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SORGHUM MATURITY GENE AND USES THEREOF IN
MODULATING PHOTOPERIOD SENSITIVITY

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

This invention was made with Government Support under Agreement
00-35300-9215 awarded by the US Department of Agricuiture. The
Government has certain rights in the invention.

FIELD OF THE INVENTION

The invention is generally related to the field of plant genetics and
molecular biology, more particularly to genes involved in plant photoperiod
sensitivity, and methods for modifying photoperiod sensitivity in plants.

BACKGROUND OF THE INVENTION

Biomass yield is one of the most important attributes of a biomass or
bioenergy crop designed for ligno-celtulosic conversion to biofuels or
bicenergy. To maximize yield, it is essential to tailor the plants’ life cycle to
the agro-environments in which they are grown. The transition from
vegetative to reproductive growth is a critical developmental switch and a
key adaptive trait that ensures that plants set their flowers at an optimum
time for pollination, seed development, and dispersal. For example,
temperate environments with a long growing season allow cereal crops to
exploit an extended vegetative period for resource storage. Conversely, early
flowering has evolved as an adaptation to short growing seasons.

For exampie, once grain sorghum initiates flowering, growth of the
vegetative plant (stem, leaves) decreases so that carbon and nitrogen
compounds can be used for grain production. As a consequence, biomass
accumulation overall decreases to some extent during the reproductive phase
and largely ceases once grain filling has been completed.

In contrast, a late or non-flowering bioenergy sorghum crop grown
for biomass production will continue to accumulate biomass by building
larger vegetative plants until frost or adverse environmental conditions
inhibit photosynthesis. It is estimated that late/non-flowering biomass

sorghum will generate more than two times the biomass accumulated by
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grain sorghum per acre assuming reasonable growth conditions throughout

the growing season.

Flowering is generally controlled by environmental factors, such as

. daylength. Daylength regulates flowering by a phenomenon known as

photoperiod sensitivity, which allows plants to coordinate their reproduction
with the environment or with other members of their species. Photoperiod
sensitivity refers to the fact that some plants will not flower until they are
exposed to day lengths that are less than a critical photoperiod (short day
plants) or greater than a critical photoperiod (long day plants). Long day
(LD) and short day (SD) plant designations refer to the day length required to
induce flowering. Facultative LD or SD plants are those that show
accelerated flowering in LD or SD but will eventually flower regardless of
photoperiod.

Therefore, it is an object of the invention to provide a gene in
sorghum responsible for genetic control of photoperiod sensitivity.

It is another object of the invention to provide late or non-flowering
recombinant sorghum plants.

It is yet another object of the invention to provide methods for
modifying photoperiod sensitivity in plants.

It is a further object of the invention to provide methods for imposing
photoperiod sensitivity on a plant process.

SUMMARY OF THE INVENTION

Compositions including the nucleic acid sequence of the sorghum
Maturity gene 1 (Mal), and expression control sequences thereof are
disclosed. The expression control sequence can be photoperiod sensitive or
photoperiod insensitive. The compositions and methods can be used to
modulating flowering in plants, particularly sorghum.

Methods of using the compositions for modulating photoperiod
sensitivity for flowering and other plant processes in a plant are provided.
For example, methods are provided for developing genetically modified
plant varieties in which flowering is accelerated, or delayed or prevented.
Methods are also provided for treating a plant in order to accelerate or delay

flowering in the plant.
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Methods and compositions for placing a polynucleotide of interest
under photoperiod sensitive or photoperiod insensitive control are also
disclosed. The compositions and methods and can be used, for example, to
make photoperiod sensitive a gene that is normally or naturally photoperiod
insensitive. In other embodiments, compositions and methods and can be
used to make photoperiod insensitive a gene that is normally or naturally
photoperiod sensitive.

Screening methods are also provided for identifying plants for
photoperiod sensitivity and chemical agents that can modify photoperiod
sensitivity.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a bar graph showing frequency distribution of F»
population of S. bicolor x S. propinguum as a function of flowering time.
Also shown is a boxed line indicating average day length (hrs) over the time
period. Also shown are two lines indicating the high (solid line) and low
(dashed) temperature during the time period. S. propinguum and most Fas
flowered when photoperiod was less than 12.5 hours. Segregation of the S.
bicolor and S. propinguum alleles at the Mal locus imparts dichotomous
phenotype when grown in a temperate environment.

Figure 2A is a diagram mapping the 1.1 centiMorgan (cM) interval
delineated by progeny testing of recombinants. Figure 2B is a diagram
showing the % of conversion at the DNA marker loci plotted along the
sorghum genome sequence (on base pair, bp, scale). The diagram also maps
the relative locations of the FT gene (Sb06g012260) and SbPRR37
(Sb06g012570). The dark line at the top of the diagram indicates the span of
converted regions with approximate locations of genes in the sequence
shown as cross-hatches along the axis. While the terminal regions that these
data exclude from consideration are physically small, they contain the
majority of genes.

Figure 3A is a diagram illustrating two major S. bicolor haplotypes
(each with two rare variants) for the gene Sb06g012260 identified from
analysis of re-sequencing data. One of the haplotypes (haplotype 1) closely

resembled the allele found in the short-day flowering accession of Sorghum
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propinguum. Figure 3B is a physical map showing the positions of four
insertion-deletion events relative to the coding region of Sb06g012260,
Figure 3C is a diagram comparing the PRR37 alleles in S. bicolor (top) and
S. propinquum (bottom). The S. propinguum allele has an “AT” insertion
5 between 97 and 98 nucleotides afier the translation starting site. This

insertion causes frameshift shortly before the beginning of the PRR domain
(arrowhead), leading to numerous nonsense mutations (arrows) and resulting
in premature protein termination near the end of the PRR domain. Coding
regions are shown as boxes, introns as solid horizontal lines, vertical bars

10 indicate nucleotide substitutions between the two alleles.

Figure 4 is a series of pie graphs showing haplotype frequencies for
the gene Sb062012260 in sub-populations from West Africa, South Africa,
Central/ East Africa, and Asia/ India.

Figure 5A-5C are bar graphs showing flowering (days) for

15  individuals having haplotype 1 of Figure 3A (empty bars) or haplotype 2 of
Figure 3A (shaded bars) for the gene Sb06g012260 in West Africa (Fig. SA,
2008 p=0.005; R*=0.13) and South Africa (Fig. 5B (2008), p=3.84 E-08;
R?=0.33) and Fig. 5C (2007), p=0.0346; R*=0.08). These data show a
statistically-significant association of the haplotypes with flowering in

20  subpopulations in which the two haplotypes each occur at similar
frequencies.

Figure 6 is a line graph of log p value versus Mal region (Mbp)
showing the association analysis of Mal region markers and photoperiod
sensitive in Sorghum bicolor based on routine application of the software

25  TASSEL (Bradbury, ef al., Bioinformatics, 23:2633-2635 (2007)), as
detailed below. (#) single marker analysis; (m)analysis considering
population structure,

Figure 7 is a diagram showing homologs identified by BLAST of a
candidate Mal gene (Sb06g012260) in sorghum, rice, and Arabidopsis

30  genomes; and maize and sugarcane ESTs.
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DETAILED DESCRIPTION OF THE INVENTION
I Definitions

Before describing the various embodiments, it is to be understood
that the invention is not limited in its application to the details of
construction and the arrangement of the components set forth in the
following description. Other embodiments can be practiced or carried out in
various ways. Also, it is to be understood that the phraseology and
terminology employed herein is for the purpose of description and should not
be regarded as limiting.

