAAACTGAACCAGAGA
TTCTACGCTTTACGAGCTGTGGTTCCTAATGTTTCTAAAATGGACAAAGCTTCGCTTCTTGGAGAC
GCGATTTCTTACATAAACGAGTTGAAATTGAAGCTGCAAGGGCTTGAATCGTCAAAAGATGAGTTG
GAGAAAGAACTAGATACAACCCGAAAGGAACTAGAAATTGCAACTAAAAAACCAGTTCGGTTGAAC
GAAGAAGAAAAAGAGAAACCAGAAAACAACTCTAAGTTGATTGATTTGGACATAGATGTGAAAATC
ATGGGATGGGATGCTATGATTAGGATTCAGTGTAGCAAGAAGAATCACCCTGCTGCGAAATTAATG
GCGGCTTTAAAAGAATTGGATCTTGATGTGAATCATGCTAGTGTTTCTGTTGTTAATGACTTAATG
ATTCAACAGGCTTCTATTAACATGGGAAGTAGATTTTACACACAAGAACAGCTTTTATCTGTTCTT
TCTTCCAAAATTGGTGATACACAATGA
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SEQ ID NO: 20, gi|89027224|gb|ABD59338.1| G-box element binding
protein [Pisum sativum]
MTDYRSLPTMNNSIWTDDNSSVMEAFMSTTADLSSIWLPPPNSAASTTTPGPDTTKPPPQQOPLEN
QETLOHRLQALIEDAKENWTYATIFWQTSYDYSTSROLLGWGDGYYKGEDDKEKAKKVILPEQQAHR
NKVLRELNALISGSSSSDDVVDEDVTDTEWFFLTSMTHSEVNGSGLLSQAYEFNSSPVWINDRLSMS
TCERTRAAHVHGLQTLVYIPAPSSNGVVELASTEIIPHSAGIMEKVREFLEFDFNNPEARSWPLNSAD
NDPSSMWLDIPGSGGIEIRDSINTVSAVSVTASANATIPKKSPFEIHGASTTLPESSTTVNISTAQ
ROIONONONOSFEFPRELNESGSFKPESGEILNFGESKKSSYSSANGNEFFSGPSPFAANEENRKRRS
PVSRSSIEDGILSFSSGKLLHGSTIKSGGGDSDHSDLEVSVVKKTVSSRVIEPEKRPRKRGRKPAN
GREEPLNHVEAERQRREKLNQRFYALRAVVPNVSKMDKASLLGDAISYINELKLKLOGLESSKDEL
EKELDTTRKELEIATKKPVRLNEEEKEKPENNSKLIDLDIDVKIMGWDAMIRIQCSKKNHPAAKLM
AALKELDLDVNHASVSVVNDLMIQOASINMGSREYTQEQLLSVLSSKIGDTOQ

SEQ ID NO: 21, gi|89274200:232026-233786 Brassica oleracea Contig
G, complete sequence
TCAAACTCTCTCCATTAGAGCAGCCTTGAGCTGATCCTGCGTGAAAAACTGATTCCCCATCTTCAC
AGTCGCTTGTTGGATCATGAACTCATTCACTACCGATAAACTCGCGTGATTCACTTCCAATTCCAG
CTCCTTGAGTGCTTCCATGAACTTAGCACCAGGATGATTCTTCTTAGCGCATTGGATCCTAATCAT
CGCATCCCAACCAATGATCTTCACATCTATCTCCACCTCTATGGACACACCTGAATCTTGATCCAA
ACACTTTTGATCTTTAACCAAACTTTTCACATTCCCATCCCCCACCTCTTTGCTCATCCCATCAAT
CTGCTTCTGCAACTCCTCTTTATCAGCTTCAGCCTTTTGCAGCTTAGCTTTAAGCTCATTGATATA
CGAGATCGCGTCTCCTAGAAGAGAAGCTTTATCCATCTTAGACACATTAGGAACCACAGCTCTCAG
AGAGTAGAATCTCTGGTTCAGCTTCTCTCTTCTCTGTCTCTCTGCCTCCACGTGATTCAACGGCTC
CTCTCTTCCGTTAGCCGGTTTCCTCCCTCGTTTCCTCGGTTTCTTCTCCGTCTCAGCCACGATTCT
ACCACTCTCCGCTTCTTTAACAACCGAAGCTTCGAGATCAGAGCGATTCGAGTCGTTCGATTTCGT
AGGAAGTGGAAGAACAGAAGTGAAAGACAGCATCTCTTCTTCCTTGTCGGAAACCAAACATCTCTT
CTTCTTGTTGCTGTCTCCCTCCACAAACCCAGAACTCGAGATTTGCGGGTTCTGCTGCTGCTTAGG
GTGTTCCACTGAGCTTCCATTACAAAGCTTCGAAGCCGTCTGAGAATCAGAGTTAGAAGTCGCCGG
AGCCCCAAGAACCGGTTCGATCCCGGTTACAATCGGTTCATTAATCCACGTGGCGGAATCATTCTC
TCCTTGATCCGGGTTCAAATTAAACTCCCAAGAACCCGACTCGCCTCCACCACCGCCACCGTTGAA
ACTGAAAAAGCTGTTGACTTTCTCAACGAGATCCGAGCTCTGATGTATAATCTCCAACGAACCAAG
CTCAACGACGCCGTTTTGCGTCGGTATACAAACCATCGTCTCCAACCCGTAAACCTGACCCTGGCG
AGCTCTCTCGCAGCTCGATCCAGCCAAGGCGTTCGAGCCAGAGAGCCAAATGGTCCGCGAGCTCGA
GAAAGCTCGGCCGGGCAAACCAGAGCCGTTGACGAAGCTCTGCGTCATCGAAACCAAGAAGAACCA
TTCCGTATCCGACACGTCTTCGTCTCCCGCCTCGTCGGAGGAGCCGCCGCTGCTGCTGACTGTCCC
TCCTCCGCCGGAGATCAGAGAGTTGAGCTCTCGAATCACTCTCTTCCGATGCTCTTGCTCCGCCGC
GCTGACGGGATTGGGCTTCCTCTTCCTCGACTTCCTCTCCTCCTCGCCTTTGTAGTAGCCATCGCC
CCAGGTTAGCAGCGCCGCCGTGTTGCTGATGTCTTCTCCGGCGAAGTCGTGGGATAGTTGCCAGAA
CACGGCGTACGTCCAGCTTTCTCTAGCTCCTTCGATCAATGCTTGGAGTCGTTGCTGGAGAGTGTC
TTCGGTGACGTGAGGAGGAGGAGGAGTGAGAGGGGGTTGAGGCCAGAGAGAAGAGTGTTCGGAGCC
GATGAGAGGTTCCATTACAGACGCATTGTCTTCGATTGTTGACCAGAGGTTTGTGCCGTTTGTTGA
CTGGTTGAGGTGGTGGTCGGTTAGTTGAACATTTGTCGAAGACAT
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SEQ ID NO: 22, gi|89274228|gb|ABD65632.1| basic helix-loop-helix
(bHLH) family transcription factor [Brassica oleracea]
MSSTNVOQLTDHHLNOQSTNGTNLWSTIEDNASVMEPLIGSEHSSTLWPOQPPLTPPPPHVTEDTLOORL
QALTEGARESWTYAVEFWQLSHDFAGEDISNTAALLTWGDGYYKGEEERKSRKRKPNPVSAAEQEHR
KRVIRELNSLISGGGGTVSSSGGSSDEAGDEDVSDTEWEFLVSMTOSEFVNGSGLPGRAFSSSRTIW
LSGSNALAGSSCERARQGOVYGLETMVCIPTONGVVELGSLEI THQSSDLVERKVNSEFEFSENGGGGG
GESGSWEFNLNPDOGENDSATWINEPIVTGIEPVLGAPATSNSDSQTASKLCNGSSVEHPKQOONP
QISSSGFVEGDSNKKKRCLVSDKEEEMLSFTSVLPLPTKSNDSNRSDLEASVVKEAESGRIVAETE
KKPRKRGRKPANGREEPLNHVEAERQRREKLNQREFYSTRAVVPNVSKMDKASLLGDATISYINELKA
KLOKAEADKEELOQKQIDGMSKEVGDGNVKSLVKDOKCLDODSGVSIEVEIDVKITIGWDAMIRIQCA
KKNHPGAKFMEALKELELEVNHASLSVVNEFMIQOATVKMGNQFFTODOLKAALMERV

SEQ ID NO: 23, gi|l115483615:1-2100 Oryza sativa (japonica
cultivar-group) 0s1l0g0575000 (0s1l0g0575000) mRNA, complete cds
ATGAACCTTTGGACGGACGACAACGCGTCGATGATGGAGGCGTTCATGGCCTCCGCCGACCTCCCG
GCCTTCCCGTGGGGGGCGGCCTCCACCCCGCCGCCGCCGCCGCCGCCGCCTCACCACCACCACCAA
CAGCAGCAGCAGCAGGTCCTGCCGCCGCCTGCAGCAGCTCCGGCGGCGGCGGCGTTCAACCAGGAC
ACGCTGCAGCAGCGGCTGCAGTCGATCATCGAGGGGTCTCGGGAGACGTGGACGTACGCCATCTTC
TGGCAGTCCTCCATCGACGTCTCCACCGGCGCCTCCCTCCTCGGCTGGGGCGACGGCTACTACAAG
GGCTGCGACGACGACAAGCGCAAGCAGCGCTCCTCCACCCCCGCCGCCGCCGCCGAGCAGGAGCAC
CGCAAGCGCGTCCTCCGCGAGCTCAACTCCCTCATCGCCGGCGCAGGCGCCGCCCCCGACGAGGLCC
GTCGAGGAGGAGGTCACCGACACCGAGTGGTTCTTCCTCGTCTCCATGACCCAGTCCTTCCCCAAC
GGCCTCGGCCTCCCCGGCCAGGCCCTCTTCGCCGCCCAGCCCACCTGGATCGCCACCGGCTTGTCC
TCCGCCCCCTGTGACCGCGCCAGGCAGGCCTACACCTTCGGCCTCCGCACCATGGTCTGCCTCCCC
CTCGCCACCGGCGTCCTCGAGCTCGGCTCCACCGACGTCATCTTCCAGACCGGGGACAGCATCCCC
AGGATCCGCGCCCTCTTCAACCTCAGCGCCGCCGCCGCCTCCTCCTGGCCCCCCCACCCCGACGLC
GCCTCCGCCGATCCCTCCGTGCTCTGGCTCGCCGACGCGCCCCCCATGGACATGAAGGACTCCATC
TCCGCCGCAGACATCTCCGTCTCCAAGCCACCACCCCCGCCGCCGCACCAGATCCAGCACTTCGAG
AACGGGAGCACCAGCACGCTCACGGAGAATCCCAGCCCGTCGGTGCACGCGCCGACGCCCTCGCAG
CCGGCCGCGCCGCCCCAGCGGCAGCAGCAGCAGCAGCAGAGCAGCCAGGCTCAGCAGGGCCCCTTC
CGCCGGGAGCTCAACTTCTCCGACTTCGCGTCCAACGGCGGCGCCGCGGCCCCGCCTTTCTTCAAG
CCCGAGACCGGCGAGATCCTAAACTTCGGCAACGACAGCAGCAGTGGCCGGAGGAATCCGTCGCCG
GCGCCCCCGGCCGCCACCGCCAGCCTCACCACCGCGCCGGGEGAGCCTGTTCTCGCAGCACACGCCG
ACGCTGACGGCGGCGGCGAACGACGCCAAGAGCAACAACCAGAAGAGGTCCATGGAGGCCACCTCC
CGCGCCAGCAACACCAACAACCACCCGGCGGCGACGGCGAACGAGGGGATGCTGTCCTTCTCGTCG
GCGCCGACGACGCGGCCGTCGACGGGGACGGGCGCCCCGGCCAAGTCGGAGTCGGACCACTCGGAC
CTGGAGGCGTCGGTGCGGGAGGTGGAGAGCAGCCGCGTGGTGGCGCCGCCGCCGGAGGCGGAGAAG
CGGCCGCGGAAGCGCGGGLCGGAAGCCGGCGAACGGGCGEGGAGGAGCCGCTGAACCACGTGGAGGLG
GAGCGGCAGCGGCGGGAGAAGCTCAACCAGCGCTTCTACGCGCTGCGCGCCGTGGTGCCCAACGTG
TCCAAGATGGACAAGGCGTCGCTGCTGGGCGACGCCATCTCCTACATCAACGAGCTCCGGGGGAAG
CTCACGGCGCTGGAGACGGACAAGGAGACGCTGCAGTCGCAGATGGAGTCGCTCAAGAAGGAGCGG
GACGCGCGGCCGLCCGGCGLCETCEGGECEGECEGECGGEAGACGGCGGEGGECGCEGTGCCACGCGGTGGAG
ATCGAGGCCAAGATCCTTGGGCTGGAGGCCATGATCCGCGTGCAGTGCCACAAGCGGAACCALCCCG
GCGGCGCGGCTGATGACGGCGCTGCGGGAGCTGGACCTGGACGTGTACCATGCCAGCGTCTCCGTG
GTCAAGGACCTCATGATCCAGCAGGTGGCCGTCAAGATGGCCAGCCGCGTCTACTCGCAGGACCAG
CTCAACGCCGCGCTCTACACCCGCATCGCCGAGCCTGGCACCGCCGCCCGGTAA
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SEQ ID NO: 24, gi|l1l15483616|ref|NP_001065478.1| 0s10g0575000
[Oryza sativa (japonica cultivar-group)]

MNLWTDDNASMMEAFMASADLPAFPWGAASTPPPPPPPPHHHHOOOQOOOVLPPPAAAPAAAAFNQD
TLOORLOSITEGSRETWTYATFWQSSIDVSTGASLLGWGDGYYKGCDDDKRKORSSTPAAAAEQEH
RKRVLRELNSLIAGAGAAPDEAVEEEVTDTEWEFFLVSMTQSEFPNGLGLPGOQALFAAQPTWIATGLS
SAPCDRARQAYTFGLRTMVCLPLATGVLELGSTDVIFQTGDSIPRIRALFNLSAAAASSWPPHPDA
ASADPSVLWLADAPPMDMKDSISAADISVSKPPPPPPHQIQHEFENGSTSTLTENPSPSVHAPTPSQ
PAAPPOROQOOOOOSSQAQQOGPFRRELNEFSDFASNGGAAAPPFFKPETGEILNEFGNDSSSGRRNPSP
APPAATASLTTAPGSLESQHTPTLTAAANDAKSNNQKRSMEATSRASNTNNHPAATANEGMLSESS
APTTRPSTGTGAPAKSESDHSDLEASVREVESSRVVAPPPEAEKRPRKRGRKPANGREEPLNHVEA
ERQRREKLNQRFYATLRAVVPNVSKMDKASLLGDAISYINELRGKLTALETDKETLOSQOME SLKKER
DARPPAPSGGGGDGGARCHAVETIEAKILGLEAMIRVQCHKRNHPAARTIMTALRELDLDVYHASVSV
VKDLMIQQOVAVKMASRVYSQODOQLNAALYTRIAEPGTAAR

SEQ ID NO: 25, gi|68342447:195-2357 Rheum australe basic helix-
loop-helix transcription factor protein mRNA, complete cds
ATGATGAACCTCTGGAGTTCCGATGATAACGTTGCTTTCGCCGACGCTTTTATGTCCTTGGACTCT
TCCTCCGCCGCCGCCTGGCCTCCGGCGCCTTCCTCCCACCAATACAACCACCAGTACAACCTCCAA
CACCAGCAACAACTGCAGCATCAACCACAACAACAACAACAACAACAACAGATGGCCAATTCGGCC
GGCGGTGGTTGGCAACAAGCGATGGCCGGCGGCGCTCAGATGAATCCGGCGCAGATGATGAACCAG
GACAGCCTACAGCAGCGGCTGCAGGCGCTGATCGACGACGCCAGGGAGAGCTGGACCTACGCCATC
TTCTGGCAGTGCAACGTCGAGCCCACCGGCCAGTCTCTCCTTGGCTGGGGCGACGGATACTATAAG
GGCGATGACTCCGCCAATAAGAACGCCTCCTCCGCCGCCCCCGCCGCTGGATCCAGGCCGCCGAAG
AACCCCGCAGAACAGGAGCACAGGAGGAGAGTCCTCCGGGAACTCAATTCCCTGATCTCCGGCTCC
TCTTCCCCTCAAAACGACGCCGTTGACGACGACGTCACCGACACCGAGTGGTTCTTCCTTATCTCC
ATGACGCAGGCTTTCCCCTTCGGCGTCGATCTCCCCGGCCAAGCCATCCTCGGATCCAACCCTATC
TGGGCGTACGGCTCCGACCGTCTCGCCGGCTCCCCGTGGGATCGGGCCAGACAAGGGGCTGCGTTC
GGGTTGCAGACGATCGTCTGCATCCCCAGCGGCACCGGCGTCCTCGAATTAGGCTCCACCGAACTC
GTCTTCAACAGTTCCGTTTTGATGAATAAGGTTAGGGTTTTGTTCAATTTCGGATCTGGAGATGCG
AGTCTCCTGACCGCCGCAGCCTCCTCCTCCGCCCCTGCCGCCGCTCCTCCACCGCCGATCTCAACG
GCGACGACCGATGAGGCGGAGAACGACCCCGCCGCGCTGTGGATCAGCGATCCGTCTTCCTCCGCA
GCCGAGGTGAAGGAGGCATTGAACCCTAGGATCACCGTCCGTGAGAGCTCGATTCCGATCGGATCG
AATTCGATTCCCGTCCACCAGCCGGCCAAACCGCCGCAATTGGACGTTCAAAGCTCAATCGGATTG
ACGGAGAATTCAATTGGTATCCATAGCCAGAAGAGTCACAATCAGCCACTCCAACATCAAGGATTT
TTCACCAAAGAGTTGAATTTCTCCGAGTTTGCGATGAAGCCAGAATCCGGAGAGATCCTCAACTTT
GGGGAGAGTAAGAGGAATTCCCTCGGCAACGGAAACGGATTGAATTCGCAATTCCTTGTGGAAGAG
AGCAACAAAAACATCATCAGCAAGAAGCGATCTCCGACCTCAAGAGGAAGCGCAGAGGAAGGCATG
CTTTCATTCACTTCAAGCGTGGTCTTGCCTTCTTCCATGGCGGTGAAGTCAAGCGCCACCGGCGCA
GGGGACTCCGACCACTCTGACCTGGAAGCTTCGGTGGTGAAGGAAGCCGACAGCAGCCGGGTGGTG
GACCCCGAGAAGCGGCCCCGAAAGCGTGGCCGGAAGCCAGCAAACGGCAGGGAGGAGCCCCTGAAC
CATGTCGAAGCGGAGAGGCAGAGGAGGGAGAAGCTCAACCAGAGATTCTACGCCCTCAGGGCGGTT
GTCCCCAATGTGTCAAAAATGGACAAAGCATCACTCTTAGGAGACGCAATCTCCTTCATTAACGAG
CTAAAATCGAAGCTCCAAAACGTGGAATCAGAGAAGGAAACATTGCTGAGCCAGGTGGAGTGTTTG
AAGACAGAGGTGTTAGCAAGCAGAGATCATCAATCAAGGTCCTCCAATGGAGGAGGAGGAGTACAG
AACCACCACCATCCAAGCCTAGAACAGGACATGAATATGCTGAATGGAAGCTGTAAGCAGTCAGAT
TTGGACGTGGACGTCAAGATCATTGGAAGGGATGCCATGGTTAGAGTGAACTGCAGCAAGAGCAAC
CACCCAGCTGCAAGGCTAATGGTGGCATTGAAGGAGCTTGACTTGGAAGTTACGCACGCGAGCGTT
TCGGTTGTCAATGATCTGATGATCCAGCAGGCGACGGTGAGGATGGGGAGCCGGTATTACAGCCCG
GATCATCTTAGGATGGTCTTAGAAGCCAAGGTTTCTGATATCAGGGGATGA
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SEQ ID NO: 26, gi|68342448|gb|AAY90122.1| basic helix-loop-helix
transcription factor protein [Rheum australe]
MMNLWSSDDNVAFADAFMSLDSSSAAAWPPAPSSHOQYNHQYNLOHQOOLOHQPOOOOOQOOMANSA
GGGWQOQAMAGGAQMNPAQOMMNQODSLOORLOATLIDDARESWTYATFWQCNVEPTGQOSLLGWGDGYYK
GDDSANKNASSAAPAAGSRPPKNPAEQEHRRRVLRELNSLISGSSSPONDAVDDDVTDTEWEFLIS
MTQAFPFGVDLPGQATILGSNPIWAYGSDRLAGSPWDRARQGAAFGLOTIVCIPSGTGVLELGSTEL
VENSSVLMNKVRVLENEFGSGDASLLTAAASSSAPAAAPPPPISTATTDEAENDPAATWISDPSSSA
AEVKEALNPRITVRESSIPIGSNSIPVHQPAKPPOLDVOSSIGLTENSIGIHSQKSHNQPLOHQGE
FTKELNEFSEFAMKPESGEILNFGESKRNSLGNGNGLNSQFLVEESNKNI ISKKRSPTSRGSAEEGM
LSEFTSSVVLPSSMAVKSSATGAGDSDHSDLEASVVKEADS SRVVDPEKRPRKRGRKPANGREEPLN
HVEAERQRREKLNQRFYALRAVVPNVSKMDKASLLGDAISFINELKSKLONVESEKETLLSQVECL
KTEVLASRDHQSRSSNGGGGVONHHHPSLEQDMNMLNGSCKQSDLDVDVKI IGRDAMVRVNCSKSN
HPAARIMVALKELDLEVTHASVSVVNDLMIQOATVRMGSRYYSPDHLRMVLEAKVSDIRG

SEQ ID NO: 27, ¢gi|4321761:1-2109 Zea mays transcription factor
MYC7E mRNA, partial cds
GGCACGAGGGACGACAACGCCTCCATGATGGAGGCCTTCATGGCTTCTGCCGACCTCCCCACCTTC
CCCTGGGGAGCGCCGGCCGGEGEGGCGGCAACTCGTCGGCCGCCGCGGCGTCGCCGCCGCCGCAGATG
CCAGCGGCGATGGCTCCCGGGTTCAACCAGGACACGCTGCAGCAGAGGCTACAAGCCATGATAGAG
GGGTCGAGGGAGACCTGGACCTACGCCATCTTCTGGCAGTCCTCCCTTGACTCCGCCACCGGLCGCC
TCGCTGCTCGGCTGGGGGGACGGCTACTACAAGGGCTGCGACGAAGACAAGCGCAAGCAGAAGCCG
CTCACGCCCTCCGCCCAGGCCGAGCAGGAGCACCGCAAGCGCGTGCTCCGCGAGCTCAACTCCCTC
ATCTCCGGCGCGGCGGCGGCTCCCGACGAGGCCGTCGAGGAGGAGGTCACCGATACCGAGTGGTTC
TTCCTCGTCTCCATGACGCAGTCGTTTCTCAACGGTTCGGGCCTCCCCGGGCAGGCGCTCTTCGCC
GGGCAGCCCACATGGATCGCCTCTGGCCTCTCCTCCGCGCCGTGCGAGCGCGCGCGTCAGGCCTAC
AACTTCGGCCTCCGCACCATGGTATGCTTCCCCGTCGGCACCGGGGTGCTCGAGCTCGGCTCCACC
GACGTCGTGTTCAAGACCGCCGAGAGCATGGCTAAGATCCGCTCGCTCTTTGGGGGCGGAGCAGGG
GGTGGCTCGTGGCCGCCCGTGCAGCCTCAGGCGCCGTCGTCGCAGCAGCCCGCCGCCGGAGCCGAC
CACGCGGAGACGGACCCGTCCATGCTATGGCTCGCCGACGCGCCGGTCATGGACATCAAGGATTCC
TTGTCGCACCCGTCGGCCGAGATCTCCGTCTCCAAGCCTCCGCCGCATCCGCCGCAGATCCATTTT
GAGAACGGGAGCACGAGCACGCTCACGGAGAACCCCAGCCCCTCCGTGCACGCGCCGCCACCCCCG
CCGGCGCCGGCTGCTCCACAGCAGCGGCAGCACCAGCACCAGAATCAGGCGCACCAGGGCCCGTTC
CGCCGGGAGCTCAATTTCTCGGACTTCGCGTCCACTCCTTCCTTGGCGGCGACCCCGCCGTTCTTC
AAGCCCGAGTCCGGCGAGATCCTCAGCTTCGGCGCCGACAGCAACGCCCGGAGGAACCCGTCGCCG
GTACCTCCCGCCGCCACCGCCAGCCTCACCACCGCTCCCGGGAGCCTCTTCTCGCAGCACACGGCG
ACCATGACGGCCGCCGCGGCGAACGACGCGAAGAACAACAACAAGCGCTCAATGGAGGCCACCTCC
CGGGCGAGCAACACCAACCACCACCCGGCGGCGACGGCGAACGAGGGCATGCTGTCCTTCTCGTCG
GCGCCGACTACGCGGCCGTCGACGGGCACGGGCGCGCCGGCCAAGTCGGAGTCCGACCACTCGGAC
CTGGACGCGTCTGTGCGCGAGGTGGAGAGCAGCCGCGTGGTGGCGCCGCCACCGGAGGCGGAGAAG
CGGCCGCGAAAGCGCGGGCGGAAGCCCGCGAACGGGCGCGAGGAGCCGCTGAACCACGTGGAGGLG
GAGCGGCAGCGGCGGGAGAAGCTGAACCAGCGCTTCTACGCGCTGCGCGCCGTGGTGCCCAACGTG
TCGAAGATGGACAAGGCGTCGCTGCTCGGCGACGCCATCTCCTACATCAACGAGCTCCGGGGCAAG
CTGACGTCGCTGGAGACCGACAAGGAGACGCTGCAGACCCAGGTGGAGGCGCTCAAGAAGGAGCGC
GACGCGCGGCCGCCCTCGCACTCCGCTGGGCTCGGCGGGCACGACGGCGGGCCGCGCTGCCACGLG
GTGGAGATCGACGCCAAGATCCTGGGGCTGGAGGCCATGATCCGCGTGCAGTGCCACAAGCGCAAC
CACCCGTCGGCGCGGCTGATGACAGCGCTCCGCGAGCTCGACCTGGACGTGTACCACGCCAGCGTG
TCCGTCGTCAAGGACCTCATGATCCAGCAGGTCGCCGTCAAGATGGCCAGCCGCGTGTACACGCAG
GACCAGCTCAGCGCCGCGCTCTACAGCCGCCTCGCGGAGCCCGGGTCTGCCATGGGCAGGTAA
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SEQ ID NO: 28, gi|4321762|gb|AAD15818.1| transcription factor
MYC7E [Zea mays]
GTRDDNASMMEAFMASADLPTFPWGAPAGGGNSSAAAASPPPOMPAAMAPGENODTLOORLOAMIE
GSRETWTYATIFWOSSLDSATGASLLGWGDGYYKGCDEDKRKOQKPLTPSAQAEQEHRKRVLRELNST
ISGAAAAPDEAVEEEVTDTEWFFLVSMTOSFLNGSGLPGOALFAGOPTWIASGLSSAPCERARQAY
NFGLRTMVCFPVGTGVLELGSTDVVFKTAESMAKTIRSLEFGGGAGGGSWPPVQPQAPSSQQPAAGAD
HAETDPSMLWLADAPVMDIKDSLSHPSAEISVSKPPPHPPOIHFENGSTSTLTENPSPSVHAPPPP
PAPAAPQOROHOHONQAHOGPFRRELNEFSDFASTPSLAATPPFFKPESGEILSFGADSNARRNPSP
VPPAATASLTTAPGSLESQHTATMTAAAANDAKNNNKRSMEATSRASNTNHHPAATANEGMLSE'SS
APTTRPSTGTGAPAKSESDHSDLDASVREVESSRVVAPPPEAEKRPRKRGRKPANGREEPLNHVEA
ERORREKLNQRFYALRAVVPNVSKMDKASLLGDAISYINELRGKLTSLETDKETLOQTQVEALKKER
DARPPSHSAGLGGHDGGPRCHAVEIDAKILGLEAMIRVQCHKRNHPSARILMTALRELDLDVYHASV
SVVKDLMIQQVAVKMASRVYTQDQLSAALYSRLAEPGSAMGR

SEQ ID NO: 29, gi|l162694803:c2552152-2551920, ¢2550961-2550731,
c2550552-2550444, c2549175-2549103, ¢c2548898-2548237, <¢2548041-
2547619 Physcomitrella patens subsp. patens PHYPAscaffold 11
genomic scaffold, whole genome shotgun sequence
ATGTCGCAGTTATTGAATGCGTGGGAAGTAGCGGACTCAGCTATGATCGAGGCGTTCATGGGAACG
GGGTATAACTGCGTGGAAGGCTTCGAAGTGCAGGATGATCCGGACGGGCAGCTCCACTTGAACGAG
TCGGTGTTGCTGCGGAGGCTGCACTCGCTGGTCGAAGAGAGTACCGTGGATTGGACGTATGCAATC
TTTTGGCAGCTGTCAGCCTTACGTGAAGGGGAGATGATGCTCGGTTGGGGTGATGGGTACTTCAGG
AGTGCTAAGGAGAATGAAATCAACGACGCGAGGAACATGAAGGGTGGTTCTCAAGAGGAGGATCAA
CAGATGAGGCGAAAGGTGTTGCGAGAGCTGCAGGCTCTAGTCAATGGCTCTGAAGATGATGTTAGC
GACTATGTCACGGATACGGAATGGTTTTACCTTGTTTCGATGTCTCATTCTTATGCAGCCGGAGTG
GGGACTCCTGGACGAGCATTAGCATCTGACAGACCTGTGTGGCTAATTGGAGCGAACAAAGCTCCT
GATAATAACTGCAGTCGTGTTCAATTGGCTAAGGTACACAGTTCAATGATCCTTCAGACAATCCTT
TGTATTCCGTCGAAATCTGGTGTCGTTGAGCTTGGATCGACAGATCTGGCAAAAAGCTGGGAAGTT
GTTCAGAATGTCAAGATGGTTTTTGATGAACCAATGATGTGGGCAGCCCATGAAATCCAAGCGGTG
GCGCATTCCTTGCCTTTGAGTAGCGACGCGACTAGTATGCGACCGTCAAGCCCAAGTCTTATGTCA
ATAGCAACAATAAGTGCTTCAATTTCAAATGCAAGTCAGATTGGCAGATGTTCAAATCCAAGTCAA
GATCATGAAGCACATTTTGTTGGAAGGAAGAATCCACCCTCGTCAAGACCCCCGATGAGGTTCTAC
AAACCACGGGTGGAAGAATTGAGCTCGGACACTCCAGAAACAAACTTGGTTGATAATAAATATATT
GTAGGGAAGTCAGTATCTTTCCACCACCTTTCTAAGATAGGTCAGAGAGGAATGCCTGGACCTCCT
ACCACTGCAAATAGGTTACCATGTTTCGCTCCGTCCGAGGTAGATTGTCATGAATCAGAAGCCGAC
GTTTCCGTCAAAGAAAATGTTGTGGAATCAAGTACAAATCTCGAGCCTAAACCACGCAAAAGAGGG
CGCAAGCCGGCAAACGATAGGGAAGAGCCACTAAATCATGTGCAAGCTGAACGGCAGCGGCGAGAA
AAACTCAATCAGAAATTTTATGCTCTACGGTCTGTAGTGCCAAACGTGTCCAAGATGGATAAGGCA
TCCTTATTAGAAGATGCCATTACCTACATTAATGAGCTTCAAGAAAAGCTACAAARAAGCAGAGGCT
GAATTGAAGGTTTTCCARAAGGCAAGTGCTTGCATCAACTGGCGAATCTAAAAAACCTAATCCATCT
CGCAGGGATTCGACCGAAAGTTCTGATGAAGAACGTTTCAGACTTCAAGAGAGTGGTCAGAGATCG
GCACCTCTTGTTCACACTTCTGAAAATAAACCTGTAATTAGTGTTTTTGTTCTTGGAGAAGAAGCT
ATGATTCGAGTTTATTGCACAAGACACTCTAACTTTATAGTTCATATGATGTCGGCATTGGAAAAG
CTACGCTTAGAGGTTATACATTCAAACACTTCATCCATGAAGGATATGCTTCTTCACGTCGTGATT
GTCAAGGTGCGCTGA
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SEQ ID NO: 30, gi|162695001|gb|EDQ81347.1|] predicted protein
[Physcomitrella patens subsp. patens]
MSQLLNAWEVADSAMIEAFMGTGYNCVEGFEVODDPDGQLHLNESVLLRRLHSLVEESTVDWTYAT
FWOLSALREGEMMLGWGDGYFRSAKENE INDARNMKGGSQEEDQOMRRKVLRELOQATL.VNGSEDDVS
DYVTDTEWEFYLVSMSHSYAAGVGTPGRALASDRPVWLIGANKAPDNNCSRVQLAKVHSSMILQTIL
CIPSKSGVVELGSTDLAKSWEVVONVKMVEDE PMMWAAHETQAVAHSLPLSSDATSMRPSSPSLMS
IATISASISNASQIGRCSNPSQDHEAHFVGRKNPPSSRPPMREYKPRVEELSSDTPETNLVDNKYT
VGKSVSFHHLSKIGQRGMPGPPTTANRLPCFAPSEVDCHESEADVSVKENVVESSTNLEPKPRKRG
RKPANDREEPLNHVQOAERQRREKLNQKFYALRSVVPNVSKMDKASLLEDAITYINELQEKLQOKAEA
ELKVFQROQVLASTGESKKPNPSRRDSTESSDEERFRLOESGQRSAPLVHTSENKPVISVEVLGEEA
MIRVYCTRHSNEFIVHMMSALEKLRLEVIHSNTSSMKDMLLHVVIVKVR

SEQ ID NO: 31, gi|6175251:1-981 Lycopersicon esculentum jasmonic
acid 3 (LEJA3) mRNA, partial cds
AGTGGAAATGGTCAGAGTTGTTACAATCAGCAACAACAGAAGAATCCTCCTCAGCAACARAACACAA
GGATTCTTCACGAGGGAGTTGAATTTTTCGGAATTCGGTTTCGATGGAAGTAGTAATAGGAATGGA
AATTCATCGGTTTCTTGCAAGCCTGAATCAGGAGAAATCTTGAATTTTGGTGATAGTACTAAAAAA
AGTGCTTCCAGTGCCAATGTGAACTTGTTTACAGGTCAGTCCCAATTTTGGGGCCTGGGGGAGGAG
AATAATAACAAGAACCAAGAAAAGATCAGCTACTTCAGGGGAAGCAATGAAGAAGGAATGCTTTCA
TTTGTTTCAGGTACAGTTTGCTTCTTCGGGCATGAAGTCAGGTGGAGGCGGAGGCAAGACTCTGAA
CATTCAGATCTCGAGGCTTCAGTGGTGAAAGAAGCTGATAGTAGTAGAGTGGTAGAGCCTGAARAAG
AGGCCAAGGAAGCGAGGTAGAAAGCCAGCGAATGGACGGGAGGAGCCATTGAATCACGTCGAGGCA
GAGAGGCAAAGGAGGGAGAAATTGAACCAAAGATTCTTCTCTCTTAGAGCTGTTGTACCAAATGTG
TCTAAGATGGACAAGGCATCACTCCTTGGAGATGCTATTTCCTATATAAACGAGTTGAAATCGAAG
CTTCAAAATACAGAGTCAGATAAAGAAGACTTGAAGAGCCAAATAGAAGATTTAAAGAAAGAATCA
AGGCGCCCCGGTCCTCCTCCACCACCAAATCAAGATCTCAAGATGTCTAGCCACACTGGAGGCAAG
ATTGTAGACGTGGATATAGACGTTAAGATCATCGGATGGGATGCAATGATTCGTATACAATGTAAT
AAARAAGAATCATCCAGCGAAGGCTAATGGCAGCGCTCATGGAATTAGACCTAGACGTGCATCATGC
CAGTGTTTCAGTTGTCAACGATTTGATGATCCAACAAGCCACAGTGAAAATGGGTAG

SEQ ID NO: 32, gi|6175252|gb|AAF04917.1|AF011557_1 jasmonic acid 3
[Lycopersicon esculentum] (partial)
SGNGQSCYNQOOOKNPPOOOTOGEFFTRELNFSEFGEFDGSSNRNGNSSVSCKPESGEILNFGDSTKK
SASSANVNLFTGOSOQFWGLGEENNNKNQEKISYFRGSNEEGMLSEVSGTVCEFEFGHEVRWRRRODSE
HSDLEASVVKEADSSRVVEPEKRPRKRGRKPANGREEPLNHVEAERQRREKLNQREFFSLRAVVPNV
SKMDKASLLGDAISYINELKSKLONTESDKEDLKSQIEDLKKESRRPGPPPPPNQDLKMS SHTGGK
IVDVDIDVKIIGWDAMIRIQCNKKNHPAKANGSAHGIRPRRASCQCEFSCQREFDDPTSHSENG

SEQ ID NO: 33, gi|118486274:74-1549 Populus trichocarpa c¢lone
WS01225 C18 unknown mRNA

ATGGAGGAACTCATTATTTCTCCATCTTCATCATCTTCACCGGTCTCCTTATCCCAAGARAACCCCA
CCGACTCTCCAACAAAGGCTTCAATTCATAGTCCAAAACCAACCAGATTGGTGGTCTTATGCCATA
TTTTGGCAAACATCAAACGATGACAGCGGCCGAATCTTCCTAGGCTGGGGTGATGGCCATTTTCAA
GGCTCTAAAGATACTTCTCCCAAACCAAACACCTTCAGCAATAGCCGCATGACGATATCAAACTCC
GAGAGGAAAAGGGTCATGATGAAGGGAATCCAATCCCTGATCGGTGAATGTCACGATCTTGATATG
TCTCTGATGGATGGTAACGATGCTACCGACTCTGAGTGGTTCTATGTCATGTCCCTTACTCGATCT
TTCTCACCTGGAGATGGCATCCTTGGCAAAGCTTATACAACTGGTTCTTTGATTTGGTTAACTGGT
GGCCATGAACTTCAATTCTACAACTGTGAAAGAGTCAAAGAAGCACAAATGCATGGCATTGAGACC
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CTGGTTTGCATACCTACATCGTGTGGGGTTCTTGAATTAGGATCCTCTTCTGTGATCAGAGAAAAT
TGGGGTCTTGTTCAACAAGCCAAGTCTCTTTTTGGGTCAGATCTTAGCGCTTATTTGGTGCCCAAA
GGCCCTAATAACTCCAGTGAAGAACCGACCCAGTTTCTTGACAGGAGCATTTCTTITTGCGGATATG
GGCATAATAGCTGGACTTCAAGAAGATTGTGCAGTTGATCGTGAACAGAAGAACGCTCGTGAAACA
GAAGAAGCAAATARAACGTAACGCTAATAAACCAGGCCTGTCTTATTTGAACTCAGAGCATTCAGAC
TCGGACTTTCCTCTACTTGCTATGCATATGGAGAAAAGAATTCCAAAGAAAAGAGGGAGAAAGCCT
GGCCTGGGCAGAGACGCCCCACTGAACCATGTAGAGGCTGAGAGGCAGCGGAGAGAGAAGTTGAAC
CACCGGTTTTACGCGCTGCGTGCGGTGGTCCCAAACGTGTCTAGAATGGACAAAGCATCACTATTA
TCTGATGCTGTATCCTACATCAATGAATTGAAGGCGAAGGTTGATGAATTAGAGTCACAACTAGAA
AGGGAATCCAAGAAAGTGAAATTGGAAGTTGCCGATAATTTGGACAATCAAAGCACCACCACTTCT
GTGGACCAATCAGCCTGCAGGCCGAATAGTGCTGGTGGCGCTGGGCTTGCACTTGAAGTTGAGATC
AAGTTTGTGGGTAATGATGCAATGATTAGAGTCCAATCGGAGAATGTGAACTATCCAGCTTCCAGG
TTAATGTGTGCGCTCCGTGAACTGGAGTTTCAGGTTCACCATGCTAGTATGTCCTGTGTTAACGAG
CTTATGCTCCAAGATGTGGTAGTTAGGGTTCCTGATGGACTGAGAACCGAAGAGGCCTTGAAATCT
GCTCTTCTTGGAAGACTAGAATAA

SEQ ID NO: 34, gi|l18486275|gb|ABK94979.1| unknown [Populus
trichocarpa]
MEELTITISPSSSSSPVSLSQETPPTLOORLOFIVONQPDWWSYATEFWQTSNDDSGRIFLGWGDGHEQ
GSKDTSPKPNTESNSRMTISNSERKRVMMKGIQSLIGECHDLDMSLMDGNDATDSEWEFYVMSLTRS
FSPGDGILGKAYTTGSLIWLTGGHELQFYNCERVKEAQMHGIETLVCIPTSCGVLELGSSSVIREN
WGLVOOAKSLEGSDLSAYLVPKGPNNSSEEPTQFLDRSISFADMGI TAGLOQEDCAVDREQKNARET
EEANKRNANKPGLSYLNSEHSDSDEFPLLAMHMEKRI PKKRGRKPGLGRDAPLNHVEAERQRREKLN
HREYALRAVVPNVSRMDKASLLSDAVSYINELKAKVDELESQLERESKKVKLEVADNLDNQSTTTS
VDOSACRPNSAGGAGLALEVETIKFVGNDAMIRVQSENVNY PASRLMCALRELEFOQVHHASMSCVNE
ILMLODVVVRVPDGLRTEEALKSALLGRLE

SEQ ID NO: 35, gi|51702427:1-878 Triticum aestivum bHLH
transcription factor (bHLH94) mRNA, partial cds
ATGAAAGGCCGTGGGAACAGAGGACTGCTGGTGGAGGGAGCTCATTGCTTCCCAATGTCCAGAAAG
GATTGCAGAGTTTCACTTGGAGTCAGGCCCGGGGCCTGAATTCTCACCAGCAGAAGTTTGGCAATG
GTATACTGATAGTGAGTAATGAAGCTACACACGGCAACAATAGAACCGCGGACAGCTCCACTACAA
CACAGTTTCAGCTTCAGAAAGCACCTCAGCTCCAGAAACTACCACTTCTTCAGAAACCACCACAGC
TAGTGAAGCCGCTGCAGATGGTCAACCAGCAACAGCTGCAGCCACAGGCGCCTAGGCAAATAGATT
TTAGTGCAGGGACCAGTTCCAAGTCTGGTGTCCTGGTTACAAGAGCAGCTGTTCTTGATGGAGATA
GTTCAGAGGTGAATGGCTTGTGTAAAGAGGAAGGGACAACACCTGTCATAGAGGACCGACGGCCAA
GGAAGAGGGGAAGAAAGCCTGCGAATGGGAGAGAGGAGCCGCTGAATCATGTTGAGGCTGAGCGTC
AAAGGAGGGAGAAGCTCAACCAGCGGTTCTATGCGTTGAGAGCCGTTGTGCCCAACATCTCGAAAA
TGGACAAGGCTTCCCTGCTGGGCGATGCAATAGCATACATCACTGACCTTCAGAAGAAGCTCAAAG
ATATGGAGACGGAGAGAGAACGATTTCTTGAGTCTGGTATGGTGGATCCAAGGGAGCGAGCCCCTA
GACCAGAGGTTGACATCCAGGTGGTGCAAGACGAGGTTCTGGTTCGAGTTATGTCTCCATTGGAGA
ACCATCCGGTAAAGAAGGTCTTTGAAGCGTTTGAAGAGGCGGACGTCCGGGTAGGGGAGTCGAAAC
TCACAGGCAACAATGGAACG
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SEQ ID NO: 36, gi|51702428|gb|AAU08787.1| bHLH transcription
factor [Triticum aestivum], partial
ERPWEQRTAGGGSSLLPNVQOKGLOSFTWSQARGLNSHQOKFGNGILIVSNEATHGNNRTADSSTTT
QFOLOKAPOLOKLPLLOKPPOLVKPLOMVNQOOLOPOAPROQIDFSAGTSSKSGVLVTRAAVLDGDS
SEVNGLCKEEGTTPVIEDRRPRKRGRKPANGREEPLNHVEAERQRREKLNQRFYALRAVVPNISKM
DKASLLGDATAYITDLOQKKLKDMETERERFLESGMVDPRERAPRPEVDIQVVQODEVLVRVMSPLEN
HPVKKVFEAFEEADVRVGESKLTGNNGT

SEQ ID NO: 37, Populus sp. 29.195#1 bHLH-6like encoding sequence
TGAAAAAAAAAAACACATCTGCTTTCTGGGATGACTGATTACCGACTACCGCCGACAATGAATCTA
TGGACGGACGACAACGCGTCTGTAATGGAAGCATTTATGAACTCCTCCGATCTCTCTTCTCTTTGG
GCACCGCCTCCGCAATCTTCCGCCTCCACTTCCACGCCATCAGCAGCAGCACAGCCATCTGAGAAA
ACTATGTTGAACCAAGAAACACTCCAGCAACGCCTTCAGACATTAATTGAAGGCGCGTGTGAGGGC
TGGGCTTATGCTATTTTCTGGCAATCCTCTTATGATTATTCTGGCGCCTCCGTCCTAGGATGGGGC
GACGGTTATTATAAAGGGGAGGAAGATAAAGGAAAAACTAGAACGAGAAATTCGGCATCATCAGCT
GTTGAACAGGAGCATCGTAAAACGGTGCTCCGTAAGCTGAATTCGTTGATTGCTGGACCTAATTCT
GTTACTGATGATGCTATCGATGAAGAGGTTACTGATACTGAGTGGTTTTTTCTTGTTAGCATGACT
CAGTCTTTCGTTAATGGAAGTGGGTTACCTGGTCAAGCTCTTTTCAATGGGAGTCCGGTTTGGGTT
GCTGGGTCGGAGAGGTTGGGGGCTTCGCCGTGTGAAAGAGCCAGGCAGGGTCAGGTTTTTGGGTTA
CAGACTTTAGTTTGTATACCGTCTGCCAGTGGTGTTGTTGAATTGGGTTCTACTGAATTGATTTTT
CAAAGCTCGGATCTGATGAATAAGGTTAGGGTTTTGTTCGATTTTAATAGTTTGGAGGTGGTTTCT
TGGCCGATTGGAACTACAAATACTGATCAGGGTGAGAACGACCCGTCTTCGTTTTGGCTTACTGAT
CCAGAAACTAAAGATGGAAATGGTGGGATTCCTTGGAATCTGAACGGGAGTGATCAAAACAAGAAC
AATCATCATAGTTCTAATCAGAGTTCGAGTAGCTTGACTGATCATCTGGGTGGAATTCATCATGCT
CAGAATCATCAACAGCAGCCGATTCATGCTCGAAGTCTTTTCACTCGAGAGTTGAATTTTGGGGAG
TGCAGCACATATGATGGGAGTAGTGTTAGAAATGGAAATTCCCATTTGACGAAGCCAGAATCTGGA
GAGATATTGAATTTTGGGGAGAGTAAGAGGACTGCTTCCAGTGCAAATGGGAATTTCTATTCGGGT
TTGGTGACAGAGGAGAATAATAAGAAGAAGAGATCAGTTGGTAATGAAGAAGGGATGCTTTCATTT
ACTTCTGGTGTGATTTTACCTTCTTCTTGTATCCTGAAATCCAGTGGCGGTACAGGAGGGGATTCA
GATCACTCTGATCTTGAGGCTTCGGTTGTAAAAGAGGCGGATAGCAGCAGGGTTGTGGAACCAGAA
AAGAGGCCACGAAAACGAGGGAGAAAACCTGCCAATGGAAGAGAAGAGCCTTTGAATCATGTTGAA
GCAGAGAGGCAAAGAAGAGAGAAACTTAATCAGAGGTTTTATGCACTGCGAGCTGTGGTTCCTAAT
GTATCAAAGATGGACAAAGCTTCACTTCTTGGGGATGCCATATCATATATCGACGAGCTTAGAACG
AAGCTGCAATCTGCCGAGTCTAGCAAGGAGGAGTTGGAGAAGCAAGTGGAATCAATGAAGAGGGAG
TTAGTAAGCAAGGATTCAAGTCCTCCACCTAAAGAGGAGCTCAAGATGTCAAATAACGAAGGAGTT
AAACTGATAGACATGGATATCGATGTGAAGATAAGTGGATGGGATGCGATGATACGAATCCAATGT
TGTAAAAAGAACCACCCTGCTGCTAGGCTAATGTCGGCTTTGAGAGACCTGGACCTTGATGTTCAG
TATGCCAATGTGTCTGTGATGAATGATTTGATGATCCAGCAAGCCACGGTGAAGATGGGGAGTCGG
TTTTACACGCAAGAAGAGCTTAGGGTAGCCATATCAACAAATGTTGGTGGCGTCCATTAGGCATTG
AACAGAACAACAAATGCAATTAGCAGTTGGGATAGATCCTGGTAAAGATTACAGGTTCCGACTTTA
TTTATTAA

SEQ ID NO: 38, Populus sp 29.195#1 bHLH-6like

MTDYRLPPTMNLWTDDNASVMEAFMNSSDLSSLWAPPPOSSASTSTPSAAAQPSEKTMLNQETLQQ
RLOTLIEGACEGWAYATFWQSSYDYSGASVLGWGDGYYKGEEDKGKTRTRNSASSAVEQEHRKTVL
RKLNSLIAGPNSVTDDAIDEEVTDTEWEFFLVSMTQSEFVNGSGLPGQALFNGSPVWVAGSERLGASP
CERARQGOVFGLOTLVCIPSASGVVELGSTELIFQSSDLMNKVRVLEDENSLEVVSWPIGTTNTDQ
GENDPSSEFWLTDPETKDGNGGIPWNLNGSDONKNNHHSSNOSSSSLTDHLGGTIHHAQNHQQQOPTHA
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RSLEFTRELNEFGECSTYDGSSVRNGNSHLTKPESGEILNEGESKRTASSANGNEY SGLVTEENNKKK
RSVGNEEGMLSEFTSGVILPSSCILKSSGGTGGDSDHSDLEASVVKEADS SRVVEPEKRPRKRGRKP
ANGREEPLNHVEAERQRREKLNORFYALRAVVPNVSKMDKASLLGDATISYIDELRTKLOSAESSKE
ELEKQVESMKRELVSKDSSPPPKEELKMSNNEGVKLIDMDIDVKISGWDAMIRIQCCKKNHPAARL
MSALRDLDLDVQYANVSVMNDLMIQOATVKMGSREYTOEELRVATISTNVGGVH

SEQ ID NO: 39, gi|l157285014|gb|EF636725.2| Vitis vinifera Myc2
bHLH protein (Myc2) mRNA, complete cds
ATGAAAACTGAAATGGGTATGGGAGGAGGGGCTTGGACGGAGGAGGATARAAGCGATGGTGGCGGCT
GTTTTGGGAACTCGAGCATTTGATTACTTGATGACCAGCTCCGTTGTGAGTGAGAATCTGTTAATG
GCAGTGGGGAGTGATGAAAATTTGCAGACAAAGCTTTCGGATCTCGTAGACCGACCAAATGCATCC
AATTTCAGTTGGAATTATGCAATTTTCTGGCAAATTTCACAGTCCAAGTCTGGGGATTGGGTGCTT
GGATGGGGAGATGGGTCTTGTAGGGAGCCCAGGGAAGGGGAGGAATCCGAAGTGACCCGAATTTTA
AATATTCGGCTCGAGGATGCAACCCAGCAGAGGATGAGGAAAAGGGTGCTTCAGAAGCTGCATACA
TTGTTTGGAGGCTCGGATGAGGACAGTTATGCTTTTGGATTGGACCGAGTCACTGATACTGAAATG
TTTTTTCTCGCTTCCATGTACTTCTCATTTACCAGAGGAGAAGGTGGCCCAGGGAAATCTTTTGGA
TCTGGGAAGCATTTGTGGCTGTCTGATGCATTGAAATCTCCATCAGATTATTGTGTTCGATCATTC
CTTGCCAAATCTGCTGGAATTCAGACCATTGTGTTAATCCCAACTGATGTTGGGGTTGTAGAGCTG
GGTTCTGTGAGGTCATTACCTGAAAGCTTAGAGATGTTGCAGACTATAAGATCATCATTCTCGATG
TATTTGCCATTCATCAGGGGCAAGCCAGCCTTACCAGTGTTGAACGAGAAGAAAAATGAAAGTGCT
CCTTTTTCCAATCTGGGGACTGGGGAGCGAGTAGAGGGAATTCCAAAGATTTTTGGGCAGGATTTG
AACTCAGGTCATTCCCATTTTAGGGAGAAACTTGCTGTTCGAAAGGCAGAAGAGAGGCCATGGGAC
AGCTACCAAAACGGGAACAGGCTTCCTTTTACGAACACTAGAAATGGTTTTCATGGTTCGGGCTGG
CCACACATGCAGGGTGTGAAACCAGCAAGTACGGCAGAAATGTACAGTCCTCAGGTCCCAATCAAT
AATCTACATGAGATGGTTAATGGGGTTAGAGAGGAGTTTCGGCTTAGCCAGTTCCAGCCTCCCAAG
CAGGTGCAGATGCAAATTGATTTTGCAGGGGCTGCTTCAAGGTCTACCATGTTGGCTCGGCCAATT
AGTGTGGAGTCTGAGCATTCAGATGTCGAGGCTTCATGCAAGGATGAGCGGCCAGGCCCAGCTGAT
GAAAGGAGGCCCCGGAAAAGGGGCAGAAAGCCTGCAAATGGAAGAGAAGAACCCCTCAATCATGTG
GAAGCAGAGAGGCAGAGGCGTGAGAAACTGAACCAGCGGTTTTATGCATTGCGAGCTGTTGTGCCC
AACATCTCCAAGATGGACAAAGCCTCCTTGCTGGGAGATGCAATTACTTACATCACCGAGCTCCAG
AAGAAACTCAAGGACATGGAATCAGAGCGGGAGAAATTTGGGAGCACTTCAAGAGATGCATTATCT
TTGGAAACTAACACCGAGGCAGAAACTCATATACAGGCGTCTGATGTCGATATCCAAGCAGCCAAT
GATGAAGTTATTGTGAGAGTAAGCTGCCCACTGGATACCCACCCTGTATCAAGAGTCATCCAAACA
TTCAAGGAGGCACAGATCACAGTGATCGAGTCGAAACTTGCTACAGACAATGATACTGTGTTACAT
ACTTTTGTAATCAAGTCCCAGGGATCCGAGCAGCTGATGAAGGAAAAGCTCACAGCTGCATTTTCG
CGCGAATCCAATTCTTTACAGCCTTTGTCATCATCAGTTGGGTAA

SEQ ID NO: 40, gi|149347186|gb|ABR23669.1] Myc2 bHLH protein
[Vitis vinifera]
MKTEMGMGGGAWTEEDKAMVAAVLGTRAFDYLMTSSVVSENLLMAVGSDENLQTKLSDLVDRPNAS
NESWNYATFWQISQSKSGDWVLGWGDGSCREPREGEESEVTRILNIRLEDATQORMRKRVLOKLHT
LFGGSDEDSYAFGLDRVTDTEMFFLASMYFSFTRGEGGPGKSFGSGKHLWLSDALKSPSDYCVRSEH
LAKSAGIQTIVLIPTDVGVVELGSVRSLPESLEMLOTIRSSFSMYLPFIRGKPALPVLNEKKNESA
PFSNLGTGERVEGIPKIFGODLNSGHSHFREKLAVRKAEERPWDSYQONGNRLPEFTNTRNGEFHGSGW
PHMOGVKPASTAEMYSPQVPINNLHEMVNGVREEFRLSQFQPPKOQVOMQIDFAGAASRSTMLARPT
SVESEHSDVEASCKDERPGPADERRPRKRGRKPANGREEPLNHVEAERQRREKLNOQREFYALRAVVP
NISKMDKASLLGDAITYITELQKKLKDMESEREKFGSTSRDALSLETNTEAETHIQASDVDIQAAN
DEVIVRVSCPLDTHPVSRVIQTFKEAQITVIESKLATDNDTVLHTEVIKSQGSEQLMKEKLTAAFE'S
RESNSLQPLSSSVG
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SEQ ID NO: 41, gi|125533054|gb|EAY79619.1| hypothetical protein
OsI_033578 [Oryza sativa (indica cultivar-group)], variant of SEQ
ID NO: 24
MEAFMASADLPAFPWGAASTPPPPPPPPHHHHOQOOOOOVLPPPAAAPAAAAFNQDTLOORLOSTIIE
GSRETWTYATIFWOSSIDVSTGASLLGWGDGYYKGCDDDKRKOQRSSTPAAAAEQEHRKRVLRELNST
TIAGAGAAPDEAVEEEALFAAQPTWIATGLSSAPCDRARQAYTFGLRTMVCLPLATGVLELGSTDVI
FOTGDSIPRIRALEFNLSAAAASSWPPHPDAASADPSVLWLADAPPMDMKDSISAADISVSKPPPPP
PHOIQHFENGSTSTLTENPSPSVHAPTPSQPAAPPOROOOOOOSSQAQOGPFRRELNEFSDFASNGG
AAAPPFFKPETGEILNFGNDSSTGRRNPSPAPPAATASLTTAPGSLESQHTPTLTAAANDAKSNNQ
KRSMEATSRASNTNNHPAATANEGMLSFSSAPTTRPSTGTGAPAKSESDHSDLEASVREVESSRVV
APPPEAEKRPRKRGRKPANGREEPLNHVEAERQRREKLNQREYATLRAVVPNVSKMDKASLLGDATS
YINELRGKLTALETDKETLOSOMESLKKERDARPPAPSGGGGDGGARCHAVEIEAKILGLEAMIRYV
QCHKRNHPAARLMTALRELDLDVYHASVSVVKDLMIQQOVAVKMASRVYSQDOLNAALYTRIAEPGT
AAR

SEQ ID NO: 42, peptide sequence corresponding to MOTIF 7 in
NP 001065478
PRKRGRKPANGREEPLNHVEAERQRREKLNQRFYALRAVVPNVSKMDKASLLGDAISYINELRGKL
TALE

SEQ ID NO: 43, peptide sequence corresponding to MOTIF 7 in
EAY79619
PRKRGRKPANGREEPLNHVEAERQRREKLNQRFYALRAVVPNVSKMDKASLLGDAISYINELRGKL
TALE

SEQ ID NO: 44, peptide sequence corresponding to MOTIF 7 in
AAD15818
PRKRGRKPANGREEPLNHVEAERQRREKLNQRFYALRAVVPNVSKMDKASLLGDAISYINELRGKL
TSLE

SEQ ID NO: 45, peptide sequence corresponding to MOTIF 7 in
AAB00686
PRKRGRKPGNGREEPLNHVEAERQRREKLNQRFYALRAVVPNVSKMDKASLLGDAISYINELKSKL
SELE

SEQ ID NO: 46, peptide sequence corresponding to MOTIF 7 in
ABD59338
PRKRGRKPANGREEPLNHVEAERQRREKLNQRFYALRAVVPNVSKMDKASLLGDAISYINELKLKL
QGLE

SEQ ID NO: 47, peptide sequence corresponding to MOTIF 7 in
Pt29.195#1
PRKRGRKPANGREEPLNHVEAERQRREKLNQRFYALRAVVPNVSKMDKASLLGDAISYIDELRTKL
QSAE