Unless otherwise indicated, the disclosure encompasses conventional
techniques of plant breeding, microbiology, cell biology and recombinant
DNA, which are within the skill of the art. See, e.g., Sambrook and Russell,
Molecular Cloning: A Laboratory Manual, 3rd edition (2001); Current
Protocols In Molecular Biology {(F. M. Ausubel, et al. eds., (1987)]; Plant
Breeding: Principles and Prospects (Plant Breeding, Vol 1) M. D. Hayward,
N. O. Bosemark, I. Romagosa; Chapman & Hall, (1993); Coligan, Dunn,
Ploegh, Speicher and Wingfeld, eds. (1995) Current Protocols in Protein
Science (John Wiley & Sons, Inc.); the series Methods in Enzymology
(Academic Press, Inc.): PCR 2: A Practical Approach (M. J. MacPherson, B.
D. Hames and G. R. Taylor eds. (1995)}.

Unless otherwise noted, technical terms are used according to
conventional usage. Definitions of common terms in molecular biology may
be found in Lewin, Genes VII, published by Oxford University Press, 2000;
Kendrew et al. (eds.), The Encyclopedia of Molecular Biology, published by
Wiley-Interscience., 1999; and Robert A. Meyers (ed.), Molecular Biology
and Biotechnology, a Comprehensive Desk Reference, published by VCH
Publishers, Inc., 1995; Sambrook and Russell. (2001) Molecular Cloning: A
Laboratory Manual 3rd. edition, Cold Spring Harbor Laboratory Press.

To facilitate understanding of the disclosure, the following
definitions are provided:

The term “plant” is used in it broadest sense. It includes, but is not
limited to, any species of woody, ornamental or decorative crop or cereal,

and fruit or vegetable plant. It also refers to a plurality of plant cells that are
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largely differentiated into a structure that is present at any stage of a plant’s
development. Such structures include, but are not limited to, a fruit, shoot,
stem, leaf, flower petal, etc.

The term “photoperiod” refers to the period of a plant’s exposure to
daylight every 24 hours.

The term “photoperiod sensitivity” refers to the photoperiod that is
required to induce a specific response, such as flowering. Some plants will
not flower until they are exposed to day lengths that are less than a critical
photoperiod (short day plants) or greater than a critical photoperiod (long day
plants). In some plant species, photoperiodic control enforces long-day
flowering. Therefore, a photoperiod sensitive plant can have either short-day
or long-day flowering, but in both cases, the flowering is controlled by day
length.

A plant is “photoperiod insensitive” or “day neutral” if the day length
does not impact when flowering occurs. In order to modulate flowering
based on day length, photoperiod sensitivity can be increased.

A “non-flowering” plant does not flower under the agronomic
conditions, regardless of the photoperiod.

“Delayed flowering” refers to a plant that flowers on average at least
1 day later, including at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 days later, than a
wild-type plant of the same species.

The term “non-naturally occurring plant” refers to a plant that does
not occur in nature without human intervention. Non-naturally occurring
plants include transgenic plants and plants produced by non-transgenic
means such as plant breeding.

The term “plant tissue” includes differentiated and undifferentiated
tissues of plants including those present in roots, shoots, leaves, pollen, seeds
and tumors, as well as cells in culture (e.g., single cells, protoplasts,
embryos, callus, etc.). Plant tissue may be in planta, in organ culture, tissue
culture, or cell culture. The term “plant part” as used herein refers to a plant

structure, a plant organ, or a plant tissue.
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The term “plant material” refers to leaves, stems, roots, flowers or
flower parts, fruits, pollen, egg cells, zygotes, seeds, cuttings, cell or tissue
cultures, or any other part or product of a plant. |

The term “plant organ” refers to a distinct and visibly structured and
differentiated part of a plant such as a root, stem, leaf, flower bud, or
embryo.

The term “plant cell” refers to a structural and physiologiéal unit of a
plant, comprising a protoplast and a cell wall. The plant cell may be in form
of an isolated single cell or a cultured cell, or as a part of higher organized
unit such as, for example, a plant tissue, a plant organ, or a whole plant.

The term “plant cell culture” refers to cultures of plant units such as,
for example, protoplasts, cell culture cells, cells in plant tissues, pollen,
pollen tubes, ovules, embryo sacs, zygotes and embryos at various stages of
development.

The term “transgenic plant” refers to a plant or tree that contains
recombinant genetic material not normally found in plants or trees of this
type and which has been introduced into the plant in question (or into
progenitors of the plant) by human manipulation. Thus, a plant that is grown
from a plant cell into which recombinant DNA is introduced by
transformation is a transgenic plant, as are all offspring of that plant that
contain the introduced transgene (whether produced sexually or asexually). It
is understood that the term transgenic plant encompasses the entire plant or
tree and parts of the plant or tree, for instance grains, seeds, flowers, leaves,
roots, fruit, pollen, stems etc.

The term “construct” refers to a recombinant genetic molecule having
one or more isolated polynucleotide sequences. Genetic constructs used for
transgene expression in a host organism include in the 5°-3" direction, a
promoter sequence; a sequence encoding a gene of interest; and a termination
sequence. The construct may also include selectable marker gene(s) and
other regulatory elements for expression.

The term “gene” refers to a DNA sequence that encodes through its
template or messenger RNA a sequence of amino acids characteristic of a

specific peptide, polypeptide, or protein. The term “gene” also refersto a
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DNA sequence that encodes an RNA product. The term gene as used herein
with reference to genomic DNA includes intervening, non-coding regions as
well as regulatory regions and can include 5° and 3 ends.

The term “orthologous genes” or “orthologs™ refer to genes that have
a similar nucleic acid sequence because they were separated by a speciation
event.

As used herein, “polypeptide” refers generally to peptides and
proteins having more than about ten amino acids. The polypeptides can be
“exogenous,” meaning that they are “heterologous,” i.e., foreign to the host
cell being utilized, such as human polypeptide produced by a bacterial cell.

The term “isolated” is meant to describe a compound of interest (e.g.,
nucleic acids) that is in an environment different from that in which the
compound naturally occurs, e.g., separated from its natural milieu such as by
concentrating a peptide to a concentration at which it is not found in nature.
“Isolated” is meant to include compounds that are within samples that are
substantially enriched for the compound of interest and/or in which the
compound of interest is partially or substantially purified. Isolated nucleic
acids are at least 60% free, preferably 75% free, and most preferably 90%
free from other associated components. An “isolated” nucleic acid molecule
or polynucleotide is a nucleic acid molecule that is identified and separated
from at least one contaminant nucleic acid molecule with which it is
ordinarily associated in the natural source. The isolated nucleic can be, for
example, free of agsociation with all components with which it is naturally
associated. An isolated nucleic acid molecule is other than in the form or
setting in which it is found in nature.

As used herein, the term “linkage disequilibrium” or “LD” refers to
the situation in which the alleles for two or more loci do not occur together in
individuals sampled from a population at frequencies predicted by the
product of their individual allele frequencies. Markers that are in LI do not
follow Mendel’s second law of independent random segregation. LD can be
caused by any of several demographic or population artifacts as well as by
the presence of genetic linkage between markers. However, when these

artifacts are controlled and eliminated as sources of LD, then LD results
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directly from the fact that the loci involved are located close to each other on
the same chromosome so that specific combinations of alleles for different
markers (haplotypes) are inherited together. Markers that are in high LD can
be assumed to be located near each other and a matker or haplotype that is in
high LD with a genetic trait can be assumed to be located near the gene that
affects that trait.

As used herein, the term “locus” refers to a specific position along a
chromosome or DNA sequence. Depending upon context, a locus could be a
gene, a marker, a chromosomal band or a specific sequence of one or more
nucleotides.

The term “vector” refers to a replicon, such as a plasmid, phage, or
cosmid, into which another DNA segment may be inserted so as to bring
about the replication of the inserted segment. The vectors can be expression
vectors.

The term “expression vector” refers to a vector that includes one or
more expression control sequences

The term “expression control sequence” refers to a DNA sequence
that controls and regulates the transcription and/or translation of another
DNA sequence. Control sequences that are suitable for prokaryotes, for
example, include a promoter, optionally an operator sequence, a ribosome
binding site, and the like. Eukaryotic cells are known to utilize promoters,
polyadenylation signals, and enhancers.

The term “promoter” refers to a regulatory nucleic acid sequence,
typically located upstream (57) of a gene or protein coding sequence that, in
conjunction with various elements, is responsible for regulating the
expression of the gene or protein coding sequence. The promoters suitable
for use in the constructs of this disclosure are functional in plants and in host
organisms used for expressing the disclosed polynucleotides. Many plant
promoters are publicly known. These include constitutive promoters,
inducible promoters, tissue- and cell-specific promoters and
developmentally-regulated promoters. Exemplary promoters and fusion
promoters are described, e.g., in U.S. Pat. No. 6,717,034, which is herein

incorporated by reference in its entirety.
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A nucleic acid sequence or polynucleotide is “operably linked” when
it is placed into a functional relationship with another nucleic acid sequence.
For example, DNA for a presequence or secretory leader is operably linked
to DNA for a polypeptide if it is expressed as a preprotein that participates in
the secretion of the polypeptide; a promoter or enhancer is operably linked to
a coding sequence if it affects the transcription of the sequence; or a
ribosome binding site is operably linked to a coding sequence if it is
positioned so as to facilitate translation. Generally, “operably linked” means
that the DNA sequences being linked are contiguous and, in the case of a
secretory leader, contiguous and in reading frame. Linking can be
accomplished by ligation at convenient restriction sites. If such sites do not
exist, synthetic oligonucleotide adaptors or linkers are used in accordance
with conventional practice.

“Transformed,” “transgenic,” “transfected” and “recombinant” refer
to a host organism such as a bacterium or a plant into which a heterologous
nucleic acid molecule has been introduced. The nucleic acid molecule can be
stably integrated into the genome of the host or the nucleic acid molecule can
also be present as an extrachromosomal molecule. Such an
extrachromosomal molecule can be auto-replicating. Transformed cells,
tissues, or plants are understood to encompass not only the end product of a
transformation process, but also transgenic progeny thereof. A “non-
transformed,” “non-transgenic,” or “non-recombinant™ host refers to a wild-
type organism, e.g., a bacterium or plant, which does not contain the
heterologous nucleic acid molecule.

The term “endogenous™ with regard to a nucleic acid refers to nucleic
acids normally present in the host.

The term “heterologous” refers to elements occurring where they are
not normally found. For example, a promoter may be linked to a
heterologous nucleic acid sequence, e.g., a sequence that is not normally
found operably linked to the promoter. When used herein to describe a
promoter element, heterologous means a promoter element that differs from
that normally found in the native promoter, either in sequence, species, or

number. For example, a heterologous control element in a promoter

10



WO 2012/158630 PCT/US2012/037809

sequence may be a control/ regulatory element of a different promoter added
to enhance promoter control, or an additional control element of the same
promoter. The term “heterologous” thus can also encompasses “exogenous”
and “non-native” elements.

5 The term “percent (%) sequence identity” is defined as the percentage
of nucleotides or amino acids in a candidate sequence that are identical with
the nucleotides or amino acids in a reference nucleic acid sequence, after
aligning the sequences and introducing gaps, if necessary, to achieve the
maximum percent sequence identity. Alignment for purposes of determining

10 percent sequence identity can be achieved in various ways that are within the
skill in the art, for instance, using publicly available computer software such
as BLAST, BLAST-2, ALIGN, ALIGN-2 or Megalign (DNASTAR)
software. Appropriate parameters for measuring alignment, including any
algorithms needed to achieve maximal alignment over the full-length of the

15 sequences being compared can be determined by known methods.

For purposes herein, the % sequence identity of a given nucleotides
or amino acids sequence C to, with, or against a given nucleic acid sequence
D (which can alternatively be phrased as a given sequence C that has or
comprises a certain % sequence identity to, with, or against a given sequence

20 © D)is calculated as follows:

100 times the fraction W/Z,
where W is the number of nucleotides or amino acids scored as identical
matches by the sequence alignment program in that program’s alignment of
C and D, and where 7 is the total number of nucleotides or amino acids in D.

25 Tt will be appreciated that where the length of sequence C is not equal to the
length of sequence D, the % sequencé identity of C to D will not equal the %
sequence identity of D to C.

As used herein, “polypeptide” refers generally to peptides and
proteins having more than about ten amino acids. The polypeptides can be

30  “exogenous,” meaning that they are “heterologous,” i.e., foreign to the host
cell being utilized, such as human polypeptide produced by a bacterial cell.

The term “stringent hybridization conditions™ as used herein mean

that hybridization will generally occur if there is at least 95% and preferably
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at least 97% sequence identity between the probe and the target sequence.
Examples of stringent hybridization conditions are overnight incubation in a
solution comprising 50% formamide, 5X SSC (150 mM NaCl, 15 mM
trisodium citrate), S0 mM sodium phosphate (pH 7.6), 5X Denhardt’s
solution, 10% dextran sulfate, and 20 ug/ml denatured, sheared carrier DNA
such as salmon sperm DNA, followed by washing the hybridization support
in 0.1X SSC at approximately 65°C. Other hybridization and wash
conditions are well known and are exemplified in Sambrook et al, Molecular
Cloning: A Laboratory Manual, Third Edition, Cold Spring Harbor, N.Y.
(2000).

IL Compositions

Photoperiod sensitivity refers to the fact that some plants will not
flower until they are exposed to day lengths that are less than a critical
photoperiod (short day plants) or greater than a critical photoperiod (long day
plants). Long day (L.D) and short day (SD) plant designations refer to the day
length required to induce flowering. Facultative LD or SD plants are those
that show accelerated flowering in LD or SD but will eventually flower
regardless of photoperiod. Most plants including sorghum must pass through
a juvenile stage (lasting about 14-21 days for sorghum) before they become
sensitive to photoperiod.

In general, Sorghum is a facultative SD plant where long days inhibit
flowering and short days accelerate flowering. The degree of flowering
photoperiod sensitivity in sorghum refers to the length of the short days that
are required to induce flowering. Different sorghum genotypes vary in their
degree of photoperiod sensitivity. For example, Sorghum inbreds have been
identified with photoperiod sensitivity ranging from ~10.5 to ~14 hours and
still others that are nearly completely insensitive to photoperiod.

Flowering depends on when seeds are planted and on the latitude in
which they are planted. Therefore, in some embodiments, a photoperiod
insensitive sorghum planted in Georgia in April can flower in approximately
48-55 days; whereas a highly photoperiod sensitive sorghum planted in
Georgia in April can flower in ~175-180 days, or may even fail to flower at
all.

12
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The maturity gene (Mal) contains one or more mutation or deletions
in some S. bicolor genotypes such that sorghum plants containing this mutant
gene are photoperiod insensitive (day-neutral). Identification of this gene
allows for identification of orthologous genes in related plants. Moreover,
based on this identification, methods of modulating photoperiod sensitivity
in plants by modulating the expression control sequences of maturity gene in
that plant are disclosed. Methods are also disclosed for modulating
photoperiod sensitivity involving modulating the activity of the protein
encoded by the Maturity (Mal) gene in the plant.