SEQ ID NO: 48, peptide sequence corresponding to MOTIF 7 in
CAF74710
PRKRGRKPANGREEPLNHVEAERQRREKLNQRFYALRAVVPNVSKMDKASLLGDAISYINELKSKL
ONTE
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SEQ ID NO: 49, peptide sequence corresponding to MOTIF 7 in
AAF04917
PRKRGRKPANGREEPLNHVEAERQRREKLNQRFESLRAVVPNVSKMDKASLLGDAISYINELKSKL
ONTE

SEQ ID NO: 50, peptide sequence corresponding to MOTIF 7 in
AAQ14332
PRKRGRKPANGREEPLNHVEAERQRREKLNQRFYATLRAVVPNVSKMDKASLLGDAISYINELKAKL
QTTE

SEQ ID NO: 51, peptide sequence corresponding to MOTIF 7 in
AAY90122
PRKRGRKPANGREEPLNHVEAERQRREKLNQRFYALRAVVPNVSKMDKASLLGDAISEFINELKSKL
ONVE

SEQ ID NO: 52, peptide sequence corresponding to MOTIF 7 in
AAL55713
PKKRGRKPANGREEPLNHVEAERQRREKLNQRFYALRAVVPNVSKMDKASLLGDATAYINELKSKV
VKTE

SEQ ID NO: 53, peptide sequence corresponding to MOTIF 7 in
ABD65632
PRKRGRKPANGREEPLNHVEAERQRREKLNQREFYSLRAVVPNVSKMDKASLLGDAISYINELKAKL
QKAE

SEQ ID NO: 54, peptide sequence corresponding to MOTIF 7 in
ABK94979
PKKRGRKPGLGRDAPLNHVEAERQRREKLNHREFYALRAVVPNVSRMDKASTLLSDAVSY INELKAKYV
DELE

SEQ ID NO: 55, peptide sequence corresponding to MOTIF 7 in
EDQ81347
PRKRGRKPANDREEPLNHVQAERQRREKLNQKEFYALRSVVPNVSKMDKASLLEDAITY INELQEKL
QKAE

SEQ ID NO: 56, expression cassette

AATCCGAAAAGTTTCTGCACCGTTTTCACCCCCTAACTAACAATATAGGGAACGTGTGCTAAATAT
AAAATGAGACCTTATATATGTAGCGCTGATAACTAGAACTATGCAAGAAAAACTCATCCACCTACT
TTAGTGGCAATCGGGCTAAATAAAAAAGAGTCGCTACACTAGTTTCGTTTTCCTTAGTAATTAAGT
GGGAAAATGAAATCATTATTGCTTAGAATATACGTTCACATCTCTGTCATGAAGTTAAATTATTCG
AGGTAGCCATAATTGTCATCAAACTCTTCTTGAATAAAAAAATCTTTCTAGCTGAACTCAATGGGT
AAAGAGAGAGATTTTTTTTAAAAAAATAGAATGAAGATATTCTGAACGTATTGGCAAAGATTTAAA
CATATAATTATATAATTTTATAGTTTGTGCATTCGTCATATCGCACATCATTAAGGACATGTCTTA
CTCCATCCCAATTTTTATTTAGTAATTAAAGACAATTGACTTATTTTTATTATTTATCTTTTTTCG
ATTAGATGCAAGGTACTTACGCACACACTTTGTGCTCATGTGCATGTGTGAGTGCACCTCCTCAAT
ACACGTTCAACTAGCAACACATCTCTAATATCACTCGCCTATTTAATACATTTAGGTAGCAATATC
TGAATTCAAGCACTCCACCATCACCAGACCACTTTTAATAATATCTAAAATACAAAAAATAATTTT
ACAGAATAGCATGAAAAGTATGAAACGAACTATTTAGGTTTTTCACATACAAAAAAAAARAGAATT
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TTGCTCGTGCGCGAGCGCCAATCTCCCATATTGGGCACACAGGCAACAACAGAGTGGCTGCCCACAGAA
CAACCCACAAAAAACGATGATCTAACGGAGGACAGCAAGTCCGCAACAACCTTTTAACAGCAGGCTTTG
CGGCCAGGAGAGAGGAGGAGAGGCAAAGAAAACCAAGCATCCTCCTCCTCCCATCTATAAATTCCTCCC
CCCTTTTCCCCTCTCTATATAGGAGGCATCCAAGCCAAGAAGAGGGAGAGCACCAAGGACACGCGACTA
GCAGAAGCCGAGCGACCGCCTTCTTCGATCCATATCTTCCGGTCGAGTTCTTGGTCGATCTCTTCCCTC
CTCCACCTCCTCCTCACAGGGTATGTGCCCTTCGGTTGTTCTTGGATTTATTGTTCTAGGTTGTGTAGT
ACGGGCGTTGATGTTAGGAAAGGGGATCTGTATCTGTGATGATTCCTGTTCTTGGATTTGGGATAGAGG
GGTTCTTGATGTTGCATGTTATCGGTTCGGTTTGATTAGTAGTATGGTTTTCAATCGTCTGGAGAGCTC
TATGGAAATGAAATGGTTTAGGGTACGGAATCTTGCGATTTTGTGAGTACCTTTTGTTTGAGGTAAAAT
CAGAGCACCGGTGATTTTGCTTGGTGTAATAAAAGTACGGTTGTTTGGTCCTCGATTCTGGTAGTGATG
CTTCTCGATTTGACGAAGCTATCCTTTGTTTATTCCCTATTGAACAAAAATAATCCAACTTTGAAGACG
GTCCCGTTGATGAGATTGAATGATTGATTCTTAAGCCTGTCCAAAATTTCGCAGCTGGCTTGTTTAGAT
ACAGTAGTCCCCATCACGAAATTCATGGAAACAGTTATAATCCTCAGGAACAGGGGATTCCCTGTTCTT
CCGATTTGCTTTAGTCCCAGAATTTTTTTTCCCAAATATCTTAAAAAGTCACTTTCTGGTTCAGTTCAA
TGAATTGATTGCTACAAATAATGCTTTTATAGCGTTATCCTAGCTGTAGTTCAGTTAATAGGTAATACC
CCTATAGTTTAGTCAGGAGAAGAACTTATCCGATTTCTGATCTCCATTTTTAATTATATGAAATGAACT
GTAGCATAAGCAGTATTCATTTGGATTATTTTTTTTATTAGCTCTCACCCCTTCATTATTCTGAGCTGA
AAGTCTGGCATGAACTGTCCTCAATTTTGTTTTCAAATTCACATCGATTATCTATGCATTATCCTCTTG
TATCTACCTGTAGAAGTTTCTTTTTGGTTATTCCTTGACTGCTTGATTACAGAAAGAAATTTATGAAGC
TGTAATCGGGATAGTTATACTGCTTGTTCTTATGATTCATTTCCTTTGTGCAGTTCTTGGTGTAGCTTG
CCACTTTCACCAGCAAAGTTCATTTAAATCAACTAGGGATATCACAAGTTTGTACAAAAAAGCAGGCTT
AAACAATGACTGATTACCGGCTACAACCAACGATGAATCTTTGGACCACCGACGACAACGCTTCTATGA
TGGAAGCTTTCATGAGCTCTTCCGATATCTCAACTTTATGGCCTCCGGCGTCGACGACAACCACGALCGG
CGACGACTGAAACAACTCCGACGCCGGCGATGGAGATTCCGGCACAGGCGGGATTTAATCAAGAGACTC
TTCAGCAACGTTTACAAGCTTTGATTGAAGGAACACACGAAGGTTGGACCTACGCTATATTCTGGCAAC
CGTCGTATGATTTCTCCGGCGCCTCCGTGCTCGGATGGGGAGATGGTTATTACAAAGGTGAAGAAGATA
AAGCAAACCCGAGACGGAGATCGAGTTCGCCGCCGTTTTCTACTCCGGCGGATCAGGAGTACAGGAAAA
AAGTGTTGAGAGAGCTTAACTCGTTGATCTCCGGTGGTGTTGCTCCGTCGGATGACGCTGTTGATGAGG
AGGTGACGGATACGGAATGGTTTTTCTTGGTTTCGATGACGCAGAGCTTCGCTTGCGGTGCGGGATTAG
CTGGTAAAGCGTTTGCAACGGGTAACGCGGTTTGGGTTTCCGGGTCAGATCAATTATCCGGGTCGGGTT
GTGAACGGGCTAAGCAAGGAGGAGTGTTTGGGATGCATACTATTGCGTGTATTCCTTCGGCGAACGGAG
TTGTGGAAGTCGGGTCAACGGAGCCGATCCGACAGAGTTCGGACCTTATTAACAAGGTTCGAATTCTTT
TCAATTTCGACGGCGGAGCTGGAGATTTATCGGGTCTTAATTGGAATCTTGACCCGGATCAAGGTGAGA
ACGACCCGTCTATGTGGATTAATGACCCGATTGGAACACCTGGATCTAACGAACCGGGTAACGGAGCTC
CAAGTTCTAGCTCCCAGCTTTTTTCAAAGTCTATTCAGTTTGAGAACGGTAGCTCAAGCACAATAACCG
AAAACCCGAATCTGGATCCGACTCCGAGTCCGGTTCATTCTCAGACCCAGAATCCGAAATTCAATAACA
CTTTCTCCCGAGAACTTAATTTTTCGACGTCAAGTTCTACTTTAGTGAAACCAAGATCCGGCGAGATAT
TAAACTTCGGCGATGAAGGTAAACGAAGCTCCGGAAACCCGGATCCAAGTTCTTATTCGGGTCAAACAC
AATTCGAAAACAAAAGAAAGAGGTCGATGGTTTTGAACGAAGATAAAGTTCTATCATTCGGAGATAAAA
CCGCCGGAGAATCAGATCACTCCGATCTAGAAGCTTCCGTCGTGAAAGAAGTAGCAGTAGAGAAACGTC
CAAAGAAACGAGGAAGAAAGCCAGCAAACGGTAGAGAAGAGCCACTAAACCACGTCGAAGCAGAGAGAC
AAAGACGCGAGAAACTAAACCAAAGATTCTACGCGTTACGAGCGGTTGTACCAAACGTTTCAAAAATGG
ATAAAGCTTCGTTACTCGGTGACGCAATCGCTTACATCAACGAGCTTAAATCCAAAGTAGTCAAAACAG
AGTCAGAGAAACTCCAAATCAAGAACCAGCTCGAGGAAGTGAAACTCGAGCTCGCCGGAAGAAAAGCGA
GTGCTAGTGGAGGAGATATGTCGTCTTCGTGTTCTTCGATTAAACCGGTGGGGATGGAGATTGAAGTGA
AGATAATTGGTTGGGACGCAATGATTAGAGTTGAATCTAGTAAGAGGAATCATCCGGCGGCGAGGTTGA
TGTCGGCGTTGATGGATTTGGAGTTGGAAGTGAATCACGCGAGTATGTCGGTGGTTAACGATTTGATGA
TTCAACAAGCGACGGTGAAGATGGGTTTTAGGATCTATACGCAAGAACAGCTCAGAGCAAGTTTGATTT
CAAAAATCGGTTAAAA

FIGURE 4 (continued)
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SEQ ID NO 57: Nicotiana tabacum partial FtsJ nucleic acid sequence
ATGGCTCCCATTGAAGGTGTTATTCAAGTACAGGGTGATATAACAAATGCTAAAACAGCTGAAGTG
GTTATTAGACATTTTGACGGATGCAAGGCTGACATTGTTGTCTGTGATGGTGCACCTGATGTAACG
GGACTTCATGACATGGATGAATTTGTTCAGTCCCAGCTGATATTGGCGGGCCTAACCATTGTCACT
CACATACTAAAAGGAGGCGGAAAGTTCATAGCAAAAATTTTTCGAGGAAAAGACACAAGCCTTCTT
TACTGTCAGCTAAAACTATTTTTCACAGAAGTGACTTTTGCTAAGCCAAAAAGCAGTCGGAATTCT
AGCATAGAGGCATTTGCAGTTTGCGAGAATTACTCTCCACCTGAAGGATTTAATGAGAAAGATCTT
CATCGCCTTCTTGAAAAGATTGGAAGTCCATCTGGCACAGAGGACCTAGATTGCAGTAGTGCATGG
CTGGAAGGTCCTAATAAGGTGTATATTCCATTTCTGGCTTGTGGAGACCTTAGCGGGTACGATTCA
GACCGTTCATATCCACTTCCTAAAGCTGCAGATGGAACCTATCAGTGTTTAGATCCTGTACAACCT
CCAATTGCACCGCCATATAAACGAGCTCTTGAAATGAAGARAAGCGTCGAATCAAGGAATCCAARAC
CTAGACAAGCTTTCTCTTAGCTCCTAA

SEQ ID NO 58: Nicotiana tabacum partial FtsJ translated
polypeptide (truncated at N-terminus)
MAPIEGVIQVQGDITNAKTAEVVIRHFDGCKADIVVCDGAPDVTGLHDMDEFVQSQLILAGLTIVTHILKGG

GKEFIAKIFRGKDTSLLYCQLKLEFFTEVTFAKPKSSRNSSIEAFAVCENYSPPEGENEKDLHRLLEKIGSPSG
TEDLDCSSAWLEGPNKVYIPFLACGDLSGYDSDRSYPLPKAADGTYQCLDPVQPPIAPPYKRALEMKKASNQ
GIQNLDKLSLSS

SEQ ID NO 59: Nicotiana tabacum FtsJ nucleic acid sequence contig
of EB446219, EB448450.1
ATGGGAAAAGCATCGAGGGACAAAAGAGATATTTACTATCGGAAAGCAAAGGAAGAAGGATGGCGT
GCCCGAAGTGCCTTCAAGCTCCTTCAGATTGATGAGGAATTTAACATCTTTGAAGGTGTGAAGCGA
GTTGTGGATTTGTGTGCAGCACCAGGCAGCTGGAGTCAGGTTTTAAGCCGGAAGTTATATCTCCCA
GCAAAGTTGTCACCTGATACCAAGGACGACGATCTACCACTTATTGTGGCTATTGACTTACAGCCT
ATGGCTCCCATTGAAGGTGTTATTCAAGTACAGGGTGATATAACAAATGCTAAAACAGCTGAAGTG
GTTATTAGACATTTTGACGGATGCAAGGCTGACATTGTTGTCTGTGATGGTGCACCTGATGTAACG
GGACTTCATGACATGGATGAATTTGTTCAGTCCCAGCTGATATTGGCGGGCCTAACCATTGTCACT
CACATACTAAAAGGAGGCGGAAAGTTCATAGCAAAAATTTTTCGAGGAAAAGACACAAGCCTTCTT
TACTGTCAGCTAAAACTATTTTTCACAGAAGTGACTTTTGCTAAGCCAAAAAGCAGTCGGAATTCT
AGCATAGAGGCATTTGCAGTTTGCGAGAATTACTCTCCACCTGAAGGATTTAATGAGAAAGATCTT
CATCGCCTTCTTGAAAAGATTGGAAGTCCATCTGGCACAGAGGACCTAGATTGCAGTAGTGCATGG
CTGGAAGGTCCTAATAAGGTGTATATTCCATTTCTGGCTTGTGGAGACCTTAGCGGGTACGATTCA
GACCGTTCATATCCACTTCCTAAAGCTGCAGATGGAACCTATCAGTGTTTAGATCCTGTACAACCT
CCAATTGCACCGCCATATAAACGAGCTCTTGAAATGAAGAAAGCGTCGAATCAAGGAATCCAAAAC
CTAGACAAGCTTTCTCTTAGCTCCTAA

SEQ ID NO 60: Nicotiana tabacum FtsJ translated polypeptide
MGKASRDKRDIYYRKAKEEGWRARSAFKLLOIDEEFNIFEGVKRVVDLCAAPGSWSQVLSRKLYLP
AKLSPDTKDDDLPLIVAIDLQPMAPIEGVIQVQGDITNAKTAEVVIRHEFDGCKADIVVCDGAPDVT
GLHDMDEEFVQSQLILAGLTIVTHILKGGGKFIAKIFRGKDTSLLYCQLKLFFTEVTFAKPKSSRNS
SIEAFAVCENYSPPEGENEKDLHRLLEKIGSPSGTEDLDCSSAWLEGPNKVYIPFLACGDLSGYDS
DRSYPLPKAADGTYQCLDPVQPPIAPPYKRALEMKKASNQGIQNLDKLSLSS

FIGURE 7
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SEQ ID NO 61: Arabidopsis thaliana FtsJ nucleic acid sequence
polypeptide AY(087952.1
GAATTTCTACTTTGGTGCTGCTCTTCTTCACATACCTAGCTGCTGTATACTATACGTGAACCAACTCCGTAT
TCTACTTTAGAGGCCATGGGAAAAGCTTCTCGAGACAAAAGGGATATCTATTATCGTAAAGCTAAAGAAGAA
GGATGGCGTGCAAGAAGTGCTTTTAAGCTICTTCAGATTGATGAAGAATTTAATATTTTTGAAGGTGTGAAG
AGGGTCGTAGATTTATGTGCTGCACCTGGTAGCTGGAGTCAGGTCTTGAGTCGTCAATTATATCTTCCTGCA
AAGTCCTCAGCTGAGTCAAAAGATGGGGATCTTCCTCTTATAGTAGCCATCGATTTGCAGCCTATGGCTCCA
ATTGAAGGTIGTCATCCAGGTTCAAGGGGACATAACTAATGCTCGGACAGAAGTGGTCATTAGACACTTTGAC
GGCTGCAAAGCGGACCTGGTTGTCTGTGATGGTGCTCCAGATGTTACTGGTTTGCATGACATGGATGAATTT
GTCCAGTCCCAACTCATACTAGCAGGATTAACGATTGTAACTCATATTCTTAAAGAAGGTGGARAATTTATT
GCAAAGATATTCCGTGGAAAAGATACAAGICTCTTGTACTGTCAACTGAAATTGTTTTTCCCAACCGTAACT
TTTGCGAAACCGAAAAGCAGCCGCAATTCAAGTATAGAGGCTTTTGCAGTCTGCGAGAATTACTCTCCGCCA
GAAGGATTTAACCCGAGAGATCTGCATCGTCTCTTGGAGAAAGTCGGAAGCCCTTCAGGTGGAAGCGATCTC
GATTGCAGTAGTGGTTGGCTTGAAGGACCCAACAAAGTTTATATACCATTICTTGGCATGTGGTGACTTAACC
GGTTATGACTCAGACCGGTCTTACCCACTCCCTAGAGAAGCAGATGGATCATCATACCAGAGTTTGGACCCG
ATTCAACCTCCCATCGCACCGCCTTATAAACGAGCTCTTGAGCTCAAGAAAGCTTCAGCACAAAGCTTCAAC
TCTTGAAGAAGGTGATACCAAAAAAGAAAAAGGAACAAACTTTTCATTGGATTCTGTAGCCTGTCGTAATGA
TATATTCAGGGACCTACAATTTCTATAACGCTTAATGTTTTTGITATG

SEQ ID NO 62: Arabidopsis thaliana FtsJ translated polypeptide
MGKASRDKRDIYYRKAKEEGWRARSAFKLLOIDEEFNIFEGVKRVVDLCAAPGSWSQVLSRQLYLP
AKSSAESKDGDLPLIVAIDLQPMAPIEGVIQVQGDITNARTAEVVIRHEFDGCKADLVVCDGAPDVT
GLHDMDEEFVQSQLILAGLTIVTHILKEGGKFIAKIFRGKDTSLLYCQLKLFFPTVTFAKPKSSRNS
SIEAFAVCENYSPPEGENPRDLHRLLEKVGSPSGGSDLDCSSGWLEGPNKVYIPFLACGDLTGYDS
DRSYPLPREADGSSYQSLDPIQPPTIAPPYKRALELKKASAQSENS

SEQ ID NO 63: Lycopersicon esculentum FtsJ nucleic acid sequence
BT013964
ATGGGAAAAGCATCTAGGGATAAGAGGGATATTTACTACCGGAAAGCAAAGGAAGAAGGGTGGCGTGCCCGA
AGTGCCTTCAAGCTCCTTCAGATAGATGAGGAGTTTAATATCTTTGAAGGTGCGAAGCGCGTTGTGGATTTA
TGTGCTGCTCCAGGCAGCTGGAGTCAGGTTTTAAGCCGGAAGTTATATCTCCCAGCAAAGCTGTCACCGGGT
ACCAAGGATGATGATCTACCACTTATCGTGGCTATTGACTTACAGCCTATGGCTCCAATTGAAGGTGTTATT
CAAGTACAGGGTGATATAACAAATGCTAAAACAGTTGAAGTGGTTATTAGACATTTTGATGGATGCAAAGCT
GACCTTGTTGTCTGTGATGGTGCACCTGATGTAACGGGACTTCATGACATGGATGAATTTGTTCAATCCCAA
CTGATATTGGCGGGCCTAACCATAGTCACTCACATACTAAAAGAAGGTGGAAAGTTCATAGCAAAAATTTTT
CGAGGAAAAGACACAAGTCTCCTTTACTGTCAACTAAAACTATTTTTCACGGAAGTGACTTTTGCTAAGCCA
AAAAGTAGTICGCAATTCTAGCATAGAGGCATTTGCAGTTTGTGAAAACTACTCTCCACCTGAAGGATTCAAT
GAGAAAGACCTTTATCGCCTTICTTGAACAAGTTGGAAGTCCATCAGGCGCTGAGGACTTAGATTGCAGTAGT
GGATGGCTTGAAGGTCGTAACAAGGTGTATATCCCATTTCTGGCTTGCGGAGACCTGAGTGGATATGATTCA
GATCGTTCATATCCGCTTCCTAAATCTGCAGATGGAACCTATCAATGTTTAGATCCTGTACAACCTCCGATT
GCACCACCGTATAAACGAGCTCTTGAAATGAAAAAAGCTTCAAGTCAAGGAATTCATAATCTAGACAAACTT
TCTCTTGACCCCTGA
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SEQ ID NO 64: Lycopersicon esculentum FtsJ translated polypeptide
MGKRKASRDKRDIYYRRKAREEGWRARSAFKLLOIDEEFNIFEGAKRVVDLCAAPGSWSQVLSRKLYLPAKLSPG
TKDDDLPLIVAIDLOPMAPIEGVIQVQGDITNAKTVEVVIRHFDGCKADLVVCDGAPDVTGLHDMDEEVQSQ
LITLAGLTIVTHILKEGGKFIAKIFRGKDTSLLYCQLKLFFTEVTFAKPKSSRNSSIEAFAVCENY SPPEGEN
EKDLYRLLEQVGSPSGAEDLDCSSGWLEGRNKVYIPFLACGDLSGYDSDRSYPLPKSADGTYQCLDPVQPPT
APPYRKRALEMKKASSQGIHNLDKLSLDP

SEQ ID NO 65: Medicago truncatula FtsJ nucleic acid sequence AC149135.2
ATGGGCAAAGCTTCAAGGGATAAGAGGGATATATATTACCGAAAAGCGAAAGAAGAAGGTTGGCGTGCTCGA
AGTGCTTTTAAACTTCTTCAGATAGATGAGGAATTTAACATTTTTGAAGGGGTGAAACGTGTTGTAGATTTA
TGTGCTGCCCCAGGCAGTTGGAGTCAGGTTTTGAGTCGAAAACTGTACCTTCCAGCCAAGCTTGCACCTGAT
GCAAAGGATGAAAATCTTCCTCTTATTGTAGCTATTGATTTGCAGCCAATGGCTCCGATTGAAGGTGTTATC
CAGGTGCAGGGTGATATAACTAATGCTCGGACCGCTGAAGTGGTCATTAGACATTTCGATGGTTGCAAGGCC
AACCTTGTTGTGTGTGATGGTGCTCCTGATGTTACCGGACTTCATGACATGGATGAATTTGTTCAATCCCAA
CTCATACTTGCAGGGTTGACAATTGTTACTCATGTACTGAAGGAAGGAGGGAAGTTCATTGCGAAGATATTT
AGAGGAAAGGACACAAGCCTTCTATACTGTCAGCTAAAATTATTTTTCCCTGTGGTGACTTTCGCAAAGCCA
AAAAGTAGCCGTAATTCCAGCATAGAGGCATTTGCAGTTTGTGAAAACTACTCCCCTCCTGAAGGATTCAAC
CCGAAAGATCTTCACCGACTTCTTGAGAAGGTTGGAAGTCCATCAGGCGTAGATGATACAGATTGTGTTAGT
GGGTGGTTGGAAGGCCCTAATAAGGTGTATATCCCATTTCTAGCTTGCGGGGACCTCACTGGATATGATTCT
GATAGGTCATATCCACTGCCTAAAGTTGCTGGGGGAACATATCAGAGCTTGGATCCAGTACAACCTCCTATT
GCCCCTCCTTACAAGAGAGCTCTAGAGTTAAAAAAAGCATCACCTCAAGGATTCCGAGAACTTGAAAATCTC
TCCCTGGATTCCTGA

SEQ ID NO 66: Medicago truncatula FtsJ translated polypeptide
MGKASRDKRDIYYRKAKEEGWRARSAFKLLOQIDEEFNIFEGVKRVVDLCAAPGSWSQVLSRKLYLPAKLAPD
AKDENLPLIVAIDLOPMAPIEGVIQVQGDITNARTAEVVIRHFDGCKANLVVCDGAPDVTGLHDMDEEFVQSQ
LILAGLTIVTHVLKEGGKFIAKIFRGKDTSLLYCQLKLEFFPVVTFAKPKSSRNSSIEAFAVCENYSPPEGEN
PKDLHRLLEKVGSPSGVDDXDCVSGWLEGPNKVYIPFLACGDLTGYDSDRSYPLPKVAGGTYQSLDPVQPPT
APPYKRALELKKASPQGFRELENLSLDS

SEQ ID NO 67: Oryza sativa FtsJ nucleic acid sequence AK103054
ATGGGCAAGGCCTCCAAAGACAAGAGGGACATCTACTACCGCAAGGCGAAGGAGGAGGGGTGGAGAGCTCGT
AGCGCCTTCAAGCTTCTGCAGATCGACCAGGAGTTCAACATCTTCCACGGAGTGAAGCGTGTTGTTGATCTG
TGCGCTGCTCCCGGAAGCTGGAGTCAGGTTTTGAGTCGGAACCTGTATGTTCCAGCAAAACAATCTCCTGAT
TGCAAAGAAGGTGACCTTCCTCTTATTGTTGCCATTGATTTGCAACCAATGGCTCCGATAGAAGGCGTTATA
CAAGTTCAAGGGGACATCACTAATGCTCGAACAGCAGAAGTGGTTATTAGGCATTTTGATGGATGCAAAGCA
GATTTGGTTGTCTGCGATGGTGCTCCTGATGTTACCGGCCTTCATGATATGGACGAGTTTGTTCAGTCCCAG
CTTATACTGGCGGCATTGACAATTGTGACTCACGTACTTAAAGTTGGTGGGAAATTTGTTGCGAAGATTTTC
CGTGGAAAAGATACAAGTCTGTTGTATTGCCAGCTGAAACTATTCTTCTCACAAGTTACCTTTGCAAAGCCC
AAAAGTAGCCGGAACTCAAGCATCGAGGCGTTTGCAGTTTGTGAGAATTATTCGCCTCCCGAAGGATTTAAG
GAAAAAGATTTATATCACCTGCTAGAGAAAGTGGGGACTCCTTCTGGGGCTGATGATTTAGACTGCAGAAGT
GGATGGTTAGAGGGACCAAACAAGGTCTACATCCCATTTCTGGCTTGCGGTGACCTCAGTGGTTACGATTCG
GATCGTTCTTACCCACTAACAAGCACAGAGGGAGGATCCTACCAGAGCTTGGATCCAGTCCAGCCTCCAATT
GCTCCACCTTACAAAACCGCACTGGAGATGAAAAAGGTCGCCAGCCATGGCATTGGAGCAGATATCAGCAAA
TTATCCCTCGACTCCTGAACTACACTCTGGATCGCTGTTTGTGTTCTTGTAACTGCCAACCCTGTGGAATTT
GCAAATTGTA
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SEQ ID NO 68: Oryza sativa FtsJ translated polypeptide
MGKASKDKRDIYYRKAKEEGWRARSAFKLLOQIDQEFNIFHGVKRVVDLCAAPGSWSQVLSRNLYVPAKQSPD
CKEGDLPLIVAIDLOPMAPIEGVIQVQGDITNARTAEVVIRHFDGCKADLVVCDGAPDVTGLHDMDEEVQSQ
LILAALTIVTHVLKVGGKEFVAKIFRGKDTSLLYCQLKLEESQVTFAKPKSSRNSSIEAFAVCENYSPPEGEK
EKDLYHLLERKVGTPSGADDLDCRSGWLEGPNKVYIPFLACGDLSGYDSDRSYPLTSTEGGSYQSLDPVQPPI
APPYKTALEMKKVASHGIGADISKLSLDS

SEQ ID NO 69: Ostreococcus lucimarinus CCE9901 FtsJ nucleic acid
sequence XM 001418019
ATGGGGAAGTCGAGCAAGGATAAGCGCGATATATACTACCGCAAGGCGAAAGAGGAGGGATGGCGCGCGAGG
TCGGCGTTCAAGTTGCTGCAAATTGACGAGTCGTTCGATATTTTTCGAGACGTGCGACACGTCGTGGATCTG
TGCGCGGCGCCCGGGTCGTGGTCGCAGGTTTTGAGTCGAAAGTTGTACCTACCCGCGTTGGCGCGAGGGGTC
GAGGAGGAAGAGCTGCCGAAGATTGTCGCCATCGACTTGCAACCGATGGCGCCGATCGAGGGCGTGACGACG
ATACAGGGCGATATCACGTCGATGGACAAAGTGCGCGAGGTCCTGTCGCATTTCGATGGGAAACACGCGGAT
TTGATCGTCGGCGATGGAGCGCCCGACGTCACGGGTTTGCACGATTTGGATGAGTTTATGCAGGCGCAGCTC
ATACTCGCCGGCTTGACGGTGGCGACGCACATATTGAAACCAGGCGGAACGTTCATAGCGAAGATATTTCGG
GGGAAAGACATCAGTTTGCTCTACTCACAACTGAAAATTTTCTTCCCCGAAGTCACGTGCGCCAAGCCGAAA
AGTAGCCGGAATTCTAGCATAGAAGCATTCATAGTGTGTCAGGGTTACTCCCCTCCAGAGGGATTCGAACCA
CATCAATTGACTCGTATTTTAGAAGCGCGTGCGACGTCTCACGCCGCTGGAGACGAGGGCGCGGCCETGGGA
ACCAAGTCCTGGCCGAACAATGTGCTCGTGCCGTTTTTGGCGTGCGGCGATTTGTCGGGATACGACGCCGAT
CAGAGCTATGCGTTGGATGACACCAAAGTCAGACTAAAACCGGTGCAACCGCCGACAACACCGGCGTATATG
AACGCAATCAAGCTCTTAAAGAGAAAGTGA

SEQ ID NO 70: Ostreococcus lucimarinus CCE9901 FtsJ translated
polypeptide
MGKSSKDKRDIYYRKAKEEGWRARSAFKLLOIDESFDIFRDVRHVVDLCAAPGSWSQVLSRKLYLPALARGV
EEEELPKIVAIDLOPMAPIEGVTTIQGDITSMDKVREVLSHEDGKHADLIVGDGAPDVTGLHDLDEFMQAQL
ILAGLTVATHILKPGGTFIAKIFRGKDISLLYSQLKIFFPEVTCAKPKSSRNSSIEAFIVCQGYSPPEGFEP
HQLTRILEARATSHAAGDEGAAVGTKSWPNNVLVPFLACGDLSGYDADQSYALDDTKVRLKPVQPPTTPAYM
NATKLLKRK

SEQ ID NO 71: Populus tremuloides FtsJ nucleic acid sequence contig of
CX183550.1, DT504907.1
ATGGGGAGAGCTTCAAGGGATAAAAGGGATATATACTATAGAAAAGCAAAGGAAGAAGGTTGGCGTGCTCGA
AGTGCCTTTAAGCTCATTCAGATAGATGAGGAATTCAATATTTTTGAAGGAGTGAAGCGTGTGGTGGATTTA
TGTGCTGCACCTGGTAGCTGGAGTCAGGTTTTGAGCCGTAAACTATATTTACCAGCAAAACTTTCACCTGAT
TCAAGGGATAATGATCTTCCTCTTATTGTGGCCATTGATTTGCAACCTATGGCTCTCATTGAAGGTGTTATC
CAAGTCCAGGGTGATATTACCAATGCCCGAACTGCTGAAGTGGTCATTAGACATTTTGATGGCAGCAAGGCT
GACTTGGTTGTGTGTGATGGTGCCCCTGATGTTACCGGACTCCATGACATGGATGAATTTGTTCAGTCTCAA
CTCATACTAGCGGGTTTAACAATTGTCACACATGTACTCAAAGAAGGTGGAAAATTTATTGCGAAGATATTT
CGTGGAAAAGATACAAGTCTTCTGTATTGCCAGCTCAAATTATTTTTTCCTGTGGTGACTTTTGCCAAACCA
AAAAGTAGCCGCAATTCCAGCATAGAGGCATTTGCAGTTTGTGAGAATTACTCTCCTCCTGAGGGATTTGAT
CCGAAAGACTTGCGTCGCCTTTTGGARAAAGGTGGGAAGCCCCTCTGGTGCAGATGACCTAGATTGCAGTAGC
GGGTGGTTAGAAGGGGCAAGTAAGGTGTATATTCCATTTCTAGCTTGCGGTGACCTTAGTGGGTATGACTCT
GACCGATCATATCCACTACCAAAAGATGCCGATGGCACATATCAGAGCTTGGATCCTGTACAACCCCCAATT
GCCCCTCCTTATAAAAGAGCCCTTGAAATGAAGAAAGCTTCTAGTCATGGTGTAAAAGAGCTTGAAAAGCTC
TCTTTGGATTCTTGA
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SEQ ID NO 72: Populus tremuloides FtsJ translated polypeptide
MGRASRDKRDIYYRRKAREEGWRARSAFKLIQIDEEFNIFEGVKRVVDLCAAPGSWSQVLSRKLYLPAKLSPD
SRDNDLPLIVAIDLOPMALIEGVIQVQGDITNARTAEVVIRHEFDGSKADLVVCDGAPDVTGLHDMDEEVQSQ
LITLAGLTIVTHVLKEGGKFIAKIFRGKDTSLLYCQLKLFFPVVTFAKPKSSRNSSIEAFAVCENYSPPEGED
PKDLRRLLEKVGSPSGADDLDCSSGWLEGASKVYIPFLACGDLSGYDSDRSYPLPKDADGTYQSLDPVQPPI
APPYKRALEMKKASSHGVKELEKLSLDS

SEQ ID NO 73: Saccharum officinarum FtsJ nucleic acid sequence contig of
CA279558.1, CF576902.1
ATGGGCAAGGCCTCCAAGGACAAGAGGGACATCTATTACCGGAAGGCCARAGAGGAAGGGTGGAGAGCTCGC
AGCGCCTTCAAGCTCCTCCAGATAGACCAGGAGTTCAACATATTCCATGGAGTGAAGCGTGTGGTTGACCTG
TGTGCTGCTCCCGGAAGCTGGAGCCAGGTTTTGAGCCGGAACCTGTATGTACCAGCAAAACAATCTCCTGAT
TGCAAGGAAGGCGACCTTCCTCTCATCGTCGCAATTGACTTGCAACCAATGGCCCCGATAGAAGGTGTTATA
CAAGTGCAGGGCGACATCACCAATGCTCGGACAGCGGAAGTGGTTATTAGGCATTTTGATGGATGCAAAGCA
GACTTGGTTGTTTGCGATGGAGCTCCGGATGTTACTGGCCTTCATGATATGGACGAATTTGTTCAGTCCCAG
CTTATACTCGCGGCATTGACTATCGTGACTCATGTACTCAAAGTTGGTGGAAAATTTGTCGCGAAGATATTT
CGGGGTAAAGATACAAGTCTACTGTACTGCCAGCTAAAACTGTTCTTCTCACAAGTTACATTTGCGAAACCA
AAAAGTAGCCGGAACTCAAGCATTGAGGCGTTTGCAGTTTGTGAGAACTATTCACCTCCAGAAGGTTTCAAG
GAGGAAGATCTATACCACCTGCTAGAGAAAGTGGGGACTCCTTCAGGAGGTGACGATTTAGATTGCAGAAGC
GGATGGCTCGAGGGACCAAACAAGGTGTACATCCCGTTCCTTGCCTGCGGGGATCTCAGCGGCTACGACTCT
GATCGCTCATACCGGCTCCCGAGCACGGAAGGTGGGTCCTACCGGAGCTTGGACCCCGTCCAGCCTCCCATC
GCCCCGCCTTACARAACCGCTCTGCAGATGAAGAAGGTTTCCAGCCACAGCGCCAGCGCGGACGCCATGARA
CCATCCACAGATTCTTGA

SEQ ID NO 74: Saccharum officinarum FtsJ translated polypeptide
MGKRKASKDKRDIYYRRKAREEGWRARSAFKLLOIDQEFNIFHGVKRVVDLCAAPGSWSQVLSRNLYVPARKQSPD
CKEGDLPLIVAIDLOPMAPIEGVIQVQGDITNARTAEVVIRHFDGCKADLVVCDGAPDVTGLHDMDEEVQSQ
LILAALTIVTHVLRVGGKEVAKIFRGKDTSLLYCQLKLEFEFSQVTFAKPKSSRNSSIEAFAVCENYSPPEGEFK
EEDLYHLLEKVGTPSGGDDLDCRSGWLEGPNKVYIPFLACGDLSGYDSDRSYRLPSTEGGSYRSLDPVQPPT
APPYKTALQOMKKVSSHSASADAMKPSTDS

SEQ ID NO 75: Triticum aestivum FtsJ nucleic acid sequence DR740715
ATGGGCAAGGCTTCGAAAGACAAGCGGGACATCTACTACCGGAAGGCCAAGGAGGAGGGGTGGAGGGCTCGC
AGCGCCTTCAAGCTCATGCAGATCGACCAGGAGTTCAACATCTTCCACGGAGTGAAGCGTGCCGTTGACCTG
TGCGCCGCTCCTGGGAGCTGGAGCCAGGTTTTGAGCCGCAATTTGTATTTACCGGCGAAGCTATCATCTGAC
GGCAAAGATGGTGGCCTTCCTCTCATCGTCGCAATCGATCTGCAACCTATGGCTCCGATAGAAGGTGTCATA
CAAGTGCAGGGCGACATCACCAATGCTCGAACAGCGGAAGTGGTTATCAGGCACTTTGATGGATGCAAAGCG
GACTTGGTTGTCTGTGATGGTGCCCCTGATGTTACTGGACTTCATGATATGGACGAGTTTGTTCAGTCCCAG
CTTATATTGGCGGCACTGACAATTGTGACTCATGTACTTAAAGTTGGTGGAAAATTTGTTGCGAAGATTTTC
CGGGGTAAAGATACAAGTCTCCTGTATTGCCAGTTAAAGCTGTTCTTCTCACAAGTTACATTTGCAAAGCCA
AAAAGCAGCCGCAACTCAAGTATCGAGGCATTTGCAGTTTGCGAGAACTACTCACCTCCANGAGGGCTTCAA
GAGAAAGATTTATATCACCTGTTGNAGAAAGTGGGAACTCCTTCTGGGGCTGATGATTTAGATTGCAGAAGC
GGATGGTTGGAGGGGACCAAACAGGTCTACATCCCGTTTCTGGCTTGTGGCGACNTCAGGGGTTACGATCGG
ACCGTTCATACCCCCCTCCGAGCACAGAGGCGGCAANTACCAGANCTAGATCCAGTCAGCCCTCCATTGCCC
GGCCGTAAAAACTGCGTTGAAATTAGAAAGGGTCTAACCAGGGTCTGGCGCAATACAGCAATTATCTTCGAC
CTTAAATAA
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SEQ ID NO 76: Triticum aestivum FtsJ translated polypeptide
MGKRKASKDKRDIYYRKAKEEGWRARSAFKLMOIDQEFNIFHGVKRAVDLCAAPGSWSQVLSRNLYLPAKLSSD
GKDGGLPLIVAIDLOPMAPIEGVIQVQGDITNARTAEVVIRHFDGCKADLVVCDGAPDVTGLHDMDEEVQSQ
LILAALTIVTHVLRVGGKEVAKIFRGKDTSLLYCQLKLFEFSQVTFAKPKSSRNSSIEAFAVCENYSPPXGLQ
EKDLYHLLXKVGTPSGADDLDCRSGWLEGTRKQVYIPFLACGDXRGYDRTVHTPLRAQRROXPXLDPVSPPLP
GRKNCVEIRKGLTRVWRNTATIIFDLK

SEQ ID NO 77: Apis mellifera FtsJ nucleic acid sequence XM 392223
TAAAGCTAACCAAAACGTATAACAACAATAAACAACAAGCATTGTACATTAGTCAATAATGGGAAAAACATC
AAAAGATAAACGAGATATATATTATCGACGAGCAAAAGAAGAAGGATGGAGAGCAAGGAGTGCTTTTAAATT
GCTTCAAATAGATAACGAATGTCATATTTTAGATGGAGTAAACAAAGCTGTGGATTTGTGCGCTGCACCCGG
GAGCTGGAGTCAAGTTTTATCACGAAGATTAAATGAGAATTATAAAAAAGCTTTGGAAACAGGAAATGCAAT
ACCTCCAAAAATAGTTGCAGTTGATTTACAAGCTATGGCACCATTGGAAGGAGTGATTCAAATTCAAGGAGA
CATTACGAATATTGATACTGCAAAACAAATTATCTCTCATTTTGATAATGAACAAGCTGATTTAGTAGTTTG
CGATGGAGCACCTGATGTGACAGGTTTACATGATATGGATATTTATATCCAATCTCAGTTATTATTAGCAGC
TCTGAATATTACTACTCATATATTAAAGCAAGGAGGCACATTTGTTGCAAAAATATTTAGAGCTAAAGATGT
GACTTTGCTCTATGCTCAACTAAAAATATTTTTCCCCTATGTCTATTGTACGAAACCTAGCAGTTCTCGTAA
CTCTAGTATTGAAGCATTTGTAGTTTGTAAAGATTACTCACCACCAGAAGGTTATAAACCTCATATGATGAA
TCCTCTTTTAACACATAAACCATGTGATTTTAATGACCTTACAGGAATTAATAGAGTTATTGTTCCATTTGT
TGTTTGTGGTGATCTTAGTCAGCCTGATTCCGATACGTGTTATCCATTGGATTTTGAAGGAAAAACATATAC
TTATCACGAACCGGTCCAAACACCGATTTCACCACCTTACAAAGAAGCACTCAGTTTGATGGAAGATAGAGA
TACCGATTTCAGAAGATTCGATGTTAATGTAGTTGTAGATAATTTAAGTTCATTGACTATTGAGGACTTTAA
AAAACAAGCGAAGCAAAAACATAAAGAGATAAATGAAACTAAAAGGATCGAATTGCAAGATAATAAAAAAGA
TGATAGCGAGGAAGATATATTGGGACTTGACAAGTTAATGCCCACCGAATTATTTGATGAATCTGAAAATAA
AAATAATGATAATATGTAAAAATGTTATGATTTTATATTATACATATAATTTGAGTTATAAATGTTTTTAAT
ATATTAATAATAACTTATAAAT

SEQ ID NO 78: Apis mellifera FtsJ translated polypeptide
MGKTSKDKRDIYYRRAKEEGWRARSAFKLLOIDNECHILDGVNKAVDLCAAPGSWSQVLSRRLNENYKKALE
TGNATPPKIVAVDLOAMAPLEGVIQIQGDITNIDTAKQIISHEFDNEQADLVVCDGAPDVTGLHDMDIYIQSQ
LLLAAINITTHILRKQGGTEFVAKIFRAKDVTLLYAQLKIFFPYVYCTKPSSSRNSSIEAFVVCKDYSPPEGYK
PHMMNPLLTHKPCDENDLTGINRVIVPEVVCGDLSQPDSDTCYPLDFEGKTYTYHEPVQTPISPPYKEALSL
MEDRDTDFRREFDVNVVVDNLSSLTIEDFRKQAKQKHKEINETKRIELODNKKDDSEEDILGLDKLMPTELED
ESENKNNDNM

SEQ ID NO 79: Caenorhabditis elegans FtsJ nucleic acid sequence
NM 065442
TGGGAAAAACATCTCGTGACAAAAGGGACATTTACTATCGTCTGGCAAAGGAGAACAAATGGCGAGCACGGA
GTGCATTCAAATTGATGCAGATTGATGATGAATTTCAGATTCTGAAAGGAGTCCGTCGAGCTGTAGATTTGT
GTGCAGCACCTGGAAGTTGGTCACAAGTGCTATCGAAAAGGTTATACGAGGAAGATCAAGAGGCAAAAATTG
TTGCGATTGATCTTCAGCCGATGGCACCGATTCCAGGAGTTATTCAACTTCAAGGAGATATTACTTCCGTTG
ATACAGCTAATCAGGTCATCAAACACTTTTCCGGAGAAAAATCAGATATTGTGATTTGCGACGGAGCCCCAG
ATGTAACCGGAATTCATTCTCTGGACGAATTCATGCAAGCCGAACTAATCCTCGCTGCCTTCAACATCACAA
GTCACGTTCTCAAAGAAGGCGGCAACTTTCTCGCGAAAATTTTCCGATCCCGAAACTCCTCTCTTCTCTATG
CACAAATGAAGAAGTATTTTAAAAAAGTATATCTAGCCAAACCACGAAGTTCCCGTCAATCCAGTTGTGAAG
CTTTTGTCCTGTGTCTC
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GACTATTCACCGCCCGAGGGATTTGTTCCAACAATGGGAAAGACTTCATTAGACGCAACTGATGCTTCTGCT
ATTTCACCTGATATTATCGATGGATTCGTGACTTGTGGCGATCTAAGTGGATGGGACAGCGAGAAGTCTTAT
CCGTTGGATATTGATGCTTGTTTTCCCAAAGGAGAGATTGATGAAGAGCAGAAAAAACGATACGAGTTCAAA
GACGTCGTTCAGCCACCAACAGATCCTGCCTACAAAGCAGCTCTCGATAAGAAGAAAAGTGGAGTTTTTGCA
AAAATGTCTGCAGATTTGAACAGACAGCTGAAAGCTGAACTTAGTCGTGGAAAGGATCAGAAGAAGACTCCA
GCAGAGAATGTTCCAAGCGTAGAAGAATTGGAGAAAGCTGCTGAAAAATTTCAACTATAATTTGGTTATTTT
TGTTCTCATTGTCAGTTAATTGATTTTTTTTCACTTITTTTCGAGTCTCATTATTAGTATTTGTTTTG

SEQ ID NO 80: Caenorhabditis elegans FtsJ translated polypeptide
MGKTSRDKRDIYYRLAKENKWRARSAFKIMQIDDEFQITLKGVRRAVDLCAAPGSWSQVLSKRLYEEDQEAKT
VAIDLOQPMAPIPGVIQLOGDITSVDTANQVIKHFSGEKSDIVICDGAPDVTGIHSLDEFMOAELTILAAFNIT
SHVLKEGGNFLAKIFRSRNSSLLYAQMKKYFKKVYLAKPRSSROSSCEAFVLCLDYSPPEGEVPTMGKTSLD
ATDASATISPDIIDGEVTCGDLSGWDSEKSYPLDIDACEFPKGEIDEEQKKRYEFKDVVQPPTDPAYKAALDKK
KSGVFAKMSADLNRQLKAELSRGKDOQKKTPAENVPSVEELEKAAEKFQL

SEQ ID NO 81: Danio rerio FtsJ nucleic acid sequence BC085449
GAAGAAGAAGAACTGTCACGTTGCGGCGAAAACAAGCAGCAGTCCAACAATAAGTGAGTGAAGGTGAAATGG
GGCGCTCATCCAAAGACAAACGAGATATTTACTACAGACTTGCGAAGGAGGAAGGATGGAGGGCGAGAAGTG
CCTTCAAACTCCTGCAGCTGGATGAGGAGTTCAAGCTGTTTAGAGGTGTTAGTCGTGCTGTGGATCTGTGTG
CAGCACCTGGCAGCTGGAGTCAAGTCCTCAGCCGCAAACTACGTGGAAAAGACAAGAGTGAAGAGGTCAAGA
TTGTGGCAGTTGATCTGCAAGCCATGGCACCTTTACCGGGCGTCACACAAATTCAAGGAGACATCACCAAGA
TTTCTACAGCAGAGGAAATTATTCGACATTTTGAAGGAGAGTCTGCAGACTTGGTTGTGTGTGACGGTGCTC
CTGATGTGACAGGGCTTCATGATGTAGATGAGTATATTCAGGCACAGCTCCTGTTGGCAGCTCTCAATATCA
CCACACATGTTCTCAAACCAGGCGGCAACTTTGTTGCAAAAATTTTCAGGGGAAAAGATGTGACCCTGCTGT
ACTCGCAGCTAAAGATCTTCTTCAGCTTTGTGACCTGTGCCAAACCACCCAGCAGCCGCAACTCTAGCATTG
AGGCATTTGTGGTGTGTCAGAATTACTCTCCACCTGAGGGTTACGTTCCCAACATGTCCAACCCTTTACTGG
ATCACTCCTATGATGTCGACTTTAACCAGTTAGAGGGACCAAACCGAATAATAGTCCCTTTCCTTGCTTGTG
GAGATCTCAGTGGGTTTGATTCAGACAGAACGTATCCTCTTCAGCTTGATTCTAGCAAAGAGTATCAGTATT
TACCACCAACCCAACCTCCAATTCGGCCTCCCTACCAGCAAGCCTGTCAATTGCGCAAGAGTAACCTGCTTG
CCAAAGAGGACTCGCCGTCCGGTGCGCTGGATGAAGCCTTGACCGCTTTAGATCTCAACACAAAACCAGACA
CAAGCACGACTACACCAGGAGCCTCAGAATAATGGAATTGTACAGCTTCAAGTTTTGCTTGACACTGTCAAG
AATGTGTTTGTCACGGGAACATCTTTGTACTTTATTTACACCTACATTTTGATAGTATTAACAAACCCACAG
AAATTTTTACTCCTAGAAGATATTTATTTAGAGGTAAATAAGGTACAAAGGTTTCTATGATTCTGTCTCTGT
GTAAAGCTTTTATTTAATTTTTCATGCATTTCTGGATTGTAATTAATGTAACTTTTAGGCATTTTATTCTTT
CTGACTGTATTACATTTACCATTCACAGGATTGTTTCAGTAAGTCGCCGAAACAACCTGATGACTTTTAACC
TCAGCTTTACATGGTAATAAAACACTCAAATCTAAAAAAAAAAAAAAAAAAAAAAAAARAAAARAAL

SEQ ID NO 82: Danio rerio FtsJ translated polypeptide
MGRSSKDKRDIYYRLAREEGWRARSAFKLLOLDEEFKLEFRGVSRAVDLCAAPGSWSQVLSRKLRGKDKSEEV
KIVAVDLOAMAPLPGVTQIQGDITKISTAEETI IRHFEGESADLVVCDGAPDVTGLHDVDEYTIQAQLLLAALN
ITTHVLKPGGNEFVAKIFRGKDVTLLYSQLKIFFSEVTICAKPPSSRNSSIEAFVVCONYSPPEGYVPNMSNPL
LDHSYDVDENQLEGPNRITIVPFLACGDLSGEDSDRTYPLOQLDSSKEYQYLPPTQPPIRPPYQQACQLRKSNL
LAKEDSPSGALDEALTALDLNTKPDTSTTTPGASE
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SEQ ID NO 83: Homo sapiens FtsJ nucleic acid sequence AK024023
GGATACGTCGACAATAGATGACGGGGCTCACGTTGTACGTTCACATCAGGTCCCGGCCCGCCGGAACCTGGG
CGATCCACGATGCCGAGTTTGCCACGCTGCGACAGCCCATAGGCTTGCCCCCCCGGGCATTCGGGTGGACTA
CGAACACAAACTGAAGCCCTAGGACTTGTCGCCCGTTTGCGCTCTCGCCGAGGCACAGGCTGCTCGCGGALCC
ACCCTGCTCCGAAAACTAAGAAGGGGACCAGTAGACGGGGTGGATTCGAGGTGGGGACATGGGACGCAGCGG
TCGGAGCCGCCTGGAGGGGTACCCGGTGGTCCCGATGGAGCTATCATCTTTGAGAGGTAGGTGGTAGCCCAT
TCATCTGGTTACTGATACTGGCCGGCATCAGTGGACTGTCGGCAGGTCCTTGAGCAACTGGTGTGTGAAATG
GGACGGACGTCAAAGGACAAGCGGGATGTCTACTACCGCCTGGCCAAGGAGAATGGCTGGCGTGCTCGCAGC
GCCTTCAAACTGCTACAACTGGATAAGGAATTCCAACTCTTCCAAGGCGTGACACGGGCAGTTGACCTGTGT
GCAGCCCCAGGCAGCTGGAGCCAGGTGCTGAGCCGGAAGATCGGGGGCCAAGGGTCCGGCCACGTGGTGGCT
GTGGACCTGCAGGCTATGGCTCCACTACCAGGTGTGGTACAGATCCAGGGGGACATCACCCAGCTGTCCACT
GCCAAGGAGATCATCCAGCACTTTAAGGGCTGCCCTGCGGACCTAGTGGTGTGTGACGGGGCTCCTGATGTA
ACCGGTCTCCATGATGTTGATGAGTATATGCAGGCCCAGCTCCTCCTAGCTGCTCTGAACATTGCTACACAT
GTCCTGAAGCCAGGGGGCTGCTTTGTGGCCAAGATATTCCGAGGCCGGGATGTGACGCTCCTCTACAGCCAG
CTGCAGGTCTTCTTCTCCAGCGTGCTGTGTGCCAAGCCCAGGAGCAGCCGGAACTCTAGCATCGAGGCCTTC
GCTGTCTGTCAGGGCTATGACCCTCCCGAGGGCTTCATCCCGGACCTGAGCAAACCCCTGCTGGACCATTCT
TACGATTTCAACCAGCTGGATGGTCCCACCCGCATCATTGTGCCTTTTGTGACCTGTGGGGACCTGAGCTCC
TATGATTCGGACCGCAGTTACCCACTGGACCTAGAGGGCGGCTCAGAGTACAAGTACACTCCACCCACACAG
CCCCCCATCTCGCCACCATACCAGGAGGCCTGCACGTTGAAGAGGAAGGGGCAGCTGGCCAAGGAGATCCGC
CCCCAGGACTGCCCCATCAGCAGAGTGGACACGTTTCCCCAGCCCCTGGCCGCCCCTCAGTGCCACACCCTG
CTGGCCCCTGAGATGGAAGACAATGAAATGAGTTGTTCACCTTAACCCATTACGCTGGCAAACTGATACAAC
TCAGAAACTGCTCAATGTCAGGAAAACCGGAACTTGTTGATGAACTTGTTTTCAAAATATCATCTCATCAAC
GAGGCCTGGACAAACAAGCCCTGAGGAGGGATCTGCAACAACCCTGAAGACAACAAGGAAAGAAACCATGAA
AGTCTGTCTGTACTGCAGTGGGAATTCTTGAGTGAGGTCTTACCTCTTCTTTAAACCTCTTCAGGAGTGTCC
TGATTATGTCCAGAATTTTCCCTAAAGGCAGGGATTCTTAACCTGGATAGAAGCCAGGGGTAACCATGAACT
TGATGGAAGAAAATGTTACATCTTTATTTTCAGCAATGAAACTGAAATTTAGCCTTACTCCCAAGTTATARAA
TGCTGGCAACAAATCACAGTAGTAAAAGCAGTACCTGGGATTTTCCCACCAATACAAACCAGTTACAGCAAC
TGTAATGTAACATAAAAAGGGCATCTTGAAGTATTGTTCATATTTGTCACCTCTTGGAATGATAGCAGATCC
TGTAAGTTGATGTATTAATTAAAAGCCCATATATTACTGC

SEQ ID NO 84: Homo sapiens FtsJ translated polypeptide
MGRTSKDKRDVYYRLAKENGWRARSAFKLLOLDKEFQLEFQGVTRAVDLCAAPGSWSQVLSRKIGGQGSGHVV
AVDLOQAMAPLPGVVQIQGDITQLSTAREITQHFKGCPADLVVCDGAPDVTGLHDVDEYMOAQLLLAALNIAT
HVLKPGGCEFVARIFRGRDVTLLYSQLOVEFEFSSVLCAKPRSSRNSSIEAFAVCOGYDPPEGFIPDLSKPLLDH
SYDENQLDGPTRIIVPEVTCGDLSSYDSDRSYPLDLEGGSEYKYTPPTQPPISPPYQEACTLKRKGQLAKE I
RPODCPISRVDTFPQPLAAPQCHTLLAPEMEDNEMSCSP

SEQ ID NO 85: Arabidopsis thaliana FtsJ2 nucleic acid sequence At4g25730
NM 118705
ATGGGTAAGGTCAAAGGAAAGCATCGTTTGGATAAGTACTATCGTCTCGCTAAGGAACGTGGATTCCGTTCT
CGAGCTTCCTACAAGCTTCTTCAGCTCGACGCCAAGTACTCTCTTCTCCACTCAGCTCATGCCGTTCTCGAT
CTCTGCGCCGCCCCTGGTGGTTGGATGCAAGTCGCCGTCGAGAAAGTTCCCGTCGGCAGCCTCGTTCTCGGT
ATCGATCTTGTCCCGATTCTCCCTGTTCGTGGCTGTGTTACTATGACGCAAGATATCACAAGGACTGAGTGT
AAATCGAAGATCAAGCAAGTGATGGAGCAGCATGGTGTTAGTGCTTTTAATTTGGTTCTGCACGATGGGTCT
CCAAATGTTGGTGGTGCGTGGGCACAAGAGGCTATG
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AGCCAGAACGCTTTGGTTATTGATTCTGTTAGATTAGCCACTGAGTTCTTAGCTCGCAACGGGAATTTAGTC
ACCAAGGTTTTCAGGTCTCGAGACTACAACTCTGTGCTCTACTGTCTTGGGAGGCTGTTTGAAAAAGTTGAA
GTGTTTAAGCCGCCGGCTAGTCGTTCAGCATCTGCAGAAACATATCTTGTGGGTTTGAAATACTTAGCCCCT
GCCAAGATTGATCCCCGTCTTCTTGATTATAGACATCTCTTTAAGGAGTCAGCAGAACCCACGAGAAAGGTG
GTGGATGTGCTTGGAGGATCAAAACAAAAGAGAAACCGTGATGGGTATGAAGATGGGGAGTCCATTTTGAGA
AGAGTTGCATCTGCTGCTGATTTCATTTGGTCTGAAAATCCTCTTGACGTTCTTGGCACGACTACTTCCATA
TCATTTGATGATCAAGCCTCTCTACCTTTAAAGGAACATGATTTGACGACAGAGGAGATTAAAATTCTATGC
GATGATCTTCCTGTICTTGGGGAAGAATGACTTCAAGCATATCCTAAAATGGCGAATGCAAATCAGGAAAGCT
CTGACTCCTGAGAAAAAGGAAGTTGCTAAACCTGAGCCTGATGTGGGAAAGGAAGATGAGGAAAATGAAGAT
GATAAACTACTCAATGAATTGGAAGAGCTGACAAACACAGTTGACCGCAAGAAGAAACAGGCAAAGAAGATT
CTTGCAAAACGAAGGGCTAAGGACAAGGCGCGGAAGGCGACTGGTCCACAGATGGATGTACTTGAAGATGGT
TTCGTCGACAATGAATTGTTCTCTCTTAATGCTATCAAGGGAAAGAAAGATCTAATGGCAGTTGACAATGAT
GAAGATGATAATGGCAATGCCGTTGACAGTGAGAACGAAGACCATGGCGAAGGAGCTTCAGATGACTCCAAA
GACAGTGACAGAGATTCTGATGAAGAACGTCAGAAATACACTGAACAAATGGAAGAGATTTTTGAGCAGGCA
TATGAGCGGTATATGGTGAAGAAAGAAGGAAGCGCAAAGCAAAGGAAGCGGGCTAGGCAGGCCCATGCTGAA
AAGCTGGAGGAAGGTGATGGAGATGAAGAAATGAAGATCGATTACGATTCAGATATGAATGAAGAAAAGGAT
GAGGCAAACCCTCTTGTTGTACCACTTGATGATGGAGTGGTCCAAACAAAGGAGGAAATATCCAACCAGTGG
TTCAGTCAGAATATATTTGCAGAAGCCGTGGAAGAAGGAGACTTGGGAAAAGATGACAGTGAAGACGAAATA
GCAAATAAGAAAAAGAGCAAAAATCTGTCTAAACCAGACAAGTCAAAGCAGAAGGCTTCAAAAGCAAGTGTG
TTGTCTGATCAGAGCTTGCCCAATAGCTCCAAGAAGGAAGATGAGTTTGAGGTAGTCCCTGCACCAGCCACA
GATTCTGACTCAGATTCATCCTCTGAAGATGATGTTCATACCAAGGCCGAGATACTGGCATGTGCCAAAARAA
ATGCTGAGGAAGAAGCAGAGAGAACAGATGCTTGATGATGCATATAACAAACACATGTTTGTAGATGAAGGT
TTACCAAAATGGTTTGTGGATGACGAGAAGCAGCACAGACAACCAATGAAACCTGTTACGAAAGATGAAGTT
AATGCAATGAAAGCACAGTTCAAAGAGATCAATGCTCGTCCAGCCAAGAAGGTGGCAGAGGCCAAGGCACGG
AAGAAGCGAGCTGCCCAGAAAAGATTGGAGAAAGTGAGGAAGAAGGCAAACACAATATCTGACACAGCAGAT
ATATCAGACCGTTCAAAGGACAAGATGATAGACAAGCTATACAAGAAAGCAGCAGAGCCAAGAAAGCCAAGG
AAAGAACTGGTTGTGTCTAAGAAAGGAGTTGGGGTTAAAGTTGGTAAGGGACAGAAGAGAGTGGATAGGAGG
ATGAAGAGTGATGATAGGAAACGTGGGGGAGGAAAGCCCGGTAGGAACGGGCAGAAGGGCACTGGTAAAGCA
GGCCAGAAAGGAAAAAGGCCTGCTGGGAAACCTCGGGGAAGGAAACCCGGGTAA

SEQ ID NO 86: Arabidopsis thaliana FtsJ2 translated polypeptide
MGKVKGKHRLDKYYRLAKERGFRSRASYKLLOLDAKYSLLHSAHAVLDLCAAPGGWMOVAVEKVPVGSLVLG
IDLVPILPVRGCVIMTODITRTECKSKIKQVMEQHGVSAFNLVLHDGSPNVGGAWAQEAMSONALVIDSVRL
ATEFLARNGNLVTRKVERSRDYNSVLYCLGRLFEKVEVEFKPPASRSASAETYLVGLKYLAPAKIDPRLLDYRH
LEKESAEPTRKVVDVLGGSKQKRNRDGYEDGESILRRVASAADFIWSENPLDVLGTTTSISEFDDQASLPLKE
HDLTTEEIKILCDDLPVLGKNDEKHILKWRMQIRKALTPEKKEVAKPEPDVGKEDEENEDDKLLNELEELTN
TVDRKKKQAKKILAKRRAKDKARKATGPOMDVLEDGEVDNELFSLNATKGKKDLMAVDNDEDDNGNAVDSEN
EDHGEGASDDSKDSDRDSDEERQKYTEQMEE IFEQAYERYMVKKEGSAKQRKRARQAHAEKLEEGDGDEEMK
IDYDSDMNEEKDEANPLVVPLDDGVVQTKEEISNQWESONIFAEAVEEGDLGKDDSEDEIANKKKSKNLSKP
DKSKQKASKASVLSDQSLPNSSKKEDEFEVVPAPATDSDSDSSSEDDVHTKAETLACAKKMLRKKQREQMLD
DAYNKHMEVDEGLPKWEVDDEKQHRQPMKPVTKDEVNAMKAQFKEINARPAKKVAEAKARKKRAAQKRLEKV
RKKANTISDTADISDRSKDKMIDKLYKKAAEPRKPRKELVVSKKGVGVKVGKGQKRVDRRMKSDDRKRGGGK
PGRNGQKGTGKAGQKGKRPAGKPRGRKPG
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SEQ ID NO 87: Arabidopsis thaliana FtsJ3 nucleic acid sequence At5gl3830
NM 121386
ATGAGTGGGGCAGGTGTACCGGACTTTTTCTACAGAGAAGCTCAACGTCTTGGCTATGTTGCTCGCTCAGCT
TTCAAGCTTCTACAGATTCAAAAACAGTACAAGCTCATCAAACCAGGCTCCTCTGTTCTTGACCTAGGTTGC
GCGCCTGGTGCTTGGCTTCAGGTTGCTTGCCAAAGCTTAGGCCCACTTAGAAGTGGTGGAATTGTCGTTGGT
ATGGATATAAAGAAGGTGAAGGTTCCTCCACAGTGTGATTCTCGAGTGCAAACCATTGCTGCTGATGTTTTA
AACTTTCCCAGACAAAAGATTCGGGAGTTATCACCTCAGCAATTGGGATTTTCAGTCATTCTTTCAGATATG
TGTCACTCAGTATCTGGAATAACCACTAGAGATGCAGCTCTGTCTGCTGAATTGGGAATGCGAGCACTTGAT
TTGGCTGTTGGTCAAGCTGCCATCTCTCAGTCACCTAATGATGATGATGGAGGCCCAAACGAAAGTCGTCCT
GGTGTACTTAGGCATGGTGGCCATCTTGTGATCAAGCTTCTAGAAAGCGAGGATGCTCAAGATTTTGCTCGA
ATTTGCAAGCCTATCTTCAACAAGGCATCTTGGTTGAGGCCAAAAGCTACAAGACCATCATCTCGAGAAATT
TACTTGATTTGCCAGGGATTTCGATAA

SEQ ID NO 88: Arabidopsis thaliana FtsJ3 translated polypeptide
MSGAGVPDFEYREAQRLGYVARSAFKLLOIQKQYKLIKPGSSVLDLGCAPGAWLQVACQSLGPLRSGGIVVG
MDIKKVKVPPQCDSRVQTIAADVLNEFPROKIRELSPOOLGEFSVILSDMCHSVSGITTRDAALSAELGMRALD
LAVGOQAATSQSPNDDDGGPNESRPGVLRHGGHLVIKLLESEDAQDFARTCKPIFNKASWLRPKATRPSSRET
YLICQGFR

SEQ ID NO 89: Oryza sativa FtsJ3 nucleic acid sequence NM 185165
ATGAGCGGCGCGGGCGGCACCGCCGACTTCTTCTACCGCGAGGCGCAGCGCCTCGGCTACGTCGCCCGCTCC
GCGTTCAAGCTGATCCAGATACAGAAGCAGCACAAGCTCATCGCCCCCGGCGCCGCCGTCCTCGALCCTCGGC
TGCGCCCCCGGCGCGTGGCTCCAGGTGGCGTGCCAGAACCTGGGTCCGCTCGAGAAGGGCGGGGTGATCGTC
GGCGTCGATGTCAAGAAGGTGAAGGTTCCATCTGCGCACTGTGACTCGAGGGTCAGGACCGTTTGCGCCGAT
GTGATGGCTCTGATGAAGCAGCAAGCTCGGGCAATGTCGCCACAGGAACGAGGATTCTCTGTAATATTGTCA
GACATGTGCCCAGTAGTTTCTGGAATTACAACCAAAGATGCGGCTATATCTTGCGAGCTGGGCATGCGTGCT
CTTTCATTGGCAGTTGGTAAGATGAAAGCAAAAGATTCAGATTGCATTGCAATTTTAGAGAAGTTTCAGAGC
TCCACTGAGCCAGATCCTGATGAAGATGGCATTCTCCGTCGTGGAGGCAGCCTTGTAATTAAGTTTICTTGAG
AATGAGGATATACCAGGTTTTGGCAAATTTTGCAAAGAGAAGTTCAAGAAAGTGTCCTTATTGAGACCCAAG
GCGACAAGATCTAGTTCGAGGGAGATTTTCATGGTCTGTGAAGGCCGCGGCTTCTCGGTCGCGCCACGCTGG
CATCCACTTTCTCATGGCCCGGCGACGTACGGGACGGGCTCCACGTGTCACGCCGCCGCCCACAGCTTGGETC
GAATTGAGAACTGTTGGGCTTCAAAGAGAGGCTCCCAAGTGCAGTGACCTGAAAGCTCAAGCTCAACCTGCG
GCGTTCGTGCGGATTCCGCGGGGCGCGTCCCTTCCCGCCACCCGCAACGCCGCTGGACTCCACTCCACTCTC
CTCGTCGCTTCGTTGCTGCACATCACCACCCACCGCGGTGGCACTCACTTCTATATTAGCTTAAGCGTGGGG
TGGGAGACGCCGAGGAGGGAGGAGTGCCGCATCCCGGTGGTGCCGCCGCAGTGCCCGGCGCCGCCGAGGAAG
AGGCCGGTGGCGCTGCCGGAGLCTGGGEGAAGGAGCGGCGGGAGCCGCCCAAGGGCGGGETACTTCCAGCCGLCG
GACCTCGAGTCGCTCTTCGTGCTCGCGCCGCCGCGGAGGCAGGCGTCCAGCTGCGCGTAG

SEQ ID NO 90: Oryza sativa FtsJ3 translated polypeptide
MSGAGGTADFFYREAQRLGYVARSAFKLIQIQKQOHKLIAPGAAVLDLGCAPGAWLOVACONLGPLEKGGVIV
GVDVKKVKVPSAHCDSRVRTVCADVMALMKQQARAMSPQERGESVILSDMCPVVSGITTKDAATI SCELGMRA
LSLAVGKMKAKDSDCIAILEKRKFQSSTEPDPDEDGILRRGGSLVIKEFLENEDIPGEGKECKEKFKKVSLLRPK
ATRSSSREIFMVCEGRGFSVAPRWHPLSHGPATYGTGSTCHAAAHSLVELRTVGLOREAPKCSDLKAQAQPA
AFVRIPRGASLPATRNAAGLHSTLLVASLLHITTHRGGTHEYISLSVGWETPRREECRIPVVPPQCPAPPRK
RPVALPELGKERREPPKGGYFQPPDLESLEVLAPPRRQASSCA
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SEQ ID NO 91: Oryza sativa oleosin promoter
GGTCAGCCAATACATTGATCCGTTGCCAATCATGCAAAGTATTTTGGCTGTGGCCGAGTGCCGGAATTGATA
ATTGTGTTCTGACTAAATTAAATGACCAGAAGTCGCTATCTTCCAATGTATCCGAAACCTGGATTAAACAAT
CCTGTTCTGTTCTCTAGCCCCTCCTGCATGGCCGGATTGTTTTTTTGACATGTTTTCTTGACTGAGGCCTGT
TTGTTCTAAACTTTTTCTTCAAACTTTTAACTTTTTCATCACATCAGAACTTTTCTACACACATAAACTTTT
AACTTTTCTGTCACATCGTTCCAATTTCAATCAAACTTTTAATTTTGGCTTGAACTAAACACACCCTGAGTC
TTTTATTGCTCCTCCATACGGGTTGGCTGGTTGAGAATAGGTATTTTCAGAGAGAAAATCTGGATATTGGGA
GGAGGAACTTGGCATGAATGGCCACTATATTTAGAGCAATTCTACGGTCTTTGAGGAGGTACCATGAGGTAC
CAAAATTTTAGTGTAAATTTTAGTATCTTCTTAAGGACCGTAAAATTGCTCCTATATTTAAGGGATGTTTAT
ATCTATCCATATCCATAATTTGATTTTGATAAGAAAAAATGTGAGCACACCAAGCATGTCCATGACCTTGCA
CTCTTGGCTCACTCGTCAACTGTGAAGAACCTAAAAAATGCTCAATATAGCTACAGGTGCCTGAAAAAATAA
CTTTAAAGTTTTGAACATCGATTTCACTAAACAACAATTATTATCTCCCTCTGAAATGTTGCTACCTAAGAT
GATAGTTTAGAACTCTAGAATCATTGTCGGCGGAGAAAGTAAATTATTTTCCCCAAATTTCCAGCTATGARAA
AAACCCTCACCAAACACCATCAAACAAGAGTTCACCAAACCGCCCATGCGGCCATGCTGTCACGCAACGCAC
CGCATTGCCTGATGGCCGCTCGATGCATGCATGCTTCCCCGTGCACATATCCGACAGACGCGCCGTGTCAGC
GAGCTCCTCGACCGACCTGTGTAGCCCATGCARAGCATCCACCCCCGCCACGTACACCCCCTCCTCCTCCCTA
CGTGTCACCGCTCTCTCCACCTATATATGCCCACCTGGCCCCTCTCCTCCCATCTCCACTTCACCCGATCGC
TTCTTCTTCTTCTTCGTTGCATTCATCTTGCTAGC

SEQ ID NO 92: Hordeum vulgare Horvu FtsJ
Atgggcaaggcctccaaagacaagcgggacatatactatcggaaggccaaggaggaggggtggagggctcgce
agcgccttcaagctaatgcagatcgaccaggagttcaacatcttccacggagtgaagcgcgecgttgacctyg
tgcgctgccectgggagctggagceccaggttttgagecgcaatttgtacctgeccggcaaagctatcatctgac
ggcaaagatggcggccttcecctctcatcgtcgcaatcgatctgcageccgatggectcecctatagaaggtgtcata
caagtgcagggcgacatcaccaatgctcgaacagcggaagtggttatcaggcacttcgatggatgcaaagcg
gacttggttgtctgtgatggtgccecctgatgttactgggecttcatgatatggatgagtttgttcagtcccag
cttatattggcggcactgacaattgtgactcatgtactcaaagttggtggaaaatttgttgcgaagattttc
cggggtaaagatacaagtctcctgtattgccagttaaagttgttcttctcacaagttacatttgcaaagcca
aaaagcagccgtaactcaagtatcgaggcatttgcagtttgcgagaactactcacctccagagggcttcaaa
gagaaagacttgtatcacctgctggagaaagtgggaactccttctggggctgatgatttagattgeccgaage
ggatggttggagggaccaaacaaggtctacattccgtttctggcttgecggtgacctcagecggttatgattcg
gaccgttcataccccctcecccgagcacagaaggtggcacctaccagagcecctagatccagtceccagectceccatce
gcgccgccatacaaaactgcgttggagatgaagaaggcgtctagccacggcgecggcgecagatactagcaaa
tcatatgtcgacccc

SEQ ID NO 93: Hordeum vulgare Horvu FtsJ
MGKASKDKRDIYYRKAKEEGWRARSAFKLMQIDQEFNIFHGVKRAVDLCAAPGSWSQVLSRNLYLPAKLSSD
GKDGGLPLIVAIDLOQPMAPIEGVIQVQOGDITNARTAEVVIRHFDGCKADLVVCDGAPDVTGLHDMDEEVQSQ
LILAALTIVTHVLKVGGKEFVAKIFRGKDTSLLYCQLKLEFSQVTFAKPKSSRNSSIEAFAVCENYSPPEGEK
EKDLYHLLERKVGTPSGADDLDCRSGWLEGPNKVYIPFLACGDLSGYDSDRSYPLPSTEGGTYQSLDPVQPPI
APPYKTALEMKKASSHGAGADTSKSYVDP
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SEQ ID NO 94: Sorghum bicolor Sorbi FtsJ
gcacgagggcccagtgggctcaaaacacttggcggcgccacctcgecectectecgactactegetegetegt
cccgcceccgtettecgececcceccecgecteccgecccecgecgeccttggetcecgecaccagegecacctegecctecte
cgactactcgctcgctcgtcccgeccecgtecttececgectecgecteccgecgecgecgeccttggttegectea
tcgtcgtcgccatgggcaaggcctccaaggacaagagagacatctactaccggaaggccaaagaggagggat
ggagagctcgcagcgccttcaagctcctccaaatagaccaggagttcaacatctteccatggagtgaagecgeg
tggttgatctgtgtgctgctcccggaagectggagecaggttttgagecggaacttgtatgtaccagcaaaac
agtctcctgattgcaaggaaggtgaccttcctctcatcgttgcaattgacttgcaaccaatggecceccgatag
aaggtgttatacaagtgcagggtgacatcaccaatgctcggacagcggaagtggttattaggcattttgatg
gatgcaaagcagacttggttgtttgcgatggagctccggatgttactggecttcatgatatggacgaatttg
ttcagtcccagcttatacttgcggcattgactatcgtgactcatgtactcaaagttggtggaaaatttgtcg
caaagatatttcggggtaaagatacaagtctcctgtactgccagctaaaactgttcttctcacaagttacat
ttgcgaagccaaaaagtagccggaactcaagcattgaggcatttgcagtttgtgagaactattcacctceccag
aagggttcaaggaggaagatctataccacctgctagagaaagtagggactccttcaggagttgacgatttag
attgcagaagcggatggctcgagggaccaaacaaggtgtatatccecgttecttgectgtggggatctcagtyg
gctacgactccgaccgctcatacccgcectcecccaatcacagacggtggctcecctaccggagecttggacccececgtece
agcctcccatcgceccccecgcecttacaaaaccgeccttcagatgaagaaggcecctccageccacagecgeccagcaggyg
acgccatgaaaccatccacagactcttgagctgcaacctgggccagectgaacccccaggcgatgatgtttyg
tcccacactggtagcatcgctgggtcctggacctggectctcectectgagectegtctattaaaaaggaaaaag
aaaatttgggaacattttgtgtcgaggtgggacattttgtggtagttttgagctgtggctccgcagcatgta
cctgatcactactgattacgcagagatcctgcttgtgtccttgtge

SEQ ID NO 95: Sorghum bicolor Sorbi_ FtsJ
MGKRKASKDKRDIYYRRKAREEGWRARSAFKLLOIDQEFNIFHGVKRVVDLCAAPGSWSQVLSRNLYVPAKQSPD
CKEGDLPLIVAIDLOPMAPIEGVIQVQGDITNARTAEVVIRHFDGCKADLVVCDGAPDVTGLHDMDEEVQSQ
LITLAALTIVTHVLRVGGKEVAKIFRGKDTSLLYCQLKLEFEFSQVTFAKPKSSRNSSIEAFAVCENYSPPEGEFK
EEDLYHLLEKVGTPSGVDDLDCRSGWLEGPNKVYIPFLACGDLSGYDSDRSYPLPITDGGSYRSLDPVQPPT
APPYKTALOMKKASSHSASRDAMKPSTDS

SEQ ID NO 96: Brassica napus Brana_ FtsJ

Atgggaaaagcttctcgggataaaagggatatatactatcggaaagccaaagaagaagggtggcgtgcaaga
agtgcctttaagcttcttcagattgatgaggagttcaacatttttcaaggagtgaagagggttgtagattta
tgtgctgcacctggtagctggagtcaggttctgagtcgtcaactgtatcttcecctgcaaagtattcagectgag
tcaaaagaagaagatcttcctcecttattgtggccatagatttgcagecctatggctccaatcgaaggtgtaatce
caagttcaaggggacataactaatgctcggactgccgaagtggtcattagacattttgacggttgcaaggct
gacctggttgtgtgtgatggtgctccagatgttaccggtttgcatgacatggatgaatttgtccagtcccaa
ctcatactagcgggcttaacgattgtaacccatattcttaaagaaggtggaaaattcattgcaaagatattc
cgtggaaaagatacaagtctcttgtactgtcagctgaagttgtttttcccaactgtgacttttgcgaaacct
aaaagcagccgcaattctagtatagaagcttttgctgtctgcgaaaattactccccaccagaaggatttaac
ccgagagatctgcatcttctcttggagaaagtcggaagecccttcaggtggaagcgatctcgattgcagtagt
ggttggctcgagggacccaacaaagtttatattccattcttggcatgtggtgacttaagcggttatgactcyg
gaccggtcttacccactcccaaaagaggcagatggatcgtcataccgaagcectggacccgattcagectcecg
atcgcaccgccttataaacgagctattgagctcaagaaagcttcagcacaaagcctcaactcttaaagctag
gctcgataacaataataatgctaaacaaagacacagaaagaagtttttcattcgattcttagaaggctgtag
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SEQ ID NO 97: Brassica napus Brana_ FtsJ
MGKRKASRDKRDIYYRKAKEEGWRARSAFKLLOIDEEFNIFQGVKRVVDLCAAPGSWSQVLSROLYLPAKYSAE
SKEEDLPLIVAIDLOPMAPIEGVIQVQGDITNARTAEVVIRHEFDGCKADLVVCDGAPDVTGLHDMDEEVQSQ
LITLAGLTIVTHILKEGGKFIAKTIFRGKDTSLLYCQLKLFFPTVTFAKPKSSRNSSIEAFAVCENYSPPEGEN
PRDLHLLLEKVGSPSGGSDLDCSSGWLEGPNKVYIPFLACGDLSGYDSDRSYPLPKEADGSSYRSLDPIQPP
IAPPYKRAIELKKASAQSLNS

SEQ ID NO 98: Glycine max Glyma FtsJ
gagaagcaaacaaaccctagcgcagagaagagatattcttcttcecgcagaatcattgcagttgcecgagcaggcece
gaagaaacctaacctgcattcgaaaatcagcccccttggaaatcccaacactagtgtggtacctgtgcetcga
cgattgggtgttcaaggggaattagcttcgtctcgcagaacttcaacgcatcattcgtgaccttcgcaaacyg
cggggtttgttcttatttggttttgccagttgttgccatcaggggtttgtttctgaaatttgtggcagggca
agtgagcgataaaccatggggagagcttcaagggataagagggatatctattaccggaaagcaaaagaagaa
ggttggcgagctcgaagtgcgtttaaactccttcagatagacgaggaattcaacctttttgatggagtgaag
cgtgttgtagatttatgtgctgccccaggtagctggagtcaggttttgagtcgtaaattgtatctcecccagec
aagcttgcacctgatgcaaaggatgaaaatcttcctcttattgtagctattgatttgcaaccaatggctcceca
attgaaggtgtcatccaggtgcagggtgatataactaacgctcggacagctgaagtggtcattagacatttt
gatggttgcaaggctgacctagttgtgtgtgatggtgcgecctgatgttactggeccttcatgacatggatgaa
tttgtacaatcccaactcttacttgcagggttgacaattgttactcatgtacttaaggaaggagggaagttt
attgcaaagatatttagaggaaaggacacaagccttctatattgtcagctaaaattatttttccectgtagtyg
acgttcgcaaaaccaaaaagcagccgtaattccagcatagaggcatttgcagtttgtgaaaactattcccecct
cctgaaggattcaatccaaaagatcttcatcgceccttcecttgagaaggttggaagtccctcaggggtagatgat
acagattgttgtagtggttggctggaaggccctaataaggtgtatatcccatttctagettgtggtgaccte
agtgggtatgattctgatcgctcatatccactacctaaagttgccgggggaacatatcagagcttggatcct
gtgcagccccectattgceccccaccttacaagagagctttggagttaaaaaaagcttccagtcaaggattcecegt
gaacttgaaaacctctcattggattcttgatcgtgctatgcactgtttattcatcatgtcgtttggaatttt
agtttttgttacaatgatatgatttgtgttttgataattattagcgtacgtgtgaactttaacacttttttce
tcttgtaccatcattgcatgcctagcgagtecttttgttatcgcaattttttgaaatgaatacaactatttta
taaaaa

SEQ ID NO 99: Glycine max Glyma FtsJ
MGRASRDKRDIYYRKAKEEGWRARSAFKLLOIDEEFNLEDGVKRVVDLCAAPGSWSQVLSRKLYLPAKLAPD
AKDENLPLIVAIDLOPMAPIEGVIQVQGDITNARTAEVVIRHEDGCKADLVVCDGAPDVTGLHDMDEEVQSQ
LLLAGLTIVTHVLKEGGKFIAKTIFRGKDTSLLYCQLKLFFPVVTFAKPKSSRNSSIEAFAVCENYSPPEGEN
PKDLHRLLEKVGSPSGVDDTDCCSGWLEGPNKVYIPFLACGDLSGYDSDRSYPLPKVAGGTYQSLDPVQPPI
APPYKRALELKKASSQGFRELENLSLDS

SEQ ID NO 100: Zea mays Zeama_FtsJ

Ccacgtcctceccteccggcectactecgcectegtteccgeccecggecgteccecgecctcagecgecgecgtecgeccectee
ctcggttcgcecctcecgtcecgtecgtcatgggcaaggecctccaaggacaagagggacatctactaccggaaggceccaa
agaggaaggctggagagctcgcagcgccttcaagctcecctceccagatagaccaggagttcaacatcttceccatgg
agtgaagcatgtggttgacctgtgtgctgctcccggaagttggagccaggttttgageccggaacctgtatgt
accagcaaaacagtcttctgattgcaaggaaggtgatcttcecctctcatcgtcecgcaattgacttgcaaccaat
ggccccaatagaaggtgttatacaagtgcagggcgacatcaccaatgctcggacagcagacgtggttattag
gcattttgatggatgcaaagcagacttggttgtttgcgatggagcceccggatgttactggeccttcatgatat
ggatgaatttgttcagtcccagcttatactcgcggcattggctatcgtgactcatgtactcaaagttggtgg
aaaatttgtggcgaagatatttcggggtaaagatacaagtctcctgtactgccagctaaaactgttcttcte
gcaagttacgttcgccaagccaaaaagtagccggaactcaagcatcgaggcgtttgecggtctgtgagaacta
ctcacctcctgaagggttcaaggaggaagacctataccacctgctagagaaagtgggtactccctcaggagce

FIGURE 7 (continued)



WO 2009/003977 PCT/EP2008/058370
50/143

tggcgatctagattgcagaagcggatggctggagggaccaaacaaggtgtacatcccecgttcecctggectgcegyg
ggatctcagcggctacgactccgaccgctcgtacccgcectgcecccagcagcacggacggtggcectegtaccggag
cctggaccccgtgcagcectcecceccatcgecccgecttacaagaccgecctgcagatgaagaaggcttceccageca
cggcgccggcgcggacgceccatcaagccgteccgcagactecctgageccgcagaccgtttecgtttaccaccttyg
cgcggtggaagttgctttcgctgggtcecctggacctggctctctagtctcetectctacagaaacagaaccttceca
tctacgaaactaaaaaaaaaggaaaaaggattggaaaaaaaaaaaaaaa

SEQ ID NO 10l1: Zea mays Zeama_FtsJ
MGKASKDKRDIYYRKAKEEGWRARSAFKLLOIDQEFNIFHGVKHVVDLCAAPGSWSQVLSRNLYVPAKQSSD
CKEGDLPLIVAIDLOQPMAPIEGVIQVQOGDITNARTADVVIRHFDGCKADLVVCDGAPDVTGLHDMDEEVQSQ
LILAALATVTHVLKVGGKEFVAKIFRGKDTSLLYCQLKLFFSQVTFAKPKSSRNSSIEAFAVCENYSPPEGEK
EEDLYHLLEKVGTPSGAGDLDCRSGWLEGPNKVYIPFLACGDLSGYDSDRSYPLPSSTDGGSYRSLDPVQPP
IAPPYKTALOMKKASSHGAGADATIKPSADS

SEQ ID NO 102: Tagetes erecta Tager FtsJ partial
aaagcaaaagaagaaggttggcgtgcacgaagtgcgtttaagctccttcaaattgatgaggagtttaacatce
tttgaaggagtgaagcgtgtggtcgatttatgcgcagcacctggtagectggagtcaggttttaagtcgtaag
ctgtatctcccagctaaacagtcatctgaccttccgcecttatcecgtggctattgatttacaacccatggcectcca
attgaaggtgtgatccaagttcaaggagatattacaaatgctagaaccgctgaagtggttattagacatttt
gacggatgcaaggctgacctagttgtctgtgacggtgctcctgatgtaactggacttcatgacatggacgaa
tttgttcagtcacaactgatattggcggggttgacaattgtcactcacattctcaagaaaggtggaaagttt
attgcaaagatcttcaggggaaaggatacgagcctcttatattgtcagctaaaactatttttcacagaggtt
acgcttgcaaaaccaaaaagtagtcgaaattcaagcatagaggcatttgctgtttgtgagaattatacacct
ccagaaggattcaatgaaaaagatttgcatcgcctcctagagaaggtcggaactccatctggtgcagacaat
ttagattgtagtagtggatggttagaagggccaaacaaggtttatataccatttcttgecttgtggggacctt
agtggttatgac

SEQ ID NO 103: Tagetes erecta Tager FtsJ partial
KAKEEGWRARSAFKLLQIDEEFNIFEGVKRVVDLCAAPGSWSQVLSRKLYLPAKQSSDLPLIVATIDLQPMAP
IEGVIQVQGDITNARTAEVVIRHEFDGCKADLVVCDGAPDVTGLHDMDEEFVQSQLILAGLTIVTHILKKGGKE
TAKIFRGKDTSLLYCQLKLFEFTEVTLAKPKSSRNSSIEAFAVCENYTPPEGENEKDLHRLLEKVGTPSGADN
LDCSSGWLEGPNKVYIPFLACGDLSGYD
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SEQ ID NO: 104, Arabidopsis thaliana bHLH4 nucleic acid sequence
ATGGCTCCGACGAATGTTCAAGTAACCGATTACCATCTCAACCAATCAAAAACGGATACAACAAATCTCTGG
TCAACCGACGACGATGCATCGGTAATGGAAGCTTTCATCGGCGGCGGCTCCGATCATTCTTCTCTTTTTCCT
CCACTTCCTCCTCCTCCTCTTCCTCAAGTCAACGAAGATAATCTCCAGCAACGTCTCCAAGCTTTAATCGAA
GGAGCAAACGAGAACTGGACTTACGCCGTGTTCTGGCAATCATCTCACGGTTTCGCCGGAGAAGACAACAAC
AACAACAACACAGTGTTGTTAGGTTGGGGAGATGGTTATTACAAAGGAGAAGAAGAGAAGTCTAGAAAGAAG
AAATCAAATCCAGCTAGTGCAGCTGAACAAGAGCATCGTAAGAGAGTGATTAGAGAGCTCAACTCTTTAATC
TCCGGTGGTGTAGGAGGAGGAGATGAAGCTGGAGATGAAGAAGTTACAGATACTGAATGGTTCTTCTTAGTT
TCAATGACACAGAGCTTTGTCAAGGGTACTGGTTTACCTGGTCAAGCTTTCTCAAATTCAGACACGATTTGG
TTATCTGGTTCTAATGCTTTAGCTGGATCAAGTTGTGAGAGAGCTCGTCAAGGTCAGATTTATGGGTTACAA
ACAATGGTGTGTGTAGCGACAGAGAATGGTGTCGTTGAGCTTGGTTCGTCGGAGATTATTCATCAAAGTTCA
GATCTTGTTGATAAAGTTGACACCTTTTTCAATTTTAACAATGGTGGTGGTGAATTTGGTTCTTGGGCGTTT
AATTTGAATCCAGATCAAGGAGAGAATGATCCAGGTTTGTGGATTAGTGAACCTAATGGTGTTGACTCTGGT
CTTGTAGCTGCTCCGGTGATGAATAATGGTGGAAATGACTCAACTTCTAATTCTGATTCTCAACCAATTTCT
AAGCTTTGTAATGGAAGCTCTGTTGAAAACCCTAACCCTAAAGTTCTGAAATCTTGTGAAATGGTGAATTTC
AAGAATGGGATTGAGAATGGTCAAGAAGAAGATAGTAGTAATAAGAAGAGATCACCGGTTTCGAATAATGAA
GAAGGGATGCTTTCTTTTACCTCTGTTCTTCCATGTGACTCGAATCACTCTGATCTTGAAGCTTCAGTGGCT
AAAGAAGCTGAGAGTAACAGAGTTGTGGTTGAACCGGAGAAGAAACCGAGGAAACGAGGGAGAAAACCGGLG
AATGGAAGAGAAGAGCCTTTGAATCATGTAGAGGCAGAGAGACAGAGAAGAGAGAAGTTGAATCAGAGATTC
TATTCTTTAAGAGCTGTGGTTCCTAATGTGTCTAAGATGGATAAAGCTTCTCTATTAGGAGATGCTATTTCG
TATATCAGTGAGCTTAAGTCTAAGTTGCAAAAGGCTGAATCTGATAAAGAAGAGTTGCAGAAGCAGATTGAT
GTGATGAATAAAGAAGCGGGAAATGCGAAAAGTTCGGTAAAAGATCGAAAATGTTTGAATCAAGAATCGAGT
GTGTTGATAGAGATGGAGGTTGATGTGAAGATTATTGGTTGGGATGCAATGATAAGGATTCAATGTAGTAAG
AGGAATCATCCTGGTGCTAAGTTCATGGAAGCACTTAAGGAGTTGGATTTGGAAGTGAATCATGCGAGTTTA
TCGGTAGTGAATGATCTTATGATCCAACAAGCGACTGTGAAAATGGGGAATCAGTTTTTCACGCAAGATCAA
CTCAAGGTTGCTCTAACGGAGAAAGTTGGAGAATGTCCATGA

SEQ ID NO: 105, Arabidopsis thaliana bHLH4 polypeptide sequence
MAPTNVQVTDYHLNQSKTDTTNLWSTDDDASVMEAFIGGGSDHSSLEPPLPPPPLPOQVNEDNLOOQRLOALTE
GANENWTYAVEFWQSSHGFAGEDNNNNNTVLLGWGDGYYKGEEEKSRKKKSNPASAAEQEHRKRVIRELNSLT
SGGVGGGDEAGDEEVTDTEWEFFLVSMTQSEVKGTGLPGQAFSNSDTIWLSGSNALAGSSCERARQGQIYGLQ
TMVCVATENGVVELGSSETI THQSSDLVDKVDTEFENENNGGGEFGSWAEFNLNPDQGENDPGLWISEPNGVDSG
LVAAPVMNNGGNDSTSNSDSQPTI SKLCNGSSVENPNPRVLKSCEMVNEFKNGIENGOQEEDSSNKKRSPVSNNE
EGMLSEFTSVLPCDSNHSDLEASVAKEAESNRVVVEPEKKPRKRGRKPANGREEPLNHVEAERQRREKLNQRF
YSLRAVVPNVSKMDKASLLGDAISYISELKSKLOKAESDKEELQKQIDVMNKEAGNAKSSVKDRKCLNQESS
VLIEMEVDVKIIGWDAMIRIQCSKRNHPGAKFMEALKELDLEVNHASLSVVNDLMIQQATVEKMGNQEFETQODQ
LRKVALTERVGECP

SEQ ID NO: 106, Oryza sativa HMGB promoter
CATGCGGCTAATGTAGATGCTCACTGCGCTAGTAGTAAGGTACTCCAGTACATTATGGAATATACAAAGCTG
TAATACTCGTATCAGCAAGAGAGAGGCACACAAGTTGTAGCAGTAGCACAGGATTAGAAAAACGGGACGACA
AATAGTAATGGAAAAACAAAAAAAAACAAGGAAACACATGGCAATATAAATGGAGAAATCACAAGAGGAACA
GAATCCGGGCAATACGCTGCGAAAGTACTCGTACGTAAAAAARAAGAGGCGCATTCATGTGTGGACAGCGETGC
AGCAGAAGCAGGGATTTGAAACCACTCAAATCCACCACTGCAAACCTTCAAACGAGGCCATGGTTTGAAGCA
TAGAAAGCACAGGTAAGAAGCACAACGCCCTCGCTCTCCACCCTCCCACCCAATCGCGACGCACCTCGCGGA
TCGGTGACGTGGCCTCGCCCCCCAAAAATA

FIGURE 9



WO 2009/003977 PCT/EP2008/058370
53/143

TCCCGCGGCGTGAAGCTGACACCCCGGGCCCACCCACCTGTCACGTTGGCACATGTTGGTTATGGTTCCCGG
CCGCACCAAAATATCAACGCGGCGCGGCCCAAAATTTCCAAAATCCCGCCCAAGCCCCTGGCGCGETGCCGCT
CTTCCACCCAGGTCCCTCTCGTAATCCATAATGGCGTGTGTACCCTCGGCTGGTTGTACGTGGGCGGGTTAC
CCTGGGGGTGTGGGTGGATGACGGGTGGGCCCGGAGGAGGTCCGGCCCCGCGCGETCATCGCGGEGGCEGEGEETG
TAGCGGGTGCGAAAAGGAGGCGATCGGTACGAAAATTCAAATTAGGAGGTGGGGGGCGGGGCCCTTGGAGAA
TAAGCGGAATCGCAGATATGCCCCTGACTTGGCTTGGCTCCTCTTCTTCTTATCCCTTGTCCTCGCAACCCC
GCTTCCTTCTCTCCTICTCCTCTTCTCTTCTCTTCTCTGGTGGTGTGGGTGTGTCCCTGTCTCCCCTCTCCTT
CCTCCTCTCCTTTCCCCTCCTCTCTTCCCCCCTCTCACAAGAGAGAGAGCGCCAGACTCTCCCCAGGTGAGG
TGAGACCAGTCTTTTTGCTCGATTCGACGCGCCTTTCACGCCGCCTCGCGCGGATCTGACCGCTTCCCTCGG
CCTTCTCGCAGGATTCAGCC

SEQ ID NO: 107, prm06763
GGGGACAAGTTTGTACAAAAAAGCAGGCTTAAACAATGGCTCCGACGAATGTT

SEQ ID NO: 108, prm06764
GGGGACCACTTTGTACAAGAAAGCTGGGTTGCTGACTTCAATTCATGGAC

SEQ ID NO 109: Arabidopsis thaliana bHLH4 II nucleic acid sequence
atgaacggcacaacatcatcaatcaacttcttgacctccgacgatgacgcecgtcggecggeggectatggaagcet
ttcattggaacaaaccaccactcatctctctttcctccaccaccacaacaaccacctcagecctcagttcaac
gaagatactcttcaacaacgtctccaagctttaatagaatccgeccggagaaaactggacttacgctatctte
tggcagatctcacacgacttcgattcatccaccggagataacacagtgatcctcggctggggagatggttac
tacaaaggagaggaagataaagagaagaagaagaacaacaccaacacggcggagcaagagcatcggaaaaga
gtaatacgtgagcttaactcgttaatctccggcggaattggggtttccgatgaatcaaacgatgaagaagta
acagatactgaatggttcttcttagtttcgatgactcaaagcttcgttaacggtgttggtctcccecggagaa
tctttcttaaactctegtgtgatttggttatccgggtctggtgetttaaccgggtecgggttgtgaaagageg
ggtcaaggtcagatttacgggttaaagacgatggtgtgtatcgcgactcaaaacggcgtcgttgagecttggt
tcgtcggaggttataagtcaaagctcagatctgatgcataaagttaacaacttgtttaatttcaacaacggt
ggtggaaacaatggtgttgaagcttcttcgtggggttttaatctgaatccagatcaaggagagaatgatcca
gctttgtggattagtgaaccgacgaacaccggaatcgaatctccggecgagggttaataatggtaataactcg
aattctaattctaagtctgattctcatcaaatttctaagcttgagaagaatgatattagctctgtagagaat
cagaatcgtcaaagttcgtgtcttgtcgagaaagatttgacctttcaaggtgggttgttgaaatctaatgag
actttgagtttctgtggtaatgagagtagtaagaagagaacttcggtatctaaagggagtaataatgatgaa
gggatgctttcgtttagtactgtggttagatcagctgcgaatgattcggatcattctgatcttgaagcatct
gttgttaaggaagcgattgttgttgagccaccggagaagaagccgaggaaacgggggaggaaaccggcecgaat
gggagagaagagccgttgaatcatgttgaagcagagaggcagagaagagagaagttaaaccagagattctac
tctttgagagctgttgttcctaacgtttcgaagatggataaagcttecgettectcggagacgecgatttegtat
atcaatgagcttaagtcgaagctgcagcaagcggagtctgataaagaggagattcagaagaagctagatggg
atgagtaaggaagggaataatgggaaaggttgcgggtcaagggcaaaagaacggaaaagttcgaatcaagat
tctacggcgagttctatagaaatggagattgatgttaagatcataggttgggatgtgatgatacgtgtacaa
tgcggcaagaaagatcatcccggtgctaggttcatggaagcacttaaggaattggatttggaagtgaatcat
gcgagtttatccgttgtgaatgatttgatgattcaacaagctacggtgaagatggggagccaatttttcaat
catgaccagctcaaagttgctttgatgacgaaagtcggagaaaactattga
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SEQ ID NO 110: Arabidopsis thaliana bHLH4 II translated polypeptide
sequence
Mngttssinfltsdddasaaameafigtnhhsslfppppagppgpgfnedtlqgrlgaliesagenwtyaif
wgishdfdsstgdntvilgwgdgyykgeedkekkknntntaegehrkrvirelnslisggigvsdesndeev
tdtewfflvsmtgsfvngvglpgesflnsrviwlsgsgaltgsgceraggggiyvglktmvciatgngvvelg
ssevisgssdlmhkvnnlfnfnngggnngveasswgfnlnpdggendpalwiseptntgiesparvnngnns
nsnsksdshgisklekndissvengnrgssclvekdltfgggllksnetlsfcgnesskkrtsvskgsnnde
gmlsfstvvrsaandsdhsdleasvvkeaivveppekkprkrgrkpangreeplnhveaergrreklngrfy
slravvpnvskmdkasllgdaisyinelksklggaesdkeeigkkldgmskegnngkgcgsrakerkssngd
stassiemeidvkiigwdvmirvgcgkkdhpgarfmealkeldlevnhaslsvvndlmiggatvkmgsgffn
hdglkvalmtkvgeny

SEQ ID NO 1l11: Brassica napus bHLH4 II nucleic acid sequence EF423803
atgacggagccgacgatgaatctctggaccaccgacgataacgcctctatgatggaagctttcatgagctcece
tcctccgacatctcagecttatggeccaccggtaacgacgacggcaacggecgtcgactacagectccggecaccyg
gcgggattcaacgaggagactctacagcaaaggctacaagcactgattgaagggacgaacgaaggctggacc
tacgctatattctggcagccgtcgtacgacttcteccggtgecteccgtgetcggatggggecgatggttattac
aaaggagaagaagacaaggcaaagcccagacagagaacgtctccaccgceccecgttttcaactccggeggatcag
gagtatcgtaagaaggtgttgcgtgagctcaactcgttgatctccggecggaggtggteccgacggatgatgcece
gtcgatgaagaggtgacggatacggagtggtttttcttggtttcgatgacgcagagcttecgettgeggttcet
gggttggcgggtaaggcgttctcgacgggtaacgcagtttgggtttatgggtcggatcagttaaccgggtcg
ggttgtgagcgggcgaagcaaggaggagtgtttgggatgcagaccatcgegtgtatteccttecggecgaacggyg
gttgttgaactcgggccaacggagcagatccgacagagttcggatcttatgaacaaggtacgagtactttte
aatttcaacggtggcgctggagatttatcgtgtcttaactggaatcttgacccggatcaaggcgagaacgat
ccgtctatgtggattaacgacccgattggagtacccgagcagggtaacggagctceccgagetctageteccag
ctttttgccaagtcgatccagtttgagaatggtggtagttcaagcaccatcatcgaaaacccgaatccggat
ccagctccagctccgagcecccggttcattcccagacccagaatccgaaattcagcaacaatttctcececgecgaa
ttaaatttctccacgtcgagcaccaccttggtgaaaccaagacccgcecgagatattgagecttcggegatgag
ggtaaacggagctccgtgaacccggatccgagttcecttattecgggtcagactcagttcgagaataagagaaag
aagtccataggtatgagcgatgacaaggttctaactttcggaaccggcggaggagaatccgatcactccgat
ctagaagcctccgtcgtgaaagagataccggagaaacgtcccaagaaacgtggaagaaaaccggceccaacggt
agagaagagccgcttaaccacgtcgaagcagagagacagagacgcgagaaactaaaccagcgattctacgeg
ttacgtgcggttgtaccaaacgtctcgaaaatggataaagcttctttgctcggagacgecgattgcttacatce
aacgagctgaagtctaaggtgaccaagacggaatctgagaaaactcagatcaaaacccagctcgaggaagtyg
aaaatggagctcgccggaagaaaagcaagcgccggtggagatctatcatectettgetegttgacagecgatce
aaacccgtggggatggagatcgaggtgaagattatcggttgggatgecgatgataagggtggaatcgagcaag
aggaatcatccggcagcgaggttgatgtcggecgttgatggatctagagcttgaggtgaatcacgcgagtatg
tcggtggttaacgatctgatgatacagcaagcgacggtgaagatgggattcagaatatacacgcaggaacag
ctccgggcgagtttaatctcaaagattggttaa

SEQ ID NO 112: Brassica napus bHLH4 II translated polypeptide sequence
Mteptmnlwttddnasmmeafmssssdisalwppvtttatasttapapagfneetlggrlgaliegtnegwt
vaifwgpsydfsgasvlgwgdgyykgeedkakprgrtspppfstpadgeyrkkvlirelnslisggggptdda
vdeevtdtewfflvsmtgsfacgsglagkafstgnavwvygsdgltgsgcerakgggvigmgtiacipsang
vvelgptegirgssdlmnkvrvlfnfnggagdlsclnwnldpdggendpsmwindpigvpegqgngapssssq
lfaksigfenggssstiienpnpdpapapspvhsgtgnpkfsnnfsrelnfstssttlvkprpaeilsfgde
gkrssvnpdpssysggtgfenkrkksigmsddkvltfgtgggesdhsdleasvvkeipekrpkkrgrkpang
reeplnhveaerqgrreklngrfyalravvpnvskmdkasllgdaiayinelkskvtktesektgiktgleev
kmelagrkasaggdlssscsltaikpvgmeievkiigwdamirvesskrnhpaarlmsalmdlelevnhasm
svvndlmiggatvkmgfriyvtgeglrasliskig
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SEQ ID NO 113: Lotus japonicus bHLH4 nucleic acid sequence AP005602
atgaatctctggagcgacgacaactcctccgtcatggaggcecttcatgacctectcecgacttatcecteegte
tggccaccagcgccgcectcectecctctcaatcectecgtcecgecgtcecctcaaccaggacactctccagcaacge
ctccaggccctaatcgaaggcgcaagagagacctggacctacgccattttctggcaaccttcectacgactac
tccggcacctcectectecggetggggecgacggttactacaaaggcgaagaggacaaagccaaggcaaaagcea
aaagccaaagccaaagccacctcctceccgctgaacaagaacaccgceccggaaggtgettegtgacttgaattcece
ctcatctccggttcecctcececgcecceccecegcettectgatgacgectgtcgacgaagaggtcaccgacacggaatggttce
ttccttgtttccatgacccagtcecgtttgtcaacggcggecgggctagetggtcaggegtatttcaactceccacce
cctgtttgggtcgccggegectgatcgectecgcagecteccgectgcgagagggeccaggcaggggecagetcectte
ggaatccagacgctcgtctgcecgtgceccgtctgcaaacggcgtcgttgaactcggatccactgagectgatttac
cagaactccgatctgatgaacaaggtgaaggtgctgttcaatttcagcaacagcaacctcgatttgggttct
tcctggacattgggttccaccaccaccgccgagaatgacccttcecgecctcectggetcgecgacceccgaccct
gacggcagagattccgtcagcaccgtcgctcecccaccaccgcttecgtttecgattcccageccaccacaacaac
gatcagagcattgcgaagacgttgcagttcgaaacccctgtttcgagtaccttgactgaaaccccgagtgcet
gttaatctcacaaaccagccatcgcagaaccagagaaaccagagcagcttcttcteccagggagatgaattte
tccgagtacagtttcgatgcgaagaacggcagcagtaaccaccagcatctgaagccggaatccggtgagatt
ctgagcttcggtgacagcaagagaacccccaatttecttcectcececggeccagtecgecagttegtteccggetgtecgag
gagaacaacaacgggaagaagaggtcaccgaattcgagaagcagcaacgacgacgggatgctttcattcacc
tccggcgtgattctcececgtcecctcgaatttgaaatcectceccaccggecggecggecgattecggagcattcagatcectyg
gaagcttcggtggtgaaggaagccgacagcagcaggttggtggagccggagaagcgacctaggaagaggggyg
aggaaaccggcgaacggcagagaggaaccgttgaaccacgttgaagcagagaggcagaggagggagaagctt
aaccagagattctacgcgcttcgecgecggtggttccgaacgtgtcgaagatggacaaagcttcactgcectagga
gacgctatatcctacatcacggagctgaagaccaagcttcagagttcagaatcggataaaactgggttgcag
aagcaatttgatgcgatgaagaaggagctggagaaaaccagtgaacagtcttcttctccaactccacctccea
cctaacaagaacaagtccttctcctcatcctcecctectcecttceccaatcagattctagtggaggacattgacgtyg
aagatcattgggtgggatgcaatgataagggtccaatgcagcaagaagaaccacccggceccgegattttgatyg
gcggcgttgatggagctggaccttgaggtgaaccatgctagtgtgtcagtggtgaatgataccatgatccag
caagcaacagtgaagatgggaagccgcttttacactcaggagcagcttcgatcagcactctcttccaaattt
ggggatgctccttag

SEQ ID NO 114: Lotus japonicus bHLH4 translated polypeptide sequence

Mnlwsddnssvmeafmtssdlssvwppappppsgssvavlingdtlggrlgaliegaretwtyaifwgpsydy
sgtsllgwgdgyykgeedkakakakakakatssaegehrrkvlrdlnslisgssapasddavdeevtdtewt
flvsmtgsfvnggglaggayfnstpvwvagadrlaasacerarqgglfgigtlvcvpsangvvelgsteliy
gnsdlmnkvkvlfnfsnsnldlgsswtlgstttaendpsalwladpdpdgrdsvstvapttasvsipshhnn
dgsiaktlgfetpvsstltetpsavnltngpsqngrngssffsremnfseysfdakngssnhghlkpesgei
lsfgdskrtpnffsggsgfvpaveennngkkrspnsrssnddgmlsftsgvilpssnlksstgggdsehsdl
easvvkeadssrlvepekrprkrgrkpangreeplnhveaergrreklngrfyalravvpnvskmdkasllg
daisyitelktklgssesdktglgkgfdamkkelektsegsssptppppnknksfsssssssngilvedidyv
kiigwdamirvgcskknhpaailmaalmeldlevnhasvsvvndtmiggatvkmgsrfytgeglrsalsskf

gdap

SEQ ID NO 115: Lycopersicon esculentum bHLH4 nucleic acid sequence

Atgactgaatacagcttgcccaccatgaatttgtggaacaatagtactagcgatgataacgtttctatgatg
gaagcttttatgtcttctgatctttctttttgggctactaataattctacttctgectgectgecggttggtgte
aattcaaatcttcctcatgctagtagtaatactccecctctgtttttgcaccatcttettctacatctgecatcet
actttatccgcagctgcgactgtggatgcttccaaatctatgcecgtttttcaaccaagaaacccttcagecag
cgtcttcaagctcttattgatggtgctagagagacgtggacttatgctatcttttggcaatcgtcggttgtt
gatttctcaagtccgtctgtgttgggttggggagatggttattacaaaggggaagaagataaagcaaaaagg
aaattatcggtgtcatcacctgcttatattgctgagcaggagcatcggaagaaggttctacgggagctgaat
tcgttgatttccggggcaccacccggaacggatgatgecggttgatgaagaagttaccgacaccgaatggtte
tttcttatctccatgacccaatcgtttgttaatggaagtgggcttcctggtcaggegttgtatagttccage
ccgatttgggtcgccggaactgagaaattggcagcttcacactgtgaacgtgtgaggcaagcacaagggttc
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gggctccagacgattgtctgtattccttcagctaacggecgtggttgaattgggctcgacggagttgattgtt
caaagttctgatcttatgaacaaggttagagtattgtttaacttcagtaatgatttgggttctggttcatgg
gctgtgcagccggagagcgacccatcggcecgcetctggectcactgatccatecgtectcaggtatggaagttaga
gagtctttaaatacagttcaaacaaattcagttccatctagtaatagtaataagcaaattgcttatggaaat
gagaataatcatccatctggaaatggtcagagttgttacaatcagcaacaacagaagaatcctcctcagcecaa
caaacacaaggactcttcacgagggagttgaatttttcggaattcggtttcgatggaagtagtaataggaat
ggaaattcatcggtttcttgcaagcctgaatcaggagaaatcttgaattttggtgatagtactaaaaaaagt
gcttccagtgccaatgtgaacttgtttacaggtcagtcccaatttggggctggggaggagaataataacaag
aacaagaaaagatcagctacttccaggggaagcaatgaagaaggaatgctttcatttgtttcaggtacagtyg
gtgccttcttcgggcatgaagtcaggtggaggcggaggcgaagactctgaacattcagatctcgaggcttcea
gtggtgaaagaagctgatagtagtagagtggtagagcctgaaaagaggccaaggaagcgaggtagaaagceca
gcgaatggacgggaggagccattgaatcacgtcgaggcagagaggcaaaggagggagaaattgaaccaaaga
ttctacgcgcttagagctgttgtaccaaatgtgtctaagatggacaaggcatcactccttggagatgctatt
tcctatataaacgagttgaaatcgaagcttcaaaatacagagtcagataaagaagacttgaagagccaaata
gaagatttaaagaaagaatcaaggcgccccggtcectectccaccaccaaatcaagatctcaagatgtctage
cacactggaggcaagattgtagacgtggatatagacgttaagatcatcggatgggatgcaatgattcgtata
caatgtaataaaaagaatcatccagccgcaaggctaatggcagcgctcatggaattagacctagacgtgcat
catgccagtgtttcagttgtcaacgatttgatgatccaacaagccacagtgaaaatgggtagcaggaattac
actgaagagcagcttagggtagcgttgacatcgaaaattgctgaaacacactaa

SEQ ID NO 116: Lycopersicon esculentum bHLH4polypeptide sequence full
length
Mteyslptmnlwnnstsddnvsmmeafmssdlsfwatnnstsaaavgvnsnlphassntpsviapssstsas
tlsaaatvdasksmpffngetlggrlgalidgaretwtyaifwgssvvdfsspsvligwgdgyyvkgeedkakr
klsvsspayiaegehrkkvlrelnslisgappgtddavdeevtdtewfflismtgsfvngsglpggalysss
piwvagteklaashcervrgaggfglgtivcipsangvvelgstelivgssdlmnkvrvlfnfsndlgsgsw
avgpesdpsalwltdpsssgmevreslntvgtnsvpssnsnkgiaygnennhpsgnggscynggggknppgq
gtgglftrelnfsefgfdgssnrngnssvsckpesgeilnfgdstkksassanvnlftggsgfgageennnk
nkkrsatsrgsneegmlsfvsgtvvpssgmksgggggedsehsdleasvvkeadssrvvepekrprkrgrkp
angreeplnhveaerqgrreklngrfyalravvpnvskmdkasllgdaisyinelksklgntesdkedlksgi
edlkkesrrpgpppppngdlkmnsshtggkivdvdidvkiigwdamirigenkknhpaarlmaalmeldldvh
hasvsvvndlmiggatvkmgsrnyteeglrvaltskiaeth

SEQ ID NO 117: Vitis vinifera contig bHLH4 like VV78X118066.5, nucleic
acid sequence AM475703.2

atgacggaatatcgtgtgccaaccatgaatctgtggaccgacgataacgcttctatgatggaggcttttata
agctctgatctctcttecctttagttgggggeccatcectcecgectgettcectacgtctactecctgegectgacccyg
tcaaggaatctcgcccaatctcagecttceccatggecgtcttcaaccaggagaccctccagcagcgacttcaa
gccctaattgaaggcgcccgagagagctggacctacgcaattttttggcagteccagegttgatttetegggt
gcctectttgttaggatggggtgacggctactataaaggtgaggaagataaagggaagaggaagatgaccccg
tcgtctgtttccgagcaggagcaccggaagaaagtgctccgggagectgaattecgectcatttectgggacggeg
tcgtcgtcggacgacgctgtcgatgaggaggtcaccgacaccgagtggttcttecttgtatcgatgactcag
tcgtttgtgaacggcgctgggttgeccgggtcaggegectcttcaactecgagtececggtgtgggttgtecggaacce
gaacggctcatgagttctccttgcgagagagcccggcaggegcaggtgttcgggttacagactatggtttgt
ataccatcggctaacggcgtcgtcgaactgggctccaccgaattgatttaccagagctcagatctgatgaac
aaggttagagttttgttcaatttcaataaccttgaagttggttcatggccgatcggageccgecgcectcecceccgac
cagggcgagagcgatccttcgtcgctctggatctccgatceccgacctctaatgtcgaaatcaaggattetgtyg
aatgctacagctactggagcttccaatcccattggtaatcagcagaattccaagtcaattcaatttgagaac
cctagctcaagtagtttaactgaaaaccctagtattatgcataatcctcagcagcaacagcagattcacacg
cagggttttttcactagggagttgaatttctcagaatttggatttgatggaaayaatgggagaaatggtaac
ttgcattccctgaagcecccgagtctggggaaattttgaattttggagacagtaagaggagttecttgtagtgeg
aatgggaatatgttttcaggtcattcacaggtagttgcagaggaaaataagaagaggaggtcaccgacttca
agaggaagtgccgaagaaggcatgctttcgtttacttcaggtgtgatattgccatecctecttgtgtggtgaag
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tcaagtggtggtggtggagattctgatcactcggatcttgaagcttcagtggttcgggaggcagatagtagt
agagtggtggaaccagaaaaaaggcctaggaagcgtgggagaaaacctgcaaatggaagggaagagccattg
aatcatgtggaggcagagcggcagaggagggagaagcttaaccagaggttttatgecccteccgagetgtggtt
ccaaatgtgtcaaagatggataaagcctcccttcttggtgatgcaatttcatatatcaatgagctcaggaca
aagctacaaagtgcagagtcggacaaggaggaccttcagaaggaagtgaattcaatgaagaaggagttggct
agtaaagatwcacagtactccggttcatctcgaccacctccagaccaagatctcaagatgtcgaatcaccac
ggtagcaaattggtagaaatggatattgatgtgaagataatcgggtgggatgccatgattcgaattcagtgt
agtaaaaagaaccatcctgctgcaaagcttatgggggctctcaaggagctggacctagatgtgaaccacgcg
agtgtgtcggtggtgaatgatttgatgatccaacaggcaaccgtgaagatgggaagtaggttttacactcaa
gatcagctgaggctagccctgtcatccaaatttgcagacagcaggtag