A. Mal

Compositions and methods for modifying photoperiod sensitivity in
plants are provided. The methods can involve modulating the activity of the
endogenous gene or gene(s) responsible for photoperiod sensitivity in the
plant.

For example, the methods can involve promoting the expression of
one or more endogenous gene orthologous to sorghum grain maturity gene 1
(Mal). Thus, the methods can involve introducing to the plant a composition
that promotes maturity gene 1 (Mal) activity in a Sorghum plant.

The term “Maturity gene” refers to the Mal gene found in Sorghum
as well as orthologous genes serving the same function in related plants.

Sorghum

Sorghum has been an excellent biomass source with its high yield
potential, high water use efficiency, and established production systems and
is a representative plant that can be used with the disclosed methods and
compositions. Sorghum is a genus of numerous species of grasses, some of
which are raised for grain and some of which are used as fodder plants either
cultivated or as part of pasture. The plants are cultivated in warmer climates
worldwide. Sorghum is in the subfamily Panicoideae and the tribe
Andropogoneae.

Sorghum is well adapted to growth in hot, arid or semi-arid areas.
The many subspecies are divided into four groups--grain sorghums (such as
milo), grass sorghums (for pasture and hay), sweet sorghums (used to

produce sorghum syrups), and broom corn (for brooms and brushes).
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Sorghum species include, but are not limited to Sorghum almum,
Sorghum amplum, Sorghum angustum, Sorghum arundinaceum, Sorghum
bicolor, Sorghum brachypodum, Sorghum bulbosum, Sorghum burmahicum,
Sorghum controversum, Sorghum drummondii, Sorghum ecarinatum,
Sorghum exstans, Sorghum grande, Sorghum halepense, Sorghum
interjectum, Sorghum intrans, Sorghum laxiflorum, Sorghum leiocladum,
Sorghum macrospermum, Sorghum matarankense, Sorghum miliaceum,
Sorghum nigrum, Sorghum nitidum, Sorghum plumosum, Sorghum
propinguum, Sorghum purpureosericeum, Sorghum stipoideum, Sorghum
timorense, Sorghum trichocladum, Sorghum versicolor, Sorghum virgatum,
and Sorghum vulgare.

Sorghum Maturity Gene 1

There are six classic maturity genes in sorghum that control
flowering time termed Mal-Ma6. Therefore, in general, sorghum plants with
recessive Mal-Ma6 genes (with low or no activity) flower earlier than plants
with dominant or active Mal-Ma6 genes that repress flowering.

Nucleic acid sequences for Mal genes in Sorghum bicolor and
Sorghum propinguum are provided. It is understood that the skilled artisan
can identify orthologous sequences in other Sorghum species for use in the
present compositions and methods. For example, Mal genes from Sorghum
almum, Sorghum amplum, Sorghum angustum, Sorghum arundinaceum,
Sorghum brachypodum, Sorghum bulbosum, Sorghum burmahicum,
Sorghum controversum, Sorghum drummondii, Sorghum ecarinatum,
Sorghum exstans, Sorghum grande, Sorghum halepense, Sorghum
interjectum, Sorghum intrans, Sorghum laxiflorum, Sorghum leiocladum,
Sorghum macrospermum, Sorghum matarankense, Sorghum miliaceum,
Sorghum nigrum, Sorghum nitidum, Sorghum plumosum, Sorghum
purpureosericeum, Sorghum stipoideum, Sorghum timorense, Sorghum
trichocladum, Sorghum versicolor, Sorghum virgatum, and Sorghum vulgare
can be identified and used in the disclosed methods.

Within the species Sorghum bicolor, there are both day-neutral
(photoperiod insensitive) and short-day flowering forms. The vast majority

of wild members of the species are short-day, as are forms cultivated in the

14



WO 2012/158630 PCT/US2012/037809

10

15

20

25

30

tropics. Forms cultivated in temperate latitudes (such as most of the USA)
for seed/grain have been selected for day-neutral mutations. Therefore, the
skilled artisan can use the guidance provided by the sequence comparisons to
identify variants of Mal genes that can generate a photoperiod sensitive or
insensitive phenotype.

Also disclosed is a transgenic plant having a nucleic acid molecule,
or antisense constructs thereof, encoding a Mal gene product, or variant,
such as a codon optimized variant thereof, optionally operatively linked to an
heterologous regulatory element. For example, disclosed is a transgenic plant
characterized by high photoperiod sensitivity, low photoperiod sensitivity, or
photoperiod insensitivity, wherein the cells of the plant express a nucleic
acid molecule encoding an Mal gene product, or antisense construct thereof,
that is operatively linked to an expression control sequence. In some
embodiments, the construct encodes an inhibitory nucleic acid such as
siRNA or RNAI that when express down regulates the expression of Mal.

Nucleic Acids

Mal gene

Disclosed are polynucleotides containing a maturity gene from a
sorghum plant. It is understood that where coding sequences for a maturity
gene are provided, also provided are the non-coding sequences that are
known or can be identified to correspond to the coding sequences that are
provided. For example, where a maturity gene is provided, also provided for
use in the disclosed compositions and methods is the 5" untranslated region
(UTR), which contains the endogenous promoter for the maturity gene. It is
understood that the skilled artisan can identify these sequences with routine

skill and experimentation based on the sequences that are provided.

1. Sequences for Short Day Flowering
The S. propinquum cultivar from which the sequences described
below are derived is a short-day cultivar, that has a dominant (functional)

Mal allele. Sequences for a dominant Mal gene are therefore provided.
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sequence:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
501
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
186l
1921
1981
2041
2101
2lel
2221
2281
2341
2401
2461
2521
2581
2641
2701

ABRARGARAAG
AGATTGCATC
ATGARAAGTT
ATCTGARATA
TCCCATCACT
TCATTGTACA
ACACGCRCTA
GARAGATTTTT
ATTTTCACAA
ACCACGTCTC
ACGTCTATGG
CCTCTCATCG
CGCCTCYCCA
GTTCATGCCA
TAAGATGTCC
CTGBAARATGE
CTATAGTTCC
TGACGCTGEEG
CTGGGCAGGS
ACAACATGGC
CGTCTCACGR
ACTTTTGCCG
CGCCGACAGT
BCAGTTTGGA
ARACCATGCC
CRATTTAAAT
TTCACTARAA
AARGGATTTTA
ATARARCAMC
GARTCCCTCAC
CACTCAGCGA
AGTGGGGTTT
CCETCTAGTA
ACATTAGAAG
ATATATGCAG
TGACACAGGC
GTCATCTCRA
GAATATTTTA
TTGACATTTG
ATTARTTAGT
CTGTCAATAT
GTTTCACTAG
ACAATATCAT
TCTTCTTAAT
CCGTGTGETAT
TGTCTTTTTA

TGAGCRCACC
GAGARTUTAAG
TTGAGTTTCA
BARRATTCAR
TCCGCTAGRA
AGATTCTTTC
GTGGACGCCE
ATCTARACTAR
TTATGAATTT
TATTEAGGGT
ACCRCCGACC
CTTTTCATAT
ACCATTGTAA
ABAAAATTAT
BAATGTARAT
ATTATGGATT
TBAATTTTTT
CTTTATITIG
BARACGGTTT
TTTGCCGRCA
BAGGTTTTIGC
ACAGTTAARG
TGAARCTTTCA
CCTTTTCCGA
TTGTCCARCA
ATTTTBRATAA
CTGTCAGAGG
CTGCTACTGT
GGCCGCAATA
CTCATTACAT
GCAGATACRC
TCCTAGTCTT
ARGATTTCCT
ARCTCCATTT
GRCAACTCRA
BAACCGCGTTT
TGTTATATAG
TTTTTGTGCE
ARACTACTTA
ACGGGTAAAC
TACCETARGT
TACARAAATC
GGTGCTAGTA
TCARCCGCCT
ARATACCATT
CACAGGCGGT

ACGACCTGTIC
ACTCRGGTAC
ARATATGATA
CTAGATCATG
BACTTTTTET
ABACCTCARC
GGCGGETEEA
CTATAGTACT
ACCCTTTTRC
CCTAGTCCCC
BRAGACACAC
TCTAGATCCA
AARTRTTTAT
ACATATTATT
GACCCTATTT
TGAGATAATA
TTTATTGTAG
CGACACAGRA
ATTATGTTTC
CTTCCARCTA
CGACAATTET
GCATCGCCGA
CCGACAGTGA
CAGTTGGTAT
GTAGAAGTGT
ATACACATCA
TACACTCCAG
TGATTAACAT
ATATTGAACT
CCATAGTARC
TGAGFGATTC
TTABRCATTCA
AGTATTITGA
AGTGATTGGT
GCCAGCATAA
GGTATARATG
TAGRGGCTTC
ACCATCAATT
ATTTGACRGT
TGCACTACAC
TACTGATTITC
ATTTTCGTTG
GAARMRATTTC
GTGTARAACTT
AACACAGGCA
TTGTATAGAG

16

ATCAGCTCAT
ABATCATGTC
CGTGATATTA
TTARCATTGA
CTCGATTTAA
CCCTATCATC
ACCCTRAGARA
TATATCATAC
TCTTCATTAA
ATAATTTAAG
CTATCGECTC
GCGGCCATAG
AATTITTGATA
TTCGTGTGAG
ATTATGAGGC
BATTTAAGGG
TAGTRAGAACT
CACCAARTTG
TCTTTRATTET
TCGGCAARGG
CRAACAGTCG
CARCATTTICT
ACCCITTGCC
GTTAGCGAAR
CGGCRARRCT
CATTGATTGA
TACTACCAGT
AAGCACTTGC
ATTTTTTITTC
ATGACCAGAT
ATAATCAGAT
AMBATTTAGTA
CTAGCGATAG
TGETTTGGATT
ATATATGAAR
TGETTTTCTTG
ATGTTTGTAG
TTATGTAATC
TATGCAGGTC
RAGTTTGCTA
AMTTAGRATC
GCACGTTGETT
ARCGGGCCCA
TCCATTTACA
GTCGAGTTAC
GGCCGCCTGT

GGTCAGCTCT
ARCATCTAAT
ACATTTGAAC
TATAATCGCT
TTARTGRARG
GACGGTGACG
GATTTARARR
ACTATACTAT
ARMPAATACGA
AGGCGETGAG
CCATCGCCTT
ACACACCAAT
TAABATTTGT
AATTTACAGA
GCGGATCTAT
CCTATCTTCG
TTTCTCCCTG
GTGGCTATGA
ATCTATCGTG
GTACCTTTAC
CGGTAGRAGE
GTAGTCARAT
GRCRGTTTGG
CCGTTTCTAG
ATATTGCTAG
GCARAATCRC
ACGTCGCCCG
GACTTTCCCT
TAGTACCARA
ATRTATGGAC
TTTTTAATTT
CAARACTTTCC
TGTTTTATTA
AGTCTTCTCA
TATCTTGGTG
TTTACATTTT
TAGATARGGT
TGCATTGTCT
CGCRTGATCC
GTACTATTCT
TARCACATTC
TETTTTTTCA
ACRAGAGARC
TAGGCGGCTT
GACARCCGCC
GCTAATATAT

ACAAMACTTAT
GGTTTAGAAR
TTTTAGCRAG
TCCAATCGECC
GGTAATARCA
GCTCCCTATA
AACTTARGAA
TCAAAATATT
ARARAGRATC
AGACGATCGTG
GCTTCCATCG
CGTTTCTCAT
CTTCACTTGA
AGTGGACTCT
AGGCCTGACT
CACATAACAT
TRAARCCARGT
ACTCTTCCAC
GCACTATAAC
CGACACTTAA
AGTTGGCGAA
GGCATACCTA
ACCTACGCCG
GGTGTTTCAT
GATGTAGATA
ATGGTCTGTT
CACAGTGGCC
ARARTCTTTYT
ATTAGAATTT
AGGATGGGAT
CTTCTAGTGA
CTAGTAMATG
CTARTTARRA
CGTTAGRCCT
TTTGTTTETC
ACCATCTATA
AGAGRATTGA
BATGCTTTAT
TATGAAAGCA
ATTARCCGRC
AGGARARGAR
CAGGCAGTTC
CGCCAGGCGG
BCGATARBRA
TGTGTARATG
TTACACRGGC
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2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
336l
3421
3481
3541
3601
3661
3721
3781
3841
3801
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
3221
5281
5341
5401
546l
5521
5581
5641
5701

TATGAGCCGC
GTTACTCCCA
GTTTTGATTT
TATTTTITTAA
CATCATGCAT
ATTTTTATGT
TTAGAATTCT
TARATTTTGAT
CATTRARATG
BATACTECAT
TGARBATGAG
TTLCATCTCT
TATTAGTTTT
TGGAGAGGTC
TCCARRRATT
GTTGTCCATG
CCCATCTGGT
GTAGTTTTGC
GTCCAATGCC
CTGATGTCRA
AGGCAATARAT
TGAAGRAGGEC
CGACATTATG
CTAGCTTCAR
CTGCTAACAC
TCCACGCATG
GTTGTCCABRA
ATCTAGCCTC
ACAAGCGCTC
CCCTATGAGC
AAGCRGCGGA
CAGTCARTAG
CRAGCCATCRA
GTCRATGTCC
TAGATTCBAT
CTCCATGCRA
BAGACATTTG
CAACTCATAA
BATATGTAGT
GATGTCATTA
ABATATGAAC
ACCAGGATAA
TTATATTGGC
GTGTAARCAR
TTTTATATTT
GAGARGTATC
TACTTATATA
CATGGCGGTT
TCCCATTGAT
ATAATACATA

CTGTGTTARG
TGAGCTCTGC
TCATTTCTTT
GCGRTTCTTT
TCTTGCTTAG
AAATTCATAG
TGTGAGTAGA
TCAGTTITAG
TTGAARAATCA
AGABARTCCTT
TTTARACRAT
GTTTARATAGA
GITTTTAGAT
ATTATGGATG
TATTGATGTC
CGCAGACTGEC
TTGARAGAGGA
ACCTTATATG
ACCTCTCAAT
TGAAACTCAG
GRACCGTTGT
AGCAGAGGAC
TGTTGTTCET
TGATTTCTTG
ATACTATGCA
TAGAARATCAT
CTGTGGTGCC
TGTTTCTACA
ABAGCCTRGT
CRARABAGGG
CGGCACGGCT
AAGCCATGCC
GTCBACCATT
CTAGTGACTA
GGCTGATAMA
TCAGAGTTGA
TTACCTTTGA
CRATCTGGTG
GTGABACTCT
TTATCTGCCG
ARATTCGTAT
fTATGCCATC
ACCATACAARC
TATACATETG
ATCCCTTCGA
ARCCATTCTT
AATTAGAGTT
TTATARGARA
GATRCAACAC
BAGCATGGCA