SEQ ID NO 118: Vitis vinifera contig bHLH4 like VV78X118066.5 translated
polypeptide sequence
Mteyrvptmnlwtddnasmmeafissdlssfswgpssaaststpapdpsrnlagsgpsmavingetlggrlqg
aliegareswtyaifwgssvdfsgasllgwgdgyykgeedkgkrkmtpssvsegehrkkvlrelnslisgta
sssddavdeevtdtewfflvsmtgsfvngaglpggalfinsspvwvvgterlmsspcerargagviglgtmvc
ipsangvvelgsteliygssdlmnkvrvlfnfnnlevgswpigaaapdggesdpsslwisdptsnveikdsv
natatgasnpignggnsksigfenpssssltenpsimhnpgggggihtggfftrelnfsefgfdgnngrngn
lhslkpesgeilnfgdskrsscsangnmfsghsqgvvaeenkkrrsptsrgsaesegmlsftsgvilpsscvvk
ssggggdsdhsdleasvvreadssrvvepekrprkrgrkpangreeplnhveaergrreklngrfyalravv
pnvskmdkasllgdaisyinelrtklgsaesdkedlgkevnsmkkelaskdxgysgssrpppdgdlkmsnhh
gsklvemdidvkiigwdamirigcskknhpaaklmgalkeldldvnhasvsvvndlmiggatvkmgsrfytg
dglrlalsskfadsr

SEQ ID NO 119: Zea mays bHLH4 full length nucleic acid sequence contig
of AF061107 and EE190449

atgaacctgtggacggacgacaacgcctccatgatggaggcecttcatggcttctgecgacctceccccacctte
ccctggggagcgceccggccgggggecggcaactcecgtcggecgecgecggegtecgecgecgecgcagatgeccageg
gcgatggctcccgggttcaaccaggacacgctgcagcagaggctacaageccatgatagaggggtcgagggag
acctggacctacgccatcttctggcagtcctcecceccttgacteccgeccaccggcgectegetgectecggetggggg
gacggctactacaagggctgcgacgaagacaagcgcaagcagaagccgctcacgceccecctecgeccaggecgag
caggagcaccgcaagcgcgtgctceccgecgagctcaactceccectecatcteccggecgecggeggeggecteccgacgag
gccgtcgaggaggaggtcaccgataccgagtggttcttcecctecgtcteccatgacgcagtegtttctcaacggt
tcgggcctceccgggcaggcecgcetcttecgecgggecageccacatggatcgectectggectectecteecgegecyg
tgcgagcgcgcgcgtcaggcecctacaacttcggectceccgcaccatggtatgettcecceccgtecggcaccggggtg
ctcgagctcggctccaccgacgtcecgtgttcaagaccgccgagagcatggctaagatcegetegetcectttggg
ggcggagcagggggtggctcgtggeccgeccgtgcagectcaggecgecgtegtecgcagcagcccgecgecgyga
gccgaccacgcggagacggacccgtccatgctatggectcgecgacgegecggtcatggacatcaaggattcece
ttgtcgcacccgtcggccgagatctcecgtctccaagectececgecgecatcecgecgcagateccattttgagaac
gggagcacgagcacgctcacggagaaccccagceccectececgtgcacgecgceccgceccacccccgeccggegecgget
gctccacagcagcggcagcaccagcaccagaatcaggcgcaccagggceccgttecgecgggagctcaattte
tcggacttcgcgtccactcecttecttggecggecgacceccgecgttecttcaageccgagtecggecgagatecte
agcttcggcgccgacagcaacgcccggaggaacccgtcecgecggtacctcececcgecgecaccgecagectecace
accgctcccgggagcecctcecttctcecgecagcacacggcgaccatgacggecgecgecggecgaacgacgcgaagaac
aacaacaagcgctcaatggaggccacctcccgggecgagcaacaccaaccaccacccggecggecgacggecgaac
gagggcatgctgtccttctcgtcggcgecgactacgcggecgtcgacgggcacgggcgegecggeccaagteg
gagtccgaccactcggacctggacgcgtctgtgecgcgaggtggagagcageccgegtggtggegeccgccaccyg
gaggcggagaagcggccgcgaaagcgcgggcggaagcccgecgaacgggcgcgaggagecgectgaaccacgtyg
gaggcggagcggcagcggcgggagaagctgaaccagcgcttctacgegectgecgecgecgtggtgecccaacgtg
tcgaagatggacaaggcgtcgctgctcggcgacgceccatctectacatcaacgagctceccggggcaagctgacyg
tcgctggagaccgacaaggagacgctgcagacccaggtggaggcgctcaagaaggagcgcgacgcgcggecyg
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ccctcecgcactcececgectgggctecggecgggcacgacggcgggecgegetgeccacgecggtggagatcgacgecaag
atcctggggctggaggccatgatccgecgtgcagtgccacaagcgcaaccacccecgtecggegeggectgatgaca
gcgctccgcgagctcgacctggacgtgtaccacgccagcgtgteccgtecgtcaaggacctcatgatccagecag
gtcgccgtcaagatggccageccgcgtgtacacgcaggaccagctcagcgecgcegctctacagecgectcecgeg
gagcccgggtctgccatgggcaggtaatgaaggaggagagctgctcagectcggecteg

SEQ ID NO 120: Zea mays bHLH4 full 1length translated polypeptide
sequence
mnnlwtddnasmmeafmasadlptfpwgapagggnssaaaaspppgnpaamapgingdtlggrlgamiegsre
twtyaifwgssldsatgasllgwgdgyykgcdedkrkgkpltpsagaegehrkrvlrelnslisgaaaapde
aveeevtdtewfflvsmtgsflngsglpggalfaggptwiasglssapcerargaynfglrtmvcfpvgtgy
lelgstdvvfktaesmakirslfgggagggswppvgpgapssggpaagadhaetdpsmlwladapvmdikds
lshpsaeisvskppphppgihfengststltenpspsvhapppppapaapggrghghagngahggpfrrelnt
sdfastpslaatppffkpesgeilsfgadsnarrnpspvppaataslttapgslfsghtatmtaaaandakn
nnkrsmeatsrasntnhhpaatanegmlsfssapttrpstgtgapaksesdhsdldasvrevessrvvappp
eaekrprkrgrkpangreeplnhveaerqgrreklngrfvalravvpnvskmdkasllgdaisyinelrgklt
sletdketlgtgvealkkerdarppshsaglgghdggprchaveidakilgleamirvgchkrnhpsarlmt
alreldldvyhasvsvvkdlmiggvavkmasrvytgdglsaalysrlaepgsamngr

SEQ ID NO 121: Brassica napus bHLH4 nucleic acid sequence
atggatgatcatcggaatcgtgtctctctctctccaccggatgctcacatgagcaactacttcecctcaaccag
tcaacagccaccgacgacgataacgcctceccgcectecgatggaagctttcatcggaacaaatcactggtcacaa
caaccatcccttcecctcectectceccecgtcattgtctcagttcaacgaagatactctccagcaacgtcectccaaacyg
ctaatcgaatccgcgggtgagagatggacgtacgcgatcttctggcagatctcgcacgatttcgactcectecce
gccggagagagcacggtgattctcgggtggggagacgggtactacagaggagaggaagacaaagagaagaag
aagaaacagagctcgagctcgaatccggcggagcaggagcatcggaaaagagtaatccgggagcttaacteg
ttaatcgccggcggagccggagtttccgacgaagecaacgacgaggaagttacggatacagagtggttcette
ttggtttcgatgactcagagcttcgtaaacggcgttgggectcceccggagagtecttttttaaactececcgegtyg
atttggttatccgggtcgggtgcgttaaccgggtcaggctgcgagcgggcgaggcaaggggaggtttacggyg
ttgcagacgatagtgtgtatcgctgcggaaaacggcgtcgttgagecttggttecgtecggaggtgataagtcaa
agctcagatctgatggataaagtcaacggtcttttcaacggtaacggtaacggggaagcttcttcttggggyg
tttaatctcaatcctgatcaaggtgagaacgatcctgctttgtggttatctgaaccgaacataaccggaatce
gaaccggttcaggaaacgcccgcgattgagaacgcecgctgatttgaacttctecgagctcagggctgaaccaa
aacggtaactttaaacaagggtcgtcaagcaacaagaagagatctccggttgggaaagacgaagaaatgctt
tctttcagcacggtggttcgatccgcggecgaagtcagtggactctgatcattccgatatcgaagcatcggtyg
gttaaggaggcgattatcgtcgaaccggagaagaaaccgaggaaacgggggagaaaaccggctaacgggaga
gaagagccgttgaaccatgtggaagcagagaggcagcgaagggagaagctaaaccagagattctactegttyg
agagctgtggttcccaacgtttcgaaaatggacaaggcttctecttecttggagacgccatttecgtatatcaac
gagctgaaaacgaagctgcagcaagcggagaccgataaggaagaggttcagaagcagctagatcggatgagce
aaggaaggtggcgggtctaggagggcgaaagagcgaaaatcgaacctagattccgecgagttectgtggaaatyg
gagattgatgtgaagatcataggttgggatgtgatgatacgtgtacaatgcggcaagaagaatcatcctggt
gcgaggttcatggaagcgcttaaggagttggatttggaagtgaatcatgctagtttatctatggtgaatgat
ttgatgattcaacaagctactgtgaagatgggaagccagtttttcaatcatgatcagctcaaggctgcttta
atgttgaaagttggagaagacagttga

SEQ ID NO 122: Brassica napus bHLH4 translated polypeptide sequence
Mddhrnrvslsppdahmsnyflngstatdddnasasmeafigtnhwsggpslppppslsgfnedtlggrlgt
liesagerwtyaifwgishdfdspagestvilgwgdgyyrgeedkekkkkgssssnpaegehrkrvirelns
liaggagvsdeandeevtdtewfflvsmtgsfvngvglpgesflnsrviwlsgsgaltgsgcerarqggevyg
lgtivciaaengvvelgssevisgssdlmdkvnglfngngngeasswgfnlnpdggendpalwlsepnitgi
epvgetpaienaadlnfsssglngngnfkggsssnkkrspvgkdeemlsfstvvrsaaksvdsdhsdieaswv
vkeaiivepekkprkrgrkpangreeplnhveaergrreklngrfyslravvpnvskmdkasllgdaisyin
elktklggaetdkeevgkgldrmskegggsrrakerksn
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ldsassvemeidvkiigwdvmirvgcgkknhpgarfmealkeldlevnhaslsmvndlmiggatvkmgsgff
nhdglkaalmlkvgeds

SEQ ID NO 123: Glycine max bHLH4 nucleic acid sequence
atgaatctgtggacggacgagaactcctcggtgatggaggccttcatgagctceccteccgacctctecteecte
tggctccccacgceccgcaatccgeccgectctactaccactecctggactggaaaccacccgagcaccgecgect
cagtcccactccecctcectcaaccaggagaccctceccagcagecgectceccagacacttatcgaaggecgeccgagag
agctggacctacgcaatcttctggcagtcttcctacgactattcecctecggcacctececcttcectecggetgggga
gacggttattacaagggtgaggaggacaaagtcaaagccaaaggcaaaacccccaaaacgacgtecgtecgeg
gagcaggaccaccgcaaaaaagtcctccgcgaactcaattecttaatctectggecectcecgettecegttgac
gacgtcgacgaagaagtcaccgacaccgagtggttcttcctcecgtgtcgatgactcagteccttecgtcaacgga
agcggcctcceccgggtcaggcectttttttaactcgageccecggtctgggttgecgggeccggaccggctgtecgag
tcggtctgcgaacgggcccaccaggggcagatgttcgggectccagactctggtctgcataccgtececgecaaat
ggcgtcgttgagctcgecctccacggaggtgattttccagaaccctgatctgatgaacaaggtgcgecgatttyg
ttcaacttcaacaacaaccctgaaactggttcctgggecgttgaattgecgttgeccaccaccgatcagggggag
aacgacccttcctcactctggctcaaccctgaaatcagagactcectcectaccgttgegecgeccgaattcaacyg
gttaacaagactctgcagttcgaaacccctggttccagtaccttaaccgataccecctagtgetgetgetgtt
catgtacctaaatctaatggccagggtttcttctcgagggaattgaacttttcgaattcattgaagecctgaa
tctggtgaaattctgagctttggagagagcaagaagagctcttacaacgggagtttctttceccggtgttgtt
gcaattgaggagaacaacaagaagaggtctcccgtttctcggagcagcattgacgatgggatgctgtectte
acatccctgceccggcectgcaaatataaaatctggtagtggtggtgecggtgecggtggtggtgattcggatcac
tcggatctggaagcttccatggtgaaacaggcagacagcagagtgatggagccggagaaacggcectcggaag
agggggcgaaagccggccaacggcagagaggagccgctgaatcacgtggaageccgagagacaaaggagagaa
aagctgaatcaaagattctatgctctacgagctgtagttccaaatgtatccaagatggacaaggcatcgttg
ttaggtgacgccatatcgtacataaatgagctgaaattgaagctcaacgggctggattcagagaaaggggaa
ttggagaagcaattggattcagccaagaaggaacttgagctcgcgaccaaaaaccctcectcecctectceccaccea
ccaccacctggactacctccatctaataacgaagaagcaaagaagacaacgaccaagctcgctgatttggag
atagaggtgaagataattggttgggatgcgatgataagaatccaatgcagcaagaagaaccaccctgcagcea
aggttgatggcagcattgaaggacctggacttggaagtgcatcacgcaagcgtgtccgtggtgaatgattta
atgatccaacaagccacggtgaacatgggaaacaagttttacacgcaggagcagcttctgtcggcactcecteg
tccaaagttggcgatgaactacgatag

SEQ ID NO 124: Glycine max bHLH4 translated polypeptide sequence
Mnlwtdenssvmeafmsssdlsslwlptpgsaastttpglettrapppgshsllngetlggrlgtliegare
swtyaifwgssydyssgtsllgwgdgyvkgeedkvkakgktpkttssaegdhrkkvlrelnslisgpsasvd
dvdeevtdtewfflvsmtgsfvngsglpggaffnsspvwvagpdrlsesvcerahgggmfglgtlvcipsan
gvvelastevifgnpdlmnkvrdlfnfnnnpetgswalncvattdggendpsslwlnpeirdsstvappnst
vnktlgfetpgsstltdtpsaaavhvpksngggffsrelnfsnslkpesgeilsfgeskkssyngsffpgvv
aieennkkrspvsrssiddgmlsftslpaaniksgsggagagggdsdhsdleasmvkgadsrvmepekrprk
rgrkpangreeplnhveaergrreklngrfyalravvpnvskmdkasllgdaisyinelklklngldsekge
lekgldsakkelelatknppppppprprprglppsnneeakktttkladleievkiigwdamirigcskknhpaa
rlmaalkdldlevhhasvsvvndlmiggatvnmgnkfytgegllsalsskvgdelr

SEQ ID NO 125: Glycine max bHLH4 II nucleic acid sequence

Atgaccgagtaccggatgaacctgtggaccgacgacaactcctccgtcatggaggcecttcatgagectectece
gacctctcctcectectggecttgcecacgecgecagtecgceccacctceccaccacaactccaggcacggcaaaagcece
cctcctecectcectectectecteccecgecgecgecggegcagtcecccagteecctectcaaccaggagactectecag
caacgcctccagactctcatcgaaggcgcecctgcgagagctggacctacgcaatcttctggcaatcttectac
gactattcctccggcacctceccecttectecggectggggagacggttactacaagggcgaggaggacaaagacaaa
gtcaaaaccaaagcccccaaaacgaggtcgtccgcagagcaggaccatcgtaagaaggtcecctceccgegaactt
aattccttaatttccggceccecctteccecgcecttcagectgacgacattgacgaagaagtcaccgacaccgagtggtte
ttcctggtgtcgatgactcagtceccttecgtcaacggtagecgggctgececgggceccaggetttttttaactcecgage
ccggtctgggtcgccgggcecccgaaagactttccgaatcggectgcgaacgggcecccgeccaggggecagetcectte
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gggctccagactcttgtctgtataccgtccgcaaacggcgtcgtcgagectcgectecgeggaggtecattttt
cagaaccccgatctgatgaacaaggtgcgtgatttgttcaacttcaacaacaacaacaacaacaacaaccct
gaaacgtgttcctgggcgttgaattgcgttgccaccaccgatcaaggcgagaacgacccttectegectetgg
ctcaaccctgaaatcaaagactcctccaccgtctcgecgceccgaattccacggttaataagacgatgecattte
gaaacccctggttccagtaccctaaccgaaacccctagecgcectgcectgetgetgttcacgtcecccaattctaaa
agccagggattcttcccgagggaattgaacttttcgaattcattgaaacctgaatccggtgaaattctgage
tttggggagagcaagaagagctcttacaatggggctttctttcececggtgttgttgecggttgaggagaacaac
aacaataacaagaacaagaagaagaggtccccggtggtttctcggagcagcattgacgatggaatgectttcece
ttcacttccctgceccggctgcaaatataaaatcagttaacggtgecttgtgtcggtgecggtgattcggatcac
tcggatctggaagcttccgtggcgaaacaggtggtggagcccgagaaacggccceccggaagagagggcgaaag
ccggctaacggaagagaggaaccactaaatcatgtggaagccgagagacagaggagagaaaagctgaaccaa
agattctatgctctacgagctgtagttccaaatgtatccaagatggacaaggcatcgctgttgggggacgcce
atattgtacattaacgagttgaaatcgaagctcaacgtgctggattcagagaaaacggaattggagaagcaa
ttggattcaaccaagaaggaactcgagctcgcaactaaaaaccctcctccaccgccaccgccgeccaccaccea
ccaggaccgcctccatctaatagcgtagaaccaaagaagacaacaagcaagctcgctgatttggagttagag
gtgaagatcattggttgggatgcaatggtaagaatccaatgcagcaagaagaaccaccctgcagccaggttyg
atggcagcattgaaagatcttgacttggaagtgcatcacgccagcgtgtctgtggtgaatgatttgatgatce
caacaagccacggtgaacatgggaaacaagttttacacgcaggaacagcttctgtcggcactatcatccaaa
gttggcgatgaactacgatag

SEQ ID NO 126: Glycine max bHLH4 II translated polypeptide sequence
Mteyrmnlwtddnssvmeafmsssdlsslwlatpgsatstttpgtakappppepprpeprragsgsllngetlg
grlgtliegaceswtyaifwgssydyssgtsllgwgdgyykgeedkdkvktkapktrssaegdhrkkvlrel
nslisgpsasaddideevtdtewfflvsmtgsfvngsglpggaffnsspvwvagperlsesacerarqgglf
glgtlvcipsangvvelasaevifgnpdlmnkvrdl fnfnnnnnnnnpetcswalncvattdggendpsslw
lnpeikdsstvsppnstvnktmhfetpgsstltetpsaaaavhvpnsksggffprelnfsnslkpesgeils
fgeskkssyngaffpgvvaveennnnnknkkkrspvvsrssiddgmlsftslpaaniksvngacvgagdsdh
sdleasvakgvvepekrprkrgrkpangreeplnhveaerqgrreklngrfyalravvpnvskmdkasllgda
ilyinelksklnvldsektelekqgldstkkelelatknpppprprepprrragpppsnsvepkkttskladlele
vkiigwdamvrigcskknhpaarlmaalkdldlevhhasvsvvndlmiggatvnmgnkfytgegllsalssk
vgdelr

SEQ ID NO 127: Hordeum vulgare bHLH4 nucleic acid sequence

atgatggaggccctcatggcecctceccgcecgacatgeccggegtteccecctggggcgeggeggecaccCcgccgeccyg
ccggccgccgtgceccggecttcaaccaggacacgctccagcagegectgcaggcecatcatcgagggcetcecagg
gagacctggacctacgccatcttctggcagtcctceccaccgacgccggcgectegetcectecggectggggecgac
ggctattacaagggctgcgacgacgccgacaagcgccgceccagcagceccaccccggectecgecgecgagcecag
gagcaccgcaagcgcgtcctcagggagctcaactcgctcatagccgggggcggecgecgecgegeccgacgayg
gccgtcgaggaggagggcacggacaccgagtgggtcttcectcegtctceccatgacccagtecctteccccaacggyg
atgggcttgccgggccaggctctcecttecgecggeccagectatctggatcgecaccgggetcgecagecgcgcece
tgcgagcgggccaagcaggcctacaccttcggectceccgcaccatggtctgcatcecceccecctecggcaccggegtg
ctcgagctcggcgccaccgaggtcatcttceccagaccaccgatagcttggggecggatcecgetcecgetcecttcage
ctcaacggcggaggagggggctctggatcctggeccgeccgtggecgecgecgecccaggaggecggagacggat
ccgtccecgtgcectcectggcectecgeccgacgcgeccggeccggggacatgaaggagtcgecgecgtecgtcgagatctece
gtctccaagccgccgcecgtcacageccgcecgcagatccatcacttcgagaacgggagcaccagcacgctcacyg
gagaaccccagcctctececgtgcacgecgcagcagcectctgeccgcagcagcaggecggcggcecggcggecgcagagyg
cagaaccagctccagctccagcaccagcacaaccagggtcectttceccgecgggagectcaatttctcagattte
gcgtccaacccatccgtcacggtgaccceccgectttcecttcaagectgagtectggtgagatecctaaactttgge
gctgacagcaccagccggaggaacccttcgcecggegeccceccgecgecgacggecagectcaccaccgecgecg
gggagcctcttctcecccagcacacggcgacggtgacggccccatcaaacgacgccaagaacaacccgaagcgyg
tccatggaggccacctcccgecgcgagcaacaccaaccaccaccagaccgcecgacagecaacgaggggatgcetyg
tccttectcecgtceccgecgecgacgacgcecggecgtccaccggcacgggcgcecaccagecaagtecggagteccgaccat

tccgacctggaggcgtcggtccecgcgaggtggagagcageccgegtggtgecteccgeccggaggagaagcggeccyg
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cgcaagcgcgggcgcaagceccggcgaacgggcgcecgaggagcecactgaaccacgtggaggcggagecggcagecgyg
cgggagaagctgaaccagcggttctacgcgctceccgegecgtggtgeccaacgtgtccaagatggacaaggcec
tcactgctgggcgacgccatctcctacatcaacgagctcecgcggtaagatgacggecgctggagtcggacaag
gagacgctccactcccaaattgaggcgctgaagaaggagcgcgacgcecccggeccggecgegeecgtegtegteg
ggaatgcacgacaacggggcgcggtgccacgcggtggagatcgaggceccaagatcctggggctggaggecgatg
atccgcgtgcagtgccacaagcgcaaccacccggecggcgaagctgatgacggegectgecgggagectggacctg
gacgtgtaccacgccagcgtctcggtggtgaaggacatcatgatccagcaggtggcggtgaagatggccacce
cgggtctactcccaggaacagctcaacgcggcgctctacggececgectecgeccgagecgggcgecgecgatgcaa
atccggtaa

SEQ ID NO 128: Hordeum vulgare bHLH4translated polypeptide sequence
Mmealmasadmpafpwgaaatppppaavpaingdtlggrlgaiiegsretwtyaifwgsstdagasllgwgd
gyvkgcddadkrrggptpasaaegehrkrvlrelnsliagggaaapdeaveeegtdtewvilvsmtgsfpng
mnglpggalfaggpiwiatglasapcerakgaytfglrtmveciplgtgvlelgatevifgttdslgrirslts
1lngggggsgswppvapppgeacetdpsvliwladapagdmkesppsveisvskpppsgppgihhfengststlt
enpslsvhaqgplpgggaaaaaqrgnglglghghnggpfrrelnfsdfasnpsvtvtppffkpesgeilnfg
adstsrrnpspappaataslttapgslfsghtatvtapsndaknnpkrsmeatsrasntnhhgtatanegml
sfssapttrpstgtgapaksesdhsdleasvrevessrvvpppeekrprkrgrkpangreeplnhveaerqr
reklngrfyalravvpnvskmdkasllgdaisyinelrgkmtalesdketlhsgiealkkerdarpaapsss
gmhdngarchaveieakilgleamirvgchkrnhpaaklmtalreldldvyhasvsvvkdimiggvavkmat
rvysgeqglnaalygrlaepgaamgir

SEQ ID NO 129: Zea mays bHLH4 II nucleic acid sequence
atgaacctgtggacggacgacaacgcctccatgatggaggceccttcatggcectceccgecgacctcecceccecgectac
ccctggggggcgceccggccgggggcecggcaacccgecgecgecgecagatgecgecggegatggecgatggegecg
gggttcaaccaggacacgctgcagcagcggctgcaggccatgatcgaggggtccagggagacctggacctac
gccatcttctggcagtcctcecctggacgceccgcecaccggcgegtegetgectaggectggggecgacggctactac
aagggctgcgacgacgacaagcgcaggcaccgeccgceccgctcacgececcgecgecgcaggecgagcaggagceac
cgcaagcgcgtgctccgcecgagctcaactceccectecatcteccggeggecgecctccgeccgcgecccgcgecccgecgece
gacgaggccgtcgaggaggaggtcaccgacaccgagtggttcttcecctecgtctceccatgacgcagtcecttecte
aacggctcgggcctccecccggeccaggcegcetcecttcgegggecaccacacctggatcgecgecggectetectece
gcgccgtgcgaccgcgcgcgceccaggcectacaacttcecggecteccgcaccatggtctgettecececgteggecacyg
ggcgtgctcgagctcggctccaccgacgtcgtgttccagaccgeccgagaccatggeccaagatccgetegete
ttcgggggcgggccggggggtggctcgtggecgeccgtgcagecccaggecggegecgcagcagcagcacgcece
gccgaagccgaccaggcggcggagacggacccateccgtgectgtggectcgecgacgecgecggtecgtggacatce
aaggattcctactcgcacccgtcggcggecgagatcteccgtctceccaaaccgectcececgecteccgectccgecyg
cagattcacttcgagaacgggagcacgagcacgctcacggagaaccccagcecccctecgtgecacgecgecgeca
gccccgceccggcgceccaccgcagecggcagcecagcagaatcagggeeccgtteccgecgggagetcaactteteggat
ttcgcgtccaatccttecttggecggecggecccgecgttecttcaagececcgagtecggecgagatecctecagette
ggcgtcgacagcaacgcccagaggaacccgtcgceccggecgectceccecgecagectcaccaccgectcececcggecage
ctattctcgcagtcgcagcacacggcgaccgccgcggcgaacgacgcgaagaacaacaacaacaacaacaag
cgttcgatggaagccacctccctggcgagcaacaccaaccaccacccggcggcggecggcecgaacgagggecatyg
ctgtccttctcgtcggcgceccgaccgcgcggecgtcggcaggcacgggcgcgecggecaagtecggagtecgac
cactcggacctggacgcgtccgtgecgcgaggtggagagcagccgecgtecgtggecgecgecgecggaggeggag
aagcggccgcggaagcgcgggcggaagcecccgecgaacgggcgcgaggagecgcectgaaccacgtggaggecggag
cggcagcggcgggagaagctgaaccagcgcttctacgecgctgegegecgtggtgeccaacgtgtceccaagatyg
gacaaggcgtcgctgctcggcgacgccatctcecctacatcaacgagectccgecggcaagctgacgtecgectggag
tcggacagggagacgctgcaggcccaggtcgaggecgctcaagaaggagcgcgacgcgcggceccgcacccgceac
cccgctgceccgggctcecggecgggcacgacgccggecgggecgcegetgeccacgecggtagagatcgacgecaagatce
ctggggctggaggccatgatccgecgtgcagtgccacaagcgcaaccacccgtcecggegeggectgatgacggeg
ctccgcgagctcgacctggacgtgtaccacgccagegtcectceccecgtegtcaaggacctcatgatccagecaggtce
gccgtcaagatggccagccgcatgtactcgcaggaccagctcagcgecgegectctacagecgecttgeggag
cccgggtctgtcatgggcaggtaa
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SEQ ID NO 130: Zea mays bHLH4 II translated polypeptide sequence
mnnlwtddnasmmeafmasadlpaypwgapagggnppppamnppamanapgfngdtlggrlgamiegsretwty
aifwgssldaatgasllgwgdgyykgcdddkrrhrppltpaagaegehrkrvlrelnslisggasaapapap
deaveeevtdtewfflvsmtgsflngsglpggalfaghhtwiaaglssapcdrargaynfglrtmvcfpvgt
gvlelgstdvvigtaetmakirslfgggpgggswppvgpgaapggqghaaeadgaaetdpsvlwladapvvdi
kdsyshpsaaeisvskpppppprprgihfengststltenpspsvhappappappgrggqqnggpirrelnfsd
fasnpslaaappffkpesgeilsfgvdsnagrnpspappaslttapgslfsgsghtataaandaknnnnnnk
rsmeatslasntnhhpaaaanegmlsfssaptarpsagtgapaksesdhsdldasvrevessrvvapppeae
krprkrgrkpangreeplnhveaerqgrreklngrfyalravvpnvskmdkasllgdaisyinelrgkltsle
sdretlgagvealkkerdarphphpaaglgghdaggprchaveidakilgleamirvgchkrnhpsarlmta
lreldldvyhasvsvvkdlmiggvavkmasrmysgdglsaalysrlaepgsvmgr
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SEQ ID NO: 168, DNA - Oryza sativa
ATGAAGGTGCAGTGCGACGTGTGCGCGGCCGAGGCCGCCTCGGTCTTCTGCTGCGCCGACGAGGCCGCGCTG
TGCGACGCGTGCGACCGCCGCGTCCACAGCGCGAACAAGCTCGCCGGGAAGCACCGCCGATTCTCCCTCCTC
CAACCGTTGGCGTCGTCGTCGTCCGCCCAGAAGCCACCGCTCTGCGACATCTGTCAGGAGRAAGAGGGGGTTC
TTGTTCTGCAAGGAGGACAGGGCGATCCTGTGCCGGGAGTGCGACGTCACGGTGCACACCACGAGCGAGCTG
ACGAGGCGGCACGGCCGGTTCCTCCTCACCGGCGTGCGCCTCTCGTCGGCGCCGATGGACTCCCCCGCGLCG
TCGGAGGAAGAGGAGGAGGAAGCAGGGGAGGACTACAGCTGCAGCCCCAGCAGCGTCGCCGGCACCGCCGLG
GGGAGCGCGAGCGACGGGAGCAGCATCTCCGAGTACCTCACCAAGACGCTGCCCGGTTGGCACGTCGAGGAC
TTCCTCGTCGACGAGGCCACCGCCGCCTCCTCCTCCTCAGACGGGCTATTTCAGGGTGGGCTGCTGGCTCAG
ATCGGTGGGGTGCCGGACGGTTACGCGGCGTGGGCCGGCCGGGAGCAGCTGCACAGTGGCGTCGCTGTCGCC
GCCGACGAGCGGGCCAGCCGCGAGCGGTGGGTGCCGCAGATGAACGCGGAGTGGGGCGCCGGCAGCAAGCGA
CCCAGGGCGTCGCCTCCCTGCTTGTACTGGTGA

SEQ ID NO: 169, protein - Oryza sativa
MKVQCDVCAAEAASVEFCCADEAALCDACDRRVHSANKLAGKHRRESLLQPLASSSSAQKPPLCDICQEKRGE
LFCKEDRAILCRECDVTVHTTSELTRRHGRFLLTGVRLSSAPMDSPAPSEEEEEEAGEDYSCSPSSVAGTAA
GSASDGSSISEYLTKTLPGWHVEDEFLVDEATAASSSSDGLEFQGGLLAQIGGVPDGYAAWAGREQLHSGVAVA
ADERASRERWVPOMNAEWGAGSKRPRASPPCLYW

SEQ ID NO: 170, DNA - Oryza sativa
ATGAAGGTGCTGTGCTCCGCGTGCGAGGCGGCGGAGGCGCGGGTGCTCTGCTGCGCCGACGACGCCGLCCTC
TGCGCGCGCTGCGACCTCCACGTCCACGCCGCCAACCGCCTCGCCGGCAAGCACCACCGCCTCCCCCTCCTC
TCCTCCTCCTCTTCTTCCTCCTCTCCCTCCCCCCCGACCTGCGACATCTGCCAGGACGCCCACGCCTACTTC
TTCTGCGTCGAGGACCGCGCCCTCCTCTGCCGCGCCTGCGACGTCGCCGTCCACACCGCCAACGCCCTCGTC
TCCGCCCACCGCCGCTTCCTCCTCACCGGCGTCCACGTCGGCCTTGACGCCGCCGCCGACGACGACGACARAA
CACCCCCCACACCCCTTGTCGTCGTCGCTGCCGCGCAACACGGCACCGCCCCCGCAGCCGCCGCCGAAGCGL
AGCCCCTCGCCGATCTACAGCGATGACGACGTCATCGACTGGGCCACCGGTGGCCACGACATCGGCATCACC
GGCAACCTGCCCGACTGGTCGCTCGTCGACGAGCAGTTCAACACCCCTGCGCTGCCGCCGGTGGTGACCARG
ACCCCGCCGAAGCGGGCCTCCCGTGGCCCCGTCACGGCCGGCACCGCCGCGGCGGTGTTCGGCAACCTCGLCC
GGCGGATCGCCGGACTGGCCGCTCAACGAGTTCTTCGGCTTCGCCGACTTCAGCTCCGGCTTCGGCTTCGCC
GAGAACGGCACGTCCAAGGCGGACAGCGGCAAGATCGGGAGCATGGACGGCTCGCCGAACGGCGGCAGGTCG
TCGTCGTCGTCCTCCTCCTCCTCCGCCGCCGCCGCCGGCGGCGGCGGCGGCGGCCAGGACTTCTTCGGCCAG
GTGCCGGAAGTTCACTGGGCCGTGCCGGAGCTCCCCTCGCCGCCCACGGCGTCAGGGCTCCACTGGCARACGG
GACCCGCGCTACGGTGGCGGCGCCACCGACGCCAGCGCGGTGTTCGTGCCGGACATCTCCTCGCCGGAGAAC
CCCTTCCGTTGCTTCGCCGCCGCCGCCGCCGGTGACCATACCATGARACGCCGGAGGAGATGCTAA

SEQ ID NO: 171, protein - Oryza sativa
MKVLCSACEAAEARVLCCADDAALCARCDLHVHAANRLAGKHHRLPLLSSSSSSSSPSPPTCDICQDAHAYE
FCVEDRALLCRACDVAVHTANALVSAHRRFLLTGVHVGLDAAADDDDKHPPHPLSSSLPRNTAPPPOPPPKR
SPSPIYSDDDVIDWATGGHDIGITGNLPDWSLVDEQENTPALPPVVTKTPPKRASRGPVTAGTAAAVEGNLA
GGSPDWPLNEFFGFADESSGEFGEFAENGTSKADSGKIGSMDGSPNGGRSSSSSSSSSAAAAGGGGGGODEEGQ
VPEVHWAVPELPSPPTASGLHWQRDPRYGGGATDASAVEVPDISSPENPFRCFAAAAAGDHTMKRRRRC

Figure 18
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SEQ ID NO: 172, DNA - Oryza sativa
ATGAAGATCCAGTGCGACGCGTGCGAGAGCGCGGCGGCGGCGGTGGTGTGCTGCGCGGACGAGGCGGCGLTG
TGCGCGGCGTGCGACGTGGAGGTGCACGCGGCGAACAAGCTGGCCGGGAAGCACCAGCGGCTGCCGCTGGAG
GCGCTCTCGGCGAGGCTCCCGCGCTGCGACGTGTGCCAGGAGAAGGCGGCGTTCATCTTCTGCGTGGAGGAC
CGCGCGCTCTTCTGCCGCGACTGCGACGAGCCCATCCACGTCCCCGGCACGCTCTCCGGCAACCACCAGCGC
TACCTCGCCACCGGCATCCGCGTCGGCTTCGCCTCCGCCTCGCCCTGCGACGGCGGCAGCGACGCCCATGAC
TCCGACCACCACGCCCCGCCCATGGGCTCCTCCGAGCATCATCACCATCATCAGCAGCCGGCCCCGACCGTC
GCCGTCGACACGCCCTCGCCGCAGTTCCTGCCGCAGGGCTGGGCCGTCGACGAGCTCCTCCAGTTCTCCGAC
TACGAGACCGGCGACAAGCTGCAGAAGGAGTCGTCGCCGCCGCTCGGGTTCCAGGAGCTGGAGTGGTTCGCC
GACATCGACCTGTTCCACAACCAGGCGCCCAAGGGCGGCGCCGCCGCCGGCCGGACGACGGCGGAGGTCCCC
GAGCTCTTCGCTTCGCAGGCGGCCAACGACGTGGCGTACTACAGGCCGCCGACCAGGACCGCCGLCGLLGLT
TTCACCGCGGCCACCGGCTTCCGCCAGAGCAAGAAGGCCCGCGTCGAGCTCCCCGACGACGAGGAGGATTAC
CTCATCGTCCCTGATCTTGGTTGA

SEQ ID NO: 173, protein - Oryza sativa
MKIQCDACESAAAAVVCCADEAALCAACDVEVHAANKLAGKHQRLPLEALSARLPRCDVCQEKAAFIFCVED
RALFCRDCDEPIHVPGTLSGNHQRYLATGIRVGFASASPCDGGSDAHDSDHHAPPMGSSEHHHHHQQPAPTV
AVDTPSPQFLPQGWAVDELLOEFSDYETGDKLQKESSPPLGFQELEWFADIDLFHNQAPKGGAAAGRTTAEVP
ELFASQAANDVAYYRPPTRTAAAAFTAATGFRQSKKARVELPDDEEDYLIVPDLG

SEQ ID NO: 174, DNA - Oryza sativa
ATGAAGGTGCAGTGCGACGTGTGCGCGGCCGAGGCGGCGTCGGTGTTCTGCTGCGCCGACGAGGCCGCGLTG
TGCGACGCGTGCGACCACCGGGTGCACCGGGCCAACAAGCTCGCCGGGAAGCACCGCCGGTTCTCGCTGLTC
AACCCCTCGGCGTCCGGCCGCTCGCCGACATCGACGACGGCGCCGCTCTGCGACATCTGCCAGGAGAAGAGG
GGTTTCCTGTTCTGCAAGGAGGACCGGGCGATCCTGTGCCGCGAGTGCGACGTGCCGGTGCACACGGCGAGC
GAGCTCACCATGCGCCACAGCCGGTACCTCCTCACCGGCGTGCGGCTCTCCTCGGAGCCTGCCGCGTCCCCG
GCGCCGCCGTCGGAGGAGGAGAACAGCAGCAGCTTCTGCTGCAGCGCCGACGACGCCGTGCCGGCCCCGGLG
GCGCCCGCCACGAGCCACGGCGGGAGCAGCGGCAGCAGCAGCATCTCCGAGTACCTCACCACGCTGCCCGGG
TGGCACGTCGAGGACTTCCTCGTCGACGACGCCACTGCCGAGGCCGCCGCCGCCGCCGCCGCCACCTCTTCC
GGCATCTCCGCGAACGGGCCGTGTCAGGGGGTAACACGGATCGGAGGGCTGCAAGAATCCGCCGGCTACCCT
GCGTGGATGGCGCAGCAGCAGCTGTGCTGCGACGGCCTCGTCGCCGGCGACGCGTCGCCGGCTAGCCGGGAG
CGGTGGGTGCCGCAGATGTACGCGGATCAGCTTGCCGCCGGCAGCAAGAGATCCAGGACGTCCACTGCTTCT
TCCTACTCCTACTGGTGA

SEQ ID NO: 175, protein - Oryza sativa
MKVQCDVCAAEAASVEFCCADEAALCDACDHRVHRANKLAGKHRRESLLNPSASGRSPTSTTAPLCDICQEKR
GFLFCKEDRAILCRECDVPVHTASELTMRHSRYLLTGVRLSSEPAASPAPPSEEENSSSECCSADDAVPAPA
APATSHGGSSGSSSISEYLTTLPGWHVEDFLVDDATAEAAAAAAATSSGISANGPCQGVTRIGGLQESAGYP
AWMAQQOQLCCDGLVAGDASPASRERWVPOMYADQLAAGSKRSRTSTASSYSYW

SEQ ID NO: 176, DNA - Oryza sativa
ATGAGGATCCAGTGCGACGCGTGCGAGGCCGCGGCGGCCACGGTGGTGTGCTGCGCGGACGAGGCGGCGLTG
TGCGCGCGCTGCGACGTCGAGATCCACGCCGCCAACAAGCTCGCCAGCAAGCACCAGCGCCTCCCGCTCGAC
GCCGCGCTCCCCGCCGCCCTCCCGCGCTGCGACGTCTGCCAGGAGAAGGCGGLG
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TTCATCTTCTGCGTGGAGGACAGGGCGCTCTTCTGCCGGGACTGCGACGAGCCCATCCACGTCCCGGGGALCG
CTCTCCGGCAACCACCAGCGCTACCTCACCACCGGCATCCGCGTCGGGTTCAGCTCCGTCTGTAGCGCCAAC
GCCGACCACCTCCCGCCGCCAGCGCCCAAGGGGAACTCCAAGCCGCCGGCAAGCGGCATCGCTGCTGCTGCT
GCTCCCAAGCCGGCCGTGTCCGCGGCEGCGCAGGAGGTGCCGTCGTCACCGTTCTTGCCGCCGTCGGGLTGG
GCCGTCGAGGATCTCCTGCAGCTCTCCGACTACGAGTCCAGCGACAAGAAGGGCTCTCCTATTGGGTTCAAG
GATCTGGAGTGGCTCGATGACATCGACCTGTTCCATGTCCAGTCGCCGGCCAAGGGAGGCAGCACGGCGGLG
GAGGTGCCTGAGCTCTTCGCCTCGCCGCAGCCAGCGAGCAACATGGGGCTCTACAAGGCGAGCGGTGCACGC
CAAAGCAAGAAGCCACGGGTGGAGATACCCGATGACGACGAGGACTTCTTCATCGTTCCTGATCTTGGATGA

SEQ ID NO: 177, protein - Oryza sativa
MRIQCDACEAAAATVVCCADEAALCARCDVEIHAANKLASKHQRLPLDAALPAALPRCDVCQEKAAFIFCVE
DRALFCRDCDEPIHVPGTLSGNHQRYLTTGIRVGFSSVCSANADHLPPPAPKGNSKPPASGIAAAAAPKPAV
SAAAQEVPSSPFLPPSGWAVEDLLQLSDYESSDKKGSPIGFKDLEWLDDIDLEHVQOSPAKGGSTAAEVPELE
ASPQPASNMGLYKASGARQSKKPRVEIPDDDEDFFIVPDLG

SEQ ID NO: 178, DNA - Oryza sativa
ATGTCGCCTCCTCCTCCACCATATTACCACCACCTCCTCCTCCTCCGCTCCTCGCCCACCACCACTGGAGGA
GGAGCTCGGGTTCTTGCCGCGGCGGAGCTCGCACGCATGAAGCTACTGTGCAGCGCGTGCGAGGCGGCGGAG
GCCAGCGTCCTCTGCTGCGCCGACGAGGCCGCCCTGTGCGCGCGCTGCGACCGCGACATCCACGCCGCCAAC
CGCCTCGCCGGGAAGCACCTCCGCCTCCCTCTCCTCTCCCCCGCCTCCTCCTCCTCCTCCTCCGCCGLCGLC
CTCGCGCCGCCGCCGCCGTCGCCGCCCARGTGCGACATATGCCAGGAGAGCCACGCGTACTTCTTCTGCCTC
GAGGACCGCGCGCTGCTGTGCCGGAGCTGCGACGTGGCGGTGCACACGGCCAACGCCTTCGTCTCCGCGCAC
CGCCGTTTCCTCCTCACCGGCGTGCAGGTCGGGCAGGAGCAGGACGAGCACTCCCCTGACCCGCCTGAGCCG
TCTCCTCCTCCGCCGCCGCCGCCGCCTGCATCCAAGAGCGACCACCCGGCGCCGCTCTACGGCGAGGGCGGA
GGAGGGTTCAGCTGGGACGCCGCCGACTCGCCGGCCGCGGGCGGCCTCCCCGACTGGTCGGCCGTCGTCGAC
CAGTTCGGCTCCCCGCCGCCGCCGCGCCACACGGACACCGCGACCGTGACGACCCCGCCGCCGACCAAGAGG
AGCCCACGCGCGCCGGCGTTCGGCGGCCAGGGCGGCATGATGGATTGGCCCCTCGGCGAGTTCTTCGGCGGL
TTCACCGACTTCACCGGCGGCTTTGGCTTCGGCTTCGGCGACAGTGGCACCTCCAAGGCTGACAGCGGGARAG
CTGGGAGGGAGCACGGACGGCTCGCCGTACTACCGGTCGTCATCGGAAGATGACCGGAACGCCGACGAGCTC
TTCGGGCAGGTACCAGAGATCCAGTGGTCGGTGCCGGAGCTCCCCTCGCCGCCGACGGCCTCCGGCCTCCAC
TGGCAACGCCATCCAGCCGCCACTCACGGCGGCGGCGGCGGCGGACCCGACACCACCGCCTTCGTCCCCGAC
ATCTGCTCCCCCGACAGCTGCTTCCCGGCCACCACCTCCAAACGCCGGAGGCAATAA

SEQ ID NO: 179, protein - Oryza sativa
MSPPPPPYYHHLLLLRSSPTTTGGGARVLAAAELARMKLLCSACEAAEASVLCCADEAALCARCDRDIHAAN
RLAGKHLRLPLLSPASSSSSSAAALAPPPPSPPKCDICQESHAYFFCLEDRALLCRSCDVAVHTANAFVSAH
RRFLLTGVQVGQEQDEHSPDPPEPSPPPPPPPPASKSDHPAPLYGEGGGGEFSWDAADSPAAGGLPDWSAVVD
QFGSPPPPRHTDTATVTITPPPTKRSPRAPAFGGQGGMMDWPLGEFFGGEFTDFTGGEFGFGFGDSGTSKADSGK
LGGSTDGSPYYRSSSEDDRNADELEFGQVPEIQWSVPELPSPPTASGLHWQRHPAATHGGGGGGPDTTAEFVPD
ICSPDSCEFPATTSKRRRQ

SEQ ID NO: 180, DNA - Oryza sativa
ATGAAGATCCAGTGCAACGCGTGCGGCGCGGCGGAGGCGCGGGTGCTGTGCTGCGCCGACGAGGCAGCGLTC
TGCACGGCGTGCGACGAGGAGGTGCACGCCGCCAACAAGCTCGCCGGGAAGCACCAGCGGGTGCCGCTGLTC
TCCGACGACGGCGGCGCCGCGECCCGCCGLCCGCCGCCCCGGCCGTGCCCARGTGC
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GACATCTGCCAGGAGGCTTCTGGATACTTCTTCTGCCTGGAGGACCGTGCACTTCTTTGCAGAGATTGTGAT
GTTTCTATACACACAGTAAACTCCTTTGTTTCAGTACACCAAAGATTCCTACTAACAGGTGTTCAAGTTGGC
CTTGATCCTGCTGATCCAGTTCCACCTGTTGCTGACAAGCATGTTAAGAGTGCTGGTGGTTCAGTGGATTCA
GCAACTAAACATTTGCAAAGGAATCCTACAGACTTATCTGGTGAAAACAGTGCATCTTTGCCCAGCCAAAAT
GTAATCAATGGTAATTATTCTAGGCAGAGTTCTGTTACAATGGCCAAGACAGGACAGGTCAATTGGACTATG
AGCAACAACACAATTAGATCAATAGACCCTCCACCCAAGTATTCATCAGAGGAAAGTCCAGCACTTCTGCTA
GCTAGCCACACTAGCACCATGGCAGCGTACTCCAGTCAAATCAGTAAGGATAGTGATCGGATCTACAACTTA
CCATTCACAGGTGGTAATGGGTCAGATAGTCTACATGATTGGCATGTTGATGAGTTCTTTAGTAACTCAGAA
TTTGGCTTTGCTGAGCATGGTTCTTCTAAGGGTGACAACGCTAAGCCAGGGAGTGCTGGTGGATCTCCGCAG
TGCCGTCTGGCTGAAGGCCTGTTTGTCGAAGGACTTCTAGGTCAAGTGCCTGACAATCCATGGACAGTGCCT
GAGGTCCCCTCGCCACCGACAGCCTCTGGTCTCTATTGGCAAAATAATTTGCTTTGCCCTTCGTACGACAGC
ACCATGTTCGTCCCTGAGATTTCCTCCTTGGAGAACTCTCAGAACAACTTCACTGTATCTGCTGGTTTGAAG
CGCCGAAGGAGGCAGTTTTGA

SEQ ID NO: 181, protein - Oryza sativa

MKIQCNACGAAEARVLCCADEAALCTACDEEVHAANKLAGKHQRVPLLSDDGGAAPAAAAPAVPKCDICQEA
SGYFFCLEDRALLCRDCDVSIHTVNSFVSVHQRFLLTGVQVGLDPADPVPPVADKHVKSAGGSVDSATKHLQ
RNPTDLSGENSASLPSONVINGNYSRQSSVTMAKTGOQVNWTMSNNTIRSIDPPPKYSSEESPALLLASHTST
MAAYSSQISKDSDRIYNLPFTGGNGSDSLHDWHVDEFFSNSEFGFAEHGSSKGDNAKPGSAGGSPQCRLAEG
LFVEGLLGQVPDNPWTVPEVPSPPTASGLYWONNLLCPSYDSTMEFVPEISSLENSQNNETVSAGLKRRRRQF

SEQ ID NO: 182, DNA - Oryza sativa
ATGCGGGTGCAGTGCGACGTCTGCGCCGCCGAGCCGGCCGCGGETGCTCTGCTGCGCCGACGAGGCCGCGLTC
TGCTCCGCCTGCGACCGCCGCGTCCACCGCGCCAACCGCCTCGCCAGCAAGCACCGCCGCCTCCCGCTCGTC
CACCCGTCCTCCTCCTCCTCCGGCGACGGTGGCGCCGCCGCCGCGCCGCTGTGCGACGTGTGCAGGGAGARAG
AGGGGCCTCGTGTTCTGCGTCGAGGACCGCGCCATCCTGTGCGCCGACTGCGACGAGCCCATCCACTCCGCC
AACGACCTCACCGCCAAGCACACCCGCTTCCTCCTCGTCGGCGCCAAGCTCTCCCCCGCCGCGCTCGCCGAR
CAGCCGCTCCCGTCCTCCGACTGCAGCTCCGACGACGACGCCGCCGCCGCCGCCACCGAGGAGGAGTACCAC
TCCTCCGCCGCATCCACCGGCGCCGCAGTGAGCGCGCCTCTTGACGCCTCCAGCAACGGCGCCGGTGGCGGA
GGAGGAGTAGGAGGGAGCAGCATCTCCGACTACCTCACCACCATCTGCCCCGGCTGGCGCGTCGAGGACCTC
CTCCCCGACGACGACGCCTTCGCCGCCGCCGCCGCGCAGGCGGGGARAGAGAAGGACGAGCGCGTGCCGTTC
CTCGACGCCGACCTGTTCGACGTGGTCGCCGGCCGGCCGGAGAAGAAGGGCGGCGCGTGGGCGCCGCACGTG
CCGCACCTGCCGGCGTGGTGCCTCGACGAGGTGCCGGTCGTCGTCGCCGCGTCGGCGGCGCCAGCGGCGACA
CCTGTAAAGGCGAAGCAGGGACACGTGCGGGACAGCCACTGGAGCGACAGCGACGCGTTCGCCGTGCCGGAG
TTCTCGCCGCCGCCGCCGCCGGCCARGAGGGCGCGGCCCAGCTCGCAGTTCTGGTGCTTCTGA

SEQ ID NO: 183, protein - Oryza sativa
MRVQCDVCAAEPAAVIL.CCADEAALCSACDRRVHRANRLASKHRRLPLVHPSSSSSGDGGAAAAPLCDVCREK
RGLVEFCVEDRAILCADCDEPIHSANDLTAKHTRFLLVGAKLSPAALAEQPLPSSDCSSDDDAAAAATEEEYH
SSAASTGAAVSAPLDASSNGAGGGGGVGGSSISDYLTTICPGWRVEDLLPDDDAFAAAAAQAGKEKDERVPE
LDADLFDVVAGRPEKKGGAWAPHVPHLPAWCLDEVPVVVAASAAPAATPVKAKQGHVRDSHWSDSDAFAVPE
FSPPPPPAKRARPSSQFWCEF
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SEQ ID NO: 184, DNA - Oryza sativa
ATGCGGACGATCTGCGACGTGTGCGAGAGCGCGCCGGCGGETGCTCTTCTGCGTGGCCGACGAGGCCGCGLTC
TGCCGGTCCTGCGACGAGAAGGTGCATATGTGTAACAAGCTTGCTAGGCGGCACGTGAGAGTTGGGCTTGCA
GACCCTAATAAAGTTCAACGCTGTGATATATGTGAAAATGCCCCCGCCTTCTTCTATTGCGAGATAGATGGT
ACATCACTTTGCCTTAGTTGTGATATGACTGTTCATGTTGGTGGGAAACGAACCCATGGAAGATACCTGCTC
CTAAGGCAACGGGTTGAATTTCCAGGAGATAAACCAGGTCATATGGATGATGTTGCTATGCAACAGAAAGAT
CCTGAAAACCGGACGGATCAAAAGAAGGCCCCTCACTCAGTAACAAAGGAGCAAATGGCAAACCATCATAAT
GTGTCTGATGATCCAGCCTCAGATGGCAACTGCGATGACCAGGGTAACATCGATTCCAAAATGATTGATCTT
AATATGAGACCCGTCCGTACTCATGGACAAGGTTCAAACTCACAGACTCAGGGCGTGGATGTTAGCGTCAAC
AATCATGATTCTCCAGGAGTGGTGCCAACATGTAATTTCGAACGAGAAGCCAACAAATAA

SEQ ID NO: 185, protein - Oryza sativa
MRTICDVCESAPAVLEFCVADEAALCRSCDEKVHMCNKLARRHVRVGLADPNKVQRCDICENAPAFEYCEIDG
TSLCLSCDMTVHVGGKRTHGRYLLLROQRVEFPGDKPGHMDDVAMQQKDPENRTDOKKAPHSVTKEQMANHHN
VSDDPASDGNCDDQGNIDSKMIDLNMRPVRTHGQGSNSQTQGVDVSVNNHDSPGVVPTCNEFEREANK

SEQ ID NO: 186, DNA - Oryza sativa
ATGAAGATCGGGTGCGACGCGTGCGAGCAGGCGGAGGCGGCGGTGCTGTGCTGCGCCGACGAGGCCGLGLTC
TGCCGCCGCTGCGACGCCGCCGTCCACTCCGCCAACAGGCTCGCCGGCAAGCACACCCGCGTCGCGCTCCTC
CTCCCCTCCTCCTCCTCCGCCGCCGCCGGCGACGACGACCACCACCCCACCTGCGACATCTGCCAGGAGARG
ACGGGCTACTTCTTCTGCCTCGAGGACCGCGCCCTGCTCTGCCGGAGCTGCGACGTCGCCGTCCACACCGLC
ACTGCGCACGCCGCCGCCCACCGCCGCTTCCTCATCACCGGCGTCCGCATCGGCGGCAGCGTCGACGCCGLC
GCCGCGGCCGACGTCATCGTCAGCCCAACAAGCAGCAGCATCGCGCCGGCCGGCTCGGCCAGCAGCAACCAC
GCCGGCGCCGCCGGCAACAACRAATGGCCGGTCGCCGGCGCCGGTGAGGTTCTCAGGGGGAGACGGCGGCGTT
GAGCCGGAGCAGCAGTGGCCGTGGAGTGACGTCTTCGCCGCCGACGACGACGATGACGTCAGCGCCGCCATG
GAGCAGTGCTACTATCATGGCATCTCTGAACCTCACTCCTCCAGCCTCACTGGATGA

SEQ ID NO: 187, protein - Oryza sativa
MKIGCDACEQAEAAVI.CCADEAALCRRCDAAVHSANRLAGKHTRVALLLPSSSSAAAGDDDHHPTCDICQEK
TGYFFCLEDRALLCRSCDVAVHTATAHAAAHRREFLITGVRIGGSVDAAAAADVIVSPTSSSIAPAGSASSNH
AGAAGNNNGRSPAPVRFSGGDGGVEPEQQWPWSDVEFAADDDDDVSAAMEQCYYHGISEPHSSSLTG

SEQ ID NO: 188, DNA - Saccharum officinarum
ATGAAGATCCAGTGCGACGCTTGCGAGGGCGCGGCTGCCACGGTGGTGTGCTGCGCCGACGAGGCCGCGLTG
TGCGCGCGCTGCGACGTCGAGATCCACGCCGCCAACAAGCTCGCCAGCAAGCACCAGCGCCTCCCGCTCGAG
GCGCTCTCGGCCAAGCTCCCGCGCTGCGACGTCTGCCAGGAGAAAGCGGCGTTCATCTTCTGCGTGGAGGAC
CGGGCGCTCTTCTGCCGGGACTGCGACGAGCCCATCCACGTCCCGGGCACGCTCTCCGGGAACCACCAGCGC
TACCTCGCCACCGGCATCCGCGTCGGCTTCGCCTCCGCCTCCGCCTGCAGCGACGGCGCCTGCGACGCCCAC
GACTCCGACCACCACGCCCCGCCCAAGGCCACCATCGAGCCACCGCAGGCCACCGTCTCCGCCGCGGCGLAG
CAGGTGCCCTCGCCGCCGCAGTTCCTGCCGCAGGGCTGGGCCGTCGACGAGCTCCTGCAGTTCTCCGACTAC
GAGTCCAGCGACAAGCTGCACAAGGAGTCCCCGCTCGGGTTCGGAGCTGGAGTGGTTCGCCGACATCGACCT
CTTCCACGAGCAGGCGCCTAA
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SEQ ID NO: 189, protein - Saccharum officinarum
MKIQCDACEGAAATVVCCADEAALCARCDVEIHAANKLASKHQRLPLEALSAKLPRCDVCQEKAAFIFCVED
RALFCRDCDEPIHVPGTLSGNHQRYLATGIRVGFASASACSDGACDAHDSDHHAPPKATIEPPQATVSAAAQ
QVPSPPOFLPQGWAVDELLQFSDYESSDKLHKESPLGFGAGVVRRHRPLPRAGA

SEQ ID NO: 190, DNA - Arabidopsis thaliana
ATGAAGATACAGTGTGATGTGTGTGAGAAAGCTCCGGCGACGGTGATTTGTTGCGCCGACGAAGCTGCTCTC
TGTCCTCAATGCGACATCGAGATTCACGCCGCTAACAAACTCGCTAGCAAGCACCAACGTCTTCATCTTAAT
TCCCTCTCCACCAAATTCCCTCGTTGCGATATCTGCCAAGAGAAGGCAGCTTTCATTTTCTGTGTAGAGGAT
AGAGCTCTGCTTTGCAGGGACTGCGATGAATCCATCCACGTGGCTAATTCTCGATCTGCTAATCACCAGAGG
TTCTTAGCCACTGGGATCAAAGTAGCTCTGACCTCAACTATATGTAGTAAAGAAATTGAGAAGAATCAACCT
GAGCCTTCCAACAACCAACAGAAGGCTAATCAGATTCCTGCTAAATCCACAAGCCAGCAGCAACAACAACCT
TCTTCTGCTACTCCACTTCCCTGGGCTGTTGACGATTTCTTTCACTTCTCTGATATTGAATCCACCGACAAG
GTAGTGATGAGAATTGAGATTCAATGTTAG

SEQ ID NO: 191, protein - Arabidopsis thaliana
MKIQCDVCEKAPATVICCADEAALCPQCDIEIHAANKLASKHQRLHLNSLSTKFPRCDICQEKAAFIFCVED
RALLCRDCDESIHVANSRSANHQRELATGIKVALTSTICSKEIEKNQPEPSNNQQKANQIPAKSTSQQQQQOP
SSATPLPWAVDDFFHESDIESTDKVVMRIEIQC

SEQ ID NO: 192, DNA - Arabidopsis thaliana
ATGAAGATACAGTGTGATGTGTGTGAGAAAGCTCCGGCGACGGTGATTTGTTGCGCCGACGAAGCTGCTCTC
TGTCCTCAATGCGACATCGAGATTCACGCCGCTAACAAACTCGCTAGCAAGCACCAACGTCTTCATCTTAAT
TCCCTCTCCACCAAATTCCCTCGTTGCGATATCTGCCAAGAGAAGGCAGCTTTCATTTTCTGTGTAGAGGAT
AGAGCTCTGCTTTGCAGGGACTGCGATGAATCCATCCACGTGGCTAATTCTCGATCTGCTAATCACCAGAGG
TTCTTAGCCACTGGGATCAAAGTAGCTCTGACCTCAACTATATGTAGTAAAGAAATTGAGAAGAATCAACCT
GAGCCTTCCAACAACCAACAGAAGGCTAATCAGATTCCTGCTAAATCCACAAGCCAGCAGCAACAACAACCT
TCTTCTGCTACTCCACTTCCCTGGGCTGTTGACGATTTCTTTCACTTCTCTGATATTGAATCCACCGACAAG
AAAGGACAGCTTGATCTTGGGGCAGGGGAGTTGGATTGGTTTTCAGACATGGGATTCTTCGGTGATCAGATT
AATGACAAGGCTCTTCCTGCAGCTGAAGTTCCTGAGCTTTCTGTTTCGCATTTAGGTCATGTTCATTCATAC
AAACCTATGAAGTCAAATGTTTCACACAAGAAGCCGAGGTTTGAGACCAGATATGATGATGATGATGAGGAA
CACTTCATTGTCCCTGATCTTGGCTAA

SEQ ID NO: 193, protein - Arabidopsis thaliana
MKIQCDVCEKAPATVICCADEAALCPQCDIEIHAANKLASKHQRLHLNSLSTKFPRCDICQEKAAFIFCVED
RALLCRDCDESIHVANSRSANHQRELATGIKVALTSTICSKEIEKNQPEPSNNQQKANQIPAKSTSQQQQQOP
SSATPLPWAVDDFFHESDIESTDKKGQLDLGAGELDWESDMGEEFGDQINDKALPAAEVPELSVSHLGHVHSY
KPMKSNVSHKKPREFETRYDDDDEEHFIVPDLG

SEQ ID NO: 194, DNA - Arabidopsis thaliana
ATGAAGATCAGGTGCGACGTCTGCGATAAAGAAGAAGCGTCGGTGTTTTGCACGGCCGACGAAGCATCTCTC
TGCGGCGGCTGCGACCACCAAGTCCACCACGCTAACAAACTCGCCTCTAAACATCTCCGTTTCTCTCTCCTT
TATCCTTCTTCTTCCAACACCTCCTCTCCTCTCTGCGACATCTGTCAGGATAAAAAAGCTCTGTTGTTCTGT
CAACAAGATAGAGCTATTTTATGCAAAGATTGCGATTCATCGATCCACGCTGCGAACGAACACACAAAGAAA
CACGATAGGTTTCTTCTTACAGGGGTTAAGCTCTCTGCAACATCGTCTGTTTACAAACCTACTTCGAAATCT
TCTTCTTCTTCTTCAAGCAACCAAGATTTCTCTGTC
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CCTGGATCATCAATCTCTAATCCTCCTCCTCTCAAGAAACCTCTCTCAGCTCCTCCTCAGAGCAACAAGATC
CAACCCTTTTCGAAGATCAACGGCGGTGATGCGTCGGTGAATCAGTGGGGATCCACAAGCACGATTTCTGAG
TATTTGATGGATACGTTACCTGGTTGGCACGTTGAGGATTTCCTCGATTCCTCTCTTCCTACTTATGGTTTC
TCTAAGAGTGGTGATGATGATGGAGTGTTACCATATATGGAACCAGAAGATGACAACAACACTAAGAGAAAC
AACAACAACAACAACAACAACAACAACAATACAGTGTCACTTCCATCTAAGAATTTAGGGATTTGGGTCCCT
CAGATTCCACAAACTCTTCCTITCTTCATACCCAAATCAATACTTTTCTCAAGACAACAACATACAGTTTGGG
ATGTACAACAAAGAAACATCACCAGAAGTAGTGTCTTTTGCTCCAATACAAAACATGAAACAACAAGGACAG
AACAACAAGAGATGGTATGATGATGGTGGCTTCACTGTCCCACAGATCACTCCTCCTCCTICTTTCTTCTAAT
AAAAAGTTTAGATCTTTCTGGTAA

SEQ ID NO: 195, protein - Arabidopsis thaliana
MKIRCDVCDKEEASVEFCTADEASLCGGCDHQVHHANKLASKHLRESLLYPSSSNTSSPLCDICQDKKALLEC
QODRATILCKDCDSSIHAANEHTKKHDRELLTGVKLSATSSVYKPTSKSSSSSSSNQDESVPGSSISNPPPLK
KPLSAPPOSNKIQPFSKINGGDASVNQWGSTSTISEYLMDTLPGWHVEDFLDSSLPTYGEFSKSGDDDGVLPY
MEPEDDNNTKRNNNNNNNNNNNTVSLPSKNLGIWVPQIPQTLPSSYPNQYEFSQODNNIQFGMYNKETSPEVVS
FAPIQNMKQQOGONNKRWYDDGGEFTVPQITPPPLSSNKKEFRSEW

SEQ ID NO: 196, DNA - Arabidopsis thaliana
ATGAAGATTCAGTGTAACGTTTGTGAGGCGGCGGAAGCGACGGTTCTATGTTGCGCCGACGAGGCTGCTCTT
TGTTGGGCTTGCGATGAGAAAATTCACGCCGCTAATAAACTCGCCGGAAAACATCAGAGAGTCCCTCTCTCT
GCCTCTGCCTCTTCCATACCCAAATGTGACATTTGTCAGGAAGCATCTGGATTCTTCTTTTGTCTGCAAGAT
AGAGCTTTGCTATGTAGGAAATGTGATGTTGCAATCCACACTGTGAATCCTCATGTTTCAGCTCACCAGAGA
TTTCTTCTCACTGGAATCAAAGTTGGTCTTGAATCTATAGACACTGGTCCTTCTACTAAATCCTCACCTACC
AATGATGATAAAACCATGGAGACCAAACCTTTTGTTCAATCTATACCTGAGCCTCAAAAGATGGCCTTCGAT
CATCATCATCACCAGCAGCAGCAGGAACAGCAGGAAGGAGTTATACCGGGAACTAAAGTCAATGATCAGACA
TCGACAAAGCTTCCTCTCGTAAGTAGCGGATCAACTACTGGAAGCATTCCTCAGTGGCAAATAGAGGAGATT
TTCGGGCTAACCGACTTTGATCAGAGCTATGAATACATGGAGAATAATGGATCATCTAAGGCGGATACTAGT
AGACGAGGAGATTCAGACAGTTCTTCGATGATGAGATCTGCAGAAGAAGATGGAGAAGATAACAATAACTGC
TTGGGAGGTGAGACATCATGGGCGGTTCCACAGATTCAGTCTCCACCTACAGCGTCTGGTCTAARACTGGCCT
AAGCATTTTCACCACCACTCTGTGTTTGTTCCGGACATAACTTCTTCAACTCCTTATACCGGTTCATCCCCG
AATCAAAGGGTTGGGAAACGGCGGCGACGGTTCTAG

SEQ ID NO: 197, protein - Arabidopsis thaliana
MKIQCNVCEAAEATVLCCADEAALCWACDEKIHAANKLAGKHQRVPLSASASSIPKCDICQEASGEFEFCLQD
RALLCRKCDVAIHTVNPHVSAHOQRFLLTGIKVGLESIDTGPSTKSSPTNDDKTMETKPEFVQSIPEPQKMAFED
HHHHQQOQQEQQEGVIPGTKVNDQTSTKLPLVSSGSTTGSIPOQWQIEEIFGLTDEDOQSYEYMENNGSSKADTS
RRGDSDSSSMMRSAEEDGEDNNNCLGGETSWAVPQIQSPPTASGLNWPKHFHHHSVEVPDITSSTPYTGSSP
NQRVGKRRRRF

SEQ ID NO: 198, DNA - Arabidopsis thaliana
ATGAAGATACAATGTGATGTGTGTGAGAAAGCTCCGGCCACGCTTATATGTTGTGCTGATGAAGCTGCTCTC
TGCGCTAAATGTGACGTTGAGGTTCATGCTGCTAATAAACTCGCTAGCAAACACCAACGCCTTTTTCTTGAC
TCTCTCTCAACTAAATTCCCTCCCTGCGACATCTGCCTTGAGAAGGCAGCTTTCATATTCTGTGTAGAGGAT
AGGGCTCTGCTCTGCAGAGATTGCGATGAGGCGACCCATGCGCCARATACTCGCTCTGCTAATCACCAGAGG
TTCTTAGCCACTGGAATCCGAGTTGCTCTTAGTTCCACTAGT
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TGCAATCAAGAAGTGGAAAAGAATCACTTTGACCCATCTAATCAGCAGAGTCTCTCTAAACCGCCAACTCAG
CAACCCGCTGCTCCATCTCCTTTGTGGGCTACCGATGAATTCTTCAGCTACTCTGATCTTGACTGCAGTAAT
AAGGAGAAAGAGCAACTCGATCTCGGGGAGCTGGATTGGCTTGCAGAGATGGGTCTGTTTGGTGACCAGCCT
GATCAAGAGGCTCTACCGGTAGCCGAAGTTCCCGAGCTTTCCTTTTCACATTTGGCTCATGCTCATTCCTAC
AACAGACCTATGAAGTCCAATGTACCCAACAAGAAGCAGAGGCTTGAGTACCGGTATGATGATGAAGAAGAG
CACTTCCTAGTCCCCGACCTAGGCTAA

SEQ ID NO: 199, protein - Arabidopsis thaliana
MKIQCDVCEKAPATLICCADEAALCAKCDVEVHAANKLASKHQRLFLDSLSTKFPPCDICLEKAAFIFCVED
RALLCRDCDEATHAPNTRSANHQREFLATGIRVALSSTSCNQEVEKNHEDPSNQQSLSKPPTQQPAAPSPLWA
TDEFFSYSDLDCSNKEKEQLDLGELDWLAEMGLFGDQPDOQEALPVAEVPELSEFSHLAHAHSYNRPMKSNVPN
KKQRLEYRYDDEEEHFLVPDLG

SEQ ID NO: 200, DNA - Arabidopsis thaliana
ATGAAGATACAATGTGAAGTGTGTGAAAAGGCTGAAGCAGAAGTACTTTGTTGTTCAGATGAAGCTGTACTA
TGCAAGCCATGTGACATTAAGGTTCATGAAGCTAATAAACTTTTCCAAAGACATCACCGAGTCGCCTTACAA
AAAGATGCAGCCTCAGCCACCACAGCTTCTGGAGCTCCTCTATGTGATATCTGCCAGGAGAGAAAAGGGTAC
TTCTTCTGCTTAGAGGATAGAGCAATGCTGTGCAATGATTGTGATGAAGCCATTCACACTTGCAATTCTCAC
CAAAGATTCTTACTTTCTGGAGTACAAGTTTCTGATCAGTCTTTGACTGAAAACTCCGAATGCAGCACTAGT
TTTAGCTCTGAAACTTACCAGATTCAGTCAAAAGTGTCTCTGAATAGTCAGTACTCTAGTGAGGAAACTGAA
GCTGGAAACTCAGGTGAGATAGTACACAAGAATCCTTCTGTAATCTTAAGTCCTTAG

SEQ ID NO: 201, protein - Arabidopsis thaliana
MKIQCEVCEKAEAEVLCCSDEAVLCKPCDIKVHEANKLFQRHHRVALQKDAASATTASGAPLCDICQERKGY
FECLEDRAMLCNDCDEATIHTCNSHQRFLLSGVQVSDQSLTENSECSTSFSSETYQIQSKVSLNSQYSSEETE
AGNSGEIVHKNPSVILSP

SEQ ID NO: 202, DNA - Arabidopsis thaliana
ATGAAGATTTGGTGTGCTGTTTGTGATAAAGAAGAAGCTTCGGTGTTTTGTTGTGCGGATGAAGCAGCTCTT
TGTAATGGTTGCGATCGCCATGTTCATTTCGCCAATAAACTAGCCGGGAAACATCTCCGGTTCTCTCTCACT
TCTCCTACTTTCAAAGATGCTCCTCTTTGTGATATTTGCGGGGAGAGGCGTGCATTATTATTTTGCCAAGAA
GACAGAGCAATACTATGCAGAGAATGTGACATTCCAATACATCAAGCTAATGAGCACACTAAGAAACACAAT
AGATTCCTCCTTACCGGCGTTAAGATCTCTGCCTCCCCGTCAGCCTACCCAAGAGCCTCCAATTCCAACTCT
GCTGCTGCATTTGGTCGAGCCAARACCCGACCAAAATCAGTATCGAGCGAGGTCCCGAGCTCGGCCTCCAAT
GAGGTATTTACGAGCTCTTCTTCGACGACCACGAGCAATTGCTATTATGGGATAGAAGAAAACTACCATCAC
GTGAGCGATTCGGGGTCGGGATCGGGTTGTACAGGTAGTATATCCGAGTATTTGATGGAGACATTACCGGGT
TGGAGAGTGGAGGATTTGCTTGAACACCCTTCTTGTGTCTCCTATGAGGATAACATTATTACTAATAACAAT
AACAGTGAGTCTTATAGGGTTTATGATGGTTCTTCACAATTCCATCATCAAGGGTTTTGGGATCACAAACCC
TTCTCTTGA

SEQ ID NO: 203, protein - Arabidopsis thaliana
MKIWCAVCDKEEASVEFCCADEAALCNGCDRHVHFANKLAGKHLRESLTSPTFKDAPLCDICGERRALLFCQE
DRAILCRECDIPIHQANEHTKKHNRFLLTGVKISASPSAYPRASNSNSAAAFGRAKTRPKSVSSEVPSSASN
EVFTSSSSTTTSNCYYGIEENYHHVSDSGSGSGCTGSISEYLMETLPGWRVEDLLEHPSCVSYEDNI ITNNN
NSESYRVYDGSSQEFHHQGFWDHKPFES

Figure 18 (continued)



WO 2009/003977 PCT/EP2008/058370

101/143

SEQ ID NO: 204, DNA - Medicago truncatula
ATGAAGATCCAGTGTGATGCATGTCACAAACAAGAGGCCTCCTTGTTTTGCCCTGCAGATGAAGCAGCTCTC
TGCAATCAATGTGATCGCAATATCCACTATGCCAACAAGGTCTCTGCTAAACACAAACGCTTCACTCTTCAC
CACCCCACTTCCAAAGACACCCCTCTCTGTGATATCTGCAAGGAGAGGCGTGCATATCTATTTTGCAAAGAA
GACAGAGCAATACTTTGCAGGGAATGTGACATTCCTATCCATGAAATCAACAAACTTACCAAGCAACACAAC
AGGTTTCTTCTCACAGGCGTAAAGATCGGTGCTTCTTCTTCTTGTTCAAATCCAACAATTTCCAATGGCTCA
GAACTAAGAACCTCAAGTCCAAGACCAAGTTCATTTTCAAGTGAAAATAATAGTTGTTCTCAAAGTTCATTC
AAAGAGAACATGGTTTGTGACACAGTTTCAACCAGTAGCATTTCCGAATACTTGATTGAAACGATTCCTGGT
TACTGCATGGAGGACCTTTTTGATGCTTCTTTTGCACCTAATAACGTTTTCTGTAATAAGGATTATTATGAA
CAGAACCAAGATCTTCAAGTTATAAACATGTCTGACTGGGTACCACAATCTCAAGTTAGATTCCCTCAGCTT
AGTGCTAATTCGAATGTTCCCAATTGATTCTTTAGATGGGGTTATGAAAATG

SEQ ID NO: 205, protein - Medicago truncatula
MKIQCDACHKQEASLEFCPADEAALCNQCDRNIHYANKVSAKHKRETLHHPTSKDTPLCDICKERRAYLFCKE
DRAILCRECDIPIHEINKLTKQHNRFLLTGVKIGASSSCSNPTISNGSELRTSSPRPSSESSENNSCSQSSE
KENMVCDTVSTSSISEYLIETIPGYCMEDLEDASFAPNNVECNKDYYEQNQDLQVINMSDWVPQSQVREPQL
SANSNVPN

SEQ ID NO: 206, DNA - Lycopersicon esculentum
ATGAAGATACAGTGTGATGTGTGTGAGAAAGCTCAAGCTACTGTGATTTGCTGTGCTGATGAGGCTGCTCTG
TGTGCAAAATGTGATATTGAAGTTCATGCTGCTAATAAATTAGCAAGCAAGCACCAAAGGCTTCATCTTCAG
TGCCTATCTAACAAGCTTCCTCCTTGTGATATTTGCCAAGATAAAGCAGCCTTCATCTTCTGTGTTGAGGAT
AGAGCTCTCTTTTGCAAGGACTGTGACGAAGCAATTCATTCAGCCAGCAGCCTCGCTAAGAACCACCAACGC
TTCTTAGCCACTGGAATCCGTGTAGCCTTGAGCTCAAGCTGTAATAAGGAATCAGTAAAAAACCAACTGCAG
CCACAACCACCTCAGCAGAATTCCCAACAAGTTGGCTTGAAAATGCCTCCACAGCAGTTGTCCTGTATAACA
TCACCATCTTGGCCTGTCGATGATTTACTAGGATTTCCAGATTATGAGTCGAGTGACAAGAAGGATCTACTT
GAGCTTGGTGAATTTGAGTGGTTAGGGGGCATTGATCTCTTTGGTGAACAAACAGCAGCTGAAGTGCCCGAG
CTATCAGTACCTCAGTCGAGCAATACAAATATTTACAGGACAACCAAATATCAAATGCCTTACAAGAAGTCC
AGAATTGAAATCCCAGATGATGATGAGTATTTTACTGTCCCCGATCTTGGTTGA

SEQ ID NO: 207, protein - Lycopersicon esculentum
MKIQCDVCEKAQATVICCADEAALCARCDIEVHAANKLASKHORLHLOCLSNKLPPCDICQODKAAFTIFCVED
RALFCKDCDEATHSASSLAKNHOQRFLATGIRVALSSSCNKESVKNQLOPOPPOQONSQOVGLKMPPQOOLSCIT
SPSWPVDDLLGEFPDYESSDKKDLLELGEFEWLGGIDLEFGEQTAAEVPELSVPOSSNTNIYRTTKYQOMPYKKS
RIEIPDDDEYFTVPDLG

SEQ ID NO: 208, DNA - Solanum tuberosum
ATGAAGATCCAGTGTGATGTGTGTGAGAAAGCTCAAGCTACTGTGATTTGCTGTGCTGATGAGGCTGCTTTG
TGTGCAAAATGTGATATTGAAGTTCATGCTGCTAATAAATTAGCAAGTAAGCATCAAAGGCTTCATCTTCAG
TGCCTGTCTAACAAGCTTCCTCCTTGTGATATTTGCCAAGATAAAGCAGCCTTCATCTTCTGTGTTGAGGAT
AGAGCTCTCTTTTGCAAGGACTGTGACGAAGCAATTCATTCAGCCAGCAGCCTCGCTAAGAACCACCAACGC
TTCTTAGCCACTGGAATCCGTGTAGCCTTGAGCTCAAGCTGCAATAAGGAAGCAGTAAAAAACCAACTGGAG
CCACAACCACCTCAGCAGAATTCCCAACAAGTTGGCTTGAAAATGCCTCCACAGCAATTGTCCGGTATCACA
TCACCATCTTGGCCTGTTGATGATTTACTAGGATTTCCAGATTATGAATCGAGTGACAAGAAGGATCTACTT
GAGCTTGGTGAATTTGAGTGGTTAGGAGGTATTGATCTCTTTGGTGAACAAACAGCAGCTGAAGTACCCGAG
CTATCAGTACCTCAGTCAAGCAACACAAATATTTACCGGACAACCAAATATCAAATGCCTTACAAGAAGCCC
AGAATTGAAATCCCAGATGATGATGAGTATTTTACCGTCCCAGATCTTGGTTGA
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SEQ ID NO: 209, protein - Solanum tuberosum
MKIQCDVCEKAQATVICCADEAALCAKCDIEVHAANKLASKHQRLHLQCLSNKLPPCDICQDKAAFIFCVED
RALFCKDCDEATHSASSLAKNHOQRFLATGIRVALSSSCNKEAVKNQLEPQPPQONSQQVGLKMPPQQLSGIT
SPSWPVDDLLGFPDYESSDKKDLLELGEFEWLGGIDLEFGEQTAAEVPELSVPQSSNTNIYRTTKYQMPYKKP
RIEIPDDDEYFTVPDLG

SEQ ID NO: 210, DNA - Populus trichocarpa
ATGAAGATCCAGTGCGATGTGTGTAACAAAGAAGAGGCATCGGTGTTTTGCACCGCTGACGAGGCAGCTCTT
TGCGACACCTGTGACCACCGTGTTCACCATGCCAACAAGCTTGCTTCAAAGCACCAACGTTTTTCCCTTCTC
CATCCTTCCTCAAAAAACTTCCCCATCTGTGATATCTGCCAGGAGAAACGGGCTTTCTTGTTCTGTCAACAA
GACAGGGCGATTTTATGTAGAGAGTGTGATGGTCCAATACACACAGCAAACGAGCATACCCAGAAGCACAAC
AGGTTTCTTCTCACAGGAGTCAAGCTCTCTGCTACATCTGCTGTTTATATATCTTCTTCCTCTGTCACCAAC
AGTGGTGGTGATCTCGTTCCTGATTCAAAGTCTCAACAGCAGCAGCAGCAGCAGCAATCAATCAAGAAACCT
GTGTTTGATGCTCCAGTGAATTCCAATCCACCTACAGTTCCCAGTACCTTATCTACAAACACAGAAGTAAAC
AAGGGTGGGGATAATTTGGTAACAAATGAAGGGTTTGGTTCAACAACAAGTAGTACTATATCAGAGTACTTG
ATGGAGACTCTTCCTGGCTGGCATGTTGAAGACTTTCTTGATTCCTCTACTACTCCCTTTGGTTTCTGTAAG
ATTGATGATGGTCTATTGCCGTTTATGGATGCTCATGATCTTGAGAGCAACATGAGTTCTTTCTCATCAGAA
AGTTTGGGGCTTTGGGTCCCTCAAGCACCATCTACTCCATACACATCTCAACAGTATTATTATCCACAGTTG
GTAGGGCAAAGTGGGTTCAAGGAGATAAAAGAGACCACAAACATGAAAGCTAACAGAAGGTTGGCAGATGAT
GTCTTCACTGTTCCACAGATCAGCCTCCCGGCCAATATAAGCTCTAAGAGATCTAGGCCCTTATGGTAG

SEQ ID NO: 211, protein - Populus trichocarpa
MKIQCDVCNKEEASVFCTADEAALCDTCDHRVHHANKLASKHOQRESLLHPSSKNEPICDICQEKRAFLECQQ
DRAILCRECDGPIHTANEHTQRKHNREFLLTGVRKLSATSAVYISSSSVINSGGDLVPDSKSQOQOQOQQQQSTIKKP
VEDAPVNSNPPTVPSTLSTNTEVNKGGDNLVTINEGEGSTTSSTISEYLMETLPGWHVEDEFLDSSTTPEGECK
IDDGLLPFMDAHDLESNMSSESSESLGLWVPQAPSTPYTSQQYYYPOQLVGOSGFREIKETTNMKANRRLADD
VETVPQISLPANISSKRSRPLW

SEQ ID NO: 212, DNA - Vitis vinifera
ATGAAGATACCGTGTGATATATGTGGGAATGTGGAGGCTGAGGTTCTATGTAGTGCTGATGAGGCAGTACTC
TGTTGGGGATGCGATGARAAGGGTGCACACAGCTAACAAGCTGTCCCAGAAGCATCAACGTGTCCCTCTTCTC
AAACACCCACCCTCCACTTCMTCTTCTCAGCTGCCTCCTTGTGATATCTGCCAGGAGAAAAGCGGGTATTTT
TTCTGCCTGGAGGACAGGGCATTACTCTGCAAGAACTGTGATGTTTCAACTCATTCAACAAACTCTTACGTG
TCGTCACACCGACGTTTTGTCATATCAGGAATCAAAGTTGCTCTTCAATCCGTAACTAACAACTACAGAACT
GGCTGCAACAGCAGAACCTACCCTCTCGATATGCCAAACTCAAATAGTTCTTCAGTCAACTTCCCAATGGAT
AGGGAGAAGAAGCCAGAAATGACCACAGAAGTTGCATCCACATCCTCAGACATGGTAGCCATGTTCTCAGGT
GAAATCCATTTGGCAACTGGACCTGAATGGACATTAGATGAAATCCTTGGGAGCAATGATTTTGACTATTAT
GAGTTTTCGGACATGGGGCAATCCAGGATTAGCAGCCAATGA

SEQ ID NO: 213, protein - Vitis vinifera
MKIPCDICGNVEAEVLCSADEAVLCWGCDERVHTANKLSQKHQRVPLLKHPPSTSSSQLPPCDICQEKSGYF
FCLEDRALLCKNCDVSTHSTNSYVSSHRREVISGIKVALQSVTNNYRTGCNSRTYPLDMPNSNSSSVNEPMD
REKKPEMTTEVASTSSDMVAMESGEIHLATGPEWTLDEILGSNDEFDYYEEFSDMGQSRISSQ
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SEQ ID NO: 214, DNA - Glycine max
ATGAAAATTCAGTGCGATGTGTGTGAGAAAGCCCCGGCAACCGTGATTTGCTGCGCAGATGAGGCAGCTTTG
TGTGCCAAATGTGACGTTGAAGTTCATGCTGCAAACAAGCTTGCAAGCAAGCACCAGAGGCTTCTCCTTCAA
TCTGTATCTAACAAGCTTCCCAGATGTGACATATGTCAAGATAAGCCAGCTTTCATATTTTGTGTTGAGGAC
AGAGCACTCTTCTGTAAAGACTGTGATGAACCTATTCATTTAGCCAGTAGCCTTTCTGCAAACCACCAGCGC
TTCCTTGCTACTGGTATCCGGGTGGCTTTGGGTTCTAATTGCACCAAAGGCAATGAARAAAGGTCACGTGGAA
CCATCTAAACCAAAAGCACAAGAAGTTCCTGCGAAAATTCCTTCTCAGCAAGTGCCTAGCTTCACATCCTCT
TGGGCAGTTGATGACTTGTTGGAATTAACAGACTTTGAATCACCAGACAAAGTTCAGAAGCAATCCCTTGAG
TTTGGAGAACTTGAATGGCTAGCAGATGTAGGCCTTTTTGGTGAACAGTTTCCTCATGAAGCTTTAGCGGCG
GCTGAAGTTCCTCAGCTTCCAATGACTAGCAGTGTTGGCTCACACAAAGCCCCCAAATCCTTGTTGTCTTAC
AAARAAGCCTAGGATTGAAGTCCTAGATGAAGATGATGATGAGCACTTCACCGTACCAGATCTCGGATAA

SEQ ID NO: 215, protein - Glycine max
MKIQCDVCEKAPATVICCADEAALCAKCDVEVHAANKLASKHOQRLLLOSVSNKLPRCDICQODKPAFIFCVED
RALFCKDCDEPIHLASSLSANHQREFLATGIRVALGSNCTKGNEKGHVEPSKPKAQEVPAKIPSQQVPSFEFTSS
WAVDDLLELTDFESPDKVQKOSLEFGELEWLADVGLEFGEQFPHEALAAAEVPQLPMT SSVGSHKAPKSLLSY
KKPRIEVLDEDDDEHEFTVPDLG

SEQ ID NO: 216, DNA - Artificial sequence
ggggacaagtttgtacaaaaaagcaggcttaaacaatgaaggtgcagtgcga

SEQ ID NO: 217, DNA - Artificial sequence
ggggaccactttgtacaagaaagctgggttcaccagtacaagcagggag

SEQ ID NO: 218, DNA - Oryza sativa
AATCCGAAAAGTTTCTGCACCGTTTTCACCCCCTAACTAACAATATAGGGAACGTGTGCTAAATATAAAATG
AGACCTTATATATGTAGCGCTGATAACTAGAACTATGCAAGAAAAACTCATCCACCTACTTTAGTGGCAATC
GGGCTAAATAAAAAAGAGTCGCTACACTAGTTTCGTTTTCCTTAGTAATTAAGTGGGAAAATGAAATCATTA
TTGCTTAGAATATACGTTCACATCTCTGTCATGAAGTTAAATTATTCGAGGTAGCCATAATTGTCATCAAAC
TCTTCTTGAATAAAAAAATCTTTCTAGCTGAACTCAATGGGTAAAGAGAGAGATTTTTTTTAAAAAAATAGA
ATGAAGATATTCTGAACGTATTGGCAAAGATTTAAACATATAATTATATAATTTTATAGTTTGTGCATTCGT
CATATCGCACATCATTAAGGACATGTCTTACTCCATCCCAATTTTTATTTAGTAATTAAAGACAATTGACTT
ATTTTTATTATTTATCTTTTTTCGATTAGATGCAAGGTACTTACGCACACACTTTGTGCTCATGTGCATGTG
TGAGTGCACCTCCTCAATACACGTTCAACTAGCAACACATCTCTAATATCACTCGCCTATTTAATACATTTA
GGTAGCAATATCTGAATTCAAGCACTCCACCATCACCAGACCACTTTTAATAATATCTAAAATACAAAAAAT
AATTTTACAGAATAGCATGAAAAGTATGAAACGAACTATTTAGGTTTTTCACATACAAAAAAAAAAAGAATT
TTGCTCGTGCGCGAGCGCCAATCTCCCATATTGGGCACACAGGCAACAACAGAGTGGCTGCCCACAGAACAA
CCCACAAAAAACGATGATCTAACGGAGGACAGCAAGTCCGCAACAACCTTTTAACAGCAGGCTTTGCGGCCA
GGAGAGAGGAGGAGAGGCAAAGAAAACCAAGCATCCTCCTTCTCCCATCTATAAATTCCTCCCCCCTTTTCC
CCTCTCTATATAGGAGGCATCCAAGCCAAGAAGAGGGAGAGCACCAAGGACACGCGACTAGCAGARAGCCGAG
CGACCGCCTTCTCGATCCATATCTTCCGGTCGAGTTCTTGGTCGATCTCTTCCCTCCTCCACCTCCTCCTCA
CAGGGTATGTGCCTCCCTTCGGTTGTTCTTGGATTTATTGTTCTAGGTTGTGTAGTACGGGCGTTGATGTTA
GGAAAGGGGATCTGTATCTGTGATGATTCCTGTTCTTGGATTTGGGATAGAGGGGTTCTTGATGTTGCATGT
TATCGGTTCGGTTTGATTAGTAGTATGGTTTTCAATCGTCTGGAGAGCTCTATGGAAATGAAATGGTTTAGG
GATCGGAATCTTGCGATTTTGTGAGTACCTTTTGTTTGAGGTAAAATCAGAGCACCGGTGATTTTGCTTGGT
GTAATAAAGTAC
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GGTTGTTTGGTCCTCGATTCTGGTAGTGATGCTTCTCGATTTGACGAAGCTATCCTTTGTTTATTCCCTATT
GAACAAAAATAATCCAACTTTGAAGACGGTCCCGTTGATGAGATTGAATGATTGATTCTTAAGCCTGTCCAA
AATTTCGCAGCTGGCTTGTTTAGATACAGTAGTCCCCATCACGAAATTCATGGAAACAGTTATAATCCTCAG
GAACAGGGGATTCCCTGTTCTTCCGATTTGCTTTAGTCCCAGAATTTTTTTTCCCAAATATCTTAARAAAGTC
ACTTTCTGGTTCAGTTCAATGAATTGATTGCTACAAATAATGCTTTTATAGCGTTATCCTAGCTGTAGTTCA
GTTAATAGGTAATACCCCTATAGTTTAGTCAGGAGAAGAACTTATCCGATTTCTGATCTCCATTTTTAATTA
TATGAAATGAACTGTAGCATAAGCAGTATTCATTTGGATTATTTTTTTTATTAGCTCTCACCCCTTCATTAT
TCTGAGCTGAAAGTCTGGCATGAACTGTCCTCAATTTTGTTTTCAAATTCACATCGATTATCTATGCATTAT
CCICTTGTATCTACCTGTAGAAGTTTCTTTTTGGTTATTCCTTGACTGCTTGATTACAGAAAGAAATTTATG
AAGCTGTAATCGGGATAGTTATACTGCTTGTTCTTATGATTCATTTCCTTTGTGCAGTTCTTGGTGTAGCTT
GCCACTTTCACCAGCAAAGTTC

SEQ ID NO: 219, protein - Artificial sequence
MKVQCDVCAAEAASVFCCADEAALCDACDRRVHSANKLAGKHRRESL

SEQ ID NO: 220, protein - Artificial sequence
QKPPLCDICQEKRGFLFCKEDRAILCRECDVTIVHTTSELTRRHGRFLL

SEQ ID NO: 221, protein - Artificial sequence
CRXCX XX KK KXXKXKXKKXXXXCXXC

SEQ ID NO 222: Zea mays STO
cccgtcecggtctagctaggactagtaagtagcataccattaccatcecctecgegeggcectagectceccgactecget
ttcatccatacgattgcccggagctcaagcecctgagctgageccgcecagagecgegegegatcatecgettgagyg
gaaaagcagagtggagtggccgagatgaaggtgcagtgcgacgtgtgcgcecggeccgaggcggecgaggtgtte
tgctgcgccgacgaggcggcgctgtgcgacgecgtgcgaccgccgecgtgcaccgcecgeccaacaagctecgecgge
aagcaccgccgcttctcgcectgcectcagececcggcgeccaccgeccgecgecgecgetectgecgacatctgecaggac
aagcgggggctcctgttctgcaaggaggaccgcgcecatcctgtgeccgecgactgecgacgtgteggtgcacacyg
gccagcgacctgaccatgcgccacgcccggttectgetcacgggecgteccgectectecgecgagcccgccgece
gcgtgcccggcgccggaggatgaggaggaggaggacgacgagaacagcagcggcagcettcectgetgecagegece
ggcgacgcagccgcacatcctectectettecgtegtecggegeccgecaccagccacgggagecgacagecage
agcatctccgagtacctcaccaagacgctgcccgggtggcacgtcgaggacttcecctcattgacgacgegtece
gctggcgacgtcggcgcecctgctcggatggecctctatcagggacaaaatggacagatcagtggggtgctgcaa
gaagcttacctgccgtggacggagcgggagcaggtgcaaactgacgtcgcagacgagcgggecagetgggag
cggtgggtgccacagatgcatgcggagttcggcggcggcggcaagcgacctagagecgtcgecttegectecce
tgttcgtactggtgattggtgaaaagttcgccgtcttcagcaagatgatttgtattgggctaattagtagag
ctactgtaggaacgaccgaaaaatgagccaaaaaagtaacggcctccatcgagectcgttttaaattattcecte
tgcctaaagccaaactttcagaaaggagaacggtattttcecctgttcgattaattaggtcgatttcgatcgaa
ctcgttccaaaatcccaattgtttgctacctaaagacagacttcctgaatatagttgagtaacaggggaatt
tgccgaaggaaaaaaaaaaaa

SEQ ID NO 223: Zea mays STO
mkvgcdvcaaeaaeviccadeaalcdacdrrvhranklagkhrrfsllspapppppplcdicgdkrgllfck
edrailcrdcdvsvhtasdltmrharflltgvrlsaepaaacpapedeeeeddenssgsfcecsagdaaahpp
plpssapatshgsdsssiseyltktlpgwhvedfliddasagdvgacsdglygggnggisgvlgeaylpwte
regvgtdvaderaswerwvpgmhaefggggkrpraspsppcsyw
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MVSALFRT[ILVTGGAGYIGSHTVLQLLOLGFRVVVLDNLDNASELAT LRVRELAGH

NANNLDFRKVDLRDKQALDQIFSSQRFEAVIHFAGLKAVGESVQKPLLYYDNNLIG

HITLLQVMAAHGCTKLVFSSSATVYGWPKEVPCTEESPLCAMNPygrtkLVIEDMC|

EDLHASDPNWKIILLRYFNPVGAHPSGYIGEDPCGIPNNLMPFVQQVAVGRRPALT|

YGTDYNTKDGTGVRDY ITHVVDLADGHIAALRKLYEDSDRIGCEVYNLGTIGKGTSV

LEMVAAFEKASGKKIPLVFAGRRPGDAEIVYAQTAKAEKELKWKAKYGVEEMCRDL

WNWASKNPYGYGSPDSSN
Figure 19
1 50
0s504g0618200 (1) —mmm e~
0s05g0595100 (1) —mm e~
0s07g0139400 (1) —mm e~
0s08g0374800 (1) —mmm e~
0s509g0323000 (1) —mm e~
0s09g0504000 (1) MPADAAAKGMKLERYASGAGAMLLLRRAASGKVVSASSHLLFRATVLATM
0s509g0526700 (1) —mmm e~
AT1G12780 UGE1l (1) —mm e~
AT1G63180 UGE3 (1) —mmm e~
AT1G64440 UGE4 (1) —mmm e~
AT4G10960_UGES (1) —mmm e~
AT4G23920 UGE2 (1) —mmm e~
Pt lcl scaff 5422.2 (1) —mm e~
Pt 1lcl scaff I.2996 (1) —mmmm e
Pt lcl scaff I.773 (1) —mmmm e
Pt lcl scaff III.1133 (1) —mm e~
Pt lcl scaff III.%6l1 (1) —mmmm e
Pt lcl scaff VI.203 (1) —mm e~
Pt lcl scaff XI.1329 (1) —mm e~
Pt lcl scaff XVI.140 (1) —mm e~
0t08g01550 (1) —mm e~
SC GAL10 P04397 (1) oo
EC GALE (1) mmm oo
0S_UGE2 5
Consensus (1)

Figure 20
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51 100
0s04g0618200 1y - MDFGDSRRKPNVVGKFTVAVALTVMC
0s05g0595100 (1) -
0s07g0139400 (1) --MLPTNRNRPQQORPARSWYFISDMDFSDPKRKPRYLSKILMVALLTAMC
0s08g0374800 (1) -
0s09g0323000 (1) -
0s09g0504000 (51) ALVFLFTFHYPSLLSRSFTLSSGAGAGEGGAAAHASHRSLLMSSSSASAS
0s09g0526700 (1) -
AT1G12780 UGE1l (1) - """
AT1G63180 UGE3 (1) -
AT1G64440 UGE4 (1) - """
AT4G10960_UGES (1) -
AT4G23920 UGE2 (1) - """
Pt lcl scaff 5422.2 (1) - """
Pt_lcl_scaff_I.2996 (1) --MLSFGRTRTQPR-SNRSMSLGGMDFSDPKRKNNVVGKILLAASLTAVC
Pt 1cl scaff I1.773 i1y ---------—- - " -——" "
Pt lcl scaff III.1133 (1) - """
Pt 1cl scaff III.9%61 i1y ---------—- - " -——" "
Pt_lcl_scaff_VI.203 (1) ----—-——————————- MVHKGSGMDFLDSRRKSNSAGKVIAVAFFIAVC
Pt_lcl_scaff_XI.1329 (1) --MLNFGRTRAQTR-SNRSISLGGMDYSDPKRKNNVVGKILLAATLTALC
Pt lcl scaff XVI.140 (1) —=—m—mmmm MDYLDSRRKSRCAGKIIAAALCIT--
0t08g01550 (1) -
SC_GAL10 P04397 (1) -
Ec_GALE (1) =
0S_UGE2 (1) -

Consensus (51)

—» epimerase domain
101 150
0s04g0618200 (27) IIVLKQ--SPGFTSTSVFSRHEIGVTHVLVTGGAGYIGESHATLRLLRDNY
0s05g0595100 1l - MVSALLRTIILVTGGAGY IGSHTVLOLLOLGE
0s07g0139400 (49) VVMLTQP-PCHRRTPSVFSIHEPGVTHVLVTGGAGYIGESHAALRLLKDSFEF
0s08g0374800 (1) -——-———————————- MAVEKTVPGGVRTVLVTGGAGY IGSHAVLOQLLLAGFE
0s09g0323000 (1) - ——————- MAGGEVVAVAAAAAGT SRTVLVTGGAGY IGSHTVLQLLAAGE
0s09g0504000 (101) AASVYGGAAWEKEVRRSAKPRKDGGIAVLVTGAAGFVETHCSLALRARGD
0s09g0526700 (1) MVSGGGVAAENGEMVGNGEGRKGAGASVILVT[GGAGY IGTHTVLRLLEKGE
AT1G12780_UGE1 1l - MGSSVEONIILVTGGAGF IGTHTVVQLLKDGE
AT1G63180_UGE3 1l - MGSSVEQNIILVTGGAGF IGQTHTVVQLLNQGE
AT1G64440_UGE4 1y - MVGNIILVTEGAGY IGSHIVLQLLLGGY
AT4G10960_UGE5 1y - MMARNVILVSGGAGY IGSHTVLQLLLGGY
AT4G23920_UGE2 1y - MAKSVILVTGGAGY IGSHTIVLQLLEGGY
Pt lcl scaff 5422.2 (1) ——mmmmmmm o MI[LVT[GGAGF IGSHSCVELAAAGE
Pt_lcl_scaff_I.2996 (48) IIMLKQ--SPTFNSPSPFSLREDGVIHVLVTGGAGYIGESHAALRLLKDGY
Pt lcl scaff I.773 (1) ——mmmmmmmm e MAYN|ILVTIGGAGY IGSHTIVLOLLLGGY
Pt lcl scaff III.1133 (1) ——mmmmmmmm e MAKS|ILVTGGAGY IGSHTIVLOLLLGGY
Pt lcl scaff III.961 O MAGOT(ILVT[GGAGF IGTHTIVVQLLKEGE
Pt_lcl_scaff_VI.203 (34) IVMLKQVYSPSYTSPDMFSQHELGVTHVLVTGGAGYIGESHAALRLLKDSY
Pt_lcl_scaff_XI.1329 (48) IIMLKQ--SPTFYSPSPFSLHEEGVIHVLVTGGAGYIGESHAALRLLKDGY
Pt_lcl_scaff_XVI.14O L T FSQHELGVTHVILVTIGGAGY IGSHAALRLLKDSY
0t08g01550 1y - MTWNVILVTGGAGY IGSHTCVRLLQAGA
SC_GALlO_PO4397 (1) -——-———————————- MTAQLQSESTSKINVLVTGGAGY IGSHTVVELIENGY
EC_GALE 1y - MAILVTGGAGY IASHTILSLIEQGN
OS_UGE2 1l - MVSALFRTIILVTGGAGY IGSHTVLQLLQLGE
Consensus (101) VILVTGGAGYIGESHTIVLOLL GY
Motif 1
Motif 3
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151 200
0s04g0618200 (75) RVTIVDNLSRGNMGAVRVLOQRLFP--EPGRLQFIYADLGDAKAVNKIFSE
0s05g0595100 (32) RVVVLDNLDNASELAILRVRELAG-HNANNLDFRKVDLRDKQAIDQIFSS
0s07g0139400 (98) RVTIVDNLSRGNMGAIKVLONLFS--EPGRLQFIYADLGDPKAVNRIFAE
0s08g0374800 (37) RAVVVDNLNNSSELAVRRVAALAG-DHSRNLAFHKVDLRDKGALEKVFAS
0s09g0323000 (43) RVVVADSLGNSSELAVRRVAALAG-DKARNLSLHKVDIRDKGGLEKVFEFSS
0s09g0504000 (151) GVLGLDNFNAYYDPELKRARQRLLAG--RGVLVLDADINDALLLEKLFEFDL
0s09g0526700 (51) AVTVVDNFHNSVPEALDRVRLIAGAALSARIDFIAGDLKSKDDMEKVFAA
AT1G12780_UGE1 (32) KVSIIDNFDNSVIEAVDRVRELVGPDLSKKLDENLGDLRNKGDIEKLFSK
AT1G63180_UGE3 (32) KVTIIDNLDNSVVEAVHRVRELVGPDLSTKLEFNLGDLRNKGDIEKLFSN
AT1G64440_UGE4 (28) NTVVIDNLDNSSLVSIQRVKDLAG-DHGONLTVHQVDLRDKPALEKVEFSE
AT4G10960_UGE5 (29) SVVVVDNLDNSSAVSLQRVKKLAA-EHGERLSFHQVDLRDRSALEKIFSE
AT4G23920_UGE2 (28) SAVVVDNYDNSSAASLQRVKKLAG-ENGNRLSFHQVDLRDRPALEKIFSE
Pt_lcl_scaff_5422.2 (25) PYLIYDNFSNSSPDVLERMERITG----RRPLCVEGDVRDRAAIDRLFAE
Pt_lcl_scaff_I.2996 (96) RVTIVDNLSRGNLGAVKVLQELFP--EPGRLQFIYADLGEPKTVNSIFSQ
Pt_lcl_scaff_I.773 (28) NTVVVDNLDNASDIALKRVKELAG-DFGKNLVFHQVDLRDKPALENVFAE
Pt_lcl_scaff_III.1133 (28) SIVVVDNLDNSSDIALKRVKELAG-DFGKNLVFHQVDLRDKPALEKIFAR
Pt_lcl_scaff_III.961 (29) KVSIIDNLDNSVTEAVDRVKEVVGPQLSKNLEFNLGDLRNKDDLEKLFSR
Pt_lcl_scaff_VI.203 (84) RVTIVDNLSRGNLGAVKVLQELFP--EPGRLQFIYADLGDAKAVNKIFAE
Pt_lcl_scaff_XI.1329 (96) RVTIVDNLSRGNIGAVKVLQELFP--EPGRLQFIYADLGDPKTVNIIFSQ
Pt_lcl_scaff_XVI.14O (58) RVTKVDNLSRGNLGAVKVLQODLFP--EPGRLQFIYADLGDAKAVNKIFAE
0t08g01550 (28) RVTVVDNFDNSCAESLKRVRNIVGEDAGARLTHHEVDCCDKVALDGVFAS
SC_GALlO_PO4397 (37) DCVVADNLSNSTYDSVARLEVLTK----HHIPFYEVDLCDRKGLEKVFKE
EC_GALE (26) EVIIIDNLSNSYYDSLLKIKEITG----CDCLEFYKGDILDKKLLLKIFDE
OS_UGE2 (32) RVVVLDNLDNASELAILRVRELAG-HNANNLDFRKVDLRDKQAIDQIFSS
Consensus (151) RVVVVDNL NS AVKRVKEL G RL F ADLRDK ALEKIFS
201 250
0s04g0618200 (123) N--AFDAVMHFARVAYVGESTLEPLRYYHNITSNTLTVLEAMAAYNVKTL
0s05g0595100 (81) Q--RFEANVIHFAGLKAVGESVQKPLLYYDNNLIGTITLLQVMAAHGCTKL
0s07g0139400 (146) N--AFDAVMHFARVAYVGESTLEPLRYYHNITSNTLVVLEAMAAHNVRTL
0s08g0374800 (86) T--RFDANVVHFAGLKAVGESVQKPLLYYDNNVNGTVNLLEVMSAHGCKKL
0s09g0323000 (92) T--RFDANVVHFAGLKAVGESVQKPLLYYDHNVAGTIILLEVMAAHGCKKL
0s09g0504000 (199) VP--FTHVLHLARQAGVRYAMEAPQTYVASNVAGLVTVLEVAAKHADPQP
0s09g0526700 (101) K--RYDAVIHFAGLKAVGESVAHPOMYYENNVAGTMNLYSAMTKYGCKKI
AT1G12780_UGE1 (82) Q--RFDAVIHFAGLKAVGESVENPRRYFDNNLVGTINLYETMAKYNCKMM
AT1G63180_UGE3 (82) Q--RFDAVIHFAGLKAVGESVGNPRRYFDNNLVGTINLYETMAKYNCKMM
AT1G64440_UGE4 (77) T--KFDAVMHFAGLKAVGESVAKPLLYYNNNLIATITLLEVMAAHGCKKL
AT4G10960_UGE5 (78) T--KFDAVIHFAGLKAVGESVEKPLLYYNNNLVGTITLLEVMAQHGCKNL
AT4G23920_UGE2 (77) T--KFDAVIHFAGLKAVGESVEKPLLYYNNNIVGTVTLLEVMAQYGCKNL
Pt_lcl_scaff_5422.2 (71) H--SIREVIHFARLKAVGESVAQPLRYYEHNVGGTVALLQAMRTAGVRSL
Pt_lcl_scaff_I.2996 (144) N--AFDAVMHFARVAYVGESTVYPLKYYHNITSNTLVVLESMAANDVKTL
Pt_lcl_scaff_I.773 (77) T--KFDAVIHFAGLKAVGESMQOKPLLYFNNNLIGTITLLEVMAAHGCKQV
Pt_lcl_scaff_III.1133 (77) T--KFDAVIHFAGLKAVGESVQKPLLYFNNNLIGTITLLEVMTSHGCKQL
Pt_lcl_scaff_III.961 (79) T--KFDAVIHFAGLKAVGESVANPRRYFDNNLVGTINLYEVMAKYNCKKM
Pt_lcl_scaff_VI.203 (132) N--AFDAVMHFARVAYVGESTIEPLRYYHNITSNTLVVLEAMAAHNVKTL
Pt_lcl_scaff_XI.1329 (144) N--AFDAVMHFARVAYVGESTMEPLKYYHNITSNTLVVLEAMAANDVKTL
Pt_lcl_scaff_XVI.14O (100) N--AFDAVMHFARVAYVGESTMEPLRYYHNITSNTLVVLEAMAAHKVKTL
0t08g01550 (78) AGVTFDAVIHFAGLKAVGESVAEPMKYYENNIVSTLVLCETMAKHGCKTI
SC_GALlO_PO4397 (83) Y--KIDSVIHFAGLKAVGESTQIPLRYYHNNILGTVVLLELMQQYNVSKEFE
EC_GALE (72) N--NITAVMHFAGAKSVSESVIRPLOYYRNNVSGTFSLVEAMEESGVENL
OS_UGE2 (81) Q--RFEAVIHFAGLKAVGESVQKPLLYYDNNLIGTITLLQVMAAHGCTKL
Consensus (201) KFDAVIHFAGLKAVGESYV PLRYY NNLVGTI LLEVMAAHGCK L
Motif 5

Figure 20 (continued)
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0s04g0618200
0s05g0595100
0s07g0139400
0s08g0374800
0s09g0323000
0s09g0504000
0s09g0526700
AT1G12780 UGE1
AT1G63180 UGE3
AT1G64440 UGE4
AT4G10960 UGES
AT4G23920 UGE2

Pt 1cl scaff 5422.2
Pt 1cl scaff I1.2996
Pt 1cl scaff I1.773
Pt 1cl scaff IIT.1133
Pt 1cl scaff III.9%61
Pt 1cl scaff VI.203
Pt 1cl scaff XI.1329
Pt 1cl scaff XVI.140
0t08g01550

SC_GAL10 P04397
Ec_GALE

0S _UGE2

Consensus

0s04g0618200
0s05g0595100
0s07g0139400
0s08g0374800
0s09g0323000
0s09g0504000
0s09g0526700
AT1G12780 UGE1
AT1G63180 UGE3
AT1G64440 UGE4
AT4G10960 UGES
AT4G23920 UGE2

Pt 1cl scaff 5422.2
Pt 1cl scaff I1.2996
Pt 1cl scaff I1.773
Pt 1cl scaff IIT.1133
Pt 1cl scaff III.9%61
Pt 1cl scaff VI.203
Pt 1cl scaff XI.1329
Pt 1cl scaff XVI.140
0t08g01550

SC_GAL10 P04397
Ec_GALE

0S _UGE2

Consensus

PCT/EP2008/058370

108/143
251 300
IYS--STCATYGE----PDTMPITEATPONP--INPYGKAKKMAED-IIL
VES--SSATVYGW----PKEVPCTEESPLCA--MNPYGRTKLVIED--MC
IYS--STCATYGE----PEKMPITEGTPQFP--INPYGKAKKMAED-IIL
VEFS--SSAAVYGS----PKNSPCTEEFPLTP--NNPYGKTKLVVED--IC
VEFS--SSAAVYGS----PKNSPCTEEFPLTP--HNPYGRTKLIAEE--IC
ATVWASSSSVYGL----NTDAP-FSEEHRTDRPASLYAATKKAGEA-IAH
VES--SSATVYGQ----PEKTPCVEDSKLSA--LNPYGTTKLVLEN--YF
VES--SSATVYGQ----PEKIPCMEDFELKA--MNPYGRTKLFLEE--IA
VES--SSATVYGQ----PEIVPCVEDFELQA--MNPYGRTKLFLEE--IA
VES--SSATVYGW----PKEVPCTEESPLSG--MSPYGRTKLFIED--IC
VEFS--SSATVYGS----PKEVPCTEEFPISA--LNPYGRTKLFIEE--IC
VES--SSATVYGW----PKEVPCTEESPISA--TNPYGRTKLFIEE--IC
VEFS--SSATVYGD----PASLP-IREDFPLS-ATNPYGRSKLWIEE-MLA
IYS--STCATYGE----PEKMPITEDTPQVP--INPYGKAKKMAED-IIL
IFSRLLCIGVFIF----SYCLWLAEGGSMYR--RVPEFVCCKPIWKNQEIC
VEFS--SSATVYGC----PKEVPCTEEFPLSA--ASPYGRTKLFIEG--IC
VES--SSATVYGQ----PEKIPCVEDFNLMA--MNPYGRTKKLLEI--FK
IYS--STCATYGE----PIKMPIREETPQLP--INPYGKAKKMAED-III
IYS--STCATYGE----PEKMPITEVTPQVP--INPYGKAKKMAED-IIL
IYS--STCATYGE----PVKMPITEQTPQLP--INPYGKAKKMAED-III
IFS--SSATVYGE----PASVPCTEDFPTAA--LNPYGRTKLFIEH--IL
VES--SSATVYGDATRFPNMIPIPEECPLGP--TNPYGHTKYAIEN-ILN
IFS--SSATVYGE----PKIIP-VNESCAIGGTTNPYGTSKLFVEN-FLR
VES--SSATVYGW----PKEVPCTEESPLCA--MNPYGRTKLVIED--MC

VEFS SSATVYG P VPCTEESPL A INPYGRTKLMIED I

301 350
DFSKR--SEMAVMILR-—--—-—-—————-——— YFNVIGSDPGGRLGEAPRPEL
RDLHASDPNWKIILLRY-—-———--——————— FNPVGAHPSGYIGEDPCG--
DFSKSKKADMAVMILR-—-=-—————————— YFNVIGSDPEGRLGEAPKPEL
RDIYRTDPEWKIILLRY-—-==—==—————— FNPVGAHPSGYLGEDPCG--
RDIYHSDSEWSIILLRY-—-———--——————— FNPVGAHPSGYLGEDPCG--
TYN--— """ === HIYGLSITGLRFFTVYGPW
ROVOAADPEMRVILLRY-————--——————— FNPIGAHRSGDIGEDPRG--
RDIQKAEPEWRIILLRY-———---—-—————— FNPVGAHESGSIGEDPKG--
RDIHAAEPEWKIILLRY--—-—-—--—————— FNPVGAHESGRIGEDPKG--
RDVORGDPEWRIIMILRY-————-—-——————— FNPVGAHPSGRIGEDPCG--
RDVYGSDPEWKIILLRY-————--——————— FNPVGAHPSGDIGEDPRG--
RDVHRSDSEWKIILLRY-————--——————— FNPVGAHPSGYIGEDPLG--
DLDRAEAGOWSLARIRY---—————-—-———— FNPVGAHESGLIGEDPRD--
DFSKN--SDMAIMILR-—--—-—-—————-——— YFNVIGSDPDGRLGEAPRPEL
RDIYSSDSEWKIILLRY-————-—-——————— FNPVGAHPSGYIGEDPRG--
CDIHRSDSEWKIILLRY-—-———-—-——————— FNPVGAHPSGHIGEDPLG--
--——-RONONGVSFYLGT-----—————-——— STPWELMRVVNLVKIPRV--
DFSNT--TDMAVMILSIQHSDONNAYVYRYFNVIGSDPEGRLGEAPRPEL
DFSKN--SDMAIMILR-—--—-—-—————-——— YFNVIGSDPDGRLGEAPRPEL
DFSKT--TDMAVMIL-—---—-—————— R--YFNVIGSDPEGRLGEAPQPEL
SDLYVSDKEWKVALLRY-—---—-—————-—-—— FNPVGAHESGTLGEDPKG--
DLYNSDKKSWKFAILRY--—-—————-—-———-— FNPIGAHPSGLIGEDPLG--
DYSKASP-NFKTIVLRY---—————-—-———— FNPIGAHSSGKIGEDPNG--
RDLHASDPNWKIILLRY-—-———--——————— FNPVGAHPSGYIGEDPCG--