TCTTCTATAR
ACACTGGCGG
GGTGAGAARC
GGTTCAATTC
GGTTAGAGTT
TRARTTGTAR
TCTATACAAT
CTTTTCTTTT
TAAAATGGCA
GAATTATTCC
TATTTARATT
AGGAGGTTAG
TGACCTACAT
TACAACTTAT
GCARAGRTAC
AAARATATTR
TTTATGGRGG
CGGACAACTG
GAATTTCATG
CATGCTRACR
GCGGATCCAT
BCTTTGTACG
CAGTTTTTGA
CGTGTACTTG
ARGBAGCTAG
TGTATTCTAT
AGTRAGGTACA
GGGAGGAAGT
AGCARATGARG
GACAGCRGCR
CATTGAGCTC
CCCATCAAAG
GACCCTARRG
TGIGCCCGEA
ARGGTTTCAT
TATRCCAACA
GGACRTGCAC
CCTGTAAGTA
AATATGTAGA
GATCGATGGT
TATCAARGGA
TATCTTGGTA
ATTAGGTAAG
TCGCTCACTC
AGGGAAGGTG
GGTTCAATTA
TCARARTARC
CAAARGGGAC
CACTATCCGG
AATTTRGAAT

17

ATACCCTTCG
ACCAGACGAT
TTCCAAARGG
TTGTATTGGA
CARTAGGGCAA
ARATTAARRA
AGAGTAATGA
TTCAGATGRA
AATAAATACT
TAAATTTTAT
CCATARMRTTG
TRTCTTAGTT
TAATTGTTCT
CAAGATTGGA
ATGCTCGCAG
TGGTATTTGA
ACTACTTGAT
ACARCACTGC
CTATGCCAGA
CAGATGTTGT
CAATRATECTT
ACGAGTCAMA
CGATGAAGGC
GAGACCTTCT
TCAGTCCACT
ATCGAGGTGA
AGACARACAA
GAARGRARGRC
ARGTGGACTA
GGCACARCTEC
GAACCGTCAC
GAAGCCCCAA
GATATCAGRA
AGGCCTATGC
GACTGGTACR
GACATGTTTG
TTGTTATTGA
TCACTCATGC
TGTTGTCTGT
CGGTTATCIG
AGATAGAGCA
GRTCRATGCT
CTTGACTTCA
ATTTATTCAT
CTTGTCCTAG
GRRAAGGTGAG
TTTAGTGATT
CTGETCGACGC
TAAGTTTTCT
AATCCGTTGC

PCT/US2012/037809

TCCACCTCCR
TCCAGTTTCC
TTAGTTAGTG
GGTGCTCTAG
ABAGAGAGRAG
ABRATAABAAD
TGAGGATATT
TTAGRCTTTA
TTTTCARATC
ACAATTGTTT
TAACTCCGTR
ARAGTCTGTTT
TARCTAATTA
CCTATCATAT
ARCRAAGGCG
CRATGTAGAA
TTGGACARAA
BACTAACATC
TGTTARTGARA
TGAAGATGCA
CRTGARGGGA
AGGTTGTACC
TAGACATGGT
TCCTAAGGAG
TACGATAGGT
TCARTATAAR
RGATTTTCGG
CCARACAARG
TTATGCATTG
TCTTTCIGAR
AGAARARGGR
GTGGCGATET
AGCCAACGAT
TCCAATGGRC
TGAGAGCAGT
CTACTGGTAA
ACTATAGGCG
ACACACAATT
AGTTTGCARG
AGCCCTATCA
ARGATAGAGG
GAGGTATAAR
TATACGTATT
GCAGTGACCA
ACTCTTTACA
CCAACATGAR
TAGGTTCGAT
TGCACGCTCA
GRACACATTT
TCATTATATA

GBRCAAGAACA
AAGGGGGGRG
CCATTGATGC
ATCTAGAGTT
ATTTAGCTAA
TAAATACTTY
TTGAAGTTTA
TAARRCTCARA
TTTGTGCATA
CTTATAATTAR
AGGTGTAGGET
TCGEGGGTTA
CAGCTARATA
GTAGTGCAGG
ARGCRCATAT
GCAATTACTT
CATGGTGAGG
RATGTGGAGE
ACTCATACGT
GATTTCTTAG
ATGARAGCAT
BARCARTGGT
TGGTCCGATG
ARCARAGTGC
GTTGAGRAGA
GACTTAGACA
GAGGRRGAGA
RCTCAACAAG
AGRAGAGTCT
AGGACTTGGR
AGCCACCGCC
ACATATTGAA
TGATGATTAT
GCTGCTCGAT
GCATGCTAGC
CRAARARRAGC
GCTTGACGTC
ARTTATATATT
ATCRACGRGCA
AGTTACRAGH
BAAGACAARAC
TATAGGGATT
TCAAATTATC
TTGGATTGTT
TGTTCCTCCC
ACCACATGCG
ATCTACGGGG
GATCCTAGGR
CATCATATAA
GTGCCRCRAG



WO 2012/158630

10

15

20

25

30

35

40

45

50

5761
5821
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5841
6001
6061
8121
6181
6241
6301

6361

6421
6481
6541
6601
6661
8721
6781
6841
6901
6361
1021
7081
7141
7201
7261
1321
7381
7441
7501
7561
7621
7681
T741
7801
86l
7921
7981
8041
8101
816l
8221
8281
8341
8401
8461
8521
8581
B&dl
8701

CARCCACCTG
CGTTACGTCA
AGCTGCARADA
ARAARAGCARG
TTETETEGTT
GGCGATTTAG
CGRARCGACA
TARTTTTATG
TATGATGITG
TATATATATA
TATATARRAR
ATACATTCTA
GGCCTGGCTG
GCCTGTACTG
TGARGATGCT
TAGTATCTET
GRGAATATTT
CAGTAGAGAT
CAGCCACTCA
CGTACTAACA
TTATTACTAA
TGGACCCCTT
GCGGCATGGA
ATGATTATCG
AATTTAGATG
GTTTAATTGA
TGATGGTCGA
GGTARGAGAA
TGTGTGTGTA
ATAGGTATAG
GGACTGCTCG
ATGTTTCGAG
ACACCCCTAT
TGACARTRAGG
TAACCATAAA
ACCATCCTCA
CGCTTGATTA
TITTTATCTGA
TTGGAGGTTT
GCCAMAMRDAR
TTTCTATGAT
GTTTACATCT
GCGTTTAGTG
BCACGHACTA
AARAATTGGARA
TGTARACATA
GTACGGETGLTY
TGCAGCATCA
CTARCTCCIT
BAATCTTATG

GATCGGTCTA
AGGACRRAAA
TTATATATTG
GAAMAGACGT
TTATTATGAG
CARAGTGATAA
TGTAMACATT
GITGATGTTT
TGTGTGTATA
TATATARTGT
ATTATTTACA
ACAGGCGGCT
GGAGRGCCGT
TGGTCCATTT
TTTAGCACCG
TATACTRAATT
CGCCGCCCCT
TTAGTCAAMA
CTGTATAAAT
AGGCACRCAC
CATGGCGGCT
CTATACAARCC
GTTGCGCGCT
AGTTGCATAT
CTGGTGGTAT
TCGCAACACC
TCCTGATECT
ACCTATAGAC
TATTTGTGCT
AGGTTAGCRG
ARTTATTGTA
CAGGATGGTG
TCCCATTTTG
CTATRGCTAT
CACACAGCTA
ACATCATAGC
TCATCCATGG
TGAATCCAAG
GGTAGTATAT
ATTCCAMAART
TTCGATTCTG
AARATCTTTTA
AGATTGGGTA
TATGTGTACA
ACGGACCATT
ATTACGGTAA
TCCGTGTGGA
TATTCATATA
GGARACATTA
BGAGGTGTTT