DI SD EWKIILLRY FNPVGAHPSG IGEDPRG

Figure 20 (continued)
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050490618200 (247) REHGRISGACFDAALGIIPGLKVRG----TDYPTADGTCIRDYIDVWTDLV
050590595100 (204) -IPNNLMPFVQQVAVGRRPALTVYG----TDYNTKDGTGVRDYIHVDLA
050790139400 (272) REHGRISGACFDAALGIIPGLKVKG----TDYETPHDGTCVRDYIDVWTDLV
050890374800 (209) -IPNNLMPYVQQVAVGRRPALTILG----NDYATRDGTGVRDYIHWVDLA
050990323000 (215) -IPNNLMPFVQQVAVGRRPSLTIFG----NDYATKDGTGVRDYIHVVDLA
050990504000 (313) GRPDMAYFFFAKSIVSGEP-ITLFR------ AADGAD-ARRDETYIDDVV
050990526700 (224) -IPNNLLPYIQQVAVGRRPELNVYG----VDYPTRDGTAIRDYIHVVDLA
AT1G12780 UGEl (205) -IPNNLMPYIQQVAVGRLPELNVYG----HDYPTEDGSAVRDYIHVMDLA
AT1G63180 UGE3 (205) -IPNNLMPYIQQVAVGRLPELNVFG----HDYPTMDGSAVRDYIHVMDLA
AT1G64440 UGE4 (200) -TPNNLMPYVQQVVVGRLPNLKIYG----TDYTTKDGTGVRDYIHVVDLA
AT4G10960 UGE5 (201) -IPNNLMPFVQQVAVGRRPHLTVFG----NDYNTKDGTGVRDYIHYIDLA
AT4G23920 UGE2 (200) -VPNNLMPYVQQVAVGRRPHLTVFG----TDYKTKDGTGVRDYIHVMDLA
Pt lcl scaff 5422.2 (195) -IPNNLMPYVSQVAIGQRQQLSVYG----DDYATPDGTGVRDYIHYTDLA
Pt lcl scaff 1.2996 (268) REHGRISGACFDAARGIVAGLKVKG----TDYKTHDGTCIRDYIDYTDLV
Pt lcl scaff I.773 (204) -IPNNLMPYVQQVAVGRRPHLTVFG----TDYPTKDGTGVRDYIHVVDLA
Pt lcl scaff III.1133 (200) -IPNNLMPYVQQVAVGRRPHLTVYG----TDYSTKDGTGVRDYIHVVDLA
Pt lcl scaff IIT.961 (198) -SQTISCPTYNK-—=-—=-—=--—————————————————————— -——-
Pt lcl scaff VI.203 (269) REHGRISGACFDAARGITPGLKVKG----TDYKTADGTCVRDYIDYTDLV
Pt lcl scaff XI.1329 (268) REHGRISGACFDAARGIIAGLKVKG----TDYKTHDGTCIRDYIDYTDLV
Pt lcl scaff XVI.140 (230) REHGRISGACFDAARGIIPGLKQRITIQWIDYKTADGTCVRDYIDYTDLV
0t08g01550 (203) -IPNNLMPFVQQVAVGRRPELNVEG----NDYPTKDGTGRRDYIHWVDLA
SC_GAL10 P04397 (211) -IPNNLLPYMAQVAVGRREKLYIFG----DDYDSRDGTPIRDYIHVVDLA
Ec GALE (196) -IPNNLMPFICQVAIGKQKILKIYG----NDYPTKDGIGIRDYIHVMDLA
OS UGE2 (204) -IPNNLMPFVQQVAVGRRPALIVYG----TDYNTKDGIGVRDYIHVVDLA
Consensus (351) IPNNLMPYVQQVAVGRRP L VFG DY TKDGTGVRDYIHWVDLA
Motif 2
epimerase domain
401 450
050490618200 (293) DAHVKALDKAQPGK--—----—---——- TGHGRSVKEFVEACKS
050590595100 (249) DGHIAALRKLYEDSD--------- RIGCEVYNLGTGKGTSVLEMVAAFEK
0s07g0139400 (318) DAHVKALNKAERGK----------——- TGKGRSVKEFVEACKK
050890374800 (254) DGHIAALQKLFESSS---------- IGCEAYNLGTGKGTSVLEIVKAFEK
050990323000 (260) EGHIAAIRKLFESS----------- IGCQAYNLGTGKGTSVLEIVNAFEK
050990504000 (355) KGCLGALDISGKSTGSSKSGKKSGPAPLRVYNLGNTSPVPVTRMVAILEK
050990526700 (269) DGHIAALEKLFATP---------- DIGCVAYNLGTGCGTTVLEVVKAFEE
AT1G12780 UGE1l (250) DGHIAALRKLFADP---------- KIGCTAYNLGTGQGTSVLEMVAAFEK
AT1G63180 UGE3 (250) DGHVAALNKLFSDS---------=- KIGCTAYNLGTGQGTSVLEMVSSFEK
AT1G64440 UGE4 (245) DGHICALQKLDDTE------=--=--=- IGCEVYNLGTGKGTTVLEMVDAFEK
AT4G10960 UGES5 (246) DGHIAALRKLEDCK----------- IGCEVYNLGTGNGTSVLEMVDAFEK
AT4G23920 UGE2 (245) DGHIAALRKLDDLK------=--=--- ISCEVYNLGTGNGTSVLEMVAAFEK
Pt lcl scaff 5422.2 (240) RGHLAALRYLREQQ------------ TGRPVSVLEMVKAFER
Pt lcl scaff 1.2996 (314) DAHVKALEKAMPGK------------- TGMGRSVNEFVHACKK
Pt lcl scaff I.773 (249) DGHIAALRKLSEAN-------=---- IGCEVYNLGTGKGTSVLEMVAAFEK
Pt lcl scaff III.1133 (245) DGHIAALRKLSDAN-------=---- IGCEVYNLGTGKGTSVLEMVAAFEK
Pt lcl scaff IIT.961 (209) ———————m—mmmm oo
Pt lcl scaff VI.203 (315) DAHVKALAHAKPRK------------- TGKGRSVKEFVDACKK
Pt lcl scaff XI.1329 (314) DAHVKALEKAMPGK------------- TGKGRSVKEFVKACKK
Pt lcl scaff XVI.140 (280) DAHVKALAHAKPRK------------- TGKGRSVKEFVEACKK
0t08g01550 (248) DGHVAAVKKLISDP----——---—- DAGLLTVNLGETGKSTSVLELVAAFEK
SC_GAL10 P04397 (256) KGHIAALQYLEAYNEN-------- EGLCREWNLGSGKGSTVFEVYHAFCK
Ec GALE (241) EGHVAALNNINQGA------------ TGIGYSVLELLEAFQK
OS UGE2 (249) DGHIAALRKLYEDSD--------- RIGCEVYNLGTGKGTSVLEMVAAFEK
Consensus (401) DGHIAAL KL IGC VYNLGTGKGTSVLEMV AFEK
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451 500
0s04g0618200 (330) ATGAS-——-———-——-- IKVSFLTRRPGDYAEVYSDPSKIHDELNWTARYIDLRE
0s05g0595100 (290) ASGK-—-—-—-—-—- KIPLVFAGRRPGDAEIVYAQTAKAEKELKWKAKYGVEEM
0s07g0139400 (355) ATGVD--—--—--- IKVDYFPRRPGDYAEVYSDPAKINSELNWTAQHTDLLE
0s08g0374800 (294) ASGK--—--——-—- KIPLIIGPRRPGDAEILFSLPAKAEKELNWKAKFGIDEM
0s09g0323000 (299) VSGK-—-—--—-—-- KIPLVIGPRRPGDAEILFSSAAKAEREFKWKAKYGIEEM
0s09g0504000 (405) LLGKKAN------— KRIVAMPSNGDVPFTHANVTHAAHDFGYRPTTSLDAG
0s09g0526700 (309) ASGK-—-—-—-—-—- KIPIKICPRRPGDCTEVYASTDKAKKELGWSARFGIEDM
AT1G12780_UGE1 (290) ASGK-—-—-—-—-—- KIPIKLCPRRSGDATAVYASTEKAEKELGWKAKYGVDEM
AT1G63180_UGE3 (290) ASGK-—-—-—-—-—- KIPIKLCPRRAGDATAVYASTOQKAEKELGWKAKYGVDEM
AT1G64440_UGE4 (284) ASGM---—---- KIPLVKVGRRPGDAETVYASTEKAERELNWKANFGIEEM
AT4G10960_UGE5 (285) ASGK-—-—-—-—--—- KIPLVIAGRRPGDAEVVYASTERAESELNWKAKYGIEEM
AT4G23920_UGE2 (284) ASGK-—-—-——-—- KIPLVMAGRRPGDAEVVYASTEKAERELNWKAKNGIEEM
Pt_lcl_scaff_5422.2 (278) ASGR-—-—————— PVPYQIVARRPGDVAQCWADPAEAERLLGWKAMLDLDRI
Pt_lcl_scaff_I.2996 (351) ATGVD--—-—-—--- IKVDYLPRRPGDYAEVFSDPSKINRELNWTAQYTDLQK
Pt_lcl_scaff_I.773 (288) ASGKSPIFVCQKIPLVMADRRPGDAETVYAATEKAERELSWK-—-—-—-——---
Pt_lcl_scaff_III.1133 (284) ASRK---——-—--- KIPLVMAARRPGDAEIVYAATEKAERELNWKAKYGIDEM
Pt lcl scaff III.%61 (209) —-———-———————————————— -
Pt_lcl_scaff_VI.203 (352) ATGVD--—-—-—--- IKVEYLDRRPGDYAEVFSDPSKIKQELSWTAQYTDLQK
Pt_lcl_scaff_XI.1329 (351) ATGVD--—-—-—--- IKVDYLPRRPGDYAEVFSDPSKIYRELNWTAQYTDLQK
Pt_lcl_scaff_XVI.14O (317) ATGVD-—-——-—-—---— IKVEYLNRRPGDYAEVFSDPSKIKQELNWKAQYTDLKK
0t08g01550 (288) ASGK-—-—-——-——-—-- KIPCKIVDRRAGDAAEVYGATDKAFKVLGWRALRTIEDC
SC_GALlO_PO4397 (298) ASGID------- LPYKVTGRRAGDVLNLTAKPDRAKRELKWQTELQVEDS
EC_GALE (279) VITR--————-- RVPYVFTKRRSGDIAECWSDPTKAYEELGWKARRGLEDM
OS_UGE2 (290) ASGK-—-—-—-—-—- KIPLVFAGRRPGDAEIVYAQTAKAEKELKWKAKYGVEEM
Consensus (451) ASGK KIPL I RRPGDA VYA KAEREL WKAKYGIEEM
501 550
0s04g0618200 (373) SLSTAWK--------- WQKAHPNGYGSA-—————————————————————
0s05g0595100 (333) CRDLWN---------—- WASKNPYGYGSPDSSN-—————=———————————
0s07g0139400 (398) SLRVAWT--—-—-—-—-—-- WOQKKHRSGYGPPQAMVL--—-—--————————————
0s08g0374800 (337) CRDQWN---—-—-————- WASKNPYGYGSLDSTKQNGHHSYGSIGSPKQONGH
0s09g0323000 (342) CRDQWN---—-—-—-—-——- WASKNPFGYASPDSTKONGHSH---—-—----———
0s09g0504000 (449) LRHFVDWFADYYKLKLDVPKIAAKVAGAGKPSSSSASKKKKKAAAMSASS
0s09g0526700 (352) CRDQWN---—--————- WAKKNPYGYSANAEQN---—-—---—"—————————
AT1G12780_UGE1 (333) CRDQWK-—-——-———-———-— WANNNPWGYQNKL--—-——-——-————————————
AT1G63180_UGE3 (333) CRDQWN---—-—-————— WANKNPWGFQKKP--————-——-————————————
AT1G64440_UGE4 (327) CRDQWN--——-—-——————-— WASNNPFGYGSSPNST-—-—-———————————————
AT4G10960_UGE5 (328) CRDLWN---—--—-——-- WASNNPYGYDSSSEDNSH--—-—-——————-—-—————
AT4G23920_UGE2 (327) CRDLWN---—--—-———- WASNNPYGYNSSSNGSSS—-——-—-————-——-—-——-———
Pt_lcl_scaff_5422.2 (321) ACGRRGRGIFSPLFHAILAKSLPMLAKRIIPCLDVTGGRVVKGVNEVELRD
Pt lcl scaff I1.2996 (394) SLQVAWR--------- WOKSHONGYGSPLVMAS————————————————~—
Pt lcl scaff I.773 (330) -————————————————-—— -
Pt lcl scaff IIT.1133 (327) CRDQWN------—-—- WAGKNPYGYGSSDSTN-—————————————————
Pt lcl scaff III.%61 (209) —-———-———————————————— -
Pt lcl scaff VI.203 (395) SLQIAWK----—--—-—- WQKSHLNGY —————————————————————————
Pt lcl scaff XI.1329 (394) SLOTAWR--------- WOKSHONGYGSPLVMAS————————————————~—
Pt lcl scaff XVI.140 (360) SLQIAWK--—-—-—-- WOKSHLNGYSHS-——-——————————————————
0t08g01550 (331) CIDQWK---—-—-————— WASSNPYGYAGKPDDA-——-———————————————
SC_GALlO_PO4397 (341) CKDLWK---—--——-—-- WTITENPFGYQLRGVEARFSAEDMRYDARFVTIGA
EC_GALE (322) IRDAWN---—-——-—-———- WOQOKNPNGFKKV-————===——————————————
OS_UGE2 (333) CRDLWN---—--—-———— WASKNPYGYGSPDSSN--—-—-—--—-—————————

Consensus (501) CRD W WA NPYGYGS

Figure 20 (continued)



WO 2009/003977

0s04g0618200
0s05g0595100
0s07g0139400
0s08g0374800
0s09g0323000
0s09g0504000
0s09g0526700
AT1G12780 UGE1
AT1G63180 UGE3
AT1G64440 UGE4
AT4G10960 UGES
AT4G23920 UGE2

Pt 1cl scaff 5422.2
Pt 1cl scaff I1.2996
Pt 1cl scaff I1.773
Pt 1cl scaff IIT.1133
Pt 1cl scaff III.9%61
Pt 1cl scaff VI.203
Pt 1cl scaff XI.1329
Pt 1cl scaff XVI.140
0t08g01550

SC_GAL10 P04397
Ec_GALE

0S _UGE2

Consensus

0s04g0618200
0s05g0595100
0s07g0139400
0s08g0374800
0s09g0323000
0s09g0504000
0s09g0526700
AT1G12780 UGE1
AT1G63180 UGE3
AT1G64440 UGE4
AT4G10960 UGES
AT4G23920 UGE2

Pt 1cl scaff 5422.2
Pt 1cl scaff I1.2996
Pt 1cl scaff I1.773
Pt 1cl scaff IIT.1133
Pt 1cl scaff III.9%61
Pt 1cl scaff VI.203
Pt 1cl scaff XI.1329
Pt 1cl scaff XVI.140
0t08g01550

SC_GAL10 P04397
Ec_GALE

0S _UGE2

Consensus

PCT/EP2008/058370

111/143

Figure 20 (continued)
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0s04g0618200
0s05g0595100
0s07g0139400
0s08g0374800
0s09g0323000
0s09g0504000
0s09g0526700
AT1G12780 UGE1
AT1G63180 UGE3
AT1G64440 UGE4
AT4G10960 UGES
AT4G23920 UGE2

Pt 1cl scaff 5422.2
Pt 1cl scaff I1.2996
Pt 1cl scaff I1.773
Pt 1cl scaff IIT.1133
Pt 1cl scaff III.9%61
Pt 1cl scaff VI.203
Pt 1cl scaff XI.1329
Pt 1cl scaff XVI.140
0t08g01550

SC_GAL10 P04397
Ec_GALE

0S _UGE2

Consensus

0s04g0618200
0s05g0595100
0s07g0139400
0s08g0374800
0s09g0323000
0s09g0504000
0s09g0526700
AT1G12780 UGE1
AT1G63180 UGE3
AT1G64440 UGE4
AT4G10960 UGES
AT4G23920 UGE2

Pt 1cl scaff 5422.2
Pt 1cl scaff I1.2996
Pt 1cl scaff I1.773
Pt 1cl scaff IIT.1133
Pt 1cl scaff III.9%61
Pt 1cl scaff VI.203
Pt 1cl scaff XI.1329
Pt 1cl scaff XVI.140
0t08g01550

SC_GAL10 P04397
Ec_GALE

0S _UGE2

Consensus

PCT/EP2008/058370

112/143

Figure 20 (continued)
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0s04g0618200
0s05g0595100
0s07g0139400
0s08g0374800
0s09g0323000
0s09g0504000
0s09g0526700
AT1G12780 UGE1
AT1G63180 UGE3
AT1G64440 UGE4
AT4G10960 UGES
AT4G23920 UGE2

Pt 1cl scaff 5422.2
Pt 1cl scaff I1.2996
Pt 1cl scaff I1.773
Pt 1cl scaff IIT.1133
Pt 1cl scaff III.9%61
Pt 1cl scaff VI.203
Pt 1cl scaff XI.1329
Pt 1cl scaff XVI.140
0t08g01550

SC_GAL10 P04397
Ec_GALE

0S _UGE2

Consensus

0s04g0618200
0s05g0595100
0s07g0139400
0s08g0374800
0s09g0323000
0s09g0504000
0s09g0526700
AT1G12780 UGE1
AT1G63180 UGE3
AT1G64440 UGE4
AT4G10960 UGES
AT4G23920 UGE2

Pt 1cl scaff 5422.2
Pt 1cl scaff I1.2996
Pt 1cl scaff I1.773
Pt 1cl scaff IIT.1133
Pt 1cl scaff III.9%61
Pt 1cl scaff VI.203
Pt 1cl scaff XI.1329
Pt 1cl scaff XVI.140
0t08g01550

SC_GAL10 P04397
Ec_GALE

0S _UGE2

Consensus

PCT/EP2008/058370

113/143

Figure 20 (continued)
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0s04g0618200
0s05g0595100
0s07g0139400
0s08g0374800
0s09g0323000
0s09g0504000
0s09g0526700
AT1G12780 UGE1
AT1G63180 UGE3
AT1G64440 UGE4
AT4G10960 UGES
AT4G23920 UGE2

Pt 1cl scaff 5422.2
Pt 1cl scaff I1.2996
Pt 1cl scaff I1.773
Pt 1cl scaff IIT.1133
Pt 1cl scaff III.9%61
Pt 1cl scaff VI.203
Pt 1cl scaff XI.1329
Pt 1cl scaff XVI.140
0t08g01550

SC_GAL10 P04397
Ec_GALE

0S _UGE2

Consensus

114/143
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Ec_GALE
Pt_lcl_scaff_5422.2
0s09g0504000

0s07g0139400
0Os0490618200

| _E Pt _Icl scaff 1.2996
| Pt_lcl_scaff_X1.1329
_EPt_ICI_scaff_VI .203
Pt_lcl_scaff _XVI1.140
SC_GAL10_P04397
J—030990526700
_|:AT1 G12780_UGE"1

AT1G63180_UGE3
Pt_lcl_scaff _[11.961

_:030890374800
0s09g0323000
|0305905951 00
OS_UGE2
AT1G64440_UGE4
AT4G10960_UGES
AT4G23920_UGE2
Pt_lcl_scaff_1.773

Pt Icl_scaff 1111133
0t08g01550

Figure 21
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T-rbcS-deltaGA  RB repeat nopaline

pGOS2 (3' exon) RB Ti C58

GOS2 intron 1

T-nos

pBR322

(ori + bom)
constitutive promoter —

screenable marker —
thos cassette

constitutive promoter
SP/SMr
pOSubi

LB Ti C58

pOSubi —
selectable marker —

tocs cassette selectable marker T-ocs LB repeat nopaline

Figure 22
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SEQ ID NO: 224, DNA - Oryza sativa
ATGGTTTCGGCCTTGTTTCGGACGATCCTGGTGACGGGCGGCGCCGGCTACATCGGCAGCCACACCGTCCTC
CAGCTTCTCCAACTCGGCTTCCGCGTTGTCGTCCTCGACAACCTCGACAACGCCTCCGAGCTCGCCATCCTC
CGCGTCAGGGAACTCGCCGGACACAACGCCAACAACCTCGACTTCCGCAAGGTTGACCTCCGCGACRAAGCAA
GCGTTGGACCAAATCTTCTCCTCTCAAAGGTTTGAGGCTGTCATCCATTTTGCCGGGCTGAAAGCTGTTGGC
GAGAGCGTGCAGAAGCCCCTGCTTTACTACGACAACAACCTCATCGGCACCATCACTCTCCTGCAGGTCATG
GCCGCACATGGCTGCACCAAGCTGGTGTTCTCATCATCCGCAACTGTCTACGGGTGGCCCAAGGAGGTGCCC
TGCACTGAAGAATCCCCACTTTGTGCAATGAACCCCTACGGCAGAACAAAGCTGGTAATCGAAGACATGTGC
CGGGATCTGCATGCCTCAGACCCAAACTGGAAGATCATACTGCTCCGATACTTCAACCCTGTTGGAGCTCAC
CCAAGCGGGTACATTGGTGAGGACCCCTGCGGCATCCCAARACAACCTCATGCCCTTCGTCCAGCAGGTCGCT
GTTGGCAGGAGGCCGGCCCTTACCGTCTATGGAACCGACTACAACACCAAGGATGGAACTGGGGTTCGTGAC
TATATCCATGTTGTTGATCTAGCGGATGGTCATATCGCCGCGTTAAGGAAGCTCTATGAAGATTCTGATAGA
ATAGGATGTGAGGTGTACAATCTGGGCACTGGAAAGGGGACATCTGTGCTGGAAATGGTTGCAGCATTCGAG
AAAGCTTCTGGAAAGAAAATCCCGCTTGTATTTGCTGGACGAAGGCCTGGAGATGCCGAGATCGTTTACGCT
CAAACTGCCAAAGCTGAGAAGGAACTGAAATGGAAGGCAAAATACGGGGTAGAGGAGATGTGCAGGGACCTG
TGGAATTGGGCGAGCARAGAACCCCTACGGGTATGGATCGCCGGACAGTAGCAACTGA

SEQ ID NO: 225, protein - Oryza sativa
MVSALFRTILVTGGAGYIGSHTVLOLLOLGFRVVVLDNLDNASELAILRVRELAGHNANNLDEFRKVDLRDKQ
ALDQIFSSOQRFEAVIHFAGLKAVGESVQKPLLYYDNNLIGTITLLQVMAAHGCTKLVESSSATVYGWPKEVP
CTEESPLCAMNPYGRTKLVIEDMCRDLHASDPNWKIILLRYEFNPVGAHPSGYIGEDPCGIPNNLMPEVQQOVA
VGRRPALTVYGTDYNTKDGTGVRDYIHVVDLADGHIAALRKLYEDSDRIGCEVYNLGTGKGTSVLEMVAAFE
KASGKKIPLVFAGRRPGDAEIVYAQTAKAEKELKWKAKYGVEEMCRDLWNWASKNPYGYGSPDSSN

SEQ ID NO: 226, DNA - Oryza sativa
ATGGACTTCGGTGATTCTAGACGCAAGCCTAATGTCGTCGGGAAGTTCACCGTAGCTGTTGCACTCACGGTC
ATGTGCATCATTGTGTTGAAACAGTCGCCTGGTTTTACCAGTACAAGTGTGTTCTCTCGCCATGAAATTGGT
GTGACTCATGTGTTGGTGACTGGAGGAGCTGGATACATTGGGTCACATGCTACTCTTCGTCTACTTAGGGAC
AACTACCGAGTTACCATTGTGGATAACCTTTCTAGAGGGAACATGGGAGCTGTCAGAGTCCTTCAACGTTTG
TTTCCAGAGCCTGGGAGGCTTCAGTTTATTTATGCTGATTTAGGCGATGCGAAAGCTGTTAACAAAATATTT
TCAGAAAATGCATTCGATGCTGTTATGCACTTTGCTGCCGTTGCTTACGTTGGTGAGAGCACGTTGGAGCCA
CTGAGGTACTACCACAACATAACATCAAATACATTGACAGTGCTTGAGGCAATGGCAGCATATAATGTAAAA
ACTCTGATATACTCAAGTACTTGTGCAACATATGGTGAACCTGACACAATGCCTATCACAGAAGCAACCCCT
CAGAATCCTATCAATCCATATGGGAAGGCAAAAAAGATGGCAGAGGACATCATTTTAGATTTCTCTAAGAGA
TCAGAAATGGCAGTCATGATCTTAAGATACTTCAACGTCATTGGATCAGACCCAGGGGGGCGGETTAGGGGAA
GCTCCACGACCAGAGCTGCGTGAGCATGGACGGATTTCTGGTGCTTGCTTTGATGCAGCACTGGGAATCATT
CCAGGTTTGAAGGTTCGGGGAACTGATTACCCTACAGCTGATGGAACTTGCATAAGGGACTATATTGATGTC
ACGGATCTCGTTGATGCTCATGTGAAAGCTCTTGATAAAGCTCAGCCTGGCAAAGTTGGAATCTACAATGTT
GGCACAGGACATGGTAGATCAGTGAAGGAGTTTGTAGAAGCATGTAAGAGCGCAACAGGAGCTAGCATCAAG
GTTTCATTCCTTACCCGGAGACCAGGAGACTATGCTGAAGTTTACAGTGACCCATCCAAAATCCATGACGAG
CTGAACTGGACAGCCCGTTACATTGATCTTCGCGAAAGCCTTTCAACTGCATGGAAATGGCAGAAAGCACAC
CCGAATGGGTATGGATCGGCCTGA
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SEQ ID NO: 227, protein - Oryza sativa
MDFGDSRRKPNVVGKETVAVALTVMCIIVLKQSPGEFTSTSVESRHEIGVTHVLVTGGAGYIGSHATLRLLRD
NYRVTIVDNLSRGNMGAVRVLQRLFPEPGRLOFIYADLGDAKAVNKIFSENAFDAVMHFAAVAYVGESTLEP
LRYYHNITSNTLTVLEAMAAYNVKTLIYSSTCATYGEPDTMPITEATPONPINPYGKAKKMAEDIILDESKR
SEMAVMILRYFNVIGSDPGGRLGEAPRPELREHGRI SGACFDAALGIIPGLKVRGTDYPTADGTCIRDYIDV
TDLVDAHVKALDKAQPGKVGIYNVGTGHGRSVKEFVEACKSATGASIKVSFLTRRPGDYAEVYSDPSKIHDE
LNWTARYIDLRESLSTAWKWQKAHPNGYGSA

SEQ ID NO: 228, DNA - Oryza sativa
ATGGTTTCGGCCTTGTTGCGGACGATCCTGGTGACGGGCGGCGCCGGCTACATCGGCAGCCACACCGTCCTC
CAGCTTCTCCAACTCGGCTTCCGCGTTGTCGTCCTCGACAACCTCGACAACGCCTCCGAGCTCGCCATCCTC
CGCGTCAGGGAACTCGCCGGACACAACGCCAACAACCTCGACTTCCGCAAGGTTGACCTCCGCGACRAAGCAA
GCGTTGGACCAAATCTTCTCCTCTCAAAGGTTTGAGGCTGTCATCCATTTTGCCGGGCTGAAAGCTGTTGGC
GAGAGCGTGCAGAAGCCCCTGCTTTACTACGACAACAACCTCATCGGCACCATCACTCTCCTGCAGGTCATG
GCCGCACATGGCTGCACCARAGCTGGTGTTCTCATCATCCGCAACTGTCTACGGGTGGCCCAAGGAGGTGCCC
TGCACTGAAGAATCCCCACTTTGTGCAATGAACCCCTACGGCAGAACAAAGCTGGTAATCGAAGACATGTGC
CGGGATCTGCATGCCTCAGACCCAAACTGGAAGATCATACTGCTCCGATACTTCAACCCTGTTGGAGCTCAC
CCAAGCGGGTACATTGGTGAGGACCCCTGCGGCATCCCAAACAACCTCATGCCCTTCGTCCAGCAGGTCGCT
GTTGGCAGGAGGCCGGCCCTTACCGTCTATGGAACCGACTACAACACCAAGGATGGAACTGGGGTTCGTGAC
TATATCCATGTTGTTGATCTAGCGGATGGTCATATCGCCGCGTTAAGGAAGCTCTATGAAGATTCTGATAGA
ATAGGATGTGAGGTGTACAATCTGGGCACTGGAAAGGGGACATCTGTGCTGGAAATGGTTGCAGCATTCGAG
AAAGCTTCTGGAAAGAAAATCCCGCTTGTATTTGCTGGACGAAGGCCTGGAGATGCCGAGATCGTTTACGCT
CAAACTGCCAAAGCTGAGAAGGAACTGAAATGGAAGGCAAAATACGGGGTAGAGGAGATGTGCAGGGACCTG
TGGAATTGGGCGAGCAAGAACCCCTACGGGTATGGATCGCCGGACAGTAGCAACTGA

SEQ ID NO: 229, protein - Oryza sativa
MVSALLRTILVTGGAGYIGSHTVLOLLOLGFRVVVLDNLDNASELAILRVRELAGHNANNLDEFRKVDLRDKQ
ALDQIFSSQRFEAVIHFAGLKAVGESVQKPLLYYDNNLIGTITLLOVMAAHGCTKLVESSSATVYGWPKEVP
CTEESPLCAMNPYGRTKLVIEDMCRDLHASDPNWKIILLRYFNPVGAHPSGYIGEDPCGIPNNLMPEVQQOVA
VGRRPALTVYGTDYNTKDGTGVRDYIHVVDLADGHIAALRKLYEDSDRIGCEVYNLGTGKGTSVLEMVAAFE
KASGKKIPLVFAGRRPGDAEIVYAQTAKAEKELKWKAKYGVEEMCRDLWNWASKNPYGYGSPDSSN

SEQ ID NO: 230, DNA - Oryza sativa

ATGCTTCCCACCAACAGGAACAGGCCCCAGCAGAGGCCTGCCAGATCTTGGTATTTCATCTCAGACATGGAC
TTCTCCGATCCGAAGCGCARAGCCGCGGTACCTCAGTAAGATCCTCATGGTGGCGCTCCTCACCGCCATGTGC
GTCGTCATGCTCACACAGCCGCCCTGCCATAGGAGGACTCCCAGTGTGTTCTCCATCCATGAACCCGGAGTC
ACGCATGTTCTAGTGACGGGCGGCGCTGGATATATCGGTTCGCACGCTGCGCTTCGGCTGCTGAAAGATTCC
TTCAGAGTCACCATAGTGGATAATCTTTCAAGAGGAAATATGGGGGCAATCAAGGTTCTTCAGAACTTGTTT
TCAGAGCCTGGGCGGTTGCAGTTCATCTATGCTGATTTAGGCGATCCAAAAGCTGTTAATAGAATATTTGCA
GAAAATGCTTTTGATGCTGTCATGCACTTTGCTGCTGTCGCTTATGTTGGTGAGAGCACACTTGAGCCTTTG
AGGTACTATCATAACATCACCTCAAACACTTTAGTTGTGCTAGAGGCTATGGCAGCACACAATGTGAGAACC
CTGATCTACTCTAGCACATGTGCCACCTATGGAGAACCCGAGAAGATGCCTATCACCGAAGGAACTCCCCAG
TTTCCGATCAACCCATATGGTAAAGCCAAGAAGATGGCAGAGGACATCATCTTGGATTTTTCCAAATCCAAG
AAGGCAGACATGGCTGTGATGATTCTAAGATACTTCAACGTCATTGGTTCTGACCCTGAAGGAAGGCTTGGC
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GAGGCTCCAAAACCTGAATTACGGGAGCATGGCCGTATATCTGGTGCATGCTTTGATGCTGCACTGGGGATA
ATTCCTGGTTTGAAGGTTAAAGGTACTGACTATGAAACACCTGACGGTACTTGTGTAAGAGATTACATCGAT
GTCACTGACCTCGTTGACGCCCATGTGAAGGCGCTCAACAAGGCGGAAAGGGGCAAAGTTGGCATATACAAT
GTTGGCACAGGCAAAGGTAGGTCAGTGAAAGAATTTGTCGAAGCTTGCAAGAAGGCAACAGGAGTTGACATC
AAGGTCGACTACTTCCCTCGTCGACCCGGTGACTATGCCGAAGTGTACAGCGATCCCGCAAAGATCAACAGC
GAGCTGAACTGGACTGCTCAACATACCGATCTCCTGGAGAGCCTCAGGGTTGCCTGGACATGGCAGAAGAAG
CACCGGAGCGGCTACGGACCCCCTCAGGCCATGGTTTTGTGA

SEQ ID NO: 231, protein - Oryza sativa
MLPTNRNRPOORPARSWYFISDMDFSDPKRKPRYLSKIILMVALLTAMCVVMLTQPPCHRRTPSVESIHEPGV
THVLVTGGAGYIGSHAALRLLKDSFRVTIVDNLSRGNMGAIKVLONLFSEPGRLOFIYADLGDPKAVNRIFA
ENAFDAVMHFAAVAYVGESTLEPLRYYHNITSNTLVVLEAMAAHNVRTLIYSSTCATYGEPEKMPITEGTPQ
FPINPYGKAKKMAEDIILDFSKSKKADMAVMILRYEFNVIGSDPEGRLGEAPKPELREHGRISGACEFDAALGT
IPGLKVKGTDYETPDGTCVRDYIDVTDLVDAHVKALNKAERGKVGIYNVGTGKGRSVKEFVEACKKATGVDI
KVDYFPRRPGDYAEVYSDPAKINSELNWTAQHTDLLESLRVAWTWQKKHRSGYGPPQAMVL

SEQ ID NO: 232, DNA - Oryza sativa
ATGGCGGTGGAGAAGACGGTGCCGGGCGGGGTGAGGACGGTGCTGGTGACGGGCGGGGCGGGGTACATCGGL
AGCCACGCCGTGCTGCAGCTCCTCCTCGCCGGATTCCGCGCCGTCGTCGTCGACAACCTCAACAACTCCTCC
GAGCTCGCCGTCCGCCGCGTCGCCGCCCTCGCCGGCGACCACTCCCGGAACCTCGCCTTCCACAAGGTTGAC
CTCCGTGACAAGGGAGCACTGGAAAAGGTTTTTGCTTCAACAAGATTCGATGCTGTAGTTCACTTTGCTGGG
CTAAAAGCTGTGGGCGAAAGTGTGCAGAAGCCATTGCTTTATTACGACAACAATGTTAATGGAACAGTAAAT
CTTCTGGAAGTTATGTCTGCCCATGGATGTAAGAAGTTGGTGTTCTCATCATCAGCTGCAGTTTATGGATCA
CCGAAGAACTCACCCTGCACAGAAGAGTTTCCTCTCACTCCAAACAATCCATATGGCAAAACAAAGCTTGTT
GTTGAAGATATTTGCCGTGATATCTACCGTACAGATCCTGAATGGAAGATTATTCTACTTAGGTACTTCAAT
CCAGTTGGGGCTCATCCTAGCGGATACCTTGGGGAAGATCCATGTGGCATTCCCAACAATCTTATGCCTTAT
GTTCAGCAAGTTGCTGTTGGCAGGAGGCCAGCTCTGACAATACTAGGAAATGATTATGCAACCAGAGATGGT
ACCGGGGTCCGAGATTACATCCATGTGGTTGACCTTGCTGATGGACATATTGCGGCATTGCAGAAACTCTTT
GAGAGCTCCAGCATAGGGTGTGAAGCATACAACCTTGGAACTGGTAAAGGTACCTCTGTGCTGGAGATAGTC
AAGGCATTTGAGAAGGCTTCTGGGAAGAAAATTCCTCTGATTATTGGCCCAAGACGCCCTGGTGATGCGGAG
ATTCTATTTTCATTACCTGCTAAAGCAGAGAAGGAACTCAACTGGAAAGCGAAATTTGGCATCGATGAAATG
TGTAGGGATCAATGGAACTGGGCTAGCAAGAACCCTTATGGATACGGGTCACTTGACTCCACCAAGCAGAAC
GGACACCACTCGTACGGATCAATTGGCTCTCCCAAGCAGAATGGCCACTGCACAAATGGATTTTCTGAATCC
ACTAGGCATAATGGTCACAACGGATATGGACTGGTCGACTCTGCCAAGCATAACGGCAACGGCCACTTCCAC
TGA

SEQ ID NO: 233, protein - Oryza sativa
MAVEKTVPGGVRTVLVTGGAGYIGSHAVLOQLLLAGFRAVVVDNLNNSSELAVRRVAATLAGDHSRNLAFHKVD
LRDKGALEKVFASTRFDAVVHFAGLKAVGESVQKPLLYYDNNVNGTVNLLEVMSAHGCKKLVESSSAAVYGS
PKNSPCTEEFPLTPNNPYGKTKLVVEDICRDIYRTDPEWKIILLRYFNPVGAHPSGYLGEDPCGIPNNLMPY
VQOVAVGRRPALTILGNDYATRDGTGVRDYIHVVDLADGHIAALQKLFESSSIGCEAYNLGTGKGTSVLEIV
KAFEKASGKKIPLIIGPRRPGDAEILEFSLPAKAEKELNWKAKFGIDEMCRDOQWNWASKNPYGYGSLDSTKQON
GHHSYGSIGSPKQNGHCTNGEFSESTRHNGHNGYGLVDSAKHNGNGHEH
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SEQ ID NO: 234, DNA - Oryza sativa
ATGGCGGGGGGCGAGGTGGTGGCGGTGGCGGCGGCEGCEGCGEGGGACGAGCAGGACGGTGCTGGTGACGGGA
GGGGCCGGGTACATCGGGAGCCACACCGTGCTGCAGCTGCTCGCCGCGGGGTTCCGCGTCGTCGTCGCCGAC
AGCCTCGGGAACTCCTCCGAGCTCGCCGTCCGCCGCGTCGCCGCGCTCGCCGGGGACAAGGCGCGGAACCTC
TCCTTACACAAGGTTGATATTCGTGATAAGGGTGGACTGGAAAAGGTTTTTTCTTCGACAAGATTTGATGCT
GTCGTTCATTTTGCTGGTCTGAAAGCTGTGGGTGAAAGTGTGCAGAAGCCATTGCTTTATTATGACCATAAT
GTTGCTGGGACAATAATTCTTCTAGAAGTTATGGCAGCCCATGGATGTAAAAAGTTGGTGTTTTCATCGTCA
GCTGCAGTTTATGGATCACCTAAAAACTCACCCTGCACAGAAGAGTTTCCTCTCACTCCACACAATCCATAT
GGCAGAACCAAGCTCATAGCAGAGGAGATTTGCCGTGATATATACCATTCAGATTCTGAATGGAGCATAATT
TTACTTAGGTACTTCAATCCTGTTGGAGCTCATCCCAGTGGATACCTTGGTGAAGACCCATGTGGAATTCCT
AACAACCTCATGCCCTTCGTCCAGCAAGTTGCTGTCGGGAGGAGACCGTCACTTACAATATTTGGAAATGAC
TATGCAACAAAAGATGGGACAGGGGTACGTGATTATATTCATGTAGTTGATCTTGCTGAGGGGCATATTGCT
GCACTACGGAAGCTGTTTGAAAGCTCAATAGGATGTCAAGCATACAACCTTGGAACAGGAAAGGGAACATCA
GTGTTGGAAATAGTTAATGCATTTGAGAAAGTTTCTGGAAAGAAAATACCTTTGGTTATTGGTCCACGACGC
CCTGGTGATGCTGAGATTCTCTTTTCGTCAGCTGCTAAAGCAGAGAGAGAATTCAAGTGGAAGGCAAAATAT
GGCATCGAAGAAATGTGCAGAGACCAATGGAACTGGGCGAGCAAGAATCCTTTCGGGTACGCCTCGCCCGAC
TCCACCAAGCAGAATGGTCATTCACACTGA

SEQ ID NO: 235, protein - Oryza sativa
MAGGEVVAVAAAAAGTSRTVLVTGGAGYIGSHTVLOLLAAGEFRVVVADSLGNSSELAVRRVAATLAGDKARNL
SLHKVDIRDKGGLEKVESSTREFDAVVHFAGLKAVGESVQKPLLYYDHNVAGTIILLEVMAAHGCKKLVESSS
AAVYGSPKNSPCTEEFPLTPHNPYGRTKLIAEEICRDIYHSDSEWSIILLRYFNPVGAHPSGYLGEDPCGIP
NNLMPFVQOVAVGRRPSLTIFGNDYATKDGTGVRDYIHVVDLAEGHIAATLRKLFESSIGCQAYNLGTGKGTS
VLEIVNAFEKVSGKKIPLVIGPRRPGDAEILEFSSAAKAEREFKWKAKYGIEEMCRDQWNWASKNPFGYASPD
STKONGHSH

SEQ ID NO: 236, DNA - Oryza sativa
ATGCCGGCGGACGCGGCGGCGAAGGGGATGAAGCTGGAGAGGTACGCGAGCGGCGCGGGCGCGATGCTGCTG
CTGCGGCGGGCGGCGAGCGGGAAGGTCGTGTCGGCGTCGTCGCACCTGCTGTTCCGCGCCACCGTGCTCGCC
ACGATGGCGCTCGTGTTCCTCTTCACGTTCCACTACCCGTCGCTGCTGTCGCGCTCCTTCACGCTCTCCTCC
GGCGCCGGCGCCGGCGAGGGGGGAGCCGCGGCGCACGCCTCGCACCGGAGCTTGCTCATGTCGTCGTCGTCG
GCGTCGGCGTCGGCGGCGTCGGTGTACGGGGGCGCGGCGTGGGAGAAGGAGGTGAGGCGGAGCGCGAAGCCG
AGGAAGGACGGGGGGATAGCCGTGCTGGTGACCGGCGCGGCGGGGTTCGTCGGCACGCACTGCTCGCTGGLG
CTGAGGGCGCGCGGCGACGGCGTGCTGGGGCTCGACAACTTCAACGCCTACTACGACCCGGAGCTGAAGCGC
GCGCGGCAGAGGCTCCTCGCCGGCCGCGGCGTGCTCGTGCTCGACGCCGACATCAACGACGCGCTCCTGCTC
GAGAAGCTGTTCGACCTGGTGCCGTTCACCCACGTGCTGCACCTCGCCGCGCAGGCCGGCGTGCGCTACGCC
ATGGAGGCGCCGCAGACGTACGTGGCGTCCAACGTGGCCGGGCTCGTGACCGTCCTCGAGGTCGCCGCCAAG
CACGCCGACCCGCAGCCGGCGATCGTCTGGGCGTCGTCGTCGTCGGTGTACGGCCTCARACACCGACGCACCC
TTCTCCGAGGAGCACCGCACCGACCGGCCGGCGTCGCTGTACGCGGCGACCAAGAAGGCCGGCGAGGCCATC
GCGCACACGTACAACCACATCTACGGCCTCTCCATCACCGGCCTCCGCTTCTTCACCGTGTACGGGCCATGG
GGCCGCCCCGACATGGCCTACTTCTTCTTCGCCAAGAGCATCGTCTCCGGCGAGCCCATCACGCTGTTCCGC
GCCGCCGACGGCGCCGACGCGCGCCGCGATTTCACCTACATCGACGACGTCGTCAAGGGCTGCCTCGGCGLG
CTCGACACCTCCGGCAAGAGCACCGGCTCCTCCAAGTCCGGCAAGAAGTCCGGCCCGGCGCCGCTCCGLGTC
TACAACCTCGGCAACACCTCGCCGGTGCCGGTCACCCGCATGGTCGCCATCCTCGAGAAGCTCCTCGGCARAG
AAGGCCAACAAGCGCATCGTCGCCATGCCC

Figure 23 (continued)



WO 2009/003977 PCT/EP2008/058370

121/143

AGCAATGGCGACGTGCCCTTCACCCACGCCAACGTCACCCACGCCGCCCACGACTTCGGCTACCGCCCCACC
ACCTCCCTCGACGCCGGCCTCCGCCACTTCGTCGACTGGTTCGCCGACTACTACAAGCTCAAGCTCGACGTC
CCCAAGATCGCCGCCAAGGTCGCCGGCGCCGGCAAGCCCTCCTCCTCGTCGGCCTCCAAGAAGAAGAAGAAG
GCCGCGGCGATGTCGGCGTCATCATGA

SEQ ID NO: 237, protein - Oryza sativa
MPADAAAKGMKLERYASGAGAMLLLRRAASGKVVSASSHLLFRATVLATMALVFLETFHYPSLLSRSFTLSS
GAGAGEGGAAAHASHRSLLMSSSSASASAASVYGGAAWEKEVRRSAKPRKDGGIAVLVTGAAGFVGTHCSLA
LRARGDGVLGLDNFNAYYDPELKRARQRLLAGRGVLVLDADINDALLLEKLFDLVPFTHVLHLAAQAGVRYA
MEAPQTYVASNVAGLVTVLEVAAKHADPQPAIVWASSSSVYGLNTDAPFSEEHRTDRPASLYAATKKAGEAT
AHTYNHIYGLSITGLRFFTVYGPWGRPDMAYFFFAKSIVSGEPITLFRAADGADARRDETYIDDVVKGCLGA
LDTSGKSTGSSKSGKKSGPAPLRVYNLGNTSPVPVTRMVATILEKLLGKKANKRIVAMPSNGDVPFTHANVTH
AAHDFGYRPTTSLDAGLRHFVDWEFADYYKLKLDVPKIAAKVAGAGKPSSSSASKKKKKAAAMSASS

SEQ ID NO: 238, DNA - Oryza sativa
ATGGTGAGCGGCGGAGGAGTAGCGGCGGAGAACGGCGAGATGGTGGGGAACGGGGAGGGGAGGAAGGGTGCG
GGGGCGAGCGTGCTGGTGACGGGGGGAGCGGGGTACATCGGGACGCACACGGTGCTGCGGCTGCTGGAGARG
GGGTTCGCGGTCACCGTCGTCGACAACTTCCACAACTCCGTCCCGGAGGCGCTCGACCGCGTCCGCCTCATC
GCCGGCGCCGCCCTCTCCGCCCGCCTCGACTTCATCGCCGGGGATCTCAAGAGCAAGGACGACATGGAGARAG
GTGTTCGCCGCCAAGAGGTATGACGCCGTGATCCACTTCGCCGGGCTGAAGGCGGTGGGGGAGAGCGTCGCG
CACCCGCAGATGTACTACGAGAACAACGTCGCCGGCACCATGAACCTCTACTCCGCCATGACCAAGTACGGC
TGCAAGAAGATAGTGTTCTCGTCGTCGGCGACGGTGTACGGCCAGCCGGAGAAGACCCCCTGCGTCGAGGAT
TCCAAGCTGAGCGCTCTCAACCCATACGGCACCACCAAGCTCGTCCTGGAGAACTACTTCCGGCAGGTGCAG
GCCGCCGACCCGGAGATGAGGGTGATCCTGCTCAGGTACTTCAACCCCATCGGCGCTCACCGGAGCGGCGAC
ATCGGGGAGGACCCCAGGGGCATCCCCAACAACCTTCTTCCGTACATCCAGCAGGTCGCCGTCGGCCGCCGL
CCCGAGCTCAACGTCTACGGCGTCGACTACCCAACCAGGGACGGCACCGCGATCAGGGATTACATACATGTA
GTGGACCTTGCCGATGGCCACATTGCCGCACTGGAGAAGCTCTTCGCTACTCCTGACATTGGTTGTGTGGCT
TACAATCTAGGAACAGGGTGTGGAACAACGGTGCTCGAGGTGGTGAAGGCGTTCGAGGAGGCGTCCGGRAARG
AAAATTCCTATCAAGATTTGCCCCAGAAGACCTGGAGATTGCACTGAGGTTTACGCTTCCACTGACAAGGCC
AAGAAGGAGCTCGGATGGAGTGCTCGGTTTGGAATAGAGGACATGTGCAGGGACCAGTGGAATTGGGCCAAG
AAGAATCCGTACGGATACAGCGCCAATGCTGAGCAGAATTAG

SEQ ID NO: 239, protein - Oryza sativa
MVSGGGVAAENGEMVGNGEGRKGAGASVLVTGGAGYIGTHTVLRLLEKGFAVTVVDNFHNSVPEALDRVRLI
AGAALSARLDFIAGDLKSKDDMEKVFAAKRYDAVIHFAGLKAVGESVAHPOMYYENNVAGTMNLY SAMTKYG
CKKIVFSSSATVYGQPEKTPCVEDSKLSALNPYGTTKLVLENYFRQVQAADPEMRVILLRYFNPIGAHRSGD
IGEDPRGIPNNLLPYIQQVAVGRRPELNVYGVDYPTRDGTAIRDYIHVVDLADGHIAALEKLFATPDIGCVA
YNLGTGCGTTVLEVVKAFEEASGKKIPIKICPRRPGDCTEVYASTDKAKKELGWSARFGIEDMCRDQWNWAK
KNPYGYSANAEQN

SEQ ID NO: 240, DNA - Arabidopsis thaliana
ATGGGTTCTTCTGTGGAGCAGAACATTCTTGTTACTGGTGGTGCTGGCTTTATCGGGACGCATACTGTTGTT
CAACTTCTCAAAGATGGTTTTAAGGTTTCGATCATCGATAATTTTGATAACTCTGTTATCGAAGCTGTTGAT
AGAGTTAGGGAGCTTGTTGGTCCTGATCTCTCCAAGAAGCTCGACTTCAATCTGGGTGATCTAAGAAACAAA
GGGGACATTGAGAAACTATTCTCCAAGCAGAGATTTGATGCTGTGATTCATTTTGCGGGTCTTAAAGCTGTG
GGTGAGAGTGTTGAAAACCCTCGCCGCTACTTTGACAATAAC
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TTGGTTGGAACAATCAATCTATATGAGACCATGGCAAAGTACAACTGCAAAATGATGGTGTTTTCATCTTCT
GCCACTGTTTATGGACAACCTGAAAAGATTCCATGCATGGAAGACTTTGAATTAAAGGCTATGAATCCTTAT
GGTCGTACTAAGCTCTITTCTTGAAGAAATAGCTAGAGATATTCAAAAGGCAGAACCGGAATGGAGAATTATT
CTGCTGAGGTACTTCAATCCTGTAGGAGCACATGAGAGTGGCAGTATTGGTGAGGATCCAAAAGGCATCCCC
AATAACCTCATGCCTTACATCCAACAAGTGGCCGTTGGACGTTTACCGGAACTCAATGTCTATGGACATGAC
TATCCCACCGAGGATGGTAGTGCGGTAAGAGACTACATCCATGTGATGGATTTAGCAGATGGCCATATCGCT
GCGCTCAGGAAGCTATTTGCTGATCCAAAGATTGGTTGTACTGCTTACAATCTAGGGACTGGTCAAGGAACG
TCTGTGTTAGAAATGGTTGCAGCTTTTGAAAAAGCTTCCGGCAAGAAAATCCCGATTAAGCTCTGTCCGAGA
AGGTCAGGAGATGCAACAGCAGTTTATGCTTCAACAGAGAAGGCTGAGAAAGAACTTGGCTGGAAGGCAAAA
TATGGAGTGGATGAGATGTGCAGAGATCAGTGGAAATGGGCAAACAATAATCCATGGGGTTACCAGAATAAG
CTTTGA

SEQ ID NO: 241, protein - Arabidopsis thaliana
MGSSVEQNILVTGGAGFIGTHTVVQLLKDGFKVSIIDNEFDNSVIEAVDRVRELVGPDLSKKLDENLGDLRNK
GDIEKLFSKQREFDAVIHFAGLKAVGESVENPRRYFDNNLVGTINLYETMAKYNCKMMVESSSATVYGQPEKI
PCMEDFELKAMNPYGRTKLFLEEIARDIQKAEPEWRIILLRYFNPVGAHESGSIGEDPKGIPNNLMPYIQQV
AVGRLPELNVYGHDYPTEDGSAVRDYIHVMDLADGHIAALRKLFADPKIGCTAYNLGTGQGTSVLEMVAAFE
KASGKKIPIKLCPRRSGDATAVYASTEKAEKELGWKAKYGVDEMCRDQWKWANNNPWGYQNKL

SEQ ID NO: 242, DNA - Arabidopsis thaliana
ATGGGTTCTTCTGTGGAACAGAACATTTTGGTGACTGGTGGTGCTGGATTCATTGGAACACATACTGTTGTT
CAGCTTTTGAATCAGGGTTTTAAGGTTACGATCATTGATAATCTTGATAACTCTGTCGTTGAAGCTGTTCAT
AGGGTTAGGGAACTTGTTGGTCCTGATCTCTCTACCAAGCTTGAATTCAATCTGGGTGATCTAAGAAACAAA
GGAGATATTGAGAAACTCTTTTCCAATCAGAGATTTGATGCTGTGATTCACTTTGCTGGTCTTAAAGCTGTG
GGAGAAAGTGTTGGAAACCCTCGTCGTTACTTTGATAATAACTTAGTTGGAACTATCAATCTATATGAGACC
ATGGCAAAATACAACTGCAAAATGATGGTGTTTTCGTCGTCTGCAACAGTTTATGGTCAACCTGAAATAGTC
CCATGTGTGGAAGACTTTGAGTTACAGGCTATGAATCCTTATGGTCGTACTAAGCTGTTTCTTGAAGAGATA
GCTAGAGACATTCACGCTGCGGAACCAGAATGGAAGATAATTCTTCTGAGGTACTTCAATCCGGTTGGAGCT
CACGAGAGTGGAAGAATTGGAGAAGATCCAAAGGGCATACCGAATAATCTCATGCCTTATATCCAACAAGTG
GCGGTTGGAAGATTACCTGAACTCAATGTATTTGGACATGATTATCCTACCATGGATGGTAGCGCGGTTAGA
GACTACATCCATGTAATGGATTTAGCAGATGGCCATGTGGCTGCGTTAAACAAATTGTTTTCAGACTCAAAG
ATTGGCTGTACTGCTTATAATCTTGGCACTGGTCAAGGAACTTCTGTCTTAGAAATGGTTTCTTCTTTTGAA
AAAGCTTCTGGCAAGAAAATACCTATCAAGCTATGTCCAAGAAGAGCTGGAGATGCAACAGCTGTTTATGCT
TCAACTCAGAAAGCTGAGAAGGAACTTGGCTGGAAGGCAAAATATGGAGTTGATGAGATGTGCAGAGATCAA
TGGAACTGGGCAAATAAGAATCCATGGGGTTTCCAGAAGAAGCCTTGA

SEQ ID NO: 243, protein - Arabidopsis thaliana
MGSSVEQNILVTGGAGFIGTHTVVQLLNQGFKVTIIDNLDNSVVEAVHRVRELVGPDLSTKLEFNLGDLRNK
GDIEKLFSNQREFDAVIHFAGLKAVGESVGNPRRYFDNNLVGTINLYETMAKYNCKMMVESSSATVYGQPEIV
PCVEDFELQAMNPYGRTKLFLEEIARDIHAAEPEWKIILLRYFNPVGAHESGRIGEDPKGIPNNLMPYIQQV
AVGRLPELNVFGHDYPTMDGSAVRDYIHVMDLADGHVAALNKLESDSKIGCTAYNLGTGQGTSVLEMVSSFEE
KASGKKIPIKLCPRRAGDATAVYASTQKAEKELGWKAKYGVDEMCRDQWNWANKNPWGFQKKP
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SEQ ID NO: 244, DNA - Arabidopsis thaliana
ATGGTTGGGAATATTCTGGTGACCGGTGGTGCTGGTTACATCGGAAGTCACACGGTTCTTCAGCTTCTTCTC
GGAGGCTATAACACCGTCGTTATAGACAACCTCGACAATTCCTCTCTCGTTTCGATCCAACGCGTCAAGGAT
CTCGCCGGAGATCATGGACAARATCTCACCGTCCACCAGGTGGACCTTCGCGATAAACCCGCACTTGAGAAG
GTTTTCTCCGAAACAAAGTTTGATGCAGTAATGCATTTTGCTGGATTGAAAGCAGTTGGTGAGAGCGTGGCG
AAACCACTTCTGTATTATAACAATAACTTGATTGCGACTATTACACTTTTGGAAGTAATGGCTGCACACGGA
TGTAAAAAGCTTGTATTTTCTTCGTCCGCTACTGTGTATGGCTGGCCAAAGGAGGTTCCTTGTACAGAAGAG
TCTCCCCTGTCTGGAATGAGTCCTTATGGACGGACAAAGCTGTTCATAGAGGACATTTGCCGTGATGTACAA
CGTGGTGATCCTGAATGGAGAATCATAATGCTGAGGTACTTTAACCCTGTGGGAGCTCACCCTAGCGGTCGC
ATTGGTGAGGATCCTTGTGGGACTCCAAATAATCTCATGCCTTATGTCCAGCAAGTCGTTGTTGGGAGGCTA
CCTAACCTAAAAATTTATGGAACTGACTATACCACTAAAGATGGCACTGGTGTACGAGACTATATTCATGTT
GTTGATCTAGCAGATGGCCATATATGTGCGCTTCAAAAGCTAGACGATACTGAAATAGGTTGTGAGGTATAC
AACCTGGGAACCGGAAAAGGAACAACAGTGTTGGAGATGGTTGATGCATTTGAGAAAGCTTCTGGAATGAAA
ATCCCACTGGTGAAGGTTGGAAGGAGACCAGGTGATGCAGAAACCGTCTATGCGTCAACAGAAAAAGCTGAA
CGCGAACTAAACTGGAAGGCAAATTTTGGAATCGAAGAAATGTGTAGGGATCAGTGGAACTGGGCAAGCAAC
AATCCTTTCGGTTACGGTTCTTCACCAAACTCAACATAA

SEQ ID NO: 245, protein - Arabidopsis thaliana
MVGNILVTGGAGYIGSHTVLOLLLGGYNTVVIDNLDNSSLVSIQRVKDLAGDHGONLTVHQVDLRDKPALEK
VESETKFDAVMHFAGLKAVGESVAKPLLYYNNNLIATITLLEVMAAHGCKKLVFESSSATVYGWPKEVPCTEE
SPLSGMSPYGRTKLEIEDICRDVQRGDPEWRI IMLRYENPVGAHPSGRIGEDPCGTPNNLMPYVQQVVVGRL
PNLKIYGTDYTTKDGTGVRDYIHVVDLADGHICALQKLDDTEIGCEVYNLGTGKGTTVLEMVDAFEKASGMK
IPLVKVGRRPGDAETVYASTEKAERELNWKANFGIEEMCRDQWNWASNNPEGYGSSPNST

SEQ ID NO: 246, DNA - Arabidopsis thaliana
ATGATGGCTAGAAACGTTCTAGTAAGCGGTGGTGCTGGATACATCGGTAGTCACACGGTGCTTCAACTTCTT
CTCGGTGGTTACTCCGTCGTAGTTGTTGATAATCTCGATAATTCCTCCGCCGTCTCTCTTCAACGTGTGAAG
ARAACTCGCGGCTGAACACGGAGAACGCCTCTCCTTCCACCAGGTGGATCTTCGAGACAGGTCTGCTCTTGAG
AAGATATTCTCAGAAACAAAGTTTGATGCAGTGATACATTTTGCTGGACTTAAAGCAGTTGGTGAGAGTGTA
GAGAAGCCTTTGCTTTATTATAATAATAATCTTGTTGGTACTATTACTCTTTTGGAAGTTATGGCTCAACAT
GGCTGCAAAAATCTTGTGTTTTCATCATCAGCAACTGTGTATGGCTCTCCAAAAGAAGTTCCTTGTACAGAG
GAGTTTCCAATTTCTGCTTTGAACCCATATGGACGAACAAAGCTATTCATTGAGGAAATCTGCCGCGATGTA
TACGGTTCTGACCCGGAATGGAAGATTATATTGCTTAGGTATTTCAATCCTGTTGGTGCACATCCTAGTGGT
GACATTGGTGAAGACCCTCGTGGTATTCCAAACAATCTCATGCCCTTTGTACAACAAGTGGCTGTTGGTAGG
AGACCTCATCTCACTGTCTTTGGAAATGATTACAATACAAAAGATGGAACAGGGGTTCGAGATTACATTCAT
GTTATTGATTTAGCTGATGGACACATAGCGGCTCTACGTAAGCTAGAAGATTGCAAGATCGGTTGTGAAGTG
TACAATCTCGGAACAGGAAATGGAACATCAGTTCTTGAAATGGTTGATGCTTTTGAAAAAGCATCCGGAAAG
AARATCCCTCTGGTGATCGCGGGACGTCGACCGGGAGATGCTGAAGTTGTATACGCCTCGACGGAAAGAGCA
GAAAGTGAATTGAATTGGAAGGCCAAATATGGGATTGAGGAGATGTGTAGAGATTTGTGGAACTGGGCTAGT
AATAATCCTTATGGATATGATTCCTCTTCTGAAGACAACTCTCATTAA

SEQ ID NO: 247, protein - Arabidopsis thaliana
MMARNVLVSGGAGYIGSHTVLQLLLGGYSVVVVDNLDNSSAVSLORVKKLAAEHGERLSFHQVDLRDRSALE
KIFSETKFDAVIHFAGLKAVGESVEKPLLYYNNNLVGTITLLEVMAQHGCKNLVESSSATVYGSPKEVPCTE
EFPISALNPYGRTKLFIEEICRDVYGSDPEWKIILLRYFNPVGAHPSGDIGEDP
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RGIPNNLMPEVQQVAVGRRPHLTVEGNDYNTKDGTGVRDY IHVIDLADGHIAALRKLEDCKIGCEVYNLGTG
NGTSVLEMVDAFEKASGKKIPLVIAGRRPGDAEVVYASTERAESELNWKAKYGIEEMCRDLWNWASNNPYGY
DSSSEDNSH

SEQ ID NO: 248, DNA - Arabidopsis thaliana
ATGGCGAAGAGTGTTTTGGTTACCGGCGGCGCTGGCTATATCGGAAGTCATACTGTTCTTCAACTGCTTGAA
GGTGGTTACTCCGCCGTCGTTGTTGACAATTACGACAATTCCTCTGCTGCTTCGCTTCAGCGCGTGAAGAAA
CTCGCCGGCGAAAACGGARACCGCCTCTCCTTCCACCAGGTGGATCTCCGAGACAGGCCTGCGCTTGAGARAG
ATATTCTCAGAAACAAAGTTTGATGCAGTGATACACTTTGCTGGACTTAAAGCAGTAGGTGAGAGTGTGGAG
AAGCCTTTGCTCTATTATAATAATAACATTGTTGGCACTGTTACTCTTTTGGAGGTTATGGCTCAATACGGC
TGCAAAAATCTTGTATTTTCATCATCAGCTACTGTCTATGGCTGGCCTAAGGAGGTTCCTTGCACTGAGGAG
TCACCAATTTCTGCCACTAACCCATATGGCCGTACAAAGCTTTTTATCGAAGAGATTTGCCGGGATGTACAT
CGTTCTGACTCGGAATGGAAGATCATATTGCTTAGATACTTCAACCCTGTTGGTGCACATCCTAGTGGTTAC
ATTGGTGAAGATCCTCTTGGAGTTCCCAACAATCTCATGCCTTATGTCCAACAAGTTGCAGTTGGCCGGAGA
CCTCACCTTACTGTCTTTGGAACCGACTACAAGACAAAGGATGGTACAGGGGTTAGAGATTACATTCATGTC
ATGGATTTAGCAGATGGACACATAGCTGCTCTGCGTAAGCTAGATGATCTCAAAATCAGTTGTGAGGTATAC
AATCTTGGAACGGGTAATGGAACATCGGTCCTAGAAATGGTCGCTGCCTTTGAAAAAGCATCCGGAAAGAAA
ATCCCTTTGGTGATGGCTGGACGACGTCCTGGAGACGCTGAAGTTGTTTACGCCTCAACGGAAAAAGCAGAG
CGCGAACTAAATTGGAAGGCTAAGAATGGGATAGAGGAGATGTGTAGGGATCTATGGAATTGGGCAAGCAAT
AACCCCTACGGCTACAATTCCTCCTCCAATGGCTCCTCTTCATAA

SEQ ID NO: 249, protein - Arabidopsis thaliana
MAKSVLVTGGAGYIGSHTVLOLLEGGYSAVVVDNYDNSSAASLORVKKLAGENGNRLSFHQVDLRDRPALEK
IFSETKFDAVIHFAGLKAVGESVEKPLLYYNNNIVGTVTLLEVMAQYGCKNLVEFSSSATVYGWPKEVPCTEE
SPISATNPYGRTKLEIEEICRDVHRSDSEWKIILLRYENPVGAHPSGYIGEDPLGVPNNLMPYVQQVAVGRR
PHLTVFGTDYKTKDGTGVRDYIHVMDLADGHIAALRKLDDLKISCEVYNLGTGNGTSVLEMVAAFEKASGKK
IPLVMAGRRPGDAEVVYASTEKAERELNWKAKNGIEEMCRDLWNWASNNPYGYNSSSNGSSS

SEQ ID NO: 250, DNA - Populus tremuloides
ATGGATTATCTGGATTCAAGACGAAAGAGCAGATGTGCTGGAAAAATTATTGCAGCTGCGCTCTGCATTACA
TTCTCCCAGCATGAGCTCGGCGTAACGCATGTCTTAGTGACTGGAGGTGCTGGGTATATTGGCTCTCATGCT
GCACTTCGACTCTTGAAGGATTCATACCGTGTAACTAAAGTGGACAATCTTTCTCGAGGGAATCTGGGTGCT
GTTAAAGTTCTCCAAGATCTATTTCCGGAGCCTGGGCGGTTACAGTTCATATACGCAGACTTGGGAGATGCA
AAAGCTGTAAACAAAATCTTTGCTGAAAATGCATTTGATGCTGTGATGCATTTCGCTGCTGTTGCATATGTT
GGTGAAAGTACAATGGAACCTCTCAGATATTATCACAACATCACATCAAATACCTTGGTAGTTTTAGAAGCA
ATGGCAGCACATAAGGTGAAGACATTGATTTATTCTAGCACTTGTGCAACTTACGGCGAGCCTGTTAAGATG
CCGATTACAGAACAAACTCCTCAGCTTCCAATCAACCCCTATGGAAAAGCCAAGAAAATGGCAGAAGATATC
ATAATTGACTTCTCAAAAACCACTGACATGGCTGTCATGATCCTAAGATACTTCAATGTTATTGGGTCTGAT
CCAGAAGGAAGATTAGGGGAAGCTCCGCAACCTGAACTTCGTGAGCATGGCCGAATCTCTGGCGCTTGTTTT
GATGCAGCTCGAGGAATAATACCAGGACTAAAACAGAGAATCACAATTCAGTGGATAGACTATAAAACTGCT
GATGGCACGTGTGTACGGGACTATATCGATGTCACTGACCTGGTCGATGCCCATGTGAAAGCTCTTGCCCAT
GCAAAGCCTCGAAAAGTTGGCATTTACAATGTTGGAACTGGAAAAGGTAGATCAGTGAAGGAGTTTGTCGAG
GCATGTAAGAAGGCAACAGGTGTGGACATAAAGGTTGAATACCTCAATCGTCGGCCAGGAGACTATGCTGAG
GTCTTCAGTGACCCTTCCAAAATAAAACAAGAGCTAAACTGGAAAGCTCAATATACTGACCTTAAGAAGAGT
TTGCAGATTGCATGGAAATGGCAGAAGTCACATTTGAATGGTTACAGTCACAGTTAA
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SEQ ID NO: 251, protein - Populus tremuloides
MDYLDSRRKSRCAGKITAAALCITFSQHELGVTHVLVTGGAGYIGSHAALRLLKDSYRVTKVDNLSRGNLGA
VKVLQDLFPEPGRLQFIYADLGDAKAVNKIFAENAFDAVMHFAAVAYVGESTMEPLRYYHNITSNTLVVLEA
MAAHKVKTLIYSSTCATYGEPVKMPITEQTPQLPINPYGKAKKMAEDIIIDESKTTDMAVMILRYENVIGSD
PEGRLGEAPQPELREHGRISGACFDAARGITIPGLKQRITIQWIDYKTADGTCVRDYIDVTDLVDAHVKALAH
AKPRKVGIYNVGTGKGRSVKEFVEACKKATGVDIKVEYLNRRPGDYAEVESDPSKIKQELNWKAQYTDLKKS
LOTAWKWQKSHLNGYSHS

SEQ ID NO: 252, DNA - Populus tremuloides
ATGCTAAACTTTGGCAGGACCAGAGCTCAGACAAGGTCCAATAGATCTATATCTCTTGGAGGCATGGATTAT
TCAGATCCAAAAAGGAAAAACAACGTTGTAGGAAAGATTCTTTTGGCTGCTACCCTCACAGCTTTATGTATA
ATTATGCTAAAGCAATCTCCGACCTTTTATTCTCCAAGCCCGTTCTCTTTGCATGAAGAAGGGGTGATCCAT
GTCCTAGTGACAGGTGGTGCTGGCTACATTGGTTCCCATGCTGCATTGCGACTTTTGAAGGATGGTTACCGA
GTAACCATAGTGGACAACCTTTCTCGAGGAAACATAGGTGCAGTCAAGGTTTTACAAGAATTATTTCCAGAG
CCCGGGAGGCTTCAGTTTATATATGCTGACCTGGGAGATCCTAAAACTGTTAACATTATCTTCTCACAAAAT
GCATTTGATGCTGTGATGCATTTTGCGGCAGTTGCATATGTTGGGGAAAGCACCATGGAACCCCTGAAGTAC
TATCACAATATCACATCAAATACCTTGGTAGTTTTGGAGGCAATGGCTGCAAATGATGTAAAGACTTTGATA
TATTCAAGTACATGTGCAACATATGGGGAGCCTGAAAAGATGCCGATTACTGAAGTAACTCCACAGGTACCC
ATTAATCCATATGGAAAAGCTAAGAAGATGGCAGAAGATATCATCCTTGATTTTTCTAAAAACTCAGACATG
GCAATTATGATATTGAGATACTTCAATGTGATTGGATCAGATCCAGATGGCAGGTTAGGTGAGGCTCCTAGA
CCTGAACTGCGTGAGCATGGACGAATTTCCGGTGCTTGTTTCGATGCAGCTCGTGGTATTATTGCTGGGCTG
AAGGTTAAAGGAACAGACTATAAGACGCATGATGGAACTTGTATAAGAGATTATATTGACGTTACTGATCTT
GTTGATGCTCATGTTAAAGCACTTGAAAAGGCAATGCCTGGTAAAGTAGGAATCTACAATGTTGGCACTGGA
AAGGGTAGATCAGTCAAGGAGTTTGTTAAGGCATGTAAAAAGGCAACTGGTGTAGATATCAAAGTTGACTAT
TTACCTCGCCGTCCTGGTGACTACGCTGAAGTATTCAGTGACCCATCAAAAATTTACCGCGAGCTGAACTGG
ACAGCGCAATACACGGATCTCCAGAAGAGCTTACAGACTGCATGGAGATGGCAAAAATCACATCAAAATGGG
TATGGATCCCCTTTGGTGATGGCTTCTTGA

SEQ ID NO: 253, protein - Populus tremuloides
MLNFGRTRAQTRSNRSISLGGMDYSDPKRKNNVVGKILLAATLTALCIIMLKQSPTEYSPSPEFSLHEEGVIH
VLVTGGAGYIGSHAALRLLKDGYRVTIVDNLSRGNIGAVKVLOQELFPEPGRLOFIYADLGDPKTVNIIFSQON
AFDAVMHFAAVAYVGESTMEPLKYYHNITSNTLVVLEAMAANDVKTLIYSSTCATYGEPEKMPITEVTPQVP
INPYGKAKKMAEDIILDFSKNSDMAIMILRYEFNVIGSDPDGRLGEAPRPELREHGRI SGACFDAARGITIAGL
KVKGTDYKTHDGTCIRDYIDVTDLVDAHVKALEKAMPGKVGIYNVGTGKGRSVKEFVKACKKATGVDIKVDY
LPRRPGDYAEVFESDPSKIYRELNWTAQYTDLOKSLOTAWRWQKSHONGYGSPLVMAS

SEQ ID NO: 254, DNA - Populus tremuloides
ATGGTGCACAAGGGCTCTGGTATGGATTTCCTGGATTCAAGAAGAAAGAGCAATTCTGCTGGAAAAGTTATT
GCAGTTGCATTCTTCATTGCAGTATGCATTGTCATGCTCAAGCAAGTGTACTCACCTAGTTATACCAGCCCC
GACATGTTCTCCCAACATGAGCTAGGCGTAACGCATGTGTTGGTGACCGGAGGTGCTGGTTACATAGGTTCT
CACGCTGCACTTCGACTCTTGAAGGATTCATACCGAGTAACTATAGTGGACAATCTCTCTCGAGGGAATCTC
GGTGCGGTTAAAGTTCTTCAAGAGCTATTTCCAGAGCCTGGGAGATTGCAGTTCATATATGCTGACCTAGGA
GATGCAAAAGCTGTAAACAAAATCTTTGCCGAAAATGCATTTGATGCTGTGATGCATTTTGCTGCTGTTGCA
TATGTTGGTGAAAGTACAATAGAGCCCCTTAGATATTATCACAATATCACATCAAATACCTTGGTTGTCTTG
GAAGCAATGGCTGCACATAATGTGAAGACATTAATCTATTCGAGCACTTGTGCAACGTACGGAGAACCTATT
AAGATGCCGATTAGAGAA
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GAAACTCCTCAGCTTCCAATCAACCCCTATGGAAAAGCCAAGAAAATGGCAGAAGATATCATAATTGACTTC
TCCAACACCACTGACATGGCTGTCATGATCCTAAGCATCCAGCATTCTGATCAAAATAATGCCTATGTTTAC
AGATACTTCAATGTTATTGGGTCTGACCCGGAAGGAAGATTAGGGGAAGCTCCACGACCTGAGCTTCGTGAG
CATGGCCGAATCTCTGGTGCTTGTTTTGATGCAGCTCGAGGGATAACACCTGGACTCAAGGTTAAAGGGACA
GACTATAAAACAGCTGATGGCACATGTGTACGCGACTATATCGATGTCACTGACCTGGTTGATGCCCATGTG
AAAGCTCTTGCCCACGCAAAACCTCGGAAAGTTGGCATTTACAATGTTGGAACTGGAAAAGGCAGATCAGTG
AAGGAGTTTGTTGATGCGTGTAAGAAGGCAACAGGCGTGGACATAAAGGTTGAATACCTTGATCGCCGGLCCA
GGAGACTATGCTGAGGTCTTCAGTGATCCTTCCAAAATAAAACAAGAGCTAAGCTGGACAGCTCAATATACT
GACCTTCAGAAGAGTTTACAGATTGCTTGGAAATGGCAGAAGTCACATTTGAATGGTTATTGA

SEQ ID NO: 255, protein - Populus tremuloides
MVHKGSGMDFLDSRRKSNSAGKVIAVAFFTIAVCIVMLKQVYSPSYTSPDMESQHELGVTHVLVTGGAGYIGS
HAALRLLKDSYRVTIVDNLSRGNLGAVKVLQELFPEPGRLOFIYADLGDAKAVNKIFAENAFDAVMHEAAVA
YVGESTIEPLRYYHNITSNTLVVLEAMAAHNVKTLIYSSTCATYGEPIKMPIREETPQLPINPYGKAKKMAE
DITIDFSNTTDMAVMILSIQHSDQNNAYVYRYEFNVIGSDPEGRLGEAPRPELREHGRISGACFDAARGITPG
LKVKGTDYKTADGTCVRDYIDVTDLVDAHVKALAHAKPRKVGIYNVGTGKGRSVKEFVDACKKATGVDIKVE
YLDRRPGDYAEVESDPSKIKQELSWTAQYTDLOKSLOTIAWKWQKSHLNGY

SEQ ID NO: 256, DNA - Populus tremuloides
ATGGCTGGACAAACAATTCTTGTGACTGGTGGGGCTGGGTTTATTGGCACTCACACAGTAGTACAGCTCCTA
AAGGAAGGTTTTAAGGTTTCAATCATTGACAATCTTGATAATTCTGTCACTGAAGCTGTTGATCGTGTTAAG
GAAGTGGTGGGTCCTCAGCTTTCTAAGAATCTTGAATTCAATCTGGGTGATCTTAGAAACAAGGATGATTTG
GAGAAGTTGTTTTCAAGAACTAAGTTCGATGCTGTGATCCATTTTGCTGGTCTCAAGGCAGTTGGGGAGAGT
GTTGCTAATCCACGTAGATATTTTGACAATAATCTGGTTGGCACCATCAATCTCTATGAAGTTATGGCAAAA
TACAATTGCAAGAAGATGGTTTTCTCATCATCAGCAACTGTTTATGGCCAACCTGAAAAAATTCCTTGTGTT
GAGGACTTCAACCTAATGGCAATGAATCCTTATGGACGTACCAAGAAATTGCTCGAGATATTCAAAAGGCAG
AACCAGAATGGAGTATCATTTTACTTAGGTACTTCAACCCCGTGGGAGCTCATGAGAGTGGTAAACTTGGTG
AAGATCCCAAGGGTATCCCAAACAATCTCATGCCCTACATACAACAAGTAG

SEQ ID NO:257, protein - Populus tremuloides
MAGQTILVTGGAGFIGTHTVVQLLKEGFKVSIIDNLDNSVTEAVDRVKEVVGPQLSKNLEFNLGDLRNKDDL
EXKLFSRTKFDAVIHFAGLKAVGESVANPRRYFDNNLVGTINLYEVMAKYNCKKMVESSSATVYGQPEKIPCV
EDFNLMAMNPYGRTKKLLEIFKRONQNGVSEFYLGTSTPWELMRVVNLVKIPRVSQTISCPTYNK

SEQ ID NO: 258, DNA - Populus tremuloides
ATGGCGAAGAGTATCTTGGTTACCGGCGGTGCCGGTTACATAGGGAGCCATACGGTGCTGCAGCTTTTACTT
GGCGGTTACAGCATCGTGGTTGTTGATAATCTCGACAACTCCTCTGATATTGCTCTTAAAAGAGTTAAAGAA
CTCGCCGGTGATTTCGGTAAAAACCTCGTCTTTCACCAGGTTGATCTCCGGGATAAGCCAGCACTGGAAAAA
ATTTTTGCCAGGACAAAATTTGATGCTGTCATTCACTTTGCTGGGCTGAAAGCGGTTGGTGAGAGTGTGCAG
AAACCATTGCTTTACTTTAACAACAATCTCATTGGAACAATTACCCTGCTAGAAGTTATGACTTCCCATGGA
TGCAAGCAGTTGGTGTTTTCATCTTCGGCTACTGTTTATGGTTGCCCAAAGGAGGTTCCATGTACAGAAGAG
TTTCCTTTGTCTGCTGCCAGCCCATACGGAAGAACCAAGCTCTTCATTGAAGGGATCTGCTGTGATATCCAC
CGTTCAGACTCTGAATGGAAGATCATTTTGCTTAGATACTTCAATCCAGTTGGTGCACATCCAAGTGGTCAT
ATTGGTGAGGATCCACTT
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GGAATTCCAAACAATCTCATGCCCTATGTGCAGCAAGTTGCTGTTGGCAGGCGGCCTCATCTAACCGTTTAT
GGAACTGATTATTCAACTAAAGATGGCACTGGGGTACGTGATTACATTCATGTTGTTGATTTAGCGGATGGG
CACATTGCTGCATTGCGTAAGCTCTCTGATGCTAATATAGGTTGTGAAGTGTACAACTTGGGAACAGGAARAA
GGTACATCCGTTCTGGAGATGGTTGCGGCATTTGAAAAGGCATCTAGAAAGAAAATTCCCCTTGTAATGGCC
GCTCGGCGACCTGGTGATGCTGAAATTGTGTATGCAGCAACAGAGAAGGCAGAACGTGAATTGAATTGGAAG
GCAAAATATGGCATTGATGAGATGTGTAGGGATCAATGGAACTGGGCCGGCAAGAACCCTTATGGCTATGGA
TCTTCTGACAGCACTAACTAA

SEQ ID NO: 259, protein - Populus tremuloides
MAKSILVTGGAGYIGSHTVLQLLLGGYSIVVVDNLDNSSDIALKRVKELAGDFGKNLVEFHQVDLRDKPALEK
IFARTKFDAVIHFAGLKAVGESVQKPLLYENNNLIGTITLLEVMTSHGCKQLVFSSSATVYGCPKEVPCTEE
FPLSAASPYGRTKLEFIEGICCDIHRSDSEWKIILLRYENPVGAHPSGHIGEDPLGIPNNLMPYVQQVAVGRR
PHLTVYGTDYSTKDGTGVRDYIHVVDLADGHIAALRKLSDANIGCEVYNLGTGKGTSVLEMVAAFEKASRKK
IPLVMAARRPGDAEIVYAATEKAERELNWKAKYGIDEMCRDQWNWAGKNPYGYGSSDSTN

SEQ ID NO: 260, DNA - Populus tremuloides
ATGGCCTATAATATTCTGGTTACAGGCGGTGCTGGTTACATAGGAAGCCACACGGTGCTGCAACTTTTATTA
GGCGGCTACAACACTGTGGTTGTTGATAACCTCGACAACGCCTCTGATATTGCTCTTAAAAGAGTTAAAGAA
CTCGCCGGTGATTTCGGCARAAACCTCGTCTTTCACCAGGTTGATCTCCGGGACARAGCCGGCTCTGGAARAT
GTTTTCGCCGAGACAAAGTTTGATGCTGTCATTCACTTTGCTGGGCTGAAAGCAGTTGGTGAGAGTATGCAG
AAACCATTGCTTTATTTCAACAATAATCTCATTGGAACAATTACTCTGCTAGAAGTTATGGCTGCTCATGGA
TGCAAGCAGGTAATTTTCTCTAGGTTGCTTTGCATTGGTGTTTTCATCTTCAGCTACTGTTTATGGTTGGCC
GAAGGAGGTTCCATGTACAGAAGAGTTCCCTTTGTCTGCTGCAAACCCATATGGAAGAACCAAGAGATCTGC
CGCGATATCTACAGTTCAGATTCTGAATGGAAGATCATATTACTCAGATACTTTAATCCAGTTGGTGCACAT
CCAAGTGGCTATATTGGTGAGGATCCTCGTGGAATTCCAAACAATCTCATGCCCTATGTGCAGCAAGTTGCT
GTTGGCAGGAGGCCTCATCTAACAGTTTTTGGAACTGATTATCCAACAAAAGACGGTACCGGGGTACGTGAT
TACATTCATGTTGTCGATTTAGCAGATGGGCACATTGCTGCATTGCGTAAGCTCTCTGAAGCTAATATAGGT
TGTGAAGTGTACAACTTGGGAACAGGGAAAGGTACATCAGTTCTGGAGATGGTCGCAGCATTTGAAAAGGCA
TCTGGAAAGAGTCCCATCTTCGTGTGCCAGAAAATTCCTCTTGTAATGGCTGATCGGCGACCTGGTGATGCT
GAAACTGTGTATGCAGCAACAGAGAAGGCAGAACGTGAATTGAGTTGGAAGTAA

SEQ ID NO: 261, protein - Populus tremuloides
MAYNILVTGGAGYIGSHTVLQLLLGGYNTVVVDNLDNASDIALKRVKELAGDFGKNLVEFHQVDLRDKPALEN
VFAETKFDAVIHFAGLKAVGESMOQKPLLYFNNNLIGTITLLEVMAAHGCKQVIEFSRLLCIGVFIFSYCLWLA
EGGSMYRRVPEVCCKPIWKNQEICRDIYSSDSEWKIILLRYENPVGAHPSGYIGEDPRGIPNNLMPYVQQVA
VGRRPHLTVEGTDYPTKDGTGVRDYIHVVDLADGHIAALRKLSEANIGCEVYNLGTGKGTSVLEMVAAFEKA
SGKSPIFVCQKIPLVMADRRPGDAETVYAATEKAERELSWK

SEQ ID NO: 262, DNA - Populus tremuloides
ATGCTAAGTTTTGGCAGGACCAGAACTCAGCCAAGGTCCAATAGATCTATGTCCCTTGGAGGCATGGATTTT
TCAGATCCAAAAAGAAAAAATAATGTTGTAGGAAAGATTCTTTTGGCCGCTTCCCTAACAGCTGTATGTATA
ATTATGCTGAAACAATCTCCAACCTTTAATTCTCCAAGCCCGTTCTCTTTGCGTGAAGATGGGGTGATCCAT
GTCCTTGTGACAGGTGGTGCTGGCTACATTGGTTCCCATGCAGCATTGCGACTTTTGAAGGATGGTTACCGA
GTAACCATAGTGGACAACCTTTCTCGAGGAAACTTAGGTGCAGTCAAGGTTTTACAAGAGTTATTTCCTGAG
CCTGGGAGGCTTCAGTTTATATATGCTGACTTGGGAGAGCCTAAAACTGTTAACAGCATCTTTTCACAAAAT
GCATTTGATGCTGTGATGCATTTTGCAGCA
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GTTGCATATGTTGGGGAAAGCACCGTGTACCCCCTTAAGTACTATCACAACATTACATCAAATACCTTGGTA
GTGTTGGAGTCAATGGCTGCAAATGATGTAAAGACTTTGATATATTCAAGCACATGTGCAACATATGGGGAG
CCTGAAAAGATGCCTATTACTGAAGACACTCCACAGGTACCCATTAATCCATATGGAAAAGCTAAGAAGATG
GCAGAAGATATCATCCTTGACTTCTCTAAAAATTCAGACATGGCAATTATGATATTGAGATACTTCAATGTG
ATTGGATCAGATCCAGATGGAAGGTTAGGTGAGGCTCCTAGACCTGAACTGCGTGAGCACGGACGAATTTCT
GGTGCTTGTITTTGATGCTGCTCGTGGTATTGTTGCTGGACTAAAGGTTAAAGGAACGGACTATAAGACACAC
GATGGAACTTGTATAAGAGATTATATCGATGTTACTGATCTTGTTGATGCTCATGTTAAAGCACTTGAAAAG
GCAATGCCTGGGAAAGTTGGAATCTACAATGTTGGCACTGGAATGGGTAGATCAGTCAACGAGTTTGTACAT
GCATGTAAAAAGGCAACCGGTGTAGATATCAAAGTAGACTATTTACCTCGCCGGCCTGGTGACTATGCTGAA
GTGTTTAGTGACCCATCAAAAATTAACCGTGAGCTGAACTGGACAGCACAATACACTGATCTCCAAAAGAGT
TTACAGGTTGCATGGAGATGGCAAAAATCACATCAAAATGGGTATGGATCCCCTTTGGTGATGGCTTCTTGA

SEQ ID NO: 263, protein - Populus tremuloides
MLSFGRTRTQPRSNRSMSLGGMDESDPKRKNNVVGKILLAASLTAVCIIMLKQSPTENSPSPEFSLREDGVIH
VLVTGGAGYIGSHAALRLLKDGYRVTIVDNLSRGNLGAVKVLOQELFPEPGRLOFIYADLGEPKTVNSIEFSQON
AFDAVMHEFAAVAYVGESTVYPLKYYHNITSNTLVVLESMAANDVKTLIYSSTCATYGEPEKMPITEDTPQVP
INPYGKAKKMAEDIILDFSKNSDMAIMILRYEFNVIGSDPDGRLGEAPRPELREHGRI SGACFDAARGIVAGL
KVKGTDYKTHDGTCIRDYIDVTDLVDAHVKALEKAMPGKVGIYNVGTGMGRSVNEEFVHACKKATGVDIKVDY
LPRRPGDYAEVFESDPSKINRELNWTAQYTDLOKSLOVAWRWQKSHONGYGSPLVMAS

SEQ ID NO: 264, DNA - Populus tremuloides
ATGATTCTGGTCACAGGCGGCGCCGGCTTCATCGGCTCGCATAGCTGCGTGGAACTCGCCGCTGCGGGCGAG
CCCTACCTGATCTACGACAACTTCAGCAACAGCAGCCCCGATGTGCTCGAACGCATGGAACGCATCACGGGC
CGGCGCCCGCTGTGCGTCGAGGGAGACGTGCGCGACCGCGCCGCGCTGGACCGGCTGTTTGCCGAGCACTCC
ATCCGCGAGGTGATCCACTTCGCCGCGCTCARAGGCCGTGGGCGAGTCCGTGGCCCAGCCGCTGCGCTACTAC
GAACACAACGTGGGCGGCACGGTGGCCCTGCTGCAGGCCATGCGGACGGCGGGCETGCGCAGCCTGGTGTTC
TCCTCCTCGGCCACGGTCTACGGCGATCCGGCCAGCCTGCCGATCCGCGAAGACTTTCCGCTGTCCGCCACC
AACCCCTACGGCCGCAGCAAGCTGTGGATCGAGGARATGCTGGCCGACCTGGACCGGGCCGAGGCCGGCCAG
TGGAGCCTGGCACGGCTGCGCTACTTCAACCCCGTGGGCGCCCATGARAGCGGCCTGATCGGCGAGGACCCG
CGCGACATCCCCAACAACCTCATGCCCTATGTGTCGCAGGTCGCCATCGGCCAGCGCCAGCAGCTCAGTGTC
TATGGCGATGACTATGCGACGCCGGACGGCACGGGCGTGCGCGACTACATCCACGTCACCGACCTGGCGLGC
GGCCACCTGGCGGCGCTGCGCTATCTGCGCGAGCAGCAGGGCCTGCTGACCGTGAACCTGGGCACGGGGLGL
CCGGTCTCGGTGCTGGAGATGGTCAAGGCCTTCGAGCGCGCCAGCGGCCGCCCCGTGCCCTACCAGATCGTG
GCGCGCCGACCCGGCGACGTGGCCCAGTGCTGGGCCGACCCCGCCGAGGCCGAGCGGCTGCTGGGCTGGARG
GCCATGCTGGACCTGGACCGCATCGCCTGCGGGCGCCGAGGGCGTGGTATCTTTTCGCCCTTGTTTCACGCC
CTAGCCAAGAGTCTGCCCATGCTTGCCAAACGCATCATCCCCTGTCTTGACGTCACGGGAGGGCGCGTCGTC
ARAAGGCGTGAACTTCGTGGAACTGCGCGATGCGGGCGACCCGGTGGAGATCGCCGCGCGCTACAACGCCCAG
GGCGCGGACGAGCTGACCTTCCTGGACATCACGGCCACCAGCGACGGGCGCGACCTGATCCTGCCCATCATC
GAATCGGTGGCCAGCCAGGTCTTCATTCCGCTGACCGTGGGTGGTGGCGTGCGCACCGTCGAGGACGTGCGC
CGCCTGCTCAACGCGGGCGCCGACAAGACCAGCTTCAACTCGGCCGCCATCGCCARCCCCGACGTGATCAAT
GCGGCCTCGGACAAGTACGGCGCGCAATGCATCGTCGTGGCCATCGATGCCAAGCGGCGCACGGCCGAGGAC
GAGCAGCGCATCGGCGCCGATGGCCGCGCTGCCGGCCCCGGCTGGGACGTGTACAGCCACGGCGGACGCARAA
AACACCGGCCTGGACGCCGTGCACTCACGCGCGCCGTCAGCGACGCCGTGCCCGTGCCCGTGA
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SEQ ID NO: 265, protein - Populus tremuloides
MILVTGGAGFIGSHSCVELAAAGEPYLIYDNESNSSPDVLERMERITGRRPLCVEGDVRDRAALDRLFAEHS
IREVIHFAALKAVGESVAQPLRYYEHNVGGTVALLQAMRTAGVRSLVFSSSATVYGDPASLPIREDFPLSAT
NPYGRSKLWIEEMLADLDRAEAGOQWSLARLRYFNPVGAHESGLIGEDPRDI PNNLMPYVSQVAIGQROQLSV
YGDDYATPDGTGVRDYIHVTDLARGHLAALRYLREQOGLLTVNLGTGRPVSVLEMVKAFERASGRPVPYQIV
ARRPGDVAQCWADPAEAERLLGWKAMLDLDRIACGRRGRGIFSPLFHALAKSLPMLAKRIIPCLDVTGGRVV
KGVNEVELRDAGDPVEIAARYNAQGADELTFLDITATSDGRDLILPITIESVASQVEIPLTVGGGVRTVEDVR
RLLNAGADKTSENSAATANPDVINAASDKYGAQCIVVAIDAKRRTAEDEQRIGADGRAAGPGWDVYSHGGRK
NTGLDAVHSRAPSATPCPCP

SEQ ID NO: 266, DNA - Ostreococcus tauri
ATGACGTGGAACGTCCTCGTCACCGGTGGCGCCGGATACATCGGCTCGCACACGTGCGTGCGGCTCCTGCAA
GCGGGCGCGCGCGTCACCGTCGTGGATAACTTTGACAACTCGTGCGCGGAATCTTTAAAGCGCGTGCGAAAC
ATCGTGGGCGAGGACGCGGGGGCGCGTTTGACGCACCACGAGGTTGATTGCTGCGATAAAGTCGCGCTCGAT
GGCGTCTTCGCGTCGGCGGGGGTGACGTTCGATGCGGTGATACACTTCGCCGGGTTGAAGGCGGTGGGCGAG
AGCGTGGCCGAGCCGATGAAGTATTACGAGAATAACATCGTGAGCACGCTGGTGCTGTGCGAGACGATGGCG
AAACACGGGTGTAAGACGATTATTTTTAGCTCGAGCGCGACCGTGTACGGGGAGCCGGCGTCGGTGCCGETGC
ACGGAAGATTTCCCGACGGCGGCGTTGAACCCGTACGGACGGACCAAGTTGTTCATCGAACACATTTTGAGC
GATCTCTACGTGAGTGATAAGGAGTGGAAGGTGGCGCTGTTGCGATACTTTAACCCGGTCGGTGCGCACGAG
AGTGGGACGCTGGGGGAGGATCCCAAGGGAATCCCGAATAACTTGATGCCATTCGTGCAGCAAGTCGCCGTC
GGTCGACGACCCGAGCTCAACGTGTTTGGGAACGACTATCCAACCAAGGATGGAACCGGTCGACGTGATTAC
ATTCATGTCGTCGATTTGGCCGACGGACACGTCGCGGCGGTAAAGAAACTCACGAGTGATCCCGACGLCCGGET
TTGCTCACCGTCAACCTCGGGACGGGGAAGAGCACGAGCGTCTTAGAGCTCGTCGCGGCGTTCGAGAAGGCG
TCCGGTAAGAAAATTCCGTGCAAGATTGTCGATCGTCGCGCAGGTGACGCCGCAGAGGTGTACGGGGCGACA
GATAAGGCGTTCAAGGTTCTCGGTTGGCGTGCACTTCGCACCATCGAAGACTGCTGCATCGATCAGTGGAAG
TGGGCGAGCTCGAACCCGTACGGGTACGCAGGTAAGCCCGACGACGCGTAA

SEQ ID NO: 267, protein - Ostreococcus tauri
MTWNVLVTGGAGYIGSHTCVRLLOAGARVTVVDNEDNSCAESLKRVRNIVGEDAGARLTHHEVDCCDRVALD
GVFASAGVTFDAVIHFAGLRKAVGESVAEPMKYYENNIVSTLVLCETMAKHGCKTITIFSSSATVYGEPASVPC
TEDFPTAALNPYGRTKLEFIEHILSDLYVSDKEWKVALLRYFNPVGAHESGTLGEDPKGIPNNLMPEVQQVAV
GRRPELNVEGNDYPTKDGTGRRDYTHVVDLADGHVAAVKKLTSDPDAGLLTVNLGTGKSTSVLELVAAFEKA
SGKKIPCKIVDRRAGDAAEVYGATDKAFKVLGWRALRTIEDCCIDOQWKWASSNPYGYAGKPDDA

SEQ ID NO: 268, DNA - Ostreococcus tauri
ATGACAGCTCAGTTACAAAGTGAAAGTACTTCTAAAATTGTTTTGGTTACAGGTGGTGCTGGATACATTGGT
TCACACACTGTGGTAGAGCTAATTGAGAATGGATATGACTGTGTTGTTGCTGATAACCTGTCGAATTCAACT
TATGATTCTGTAGCCAGGTTAGAGGTCTTGACCAAGCATCACATTCCCTTCTATGAGGTTGATTTGTGTGAC
CGAAAAGGTCTGGAAAAGGTTTTCAAAGAATATAAAATTGATTCGGTAATTCACTTTGCTGGTTTAAAGGCT
GTAGGTGAATCTACACAAATCCCGCTGAGATACTATCACAATAACATTTTGGGAACTGTCGTTTTATTAGAG
TTAATGCAACAATACAACGTTTCCAAATTTGTTTTTTCATCTTCTGCTACTGTCTATGGTGATGCTACGAGA
TTCCCAAATATGATTCCTATCCCAGAAGAATGTCCCTTAGGGCCTACTAATCCGTATGGTCATACGAAATAC
GCCATTGAGAATATCTTGAATGATCTTTACAATAGCGACAAAAAAAGTTGGAAGTTTGCTATCTTGCGTTAT
TTTAACCCAATTGGCGCACATCCCTCTGGATTAATCGGAGAAGATCCGCTAGGTATACCAAACAATTTGTTG
CCATATATGGCT
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CAAGTAGCTGTTGGTAGGCGCGAGAAGCTTTACATCTTCGGAGACGATTATGATTCCAGAGATGGTACCCCG
ATCAGGGATTATATCCACGTAGTTGATCTAGCAAAAGGTCATATTGCAGCCCTGCAATACCTAGAGGCCTAC
AATGAAAATGAAGGTTTGTIGTCGTGAGTGGAACTTGGGTTCCGGTAAAGGTTCTACAGTTTTTGAAGTTTAT
CATGCATTCTGCAAAGCTTCTGGTATTGATCTTCCATACAAAGTTACGGGCAGAAGAGCAGGTGATGTTTTG
AACTTGACGGCTAAACCAGATAGGGCCAAACGCGAACTGAAATGGCAGACCGAGTTGCAGGTTGAAGACTCC
TGCAAGGATTTATGGAAATGGACTACTGAGAATCCTTTTGGTTACCAGTTAAGGGGTGTCGAGGCCAGATTT
TCCGCTGAAGATATGCGTTATGACGCAAGATTTGTGACTATTGGTGCCGGCACCAGATTTCAAGCCACGTTT
GCCAATTTGGGCGCCAGCATTGTTGACCTGAAAGTGAACGGACAATCAGTTGTTCTTGGCTATGAAAATGAG
GAAGGGTATTTGAATCCTGATAGTGCTTATATAGGCGCCACGATCGGCAGGTATGCTAATCGTATTTCGAAG
GGTAAGTTTAGTTTATGCAACAAAGACTATCAGTTAACCGTTAATAACGGCGTTAATGCGAATCATAGTAGT
ATCGGTTCTTTCCACAGAAAAAGATTTTTGGGACCCATCATTCAAAATCCTTCAAAGGATGTTTTTACCGCC
GAGTACATGCTGATAGATAATGAGAAGGACACCGAATTTCCAGGTGATCTATTGGTAACCATACAGTATACT
GTGAACGTTGCCCAAAAAAGTTTGGAAATGGTATATAAAGGTAAATTGACTGCTGGTGAAGCGACGCCAATA
AATTTAACAAATCATAGTTATTTCAATCTGAACAAGCCATATGGAGACACTATTGAGGGTACGGAGATTATG
GTGCGTTCAAAAAAATCTGTTGATGTCGACAAAAACATGATTCCTACGGGTAATATCGTCGATAGAGAAATT
GCTACCTTTAACTCTACAAAGCCAACGGTCTTAGGCCCCAAAAATCCCCAGTTTGATTGTTGTTTTGTGGTG
GATGAAAATGCTAAGCCAAGTCAAATCAATACTCTAAACAATGAATTGACGCTTATTGTCAAGGCTTTTCAT
CCCGATTCCAATATTACATTAGAAGTTTTAAGTACAGAGCCAACTTATCAATTTTATACCGGTGATTTCTTG
TCTGCTGGTTACGAAGCAAGACAAGGTTTTGCAATTGAGCCTGGTAGATACATTGATGCTATCAATCAAGAG
AACTGGAAAGATTGTGTAACCTTGAAAAACGGTGAAACTTACGGGTCCAAGATTGTCTACAGATTTTCCTGA

SEQ ID NO: 269, protein - Ostreococcus tauri
MTAQLQSESTSKIVLVTGGAGYIGSHTVVELIENGYDCVVADNLSNSTYDSVARLEVLTKHHIPFYEVDLCD
RKGLEKVFKEYKIDSVIHFAGLKAVGESTQIPLRYYHNNILGTVVLLELMOQYNVSKEVESSSATVYGDATR
FPNMIPIPEECPLGPTNPYGHTKYATIENILNDLYNSDKKSWKFAILRYFNPIGAHPSGLIGEDPLGIPNNLL
PYMAQVAVGRREKLYIFGDDYDSRDGTPIRDYIHVVDLAKGHIAALQYLEAYNENEGLCREWNLGSGKGSTV
FEVYHAFCKASGIDLPYKVTGRRAGDVLNLTAKPDRAKRELKWQTELOQVEDSCKDLWKWTTENPFGYQLRGV
EARFSAEDMRYDARFVTIGAGTREFQATFANLGASIVDLKVNGQOSVVLGYENEEGYLNPDSAYIGATIGRYAN
RISKGKFSLCNKDYQLTVNNGVNANHSSIGSFHRKRELGPIIQNPSKDVETAEYMLIDNEKDTEFPGDLLVT
IQYTVNVAQKSLEMVYKGKLTAGEATPINLTNHSYFNLNKPYGDTIEGTEIMVRSKKSVDVDKNMIPTGNIV
DRETATENSTKPTVLGPKNPQFDCCEFVVDENAKPSQINTLNNELTLIVKAFHPDSNITLEVLSTEPTYQFEYT
GDFLSAGYEARQGFAIEPGRYIDAINQENWKDCVTLKNGETYGSKIVYRFES

SEQ ID NO: 270, DNA - Escherichia coli
ATGGCTATTCTCGTTACAGGTGGTGCTGGTTATATTGCATCACATACTATACTGAGTTTGATAGAGCAGGGT
AATGAAGTAATTATTATTGATAATTTATCAAATTCATATTATGATTCGTTATTGAAAATAAAAGAGATTACT
GGATGTGATTGTCTTTTTTATAAAGGAGATATCCTTGACAAAAAACTCTTGCTAAAAATATTTGATGAAAAT
AATATCACTGCTGTGATGCATTTTGCTGGTGCAAAGTCTGTAAGTGAATCTGTTATCAGACCTTTGCAATAC
TATCGAAATAATGTCTCTGGCACTTTTTCTTTAGTTGAGGCAATGGAGGAGTCTGGTGTAGAAAATTTAATA
TTTAGCTCTTCAGCAACTGTCTATGGTGAGCCAAAGATTATTCCTGTGAATGAAAGTTGTGCTATAGGTGGT
ACTACAAATCCGTATGGAACGTCCAAGTTATTTGTAGAGAACTTTTTGCGGGATTATTCTAAGGCATCCCCT
AATTTTAAAACTATAGTATTAAGATATTTTAACCCTATCGGTGCTCACTCATCTGGAAAAATAGGTGAAGAT
CCTAACGGAATTCCGAATAACTTGATGCCCTTTATATGCCAGGTTGCTATCGGTAAACAAAAAACGCTCAAG
ATCTACGGAAATGATTATCCTACTAAAGATGGTACTGGGATTCGCGATTATATTCATGTTATGGATCTTGCT
GAAGGT
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CATGTTGCTGCATTAAATAATATTAATCAAGGAGCTAATTATAGAGTTTACAACCTTGGAACAGGAATTGGA
TACTCTGTGTTGGAATTATTAGAAGCATTTCAGAAAGTTACAACTCGGAGAGTTCCCTATGTTTTTACTAAA
AGGCGTTCAGGTGATATTGCTGAATGTTGGTCTGATCCTACCAAAGCGTATGAAGAATTAGGATGGAAAGCA
AGGCGAGGGTTAGAAGATATGATTCGTGATGCATGGAATTGGCAGCAAAAAAATCCAAATGGATTTAAGAAA
GTTTAAgtaa

SEQ ID NO: 271, protein - Escherichia coli
MATLVTGGAGYIASHTILSLIEQGNEVIIIDNLSNSYYDSLLKIKEITGCDCLEYKGDILDKKLLLKIFDEN
NITAVMHFAGAKSVSESVIRPLOYYRNNVSGTEFSLVEAMEESGVENLIFSSSATVYGEPKIIPVNESCAIGG
TTNPYGTSKLEVENEFLRDYSKASPNEFKTIVLRYENPIGAHSSGKIGEDPNGI PNNLMPFICQVAIGKQKTLK
IYGNDYPTKDGTGIRDYIHVMDLAEGHVAALNNINQGANYRVYNLGTGIGYSVLELLEAFQKVTTRRVPYVE
TKRRSGDIAECWSDPTKAYEELGWKARRGLEDMIRDAWNWQQKNPNGEKKYV

SEQ ID NO: 272, DNA - primer 1
GGGGACAAGTTTGTACAAAAAAGCAGGCTTAAACAATGGTTTCGGCCTTGTTG

SEQ ID NO: 273, DNA - primer 2
GGGGACCACTTTGTACAAGAAAGCTGGGTGCTGCTGCTACTGGAGGATT

SEQ ID NO: 274, DNA - Oryza sativa
AATCCGAAAAGTTTCTGCACCGTTTTCACCCCCTAACTAACAATATAGGGAACGTGTGCTAAATATAAAATG
AGACCTTATATATGTAGCGCTGATAACTAGAACTATGCAAGAAAAACTCATCCACCTACTTTAGTGGCAATC
GGGCTAAATAAAAAAGAGTCGCTACACTAGTTTCGTTTTCCTTAGTAATTAAGTGGGAAAATGAAATCATTA
TTGCTTAGAATATACGTTCACATCTCTGTCATGAAGTTAAATTATTCGAGGTAGCCATAATTGTCATCAAAC
TCTTCTTGAATAAAAAAATCTTTCTAGCTGAACTCAATGGGTAAAGAGAGAGATTTTTTTTAAAAAAATAGA
ATGAAGATATTCTGAACGTATTGGCAAAGATTTAAACATATAATTATATAATTTTATAGTTTGTGCATTCGT
CATATCGCACATCATTAAGGACATGTCTTACTCCATCCCAATTTTTATTTAGTAATTAAAGACAATTGACTT
ATTTTTATTATTTATCTTTTTTCGATTAGATGCAAGGTACTTACGCACACACTTTGTGCTCATGTGCATGTG
TGAGTGCACCTCCTCAATACACGTTCAACTAGCAACACATCTCTAATATCACTCGCCTATTTAATACATTTA
GGTAGCAATATCTGAATTCAAGCACTCCACCATCACCAGACCACTTTTAATAATATCTAAAATACAAAAAAT
AATTTTACAGAATAGCATGAAAAGTATGAAACGAACTATTTAGGTTTTTCACATACAAAAAAAAAAAGAATT
TTGCTCGTGCGCGAGCGCCAATCTCCCATATTGGGCACACAGGCAACAACAGAGTGGCTGCCCACAGAACAA
CCCACAAAAAACGATGATCTAACGGAGGACAGCAAGTCCGCAACAACCTTTTAACAGCAGGCTTTGCGGCCA
GGAGAGAGGAGGAGAGGCAAAGAAAACCAAGCATCCTCCTTCTCCCATCTATAAATTCCTCCCCCCTTTTCC
CCTCTCTATATAGGAGGCATCCAAGCCAAGAAGAGGGAGAGCACCAAGGACACGCGACTAGCAGARAGCCGAG
CGACCGCCTTCTCGATCCATATCTTCCGGTCGAGTTCTTGGTCGATCTCTTCCCTCCTCCACCTCCTCCTCA
CAGGGTATGTGCCTCCCTTCGGTTGTTCTTGGATTTATTGTTCTAGGTTGTGTAGTACGGGCGTTGATGTTA
GGAAAGGGGATCTGTATCTGTGATGATTCCTGTTCTTGGATTTGGGATAGAGGGGTTCTTGATGTTGCATGT
TATCGGTTCGGTTTGATTAGTAGTATGGTTTTCAATCGTCTGGAGAGCTCTATGGAAATGAAATGGTTTAGG
GATCGGAATCTTGCGATTTTGTGAGTACCTTTTGTTTGAGGTAAAATCAGAGCACCGGTGATTTTGCTTGGT
GTAATAAAGTACGGTTGTTTGGTCCTCGATTCTGGTAGTGATGCTTCTCGATTTGACGAAGCTATCCTTTGT
TTATTCCCTATTGAACAAAAATAATCCAACTTTGAAGACGGTCCCGTTGATGAGATTGAATGATTGATTCTT
AAGCCTGTCCAAAATTTCGCAGCTGGCTTGTTTAGATACAGTAGTCCCCATCACGAAATTCATGGAAACAGT
TATAATCCTCAGGAACAGGGGATTCCCTGTTCTTCCGATTTGCTTTAGTCCCAGAATTTTTTTTCCCAAATA
TCTTAAAAAGTCACTTTCTGGTTCAGTTCAATGAATTGATTGCTACAAATAATG
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CTTTTATAGCGTTATCCTAGCTGTAGTTCAGTTAATAGGTAATACCCCTATAGTTTAGTCAGGAGAAGAACT
TATCCGATTTCTGATCTCCATTTTTAATTATATGAAATGAACTGTAGCATAAGCAGTATTCATTTGGATTAT
TTTTTTTATTAGCTCTCACCCCTTCATTATTCTGAGCTGAAAGTCTGGCATGAACTGTCCTCAATTTTGTTT
TCAAATTCACATCGATTATCTATGCATTATCCTCTTGTATCTACCTGTAGAAGTTTCTTTTTGGTTATTCCT
TGACTGCTTGATTACAGAAAGAAATTTATGAAGCTGTAATCGGGATAGTTATACTGCTTGTTCTTATGATTC
ATTTCCTTTGTGCAGTTCTTGGTGTAGCTTGCCACTTTCACCAGCAAAGTTC

SEQ ID NO: 275, protein - epimerase domain of SEQ ID NO: 2
ILVTGGAGYIGSHTVLOLLOLGFRVVVLDNLDNASELATILRVRELAGHNANNLDFRKVDLRDKQALDQIFSS
QRFEAVIHFAGLKAVGESVQKRKPLLYYDNNLIGTITLLOVMAAHGCTKLVESSSATVYGWPKEVPCTEESPLC
AMNPYGRTKLVIEDMCRDLHASDPNWKIILLRYEFNPVGAHPSGYIGEDPCGIPNNLMPEVQOVAVGRRPALT
VYGTDYNTKDGTGVRDY IHVVDLADGHIAALRKLYEDSDRIGCEVYNLG

SEQ ID NO: 276, protein — Motif 1
GXXGXXG

NAD+ binding domain

SEQ ID NO: 277, protein
YGR(T/S)

Motif 2 Active site

SEQ ID NO: 278, protein
LVTGGAGYIGSH

Motif 3 - conserved region

SEQ ID NO: 279, protein
VXH (F/L)A

Motif 4 - conserved region

SEQ ID NO: 280, protein
DGTGVRDYIHV

Motif 5 - conserved region

SEQ ID NO 281: Brassica napus UGE I
ATGGTGAAGAACGTTCTCGTCACAGGCGGCGCTGGCTACATCGGAAGCCACACGGTGCTTCAACTGCTCAAC
GGTGGATACTCCGCCGTAGTCGTCGACAATCACGACAATTCATCCGCTGTTTCTCTCCAACGCGTCAAAARAA
CTCGCCGGCGATAACGGARACCGCCTCTCCTTCCACCAGGTGGATCTCAGAGACAGGCCTGCGCTTGAGAAG
ATTTTCTCTGAAACTAAGTTTGATGCAGTGATACACTTTGCTGGACTTAAAGCAGTAGGTGAGAGTGTGGAG
AAGCCTTTGCTCTATTATAATAATAACCTTTTTGGCACTGTTATCCTTTTGGAGGTTATGTCTCAATTCGGC
TGCAAAAATCTTGTGTTTTCGTCATCAGCTACTGTCTATGGCTGGCCAAAAGAGGTTCCTTGCACCGAGGAG
TCCCCAATTTCTGCAACCAACCCTTATGGCCGTACCAAGCTTTTTATCGAGGAAATTTGCCGGGATGTACAT
CGCTCCGACCCTGAATGGAAGATCATATTGCTTAGATACTTCAACCCTGTTGGTGCACATCCTAGTGGTTAC
ATTGGTGAAGATCCTCTTGGGGTTCCAAACAACCTCATGCCTTATGTCCAACAAGTTGCAGTTGGCCGGAGA
CCTCACCTCACCGTCTTTGGAACTGACTATAACACAAAGGATGGCACAGGGGTGAGAGATTACATTCATGTG
ATTGACTTAGCAGATGGACATATAGCCGCTCTGCGCAAGCTGGATGATCTCAAAATCAGTTGTGAGGTATAC
AATCTTGGAACGGGTAATGGAACATCAGTTCTAGAAATGGTTGCTGCCTTTGAGAAGGCATCCGGAAAGAAA
ATCCCTTTGGTGTTGGCTGGACGACGTCCTGGAGACGCTGAGATTGTTTACGCCTCAACCGAGAAAGCAGAA
CGCGAGCTAAACTGGAAGGCTAAGTATGGGATTGAAGACATGTGTAGGGATCTATGGAACTGGGCCAGCAAT
AATCCTTACGGCTACGCCTCCTCCAATGGCTCCTCTTAA

SEQ ID NO 282: Brassica napus UGE I
MVENVLVTGGAGYIGSHTVLQLLNGGYSAVVVDNHDNSSAVSLORVKKLAGDNGNRLSFHQVDLRDRPAL
EKIFSETKFDAVIHFAGLKAVGESVERPLLYYNNNLEFGTVILLEVMSQFGCKNLVESSSATVYGWPKEVP
CTEESPISATNPYGRTKLFIEEICRDVHRSDPEWKITILLRYENPVGAHPSGYIGEDPLGVPNNLMPYVQQ
VAVGRRPHLTVFGTDYNTKDGTGVRDY IHVIDLADGHIAALRKLDDLKISCEVYNLGTGNGTSVLEMVAA
FEKASGKKIPLVLAGRRPGDAEIVYASTEKAERELNWKAKYGIEDMCRDLWNWASNNPYGYASSNGSS
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SEQ ID NO 283: Brassica napus UGE II
ATGGTGAAGAACGTTCTGGTCACAGGCGGCGCTGGCTACATCGGTAGCCACACGGTGCTTCAACTTCTCAAC
GGAGGCTACTCCGTCGTAGTCGTCGACAATCACGACAATTCATCCGCTGTTTCTCTCCAACGCGTCAAAARAA
CTCGCCGGCGATAACGGAAACCGCCTCTCCTTCCACCAGGTGGATCTCAGAGACAGGCCTGCGCTTGAGAAG
ATTTTCTCAGAAACTAAGTTTGATGCAGTGATACACTTTGCTGGACTTAAAGCAGTAGGTGAGAGTGTGGAG
AAGCCCCTGCTTTATTATAATAATAACTTATTTGGCACTGTTATCCTTTTGGAGGTTATGTCTCAGTTCGGC
TGCAAAAATCTTGTIGTTTTCGTCATCAGCTACTGTCTATGGCTGGCCAAAAGAGGTTCCTTGTACCGAGGAG
TCCCCAATTTCTGCAACCAACCCTTATGGCCGTACCAAGCTTTTTATCGAGGAAATTTGCCGGGATGTACAT
CGCTCCGACCCTGAATGGAAGATCATATTGCTCAGATACTTCAACCCTGTTGGTGCACATCCTAGTGGTTAC
ATTGGTGAAGATCCTCTTGGGGTTCCAAACAACCTCATGCCTTATGTCCAACAAGTTGCAGTTGGCCGGAGA
CCTCACCTCACCGTICTITTGGAACTGACTATAACACAAAGGATGGCACAGGGGTGAGAGATTACATTCATGTG
ATTGACTTAGCAGATGGACATATAGCCGCTCTGCGCAAGCTGGATGATCTCAAAATCAGTTGTGAGGTATAC
AATCTTGGAACGGGTAATGGAACATCAGTTCTAGAAATGGTTGCTGCCTTTGAGAAGGCATCCGGAAAGAAA
ATCCCTTTGGTGTTGGCTGGACGACGTCCTGGAGACGCTGAGATTGTTTACGCCTCAACCGAGAAAGCAGAA
CGCGAGCTAAACTGGAAGGCTAAGTATGGGATTGAAGACATGTGTAGGGATCTATGGAACTGGGCCAGCAAT
AATCCTTACGGCTACGCCTCCTCCAATGGCTCCTICTTAA

SEQ ID NO 284: Brassica napus UGE II
MVEKNVLVTGGAGYIGSHTVLOQLLNGGYSVVVVDNHDNS SAVSLORVKKLAGDNGNRLSFHQVDLRDRPAL
EKIFSETKEFDAVIHFAGLKAVGESVEKPLLYYNNNLEFGTVILLEVMSQFGCKNLVESSSATVYGWPKEVP
CTEESPISATNPYGRTKLFIEEICRDVHRSDPEWKIILLRYFNPVGAHPSGYIGEDPLGVPNNLMPYVQOQO
VAVGRRPHLTVEGTDYNTKDGTGVRDYIHVIDLADGHIAALRKLDDLKISCEVYNLGTGNGTSVLEMVAA
FEKASGKKIPLVLAGRRPGDAEIVYASTEKAERELNWKAKYGIEDMCRDLWNWASNNPYGYASSNGSS

SEQ ID NO 285: Zea mays UGE I
ATGGTGTCCGCCGTGCTCCGGACCATCCTCGTGACGGGCGGCGCCGGGTACATCGGCAGCCACACGGTGCTG
CAGCTGCTGCAGCAGGGCTTCCGCGTCGTCGTCGTCGACAACCTCGACAACGCCTCCGAGGLCCGLLCCTCGLC
CGCGTCGCCGAGCTCGCCGGGCACGACGGCGCCAACCTCGTCTTCCACAAGGTTGACCTTCGCGACAGGCAC
GCGTTGGTGGACATCTTCTCGTCGCACAGGTTCGAGGCTGTCATTCACTTTGCTGGGCTCAAGGCTGTTGGG
GAGAGCGTGCACAAGCCCCTACTTTACTACGACAACAACCTGGTCGGCACCATCACCCTCCTGGAGGTGATG
GCTGCGAACGGCTGCAAGAAGCTGGTGTTCTCGTCATCTGCAACTGTCTATGGGTGGCCCAAGGAAGTACCC
TGCACCGAAGAATTCCCGCTCTGCGCCACCAATCCCTATGGGCGGACAAAGCTTGTGATTGAAGACATCTGC
CGCGACGTCCACCGCTCCGACCCCGACTGGAAGATCATACTGCTCAGGTACTTCAACCCCGTTGGCGCTCAT
CCAAGCGGGTACATCGGCGAAGACCCCTGCGGTGTCCCGAACAACCTGATGCCCTACGTGCAGCAAGTCGCT
GTTGGGAGGTTACCTCACCTCACGGTCTACGGGACGGACTACAGCACCAAGGATGGGACTGGGGTGCGTGAT
TACATCCACGTTGTCGACCTGGCTGACGGCCACATAGCAGCCCTGAGGAAGCTCTACGAAGACTCCGACAAA
ATAGGCTGTGAAGTGTACAACTTGGGGACTGGAAAGGGGACGTCCGTGTTGGAAATGGTGGCTGCATTCGAG
AAGGCTTCTGGGAAGAAAATCCCTCTGGTGTTCGCTGGGCGAAGACCCGGAGACGCAGAGATCGTCTACGCC
GCAACTGCCAAGGCAGAGAAGGAGCTCAAATGGAAGGCCAAGTACGGGATCGAGGAGATGTGCAGAGATCTG
TGGAACTGGGCGAGCAAGAACCCGTACGGGTACGCTGGGTCACGCGACAACAGCAAATGA