TTGTGGGTAC
TATGGTAAAT
ARCATGTGTC
GCCCTTTACA
AGAAATAATT
ATTTAGRGTG
GTATGGTTGT
GATTTGTTTA
TATATATATA
TTAGCACTGT
CAGACAGTGT
CGCCTTETCC
CTGTGARRAC
TGTACTGRCC
CCTGTARARA
ARAGATTCAAT
CAARGCAGCC
TATTCCRATA
ATCGCACCAC
AGTACCCTGT
BACGATTCCT
GTTGACATGA
CCGECGETTT
ACTCTGGTAR
CGTGGATACA
ATTTGCGGTA
CCTARACCCRA
GACRATTATT
TATGCTTCTC
TCCTTTARRR
TATATGGAGA
ACTGRCATCC
ARACARGTAG
TTTGAARCTT
GCCAATCTCT
CRCTTGATCG
CAGTTCATAT
ATGTTATTGA
ATACGTTCAR
TTCGTATTAC
TCACCATCCT
TAARRATTAT
ATTTCGGAGC
TGTACATGCA
CATACGCAGT
TCAARTACCC
TGGTCTACAC
TGCACTAGTG
TGATATTCTA
TGRARACTGC

18

TATGTCTGTG
BATATCTATG
ARTCATGCTT
CCAARGACTC
TCARGTGACA
CTGACAGACA
GCGGATAACA
CRATTCTATA
TATATATATA
GTTTGGTGEG
ACGTGTCGAG
ALCGGTCGET
ATAATTTTCA
CCTGGTACAG
TETTTTTTGT
AAADRTTCAC
AATRAGGCTT
GCAATTGTTT
GCCCTTTGCA
GTTCRCCGGC
TGGTTACTGC
TGATCCTATT
CTGACRGGLC
ACTCATGCCA
TGTACTATAT
ACTTCARATT
GCRACCCARC
GTTGETTGEGCA
CATARMATIT
ATGGTTTRAT
TCACATGCTA
CAGCATCRAC
BATGTCTATT
CGGGAGCATA
ATTCATATTT
ATCATCTCAA
TTTTTTICAT
TCAATTAGTT
BATTTCACGA
ATTRATAATG
GCTCGARTAT
AATTTATATT
GAGGCCACLG
TGGCACCCTG
CETGGTGCAG
CATGGEGACCA
CAGATCTTTT
ATGTRCCATT
TTGGETTGAA
CGGAGGTGTT

PCT/US2012/037809

AGTTTATAAG
TATGRARAGTT
TTAAACTTTA
TGGAAGATAT
GTGCATATIT
TAGCAGGTCT
TGCATTGACG
ATATATATAT
TRATATATATA
AARMATTARA
CGTCGTCCTG
TRARARTACA
CAGGCGGCTC
GCGETGGGCT
AGCAGTGTTT
CATGACATCC
TACTAARAAG
CCTGCCTGCT
GGCTTACAGA
CCTGCACRAR
TCATGTGEATA
CGATGGTACT
BAGGGTTGARA
TGTCRATTRA
GITATGGTTG
ACATTCTTTC
CTTGAGGGAG
TETTTTGCCC
TGETETATGET
CCAGTAGTTT
GTAACTTTTT
TGATARTACA
TTTATGATTT
RARTAGTACT
ATTTTAGTTY
TCAGCGTTITG
TTCTTTCATG
CAGATGAGCA
RATCGGTAAT
CATGTGCTGT
TTARATCATG
TGGGTTIAAC
GCCACACGAA
ATRGGCTACC
ACTGTGGGCC
TATATATCAT
CCACACCATA
TGGCTTATAT
GATGTCACTA
TARAGGAGAC

GCAGCGGGGA
TTCTCATTAA
TETTCRGCCG
AGTAGCATAC
TGATCATGAG
ARATCTGRAG
TGTATATATA
GTGGTGTATG
TATATATATA
ATTTGRAATA
TGCTATACAA
TTTCCACACH
GCACAGCCCC
TGGCCHLCTE
TTCTTATTAG
CCATTGCCARR
ACTATCCRCG
TGACCTTCGT
GCTTGTATTA
BCTCRAGCAG
GGAGATGTCT
CCTATTATCA
ATTGGAGGAG
CTAGTAGTTG
ATACATATTT
AATATATAGG
TRCTTGCACT
ACATATACTT
CTCAAGAGAG
TTTTTCGGTC
CAATARTTTC
TACGGTGAGT
AGTATGTTCG
CGATTTTIGTA
TATTTGCCGA
TATCCTTGCC
CTTGTTATAG
GTARTGCATG
TACGGTGGGA
AGACTCATAT
CTAATATTTT
ARTTTCGGGC
AARTENCTAT
CCATGGGGRA
BCARTAGCAG
CCACAGATCC
AGGGCAGCAA
CATATTCARC
CTACARAAAR
AGACGAGTTA
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8761
8821
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3001
9061
9121
9181
9241
9301
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2421
9481
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9721
978%
2841
2801
2%el
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GGACARCCGT
ATTAACAGAT
TCTTRAGTAG
CCBATATTTA
TAGARAGTTAT
ATTTATTTTA
CCAATTTATT
TAGAGTGATT
GARARGGAGC
GTTTGGGACC
CGRTGATTTT
GCTATATATG
BATCTTCGRG
ACATATATAT
AATACATAAT
CCACGGGCAT
TCGCGGECGECC
TCGGLGCGCE
CCAGGTTCAC
TACGTCACGT
TAGGATCGGT
ARGAGBATAT
TGCGTATAGC
AGAACATGAT
TCARCTCTTA
CCTAGAAATG
CTTCTGTGGA
TATTCTGTGG
TCATTTTTCT
ATARARCGCA
ATARRACGCA
ATTCATATARA
TTTCCCTCTC

CTCTATTAAT
TCRACCGTICT
TTRAACTATT
TAARAATARA
CCTTTTCTAT
GGACARCTGA
ACATTACTCT
TTTTACAACA
AGARGARAGA
GARATAAATA
TGIGTITCAA
TTGGATTRAT
CGGTTACCAG
CCGCATGTAG
TATTGGATTT
CCACCGTALG
GTCCAGGCGC
CGTCGCCGCC
CGGGCCCTAC
GTACCGTACA
GACRAAACGT
BTGTATAATA
CCTTTACATT
GCATATATAG
TCACAAGTGT
CTACARACGGT
TGTCGBATTT
GTTTTARRAT
GTGCGTGACA
CAGARARAAT
CATARAABAAT
ACACCCATAT
GTACTRACTC

GTGTACTBAC
CAGTARAGGC
TTAATCTTCA
TTAGTATCAC
BABATTGATC
GGRAGTACAT
ACTACTTCARA
TCAGCAGTAG
TTACGGTATT
ACTGTTCGTA
AMGARAARTA
TGCATCCAAC
TTTTAATAGT
ACGATGATGA
GCAGGCCGTIG
GTGCTGGETGC
CACAACTTICA
ATGTTCTTCA
ACCAGCCGAC
CATBTATGTA
CTAATAATGT
AGTAGGGGAG
ATTGTAGTTG
TTTGGTGTGA
AAGRTATAGC
TGTATTTTAT
TTCTGTGCGT
ATCCTCATAG
ATACACTCAC
AATCACACAC
RAACACARCAC
TTTTTTCTTT
CRAATTGGAT