SEQ ID NO 286: Zea may UGE I
MVSAVLRTILVTGGAGYIGSHTVLOLLOQGFRVVVVDNLDNASEAATLARVAELAGHDGANLVEFHKVDLRD
RHALVDIFSSHRFEAVIHFAGLKAVGESVHKPLLYYDNNLVGTITLLEVMAANGCKKLVESSSATVYGWP
KEVPCTEEFPLCATNPYGRTKLVIEDICRDVHRSDPDWKIILLRYENPVGAHPSGYIGEDPCGVPNNLMP
YVQOVAVGRLPHLTVYGTDYSTKDGTGVRDYIHVVDLADGHIAALRKLYEDSDKIGCEVYNLGTGKGTSV
LEMVAAFEKASGKKIPLVFAGRRPGDAETIVYAATAKAEKELKWKAKYGIEEMCRDLWNWASKNPYGYAGS
RDNSK
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SEQ ID NO 287: Zea mays UGE II
ATGGTGTCCGCCGTGCTCCGGACCATCCTCGTGACGGGCGGCGCCGGGTACATCGGCAGCCACACGGTGLTG
CAGCTGCTGCAGCAGGGCTTCCGCGTCGTCGTCGTCGACAACCTCGACAACGCCTCCGAGGLCCGLCCCTCGCC
CGCGTCGCCGAGCTCGCCGGGCACGACGGCGCCAACCTCGTCTTCCACAAGGTTGACCTTCGCGACAGGCAC
GCGTTGGTGGACATCTTCTCGTCGCACAGGTTCGAGGCTGTCATTCACTTTGCTGGGCTCAAGGCTGTTGGG
GAGAGCGTGCACAAGCCCCTACTTTACTACGACAACAACCTGGTCGGCACCATCACCCTCCTCGAGGTGATG
GCTGCGAACGGCTGCAAGAAGCTGGTGTTCTCGTCATCTGCAACTGTCTATGGGTGGCCCAAGGAAGTACCA
TGCACCGAAGAATTCCCGCTCTGCGCCACCAATCCCTATGGGCGGACARAAGCTTGTGATTGAAGACATCTGC
CGCGACGTCCACCGCTCCGACCCCGACTGGAAGATCATACTGCTCAGGTACTTCAACCCCGTTGGCGCTCAT
CCAAGCGGGTACATCGGCGAAGACCCCTGCGGTGTCCCGAACAACCTGATGCCCTACGTGCAGCAAGTCGCT
GTTGGGAAGTTACCTCACCTCACGGTCTACGGGACGGACTACAGCACCAAGGATGGGACTGGGGTGCGTGAT
TACATCCACGTTGTCGACCTGGCTGACGGCCACATAGCAGCCCTGAGGAAGCTCTACGAAGACTCCGACAAL
ATAGGCTGTGAAGTGTACAACTTGGGGACTGGAAAGGGGACGTCCGTGTTGGAAATGGTGGCTGCATTCGAG
AAGGCTTCTGGGAAGAARAATCCCTCTGGTGTTCGCTGGGCGAAGACCCGGAGACGCAGAGATCGTCTACGCC
GCAACTGCCAAGGCAGAGAAGGAGCTCAAATGGAAGGCCAAGTACGGGATCGAGGAGATGTGCAGAGATCTG
TGGAACTGGGCGAGCAAGAACCCGTACGGGTACGCTGGGTCACGCGACAACAGCAAATGA

SEQ ID NO 288: Zea mays UGE II
MVSAVLRTILVTGGAGYIGSHTVLQLLOOGFRVVVVDNLDNASEAALARVAELAGHDGANLVEHKVDLRD
RHALVDIFSSHRFEAVIHFAGLKAVGESVHKPLLYYDNNLVGTITLLEVMAANGCKKLVESSSATVYGWP
KEVPCTEEFPLCATNPYGRTKLVIEDICRDVHRSDPDWKIILLRYENPVGAHPSGYIGEDPCGVPNNLMP
YVQOVAVGKLPHLTVYGTDYSTKDGTGVRDYIHVVDLADGHIAALRKLYEDSDKIGCEVYNLGTGKGTSV
LEMVAAFEKASGKKIPLVFAGRRPGDAEIVYAATAKAEKELKWKAKYGIEEMCRDLWNWASKNPYGYAGS
RDNSK

SEQ ID NO 289: Zea mays UGE III
ATGGTGTCCGCCGTGCTCCGGACCATCCTCGTGACGGGCGGCGCCGGGTACATCGGCAGCCACACGGTGCTG
CAGCTGCTGCAGCAGGGCTTCCGCGTCGTCGTCGTCGACAACCTCGACAACGCCTCCGAGGLCCGLLCCTCGLC
CGCGTCGCCGAGCTCGCCGGGCACGACGGCGCCAACCTCGTCTTCCACAAGGTTGACCTTCGCGACAGGCAC
GCGTTGGTGGACATCTTCTCGTCGCACAGGTTCGAGGCTGTCATTCACTTTGCTGGGCTCAAGGCTGTTGGG
GAGAGCGTGCACAAGCCCCTACTTTACTACGACAACAACCTGGTCGGCACCATCACCCTCCTCGAGGTGATG
GCTGCGAACGGCTGCAAGAAGCTGGTGTTCTCGTCATCTGCAACTGTCTATGGGTGGCCCAAGGAAGTACCA
TGCACCGAAGAATTCCCGCTCTGCGCCACCAATCCCTATGGGCGGACAAAGCTTGTGATTGAAGACATCTGC
CGCGACGTCCACCGCTCCGACCCCGACTGGAAGATCATACTGCTCAGGTACTTCAACCCCGTTGGCGCTCAT
CCAAGCGGGTACATCGGCGAAGACCCCTGCGGTGTCCCGAACAACCTGATGCCCTACGTGCAGCAAGTCGCT
GTTGGGAGGTTACCTCACCTCACGGTCTACGGGACGGACTACAGCACCAAGGATGGGACTGGGGTGCGTGAT
TACATCCACGTTGTCGACCTGGCTGACGGCCACATAGCAGCCCTGAGGAAGCTCTACGAAGACTCCGACARAA
ATAGGCTGTGAAGTGTACAACTTGGGGACTGGAAAGGGGACGTCGGTGTTGGAAATGGTGGCTGCATTCGAG
AAGGCTTCTGGGAAGAAAATCCCTCTGGTGTTCGCTGGGCGAAGACCCGGAGACGCAGAGATCGTCTACGCC
GCAACTGCCAAGGCAGAGAAGGAGCTCAAATGGAAGGCCAAGTACGGGATCGAGGAGATGTGCAGAGATCTG
TGGAACTGGGCGAGCAAGAACCCGTACGGGTACGCTGGGTCACGCGACAACAGCAAATGA

SEQ ID NO 290: Zea mays UGE III
MVSAVLRTILVTGGAGYIGSHTVLOQLLOQGFRVVVVDNLDNASEAATLARVAELAGHDGANLVEHKVDLRD
RHALVDIFSSHRFEAVIHFAGLKAVGESVHKPLLYYDNNLVGTITLLEVMAANGCKKLVESSSATVYGWP
KEVPCTEEFPLCATNPYGRTKLVIEDICRDVHRSDPDWKIILLRYENPVGAHPSGY IGEDPCGVPNNLMP
YVQOOVAVGRLPHLTVYGTDYSTKDGTGVRDYTHVVDLADGHIAALRKLYEDSDKIGCEVYNLGTGKGTSV
LEMVAAFEKASGKKIPLVFAGRRPGDAETIVYAATARAEKELKWKAKYGIEEMCRDLWNWASKNPYGYAGS
RDNSK
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SEQ ID NO 291: Zea mays UGE IV
ATGGCGGTGGAGAAGACGCTGCCCGGCGCGAGTGCGGGGAGGACCGETGCTGGTCACGGGCGGGGLGGGCTALC
ATCGGTAGCCACGCCGTGCTGCAGCTCCTCCTCGCGGGCTTCCGCGCCGTCGTCATCGACAACCTCAACAAC
TCCTCCGAGCTGGCCGTCCGCCGCGTCGCCGCGCTCGCGGGGGACCACTCCCGCAACCTCTCTTTCCACAAG
ATTGATCTCCGTGACAAGGGAGCACTGGAAATGGTTTTTGCTTCTACAAGATTTGAAGCTGTCATTCACTTC
GCTGGATTGAAAGCTGTGGGTGAAAGCGTACAGAAGCCATTACTTTATTATGACAACAACGTCATTGGCACG
ATAAATCTTCTAGAAGTTATGTCTGTTCACGGTTGCAAGAAGTTGGTGTTCTCATCATCAGCTGCAGTTTAT
GGATCACCCAAAAACTCACCCTGCACAGAAAATTTTCCTCTTACTCCAAACAATCCATATGGCAAAACAAAG
CTCGTTGTTGAAGATATTTGCCGGGATATCTACCGTTCAGATCCTGAATGGAAGATCATTTTACTTAGGTAC
TTCAATCCAGTTGGTGCTCATCCTAGTGGATATCTTGGCGAGGACCCACGAGGAATTCCCAACAATCTTATG
CCCTATGTTCAGCAAGTTGCGGTTGGTAGGAGGCCAGCTCTAACAGTTTTAGGAAATGACTATGCAACAAGA
GATGGGACTGGGGTCCGAGATTACATCCATGTGGTTGACCTTGCTGACGGACATATTGCTGCATTGCAGAAG
CTTTTTGAGAACTCTAGCATAGGGTGTGAAGCGTACAACCTTGGAACCGGAAGAGGTACATCTGTGCTGGAG
ATTGTTAAAGCATTTGAGAAGGCTTCTGGGAAGAAAATACCTCTGATTTTTGGTGAAAGACGCCCAGGTGAT
GCAGAGATTCTGTTTTCAGAGACTACTAAAGCAGAGAGGGAGCTTAACTGGAAAGCAAAATACGGTATTGAA
GAGATGTGCCGCGACCAATGGAACTGGGCCAGCAAGAACCCTTATGGCTATGGATCACCTGACTCTATCAAG
CAGAATGGTCACCAAACAAACGGATCCGCTGACTCCTCCAAGCAGAATGGCCACCGCACAAACGGTTCAACT
GACTCACCCAAGCGGAACGGCCACCATGCGTATGGGTCTGCTGACTCACCCAAGCGCAACGGGCACTGCGTT
TTTGGATCATCAGACCTCAAGCCGAATGGTAATGGCCACCTGCGCTGA

SEQ ID NO 292: Zea mays UGE IV
MAVEKTLPGASAGRTVLVTGGAGYIGSHAVLQLLLAGFRAVVIDNLNNSSELAVRRVAATLAGDHSRNLSE
HKIDLRDKGALEMVFASTRFEAVIHFAGLRKAVGESVQRKPLLYYDNNVIGTINLLEVMSVHGCKKLVESSS
AAVYGSPKNSPCTENFPLTPNNPYGKTKLVVEDICRDIYRSDPEWKITILLRYENPVGAHPSGYLGEDPRG
IPNNLMPYVQOVAVGRRPALTVLGNDYATRDGTGVRDYIHVVDLADGHIAALQKLFENSSIGCEAYNLGT
GRGTSVLEIVKAFEKASGKKIPLIFGERRPGDAEILFSETTKAERELNWKAKYGIEEMCRDOWNWASKNP
YGYGSPDSIKQONGHQTNGSADSSKONGHRTNGSTDSPKRNGHHAYGSADSPKRNGHCVEGSSDLKPNGNG
HLR

SEQ ID NO 293: Zea mays UGE V
ATGGCGGTGGAGAAGACGCTGCCCGGCGCGAGTGCGEGGGAGGACCGTGCTGGTCACGGGCGGGGCGGGCTAC
ATCGGTAGCCACGCCGTGCTGCAGCTCCTCCTCGCGGGCTTCCGCGCCGTCGTCATCGACAACCTCAACAAC
TCCTCCGAGCTGGCCGTCCGCCGCGTCGCCGCGLCTCGCGGGGGACCACTCCCGCAACCTCTCTTTCCACAAG
ATTGATCTCCGTGACAAGGGAGCACTGGAAATGGTTTTTGCTTCTACAAGATTTGAAGCTGTCATTCACTTC
GCTGGATTGAAAGCTGTGGGTGAAAGCGTACAGAAGCCATTACTTTATTATGACAACAACGTCATTGGCACG
ATAAATCTTCTAGAAGTTATGTCTGTTCACGGTTGCAAGAAGTTGGTGTTCTCATCATCAGCTGCAGTTTAT
GGATCACCCAAAAACTCACCCTGCACAGAAAATTTTCCTCTTACTCCAAACAATCCATATGGCAAAACAAAG
CTCGTTGTTGAAGATATTTGCCGGGATATCTACCGTTCAGATCCTGAATGGAAGATCATTTTACTTAGGTAC
TTCAATCCAGTTGGTGCTCATCCTAGTGGATATCTTGGCGAGGACCCACGAGGAATTCCCAACAATCTTATG
CCCTATGTTCAGCAAGTTGCGGTTGGTAGGAGGCCAGCTCTAACAGTTTTAGGAAATGACTATGCAACAAGA
GATGGGACTGGGGTCCGAGATTACATCCATGTGGTTGACCTTGCTGACGGACATATTGCTGCATTGCAGAAG
CTTTTTGAGAACTCTAGCATAGGGTGTGAAGCGTACAACCTTGGAACCGGAAGAGGTACATCTGTGCTGGAG
ATTGTTAAAGCATTTGAGAAGGCTTCTGGGAAGAAAATACCTCTGATTTTTGGTGAAAGACGCCCAGGTGAT
GCAGAGATTCTGTTTTCAGAGACTACTAAAGCAGAGAGGGAGCTTAACTGGAAAGCAAAATACGGTATTGAA
GAGATGTGCCGCGACCAATGGAACTGGGCCAGCAAGAACCCTTATGGCTATGGATCACCTGACTCTATCAAG
CAGAATGGTCACCAAACAAACGGATCCGCTGACTCCTCCAAGCAGAATGGCCACCGCACAAACGGTTCAACT
GACTCACCCAAGCGGAACGGCCACCATGCGTATGGGTCTGCTGACTCACCCAAGCGCAACGGGCACTGCGTT
TTTGGATCATCAGACCTCAAGCCGAATGGTAATGGCCACCTGCGCTGA
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SEQ ID NO 294: Zea mays UGE V
MAVERTLPGASAGRTVLVTGGAGYIGSHAVLOLLLAGFRAVVIDNLNNSSELAVRRVAALAGDHSRNLSFE
HKIDLRDKGALEMVFASTRFEAVIHFAGLRKAVGESVQRKPLLYYDNNVIGTINLLEVMSVHGCKKLVESSS
AAVYGSPKNSPCTENFPLTPNNPYGKTKLVVEDICRDIYRSDPEWKITILLRYENPVGAHPSGYLGEDPRG
IPNNLMPYVQOVAVGRRPALTVLGNDYATRDGTGVRDYIHVVDLADGHIAALQKLFENSSIGCEAYNLGT
GRGTSVLEIVKAFEKASGKKIPLIFGERRPGDAEILFSETTRKAERELNWKAKYGIEEMCRDOWNWASKNP
YGYGSPDSIKONGHQTNGSADSSKONGHRTNGSTDSPKRNGHHAYGSADSPKRNGHCVEGSSDLKPNGNG
HLR

SEQ ID NO 295: Zea mays UGE VI
ATGGCGGTGGAGAAGACGCTGCCCGGCGCGAGTGCGGGEGAGGACCGETGCTGGTCACGGGCGGGGCGGGLTAC
ATCGGTAGCCACGCCGTGCTGCAGCTCCTCCTCGCGGGCTTCCGCGCCGTCGTCATCGACAACCTCAACAAC
TCCTCCGAGCTGGCCGTCCGCCGCGTCGCCGCGCTCGCGGGGGACCACTCCCGCAACCTCTCTTTCCACAAG
ATTGATCTCCGTGACAAGGGAGCACTGGAAATGGTTTTTGCTTCTACAAGATTTGAAGCTGTCATTCACTTC
GCTGGATTGAAAGCTGTGGGTGAAAGCGTACAGAAGCCATTACTTTATTATGACAACAACGTCATTGGCACG
ATAAATCTTCTAGAAGTTATGTCTGTTCACGGTTGCAAGAAGTTGGTGTTCTCATCATCAGCTGCAGTTTAT
GGATCACCCAAAAACTCACCCTGCACAGAAAATTTTCCTCTTACTCCAAACAATCCATATGGCAAAACAAAG
CTCGTTGTTGAAGATATTTGCCGGGATATCTACCGTTCAGATCCTGAATGGAAGATCATTTTACTTAGGTAC
TTCAATCCAGTTGGTGCTCATCCTAGTGGATATCTTGGCGAGGACCCACGAGGAATTCCCAACAATCTTATG
CCCTATGTTCAGCAAGTTGCGGTTGGTAGGAGGCCAGCTCTAACAGTTTTAGGAAATGACTATGCAACAAGA
GATGGGACTGGGGTCCGAGATTACATCCATGTGGTTGACCTTGCTGACGGACATATTGCTGCATTGCAGAAG
CTTTTTGAGAACTCTAGCATAGGGTGTGAAGCGTACAACCTTGGAACCGGAAGAGGTACATCTGTGCTGGAG
ATTGTTAAAGCATTTGAGAAGGCTTCTGGGAAGAAAATACCTCTGATTTTTGGTGAAAGACGCCCAGGTGAT
GCAGAGATTCTGTTTTCAGAGACTACTAAAGCAGAGAGGGAGCTTAACTGGAAAGCAAAATACGGTATTGAA
GAGATGTGCCGCGACCAATGGAACTGGGCCAGCAAGAACCCTTATGGCTATGGATCACCTGACTCTATCAAG
CAGAATGGTCACCAAACAAACGGATCCGCTGACTCCTCCAAGCAGAATGGCCACCGCACAAACGGTTCAACT
GACTCACCCAAGCGGAACGGCCACCATGCGTATGGGTCTGCTGACTCACCCAAGCGCAACGGGCACTGCGTT
TTTGGATCATCAGACCTCAAGCCGAATGGTAATGGCCACCTGCGCTGA

SEQ ID NO 296: Zea mays UGE VI
MAVEKTLPGASAGRTVLVTGGAGYIGSHAVLOQLLLAGFRAVVIDNLNNSSELAVRRVAALAGDHSRNLSFE
HKIDLRDKGALEMVEFASTRFEAVIHFAGLKAVGESVQKPLLYYDNNVIGTINLLEVMSVHGCKKLVESSS
AAVYGSPKNSPCTENFPLTPNNPYGKTKLVVEDICRDIYRSDPEWKIILLRYFNPVGAHPSGYLGEDPRG
IPNNLMPYVQOVAVGRRPALTVLGNDYATRDGTGVRDYITHVVDLADGHIAALQKLFENSSIGCEAYNLGT
GRGTSVLEIVKAFEKASGKKIPLIFGERRPGDAEILFSETTKAERELNWKAKYGIEEMCRDOQWNWASKNP
YGYGSPDSIKONGHQTNGSADSSKONGHRTNGSTDSPKRNGHHAYGSADSPKRNGHCVEGSSDLKPNGNG
HLR

SEQ ID NO 297: Zea mays UGE VII

ATGGCGGTGGAGAAGACGCTGCCCGGCGCGAGTGCTGGGAGGACCGTGCTGGTCACGGGCGGGGCGGGCTAC
ATCGGTAGCCACGCCGTGCTGCAGCTCCTCCTCGCGGGCTTCCGCGCCGTCGTCGTCGACAACCTCAACAAC
TCCTCCGAGCTGGCCGTCCGCCGCGTCGCCGCGCTCGCGGGGGACCACTCCCGCAACCTCTCTTTCCACAAG
ATTGATCTCCGTGACAAGGGAGCACTGGAAATGGTTTTTGCTTCTACAAGATTTGAAGCTGTCATTCACTTC
GCTGGATTGAAAGCTGTGGGTGAAAGCGTACAGAAGCCATTACTTTATTATGACAACAACGTCATTGGCACG
ATAAATCTTCTAGAAGTTATGTICTGTTCACGGTTGCAAGAAGTTGGTGTTCTCATCATCAGCTGCAGTTTAT
GGATCACCCAAAAACTCACCCTGCACAGAAAATTTTCCTCTTACTCCAAACAATCCATATGGCAAAACAAAG
CTCGTTGTTGAAGATATTTGCCGGGATATCTACCGTTCAGATCCTGAATGGAAGATCATTTTACTTAGGTAC
TTCAATCCAGTTGGTGCTCATCCTAGTGGATATCTTGGCGAGGACCCACGAGGAATTCCCAACAATCTTATG
CCCTATGTTCAGCAAGTTGCGGTTGGTAGGAGGCCAGCTCTAACAGTTTTAGGAAATGACTATGCAACAAGA
GATGGGACTGGGGTCCGAGATTACATCCATGTGGTTGACCTTGCTGACGGACATATTGCTGCATTGCAGAAG
CTTTTTGAGAACTCTAGCATAGGGTGTGAAGCGTACAACCTTGGAACCGGAAGAGGTACATCTGTGCTGGAG
ATTGTTAAAGCATTTGAGAAGGCTTCTGGGAAGAAAATACCTCTGATTTTTGGTGAAAGACGCCCAGGTGAT
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GCAGAGATTCTGTTTTCAGAGACTACTAAAGCAGAGAGGGAGCTTAACTGGAAAGCAAAATACGGTATTGAA
GAGATGTGCCGCGACCAATGGAACTGGGCCAGCAAGAACCCTTATGGCTATGGATCACCTGACTCTATCAAG
CAGAATGGTCACCAAACAAACGGATCCGCTGACTCCTCCAAGCAGAATGGCCACCGCACAAACGGTTCAACT
GACTCACCCAAGCGGAACGGCCACCATGCGTATGGGTCTGCTGACTCACCCAAGCGCAACGGGCACTGCGTT
TTTGGATCATCAGACCTCAAGCCGAATGGTAATGGCCACCTGCGCTGA

SEQ ID NO 298: Zea mays UGE VII
MAVEKTLPGASAGRTVLVTGGAGYIGSHAVLOLLLAGFRAVVVDNLNNSSELAVRRVAALAGDHSRNLSFE
HKIDLRDKGALEMVEFASTRFEAVIHFAGLKAVGESVQKPLLYYDNNVIGTINLLEVMSVHGCKKLVESSS
AAVYGSPKNSPCTENFPLTPNNPYGKTKLVVEDICRDIYRSDPEWKIILLRYFNPVGAHPSGYLGEDPRG
IPNNLMPYVQOVAVGRRPALTVLGNDYATRDGTGVRDYITHVVDLADGHIAALQKLFENSSIGCEAYNLGT
GRGTSVLEIVKAFEKASGKKIPLIFGERRPGDAEILFSETTKAERELNWKAKYGIEEMCRDOQWNWASKNP
YGYGSPDSIKONGHQTNGSADSSKONGHRTNGSTDSPKRNGHHAYGSADSPKRNGHCVEGSSDLKPNGNG
HLR

SEQ ID NO 299: Zea mays UGE VIII
ATGGTGTCCGCCGTGCTCCGGACCATCCTCGTGACGGGCGGCGCCGGGTACATCGGCAGCCACACGGTGCTG
CAGCTGCTGCAGCAGGGCTTCCGCGTCGTCGTCGTCGACAACCTCGACAACGCCTCCGAGGCCGCLCCTCGCC
CGCGTCGCCGAGCTCGCCGGGCACGACGGCGCCAACCTCGTCTTCCACAAGGTTGACCTTCGCGACAGGCAC
GCGTTGGTGGACATCTTCTCGTCGCACAGGTTCGAGGCTGTCATTCACTTTGCTGGGCTCAAGGCTGTTGGG
GAGAGCGTGCACAAGCCCCTACTTTACTACGACAACAACCTGGTCGGCACCATCACCCTCCTGGAGGTGATG
GCTGCGAACGGCTGCAAGAAGCTGGTGTTCTCGTCATCTGCAACTGTCTATGGGTGGCCCAAGGAAGTACCC
TGCACCGAAGAATTCCCGCTCTGCGCCACCAATCCCTATGGGCGGACAAAGCTTGTGATTGAAGACATCTGC
CGCGACGTCCACCGCTCCGACCCCGACTGGAAGATCATACTGCTCAGGTACTTCAACCCCGTTGGCGCTCAT
CCAAGCGGGTACATCGGCGAAGACCCCTGCGGTGTCCCGAACAACCTGATGCCCTACGTGCAGCAAGTCGCT
GTTGGGAAGTTACCTCACCTCACGGTCTACGGGACGGACTACAGCACCAAGGATGGGACTGGGGTGCGTGAT
TACATCCACGTTGTCGACCTGGCTGACGGCCACATAGCAGCCCTGAGGAAGCTCTACGAAGACTCCGACARAA
ATAGGCTGTGAAGTGTACAACTTGGGGACTGGAAAGGGGACGTCCGTGTTGGAAATGGTGGCTGCATTCGAG
AAGGCTTCTGGGAAGAAAATCCCTCTGGTGTTCGCTGGGCGAAGACCCGGAGACGCAGAGATCGTCTACGCC
GCAACTGCCAAGGCAGAGAAGGAGCTCAAATGGAAGGCCAAGTACGGGATCGAGGAGATGTGCAGAGATCTG
TGGAACTGGGCGAGCAAGAACCCGTACGGGTACGCTGGGTCACGCGACAACAGCAAATGA

SEQ ID NO 300: Zea mays UGE VIII
MVSAVLRTILVTGGAGYIGSHTVLOQLLOQGFRVVVVDNLDNASEAALARVAELAGHDGANLVEHKVDLRD
RHALVDIFSSHRFEAVIHFAGLKAVGESVHKPLLYYDNNLVGTITLLEVMAANGCKKLVESSSATVYGWP
KEVPCTEEFPLCATNPYGRTKLVIEDICRDVHRSDPDWKIILLRYENPVGAHPSGYIGEDPCGVPNNLMP
YVQOVAVGKLPHLTVYGTDYSTKDGTGVRDYIHVVDLADGHIAALRKLYEDSDKIGCEVYNLGTGKGT SV
LEMVAAFEKASGKKIPLVFAGRRPGDAEIVYAATAKAEKELKWKAKYGIEEMCRDLWNWASKNPYGYAGS
RDNSK

SEQ ID NO 301: Oryza sativa UGE

ATGGTTTCGGCCTTGTTGCGGACGATCCTGGTGACGGGCGEGCGCCGGCTACATCGGCAGCCACACCGTCCTC
CAGCTTCTCCAACTCGGCTTCCGCGTTGTCGTCCTCGACAACCTCGACAACGCCTCCGAGCTCGCCATCCTC
CGCGTCAGGGAACTCGCCGGACACAACGCCAACAACCTCGACTTCCGCAAGGTTGACCTCCGCGACAAGCAA
GCGTTGGACCAAATCTTCTCCTCTCAAAGGTTTGAGGCTGTCATCCATTTTGCCGGGCTGAAAGCTGTTGGC
GAGAGCGTGCAGAAGCCCCTGCTTTACTACGACAACAACCTCATCGGCACCATCACTCTCCTGCAGGTCATG
GCCGCACATGGCTGCACCAAGCTGGTGTTCTCATCATCCGCAACTGTCTACGGGTGGCCCAAGGAGGTGCCC
TGCACTGAAGAATCCCCACTTTGTGCAATGAACCCCTACGGCAGAACAAAGCTGGTAATCGAAGACATGTGC
CGGGATCTGCATGCCTCAGACCCAAACTGGAAGATCATACTGCTCCGATACTTCAACCCTGTTGGAGCTCAC
CCAAGCGGGTACATTGGTGAGGACCCCTGCGGCATCCCAAACAACCTCATGCCCTTCGTCCAGCAGGTCGCT
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GTTGGCAGGAGGCCGGCCCTTACCGTCTATGGAACCGACTACAACACCAAGGATGGAACTGGGGTTCGTGAC
TATATCCATGTTGTTGATCTAGCGGATGGTCATATCGCCGCGTTAAGGAAGCTCTATGAAGATTCTGATAGA
ATAGGATGTGAGGTGTACAATCTGGGCACTGGAAAGGGGACATCTGTGCTGGAAATGGTTGCAGCATTCGAG
AAAGCTTCTGGAAAGAAAATCCCGCTTGTATTTGCTGGACGAAGGCCTGGAGATGCCGAGATCGTTTACGCT
CAAACTGCCAAAGCTGAGAAGGAACTGAAATGGAAGGCAAAATACGGGGTAGAGGAGATGTGCAGGGACCTG
TGGAATTGGGCGAGCAAGAACCCCTACGGGTATGGATCGCCGGACAGTAGCAACTGA

SEQ ID NO 302: Oryza sativa UGE
MVSALLRTILVTGGAGYIGSHTVLOLLOLGFRVVVLDNLDNASELATLRVRELAGHNANNLDEFRKVDLRD
KQALDQIFSSQRFEAVIHFAGLKAVGESVQKPLLYYDNNLIGTITLLOQVMAAHGCTKLVESSSATVYGWP
KEVPCTEESPLCAMNPYGRTKLVIEDMCRDLHASDPNWKIILLRYENPVGAHPSGYIGEDPCGI PNNLMP
FVOQOVAVGRRPALTVYGTDYNTKDGTGVRDYTHVVDLADGHIAALRKLYEDSDRIGCEVYNLGTGKGTSV
LEMVAAFEKASGKKIPLVFAGRRPGDAEIVYAQTAKAEKELKWKAKYGVEEMCRDLWNWASKNPYGYGSP
DSSN

SEQ ID NO 303: Glycine max UGE I
ATGGCATCGCGCGTCAGCATTGGCAACCTTACCTCCTCCGCGCCGTATATTAATTCCCCTCACTTTCGCTCA
CCACTTAAGATTTCCAACAACCCCTCTCTGCAAAACGCTTCGCATAAGGTACTTATGCGCGATAAGACTGTA
CTGGTAACCGGCGGAGCCGGTTACATCGGCAGCCACACCGTTCTTCAGCTCTTGCTCGGAGGTTTCAGAGCC
GTCGTCCTCGACAACCTCGAAAATTCCTCCGAGGTTGCCATCCACAGAGTCAGGGAGCTCGCCGGCGAATTT
GGGAACAACCTCTCCTTTCACAAGGTGGACCTACGGGACAGAGCTGCTCTAGACCAAATATTTTCTTCCACA
CAATTCGATGCTGTCATACATTTTGCTGGACTGAAAGCAGTAGGAGAAAGTGTGCAAAAACCTTTACTATAC
TATAACAACAACTTGACTGGGACAATCACTCTATTGGAAGTCATGGCTGCCCATGGATGCAAGAAGCTCGTG
TTTTCATCTTCAGCAACTGTATATGGTTGGCCAAAGGAGGTTCCATGCACAGAAGAGTTCCCTCTGTCAGCA
ATGAACCCATATGGACGAACTAAGCTTATCATTGAAGAAATTTGCCGTGATGTCCACTGTGCAGAGCCAGAT
TGTAAAATAATTTTGTTAAGATACTTCAACCCAGTTGGTGCACACCCCAGTGGTTATATTGGGGAGGATCCT
CGTGGAATTCCAAACAATCTCATGCCATTTGTTCAGCAAGTAGCAGTTGGCCGACGGCCTGCACTGACAGTT
TTTGGAAATGATTATAATACAAGTGATGGCACTGGGGTTCGGGATTACATTCATGTTGTTGATTTAGCAGAT
GGGCACATTGCTGCATTGCTTAAACTAGATGAACCTAATATAGGTTGTGAGGTTTATAACCTGGGAACAGGA
AAGGGAACATCAGTTTTGGAGATGGTTAGAGCTTTTGAAATGGCATCTGGAAAGAAAATTCCACTTGTGATG
GCTGGCCGTAGACCTGGTGATGCTGAAATTGTTTATGCATCAACAAAGAAAGCGGAAAGAGAGCTTAAATGG
AAGGCAAAATATGGCATTGATGAGATGTGCCGTGATCAATGGAATTGGGCTAGCAAAAACCCTTATGGCTAT
GGAGATCAGGGCTCCACCGATTAA

SEQ ID NO 304: Glycine max UGE I
MASRVSIGNLTSSAPYINSPHEFRSPLKISNNPSLONASHKVLMRDKTVLVTGGAGYIGSHTVLQLLLGGFE
RAVVLDNLENSSEVAIHRVRELAGEEFGNNLSFHKVDLRDRAALDQIFSSTQFDAVIHFAGLKAVGESVQK
PLLYYNNNLTGTITLLEVMAAHGCKKLVFSSSATVYGWPKEVPCTEEFPLSAMNPYGRTKLIIEEICRDV
HCAEPDCKIILLRYFNPVGAHPSGYIGEDPRGIPNNLMPEVQQVAVGRRPALTVEFGNDYNTSDGTGVRDY
IHVVDLADGHIAALLKLDEPNIGCEVYNLGTGKGTSVLEMVRAFEMASGKKIPLVMAGRRPGDAEIVYAS
TKKAERELKWKAKYGIDEMCRDOQWNWASKNPYGYGDQGSTD

SEQ ID NO 305: Glycine max UGE II

ATGCCTGCCCAATCGATTCTGGTTACCGGAGGAGCCGGTTACATCGGTAGCCACACCATCCTTCAGCTTICTC
CTCAGCGGTTACCATGTCTTCGCCGTCGACAACTTCGACAATTCTTCCGAAACCGCCATCAACAGAGTCAAG
GAACTCGCCGGAGAATTAGCAAATAACCTTTCCTTTTGCAAGCTTGACTTGCGGGACAGAGCTGCCCTCGAG
AAAATATTTTCAACCGTAAAGTTTGATGCCGTCATACATTTTGCTGGGCTTAAAGCAGTGGGTGAAAGCGTG
AAGAAACCACTGCTCTACTTTGACAACAATTTGATAGGGACAATCGTTCTATTTGAAGTCATGGCTGCCCAC
GGATGCAAGAAGCTTGTGTTCTCATCTTCAGCAACTGTATATGGGTGGCCAAAGGAGGTCCCATGTACCGAA
GAGTTCCCTTTGTCAGCAACAAACCCATATGGACGAACCAAGCTTATCATCGAAGAAATTTGTCGCGATATC
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CACCGTGCAGATTCAGATTGGACAGTTATACTATTGAGATACTTCAACCCAGTTGGTGCACATCCCAGTGGT
TATATTGGTGAGGATCCTCTTGGAATTCCAAACAATCTCATGCCCTTTGTTCAACAAGTGGCAGTTGGCAGA
CGCCCTGCATTGACAGTTTTTGGAAGCGATTATAAAACAACTGACGGCACTGGAGTTCGTGATTACATTCAT
GTTCTTGATTTAGCAGATGGGCATATTGCTGCGTTGCGTAAACTGGATGATCCTAAAATAGGTTGTGAGGTT
TATAACTTGGGAACAGGAAAGGGAACATCAGTTTTGGAGATGGTAAACGCTTTTGAACAGGCCTCTGGAAAG
AAAATTCCACTTGCAATGGCGGGTCGGAGACCTGGAGATGCTGAAATTGTTTATGCATCAACAGAAAAAGCG
GAAAGAGAACTTAATTGGAAGACTAAATATAGCATCGATGATATGTGCCGCGATCAATGGAATTGGGCTAGC
AAAAACCCTTATGGCTATGGTGCATCTGCAGATTCCTCCAATTGA

SEQ ID NO 306: Glycine max UGE IT

MPAQSTILVTGGAGYIGSHTILOLLLSGYHVEFAVDNEFDNSSETAINRVKELAGELANNLSFCKLDLRDRAA
LEKIFSTVKFDAVIHFAGLKAVGESVKKPLLYEFDNNLIGTIVLFEVMAAHGCKKLVESSSATVYGWPKEV
PCTEEFPLSATNPYGRTKLIIEEICRDIHRADSDWTIVILLRYFNPVGAHPSGYIGEDPLGIPNNLMPEVQ
QVAVGRRPALTVFGSDYKTTDGTGVRDYIHVLDLADGHIAALRKLDDPKIGCEVYNLGTGKGTSVLEMVN
AFEQASGKKIPLAMAGRRPGDAEIVYASTEKAERELNWKTKYSIDDMCRDQWNWASKNPYGYGASADSSN

SEQ ID NO 307: Glycine max UGE III
ATGCGCGACAAGACTGTGCTGGTAACCGGCGGAGCCGGTTACATCGGCACCCACACCGTTCTTICAGCTCTTG
CTCGGAGGTTGCAGAACCGTCGTCGTCGACAATCTCGACAATTCCTCCGAGGTTTCTATCCACCGAGTCAGG
GAGCTTGCCGGCGAATTTGGGAACAACCTCTICCTITTCACAAGGTGGACCTACGGGACAGGGATGCACTAGAG
CAAATTTTTGTTTCCACACAATTTGATGCTGTCATACACTTTGCTGGACTGAAAGCAGTAGGAGAAAGTGTG
CAAAAACCTTTACTATACTATAACAACAACTTGACTGGGACAATCACTCTATTGGAAGTCATGGCTGCCCAT
GGATGCAAGAAGCTCGTGTTICTCTTCTTCAGCAACTGTATATGGTTGGCCAAAGGAAGTTCCATGCACAGAA
GAGTTCCCTICTGTCAGCAATGAACCCATATGGACGAACTAAGCTTATCATTGAAGAAATTTGCCGTGATGTC
CACTGTGCAGAGCCAGATTGTAAAATAATTTTGTTAAGATACTTCAACCCAGTTGGTGCACACCCCAGCGGT
TATATTGGGGAGGATCCTCGCGGAATTCCAAACAATCTCATGCCATTTGTTCAGCAAGTAGCAGTTGGCCGA
CGGCCTGCACTGACAGTTTTTGGAAATGATTATAATACAAGTGATGGCACTGGGGTTCGGGATTACATTCAT
GTTGTTGATTTAGCAGATGGGCACATTGCTGCATTGCTTAAACTAGATGAACCTAATATAGGTTGTGAGGTT
TATAACCTGGGAACAGGAAAGGGAACATCAGTTTTGGAGATGGTTAGAGCTTTTGAAATGGCATCTGGAAAG
AAAATTCCACTTGTGATGGCTGGCCGTAGACCTGGTGATGCTGAAATTGTTTATGCATCAACAAAGAAAGCG
GAAAGAGAGCTTAAATGGAAGGCAAAATATGGCATTGATGAGATGTGCCGTGATCAATGGAATTGGGCTAGC
AAAAACCCTTATGGCTATGGAGATCAGGGCTCCACCGATTAA

SEQ ID NO 308: Glycine max UGE III

MRDKTVLVTGGAGYIGTHTVLOLLLGGCRTVVVDNLDNSSEVSIHRVRELAGEFGNNLSFHKVDLRDRDA
LEQIFVSTQFDAVIHFAGLKAVGESVOKPLLYYNNNLTGTITLLEVMAAHGCKKLVESSSATVYGWPKEV
PCTEEFPLSAMNPYGRTKLIIEEICRDVHCAEPDCKIILLRYENPVGAHPSGYIGEDPRGIPNNLMPEVQ
QVAVGRRPALTVEGNDYNTSDGTGVRDY IHVVDLADGHIAALLKLDEPNIGCEVYNLGTGKGTSVLEMVR
AFEMASGKKIPLVMAGRRPGDAEIVYASTKRAERELKWKAKYGIDEMCRDOWNWASKNPYGYGDQGSTD

SEQ ID NO 309: Glycine max UGE IV

ATGCGCGACAAGACTGTGCTGGTAACCGGCGGAGCCGGTTACATCGGCACCCACACCGTTCTTCAGCTCTTG
CTCGGAGGTTGCAGAACCGTCGTCGTCGACAATCTCGACAATTCCTCCGAGGTTTCTATCCACCGAGTCAGG
GAGCTTGCCGGCGAATTTGGGAACAACCTCTCCTTTCACAAGGTGGACCTACGGGACAGGGATGCACTAGAG
CAAATTTTTGTTTCCACACAATTTGATGCTGTCATACACTTTGCTGGACTGAAAGCAGTAGGAGAAAGTGTG
CAAAAACCTTTACTATACTATAACAACAACTTGACTGGGACAATCACTCTATTGGAAGTCATGGCTGCCCAT
GGATGCAAGAAGCTCGTGTTCTCTTCTTCAGCAACTGTATATGGTTGGCCAAAGGAAGTTCCATGCACAGAA
GAGTTCCCTCTGTCAGCAATGAACCCATATGGACGAACTAAGCTTATCATTGAAGAAATTTGTCGTGATGTC
CACCGTGCAGAGCCAGATTGGAAAATAATATTGTTAAGATACTTCAACCCAGTCGGTGCACACCCTAGCGGT
TGTATTGGGGAGGATCCCCGCGGAATTCCAAACAATCTCATGCCATTTGTTCAGCAAGTAGCAGTTGGCCGA
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CGGCCTGCACTGACAGTTTTTGGAAATGATTATAATACAACTGATGGCACTGGGGTTCGGGATTACATTCAT
GTTGTTGATTTAGCAGATGGGCACATTGCTGCATTGCTTAAACTAGATGAACCTAATATAGGTTGTGAGGTT
TATAACCTGGGAACAGGAAAGGGAACATCAGTTTTGGAGATGGTTAGAGCTTTTGAAATGGCATCTGGAAAG
AAAATTCCACTTGTGATGGCTGGCCGTAGACCTGGTGATGCTGAAATTGTTTATGCATCAACAAAGAAAGCG
GAAAGAGAGCTTAAATGGAAGGCAAAATATGGCATTGATGAGATGTGCCGAAATCAATGGAATTGGGCTAGC
AAAAACCCTTATGGCTATGGAGATCAGGGCTCCACCGATTAA

SEQ ID NO 310: Glycine max UGE IV

MRDKTVLVTGGAGYIGTHTVLOLLLGGCRTVVVDNLDNSSEVSIHRVRELAGEFGNNLSFHKVDLRDRDA
LEQIFVSTQFDAVIHFAGLKAVGESVOKPLLYYNNNLTGTITLLEVMAAHGCKKLVESSSATVYGWPKEV
PCTEEFPLSAMNPYGRTKLIIEEICRDVHRAEPDWKIILLRYENPVGAHPSGCIGEDPRGIPNNLMPEVQ
QVAVGRRPALTVEGNDYNTTDGTGVRDYIHVVDLADGHIAALLKLDEPNIGCEVYNLGTGKGTSVLEMVR
AFEMASGKKIPLVMAGRRPGDAEIVYASTKRAERELKWKAKYGIDEMCRNOQWNWASKNPYGYGDQGSTD

SEQ ID NO 311: Glycine max UGE V
ATGGCATCGCGCGTCAGCATTGGCAACCTTACCTCCTCCGCGCCGTATATTAATTCCCCTCACTTTCGCTCA
CCACTTAAGATTTCCAACAACCCCTCICTGCAAAACGCTTCGCATAAGGTACTTATGCGCGATAAGACTGTA
CTGGTAACCGGCGGAGCCGGTTACATCGGCAGCCACACCGTTCTTCAGCTCTTGCTCGGAGGTTTCAGAGCC
GTCGTCCTCGACAACCTCGAARATTCCTCCGAGGTTGCCATCCACAGAGTCAGGGAGCTCGCCGGCGAATTT
GGGAACAACCTCTCCTTTCACAAGGTGGACCTACGGGACAGAGCTGCTCTAGACCAAATATTTTCTTCCACA
CAATTCGATGCTGTCATACATTTTGCTGGACTGAAAGCAGTAGGAGAAAGTGTGCAAAAACCTTTACTATAC
TATAACAACAACTTGACTGGGACAATCACTCTATTGGAAGTCATGGCTGCCCATGGATGCAAGAAGCTCGTG
TTTTCATCTTCAGCAACTGTATATGGTTGGCCAAAGGAGGTTCCATGCACAGAAGAGTTCCCTCTGTCAGCA
ATGAACCCATATGGACGAACTAAGCTTATCATTGAAGAAATTTGCCGTGATGTCCACTGTGCAGAGCCAGAT
TGTAAAATAATTTTGTTAAGATACTTCAACCCAGTTGGTGCACACCCCAGTGGTTATATTGGGGAGGATCCT
CGTGGAATTCCAAACAATCTCATGCCATTTGTTCAGCAAGTAGCAGTTGGCCGACGGCCTGCACTGACAGTT
TTTGGAAATGATTATAATACAAGTGATGGCACTGGGGTTCGGGATTACATTCATGTTGTTGATTTAGCAGAT
GGGCACATTGCTGCATTGCTTAAACTAGATGAACCTAATATAGGTTGTGAGGTTTATAACCTGGGAACAGGA
AAGGGAACATCAGTTTTGGAGATGGTTAGAGCTTTTGAAATGGCATCTGGAAAGAAAATTCCACTTGTGATG
GCTGGCCGTAGACCTGGTGATGCTGAAATTGTTTATGCATCAACAAAGAAAGCGGAAAGAGAGCTTAAATGG
AAGGCAAAATATGGCATTGATGAGATGTGCCGTGATCAATGGAATTGGGCTAGCAAAAACCCTTATGGCTAT
GGAGATCAGGGCTCCACCGATTAA

SEQ ID NO 312: Glycene max UGE V
MASRVSIGNLTSSAPYINSPHEFRSPLKISNNPSLONASHKVLMRDKTVLVTGGAGYIGSHTVLQLLLGGFE
RAVVLDNLENSSEVAIHRVRELAGEEFGNNLSFHKVDLRDRAALDQIFSSTQFDAVIHFAGLKAVGESVQK
PLLYYNNNLTGTITLLEVMAAHGCKKLVFSSSATVYGWPKEVPCTEEFPLSAMNPYGRTKLIIEEICRDV
HCAEPDCKIILLRYFNPVGAHPSGYIGEDPRGIPNNLMPEVQQVAVGRRPALTVEFGNDYNTSDGTGVRDY
IHVVDLADGHIAALLKLDEPNIGCEVYNLGTGKGTSVLEMVRAFEMASGKKIPLVMAGRRPGDAEIVYAS
TKKAERELKWKAKYGIDEMCRDOQWNWASKNPYGYGDQGSTD

SEQ ID NO 313: Helianthus annuus

ATGACGCGGCCGATGTGCATACTGGTGACCGGTGGTGCCGGTTATATAGGAAGTCATACTGTTTTGCAGTTG
TTGTTAAATGGTTACAGTACGGTGGTGGTTGATAATTTGGATAATTCGTCGGAAGTTGCTATCAGTCGGGTT
CGAGAACTCGCTGGTGATCGTGGTCGTAATCTGTCTTTTCACAAGATGGATATCCGGGATAAGCCTGCACTA
GAGCAGCTTTTTGCTTCTACAAAGTTTGACGCGGTTATACATTTTGCTGGATTAAAGGCAGTTGGTGAAAGC
GTGCAGAAGCCGTTGATGTATTACAACAATAATATCGTTGGTACTATAACTTTATTGGAAGTTATGGCTGCC
TATGGCTGCAAGAAGCTTGTGTTTTCATCATCGGCTACTGTTTATGGCTGGCCAAAGGAGTTGCCGTGCACA
GAAGAGTTTCCCTTGTCTGCAGCCAACCCGTATGGACGAACAAAGCTAATGATCGAGGAGATGTGCCGAGAT
GTATATGCTTCAGACCCTGAGTGGAAATTTGTATTGTTGCGGTATTTTAACCCTGTTGGTGCACATCCCAGT
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GGCCGAATTGGCGAAGATCCTCATGGAATTCCAAACAATCTTATGCCTTTTATTCAGCATGTTGCTGTTGGT
AGACAACCTGCGCTTAAAGTGTTCGGAACTGATTACTCCACAAAAGATGGAACTGGGGTACGTGATTACATC
CATGTCGTAGATTTAGCAGACGGACATACTGCGGCGTTGGCGAAACTTTCTGATCCCAAAATAGGTTGTGAA
GTTTATAACTTGGGGACTGGTAAAGGGACATCTGTTTTGGAGATGGTATCAGCCTTTGAAAAGGCATCAGGA
AAGAAAATCCCATTAATAAAGACTGCACGACGACCTGGTGATGCTGAGATTGTATATGCGTCAACAACAAAG
GCAGAACGCGAGTTAAACTGGAAGGCAAAGTATGGAATAGAGGAGATGTGCAGAGATCAGTGGAACTGGGCT
AGCAGGAATCCTTACGGCTATCAGACTGAAGCAAAGAAACTTGGTGCATGA

SEQ ID NO 314: Helianthus annuus UGE
MTRPMCILVTGGAGYIGSHTVLOLLLNGYSTVVVDNLDNSSEVAISRVRELAGDRGRNLSFHKMDIRDKP
ALEQLFASTKFDAVIHFAGLKAVGESVQKPLMYYNNNIVGTITLLEVMAAYGCKKLVESSSATVYGWPKE
LPCTEEFPLSAANPYGRTKILMIEEMCRDVYASDPEWKEFVLLRYFNPVGAHPSGRIGEDPHGIPNNLMPET
QHVAVGROPALKVFEGTDYSTKDGTGVRDYIHVVDLADGHTAALAKLSDPKIGCEVYNLGTGKGT SVLEMV
SAFEKASGKKIPLIKTARRPGDAEIVYASTTKAERELNWKAKYGIEEMCRDOQWNWASRNPYGYQTEAKKL
GA

SEQ ID NO 315: Zea mays UGE IX
gaagcacggcaatctcgatctcgttcgttceccctgagecggcagtcagtgcgagcgagcgcgcacacagacaa
ctcatcctctcececctcectetcectcectcacacacacacatccatcatcecccatecctgtgacgggecgatccgagggce
ctaccgacgatggtgtccgccgtgctceccggaccatcecctecgtgacgggecggcgeccgggtacatcggecagecac
acggtgctgcagctgctgcagcagggcttcecgegtecgtecgtecgtcgacaacctcgacaacgecctceccgaggcece
gccctcecgceccecgegtcecgecgagetcgeccgggcacgacggcecgecaacctegtcectteccacaaggttgaccttege
gacaggcacgcgttggtggacatcttctcgtcgcacaggttcgaggctgtcattcactttgectgggctcaag
gctgttggggagagcgtgcacaagcccctactttactacgacaacaacctggtcggcaccatcacecctectg
gaggtgatggctgcgaacggctgcaagaagctggtgttctcgtcatctgcaactgtctatgggtggcccaag
gaagtaccctgcaccgaagaattcccgcectctgcecgecaccaatcecctatgggecggacaaagcttgtgattgaa
gacatctgccgcgacgtccaccgctccgaccccgactggaagatcatactgectcaggtacttcaacceegtt
ggcgctcatccaagcgggtacatcggcgaagaccectgcggtgtccecgaacaacctgatgeecctacgtgcag
caagtcgctgttgggaggttacctcacctcacggtctacgggacggactacagcaccaaggatgggactggg
gtgcgtgattacatccacgttgtcgacctggctgacggccacatagcageccctgaggaagctctacgaagac
tccgacaaaataggctgtgaagtgtacaacttggggactggaaaggggacgtccgtgttggaaatggtggcet
gcattcgagaaggcttctgggaagaaaatccctctggtgttcgectgggcgaagacccggagacgcagagatce
gtctacgccgcaactgccaaggcagagaaggagctcaaatggaaggccaagtacgggatcgaggagatgtge
agagatctgtggaactgggcgagcaagaacccgtacgggtacgctgggtcacgcgacaacagcaaatgaacce
acccatccatgcatcccatcctgcagtaggagcaagcagcagecttatagectatgctaccataattagtaa
ctcatcaatcatgcatacacataattagtaactcatcaatcatgcatacataatcagccagtcatctgatta
ggggtactgcgatgggcctcgcttcecttcagtgtatagagggaggaggagggggggtcatcttgatattcecttt
tttttttatcattcccgaatgattattattagtagccagttcgatgaaaaaaaaaaa

SEQ ID NO 316: Zea mays UGE IX
MVSAVLRTILVTGGAGYIGSHTVLQLLOOGFRVVVVDNLDNASEAALARVAELAGHDGANLVEHKVDLRD
RHALVDIFSSHRFEAVIHFAGLKAVGESVHKPLLYYDNNLVGTITLLEVMAANGCKKLVESSSATVYGWP
KEVPCTEEFPLCATNPYGRTKLVIEDICRDVHRSDPDWKIILLRYENPVGAHPSGYIGEDPCGVPNNLMP
YVQOVAVGRLPHLTVYGTDYSTKDGTGVRDYIHVVDLADGHIAALRKLYEDSDKIGCEVYNLGTGKGTSV
LEMVAAFEKASGKKIPLVFAGRRPGDAEIVYAATAKAEKELKWKAKYGIEEMCRDLWNWASKNPYGYAGS
RDNSK
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SEQ ID NO 317: Zea mays UGE X
cattccatcgtcttcgcecttccactceccceccacgttcececegectgettecteccaggecccggeccagatccgegeg
cccgcggggaagagggcectcecctcetectcecctcecteeccttggetecgegetectggtcgaggaggcggaggccgyg
tgccggegggcgggcggggaggtaggtagcagettgeggttgecgggagggaagectgecgegegectaggetgec
atggcggtggagaagacgctgcccggcgcgagtgcggggaggaccgtgctggtcacgggecggggegggetac
atcggtagccacgccgtgctgcagctcecctcecctcecgegggetteccgegecgtecgtcatcgacaacctcaacaac
tcctccgagcectggeccgteccgecgecgtcgecgegectcgegggggaccactecccgcaacctetetttecacaag
attgatctccgtgacaagggagcactggaaatggtttttgcttctacaagatttgaagctgtcattcacttce
gctggattgaaagctgtgggtgaaagcgtacagaagccattactttattatgacaacaacgtcattggcacyg
ataaatcttctagaagttatgtctgttcacggttgcaagaagttggtgttctcatcatcagctgcagtttat
ggatcacccaaaaactcaccctgcacagaaaattttcctcttactccaaacaatccatatggcaaaacaaag
ctcgttgttgaagatatttgccgggatatctaccgttcagatcctgaatggaagatcattttacttaggtac
ttcaatccagttggtgctcatcctagtggatatcttggcgaggacccacgaggaattcccaacaatcttatg
ccctatgttcagcaagttgcggttggtaggaggccagctctaacagttttaggaaatgactatgcaacaaga
gatgggactggggtccgagattacatccatgtggttgaccttgctgacggacatattgctgcattgcagaag
ctttttgagaactctagcatagggtgtgaagcgtacaaccttggaaccggaagaggtacatctgtgectggag
attgttaaagcatttgagaaggcttctgggaagaaaatacctctgatttttggtgaaagacgcccaggtgat
gcagagattctgttttcagagactactaaagcagagagggagcttaactggaaagcaaaatacggtattgaa
gagatgtgccgcgaccaatggaactgggccagcaagaacccttatggctatggatcacctgactctatcaag
cagaatggtcaccaaacaaacggatccgctgactcctccaagcagaatggccaccgcacaaacggttcaact
gactcacccaagcggaacggccaccatgcgtatgggtctgectgactcacccaagcgcaacgggcactgegtt
tttggatcatcagacctcaagccgaatggtaatggccacctgecgctgagcagaactgtttggectgtgaget
ccctgtacattcggttgecgatgtgagectcececctgcacgttecggtcgaggtctatecgtgaacccactatcecgag
attgatgtggatcattgggttgacaggtcatacagtatagagccggtggcagaggaattcctgtttgetgtyg
ggtaaagcttatcttctgctttcgtgttttttcttgettctttcgattatggtgtaggaatgtggtcataat
gtattagctgattatcctttcecctgctaattggactttattacgcttcattaagtttggctgattactgttt
aacggggaaaagttgcacctgtgtacgattatttatttgtacctgtaatatttatggagaactagcctcgcec
gcaaatagccctgatgaattcagctgcagtttattcccaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaggggcccc

SEQ ID NO 318: Zea mays UGE X
MAVEKTLPGASAGRTVLVTGGAGYIGSHAVLOLLLAGFRAVVIDNLNNSSELAVRRVAALAGDHSRNLSFEF
HKIDLRDKGALEMVFASTRFEAVIHFAGLKAVGESVOKPLLYYDNNVIGTINLLEVMSVHGCKKLVESSS
AAVYGSPKENSPCTENEFPLTPNNPYGKTKLVVEDICRDIYRSDPEWKIILLRYENPVGAHPSGYLGEDPRG
IPNNLMPYVQQVAVGRRPALTVLGNDYATRDGTGVRDYIHVVDLADGHIAALQKLFENSSIGCEAYNLGT
GRGTSVLEIVKAFEKASGKKIPLIFGERRPGDAEILFSETTKAERELNWKAKYGIEEMCRDOQWNWASKNP
YGYGSPDSIKONGHQTNGSADSSKONGHRTNGSTDSPKRNGHHAYGSADSPKRNGHCVEGSSDLKPNGNG
HLR

SEQ ID NO 319: Glycine max UGE VI

Acgtgtcacagaattctcgeccttttccgaatatggcatcgcgegtcagecattggcaatctcacttectecge
gccgtatattaattcceccctcattttcgcectcacaacttaagcectttccagcaactectcectttgcacaagecact
catgcgcgacaagactgtgctggtaaccggcggagccggttacatcggcacccacaccgttcttcagetett
gctcggaggttgcagaaccgtcgtcecgtcgacaatctcgacaattcecctecgaggtttctatccaccgagtcag
ggagcttgccggcgaatttgggaacaacctctcecctttcacaaggtggacctacgggacagggatgcactaga
gcaaatttttgtttccacacaatttgatgctgtcatacactttgctggactgaaagcagtaggagaaagtgt
gcaaaaacctttactatactataacaacaacttgactgggacaatcactctattggaagtcatggctgccca
tggatgcaagaagctcgtgttctcttecttcagcaactgtatatggttggccaaaggaagttccatgcacaga
agagttccctctgtcagcaatgaacccatatggacgaactaagcttatcattgaagaaatttgccgtgatgt
ccactgtgcagagccagattgtaaaataattttgttaagatacttcaacccagttggtgcacaccccagcgg
ttatattggggaggatcctcgcggaattccaaacaatctcatgceccatttgttcagcaagtagcagttggcecg
acggcctgcactgacagtttttggaaatgattataatacaagtgatggcactggggttcgggattacattca
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tgttgttgatttagcagatgggcacattgctgcattgcttaaactagatgaacctaatataggttgtgaggt
ttataacctgggaacaggaaagggaacatcagttttggagatggttagagcttttgaaatggcatctggaaa
gaaaattccacttgtgatggctggccgtagacctggtgatgctgaaattgtttatgcatcaacaaagaaagce
ggaaagagagcttaaatggaaggcaaaatatggcattgatgagatgtgccgtgatcaatggaattgggctag
caaaaacccttatggctatggagatcagggctccaccgattaaccacttagttttctetttgggttetttte
tgaactcacccacaccgtagtccgtaggtcttgtgaatttagttttcccaaaagettttectttetttagtga
tcttaaggtgacaaagtacttgtattattactattcatagttacatagtaagtaagtagtggtttactatac
tgtaatttaaaggttctctaggttccttcttacaggttattgattattagattcggattctctcatgttcceca
catg

SEQ ID NO 320: Glycene max UGE VI
MASRVSIGNLTSSAPYINSPHFRSQLKLSSNSSLHKPLMRDKTVLVTGGAGYIGTHTVLOLLLGGCRTVV
VDNLDNSSEVSIHRVRELAGEFGNNLSFHKVDLRDRDALEQIFVSTQFDAVIHFAGLKAVGESVQOKPLLY
YNNNLTGTITLLEVMAAHGCKKLVESSSATVYGWPKEVPCTEEFPLSAMNPYGRTKLIIEETCRDVHCAE
PDCKIILLRYEFNPVGAHPSGYIGEDPRGIPNNLMPEVQQOVAVGRRPALTVEGNDYNTSDGTGVRDYTIHVV
DLADGHIAALLKLDEPNIGCEVYNLGTGKGTSVLEMVRAFEMASGKKIPLVMAGRRPGDAEIVYASTKKA
ERELKWKAKYGIDEMCRDQWNWASKNPYGYGDQGSTD

Figure 23 (continued)
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