TGAGGTAGTT
CATGATTARC
CCGAACTTAT
TBARTACATC
AARTTTATGA
ATTTTTTAAG
ACTGAACARA
TCCRAGARART
TTATTIGTGC
GCTCTATATT
ARGAAGTGCA
GTATATAGTG
TGCGAGTCGT
GRCTAGCAAG
AGATGATGTG
TATTCCAGCA
ACACCCGTGC
ACTGCCAGCG
GTCGTGCGGE
TRGATATARCA
ATACACACAC
AGCATGCATA
TAATCAGCTG
GTATTGATCT
TTTTATACCT
CTATGCGCTT
TTTTTTCGAT
ABRAAATACHA
AGAAAABTTA
AGARARRATTA
TGARAAATAG
TTAATCTCTC
GRTTT

PCT/US2012/037809

ACCGTAACGT
CGABACAGAT
AGARAATGAA
ACGARATCTA
TARACTTAGTT
TCATCCACAR
AGCCTAATCC
GGGAGGACAT
TATTTGTTTA
TGTCGATTCA
CCARTGATTG
BABRATGCTTT
CETTTTTTAT
TTETTTERTTY
CTACGAGCCC
GCTTGGCCET
CTTCGCCCGC
CCAGACCGGC
CTGATGACGA
TGCATGCATG
ATGCATGGAA
TATTGTGTAC
TTTAAGCATT
AGTGEAACTC
TCAGGTGTCT
CACTRCTGGA
ACBCACGGAA
ATACCCACAG
CAATTTTTGT
TAATTATTCT
ARCRAGCACC
TGTAARACTT

GCCTGRCTTG
TCGAGAGTTT
AGRGCTRACA
TTTGGTETTG
TTAGGAATTC
AGTAGTGGAT
TGGTTATTTT
TAATAARAGT
RCTATTGGCA
ABAAGTGTAA
GATATCATAG
TCARTCRAGT
GTACCCTAGG
TPTTTGAGCA
CCTGCCCCGT
GACACGGTGT
CGCTACAACC
TCCGGETGGCC
CGRTCGTCGT
TTCCATGGTA
TGCATGTART
ACGCGTCCGA
CTGCTETETC
TTATCAGCCT
TCCCAGTGTA
AACCTGAATA
AAATTATART
ARARATTATA
GTGTGTTTAT
GTAGGTTTCT
CTCATACTAA
GTAACTAGTT

(SEQ ID NO:1 Sb06g012260 - §. propinguum) or functional fragment, or
variant, such as a codon optimized variant, thereof having at least 75%, 80%,

85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence 1dentity to SEQ ID

NO:1.

The coding sequence of the maturity Mal gene of SEQ ID NO:1,

including introns, can be:

1
61
121
181
241
301
361
421

BTGGCGGCTA
TATACAACCG
TTECGCGCTC
GTTGCATATA
TGGTGGTATC
CGCARCACCA
CCTGATGCTC
CCTATAGACG

ACGATTCCTT
TTGACATGAT
CGGCGGTTTC
CTCTGGTARA
GTGGATACAT
TTTGCGGTAR
CTAACCCRRG
RCARTTATTG

GGTTACTGCT
GATCCTATTC
TGACAGGCCA
CTCATGCCAT
GTACTATATG
CTTCARATTA
CAACCCAACC
TTGTTGGCAT

19

CATGTGATRG
GATGGTACTC
AGGGTTGRAA
GTCRATTAAC
TTATGETTGA
CATTCTTTCA
TTGAGGGAGT
GTTTTGCCCA

GAGATGTCTT
CTATTATCAG
TTGGAGGAGA
TAGTAGTTGA
TACATATTTG
ATATATAGGT
RCTTGCACTG
CATATACTTT

GGACCCCTTC
CGGCATGENAG
TGATTATCGA
ATTTAGRTGC
TTTRATTGAT
GATGGTCGAT
GTAAGAGADA
GIGTGTGTAT
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1021
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1141
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1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
216l
2221
2281
2341
2401
2461
2521
2581
2641
2701
27461
2821
2881

ATTEGTGCTT
GGTTAGCAGT
ATTATTGTAT
AGGATGGETGA
CCCATTTITGA
TATAGCTATT
ACACAGUTAG
CATCATAGCC
CATCCATGGC
GARATCCRRGA
GTAGTATATA
TTCCAABATT
TCGATTCTGT
AATCTITTAT
GATTGGGTAA
ATGTGTACAT
CGGACCATTC
TTACGGTAAT
CCGTGTGGAT
ATTCATATAT
GRAACATTAT
GAGGTGTTTYT
TCTATTAATG
CARACCGTCTC
TAARCTATTT
ARARATARAT
CTTTTCTATA
GACAACTGAG
CATTACTCTA
TTTACBACAT
GAAGAARGAT
BARATARATRA
GTGTTTCRAAA
TGGATTAATT
GGTTACCAGT
CGCATGTAGA
ATTGGATTTG
CRCCGTATGE
TCCAGGCGCC
GTCGCCGCCA
GGGCCCTACA

ATGCTTCTCC
CCTTTARARA
ATATGGAGAT
CTGACATCCC
AACAAGTAGR
TEGAARCTTC
CCAATCTCTA
ACTTGRTCGA
BAGTTCATATT
TGCTTATTGAT
TACGTTCRAA
TCGTATTACA
CACCATCCTG
BARBATTATA
TTTCGGRAGCG
GTACATGCAT
ATACGCAGTC
CAARTACCCC
GGTCTACACC
GCACTAGTGA
GATATTCTAT
GAAMRACTGCC
TGETACTAACT
AGTARAGGCC
TAATCTTCAC
TAGTATCACT
AANTTGATCA
GRAGTACATA
CTACTTCARA
CAGCAGTAGT
TACGGTATTT
CTGTTCGTAG
AGARABRATAR
GCATCCRACG
TTTAATAGTT
CGATGATGRG
CAGGCLGTGA
TGCTGGTGCT
ACARCTTCAA
TGTTCTTCAA
CCAGCCGACG

ATARAATTTT
TGETTTAATC
CRCARTGCTAG
AGCATCAACT
ATGTCTATTT
GGGAGCATAA
TTCATATTTA
TCATCTCAAT
TTTETTTCATT
CAATTAGTTC
ATTTCACGAA
TTAATARTGC
CTCGAATATT
ATTTATATTT
AGGCCACCGG
GGCACCCTGA
GTGGTGCAGA
ATGGGACCAT
AGATCTTTTIC
TGTACCATTT
TGGGTTGAMG
GGAGGTGCTT
GAGGTAGTTA
ATGATTAACC
CGARMCTTATA
AARTACATCA
AATTTATGAT
TTTTTTRAAGT
CTGAACAAAR
CCAGRARATG
TATITGTGCT
CTCTATATTT
ARGAAGTGCAC
TATATAGTGA
GCGRETCETC
ACTAGCAAGT
GATGATGTGC
ATTCCAGCAG
CACCCGTGCC
CTGCCAGCGC
TCETGCGEGL

GGTGTATGETC
CAGTAGTTTT
TAACTTTTTC
GATAATACAT
TTATGATTTA
RATAGTACTC
TTTTAGTTIT
CAGCETTTET
TCTTTCATGC
AGATGAGCAG
RTCGGTRATT
ATGTGCTGTA
TAAATCATGC
GGGTTTARCA
CCACACGARAA
TAGGCTACCC
CTGTGGGCCA
ATATATCATC
CACACCATAA
GECTTATATC
ATGTCACTAC
AARGGAGACA
CCGTAACGTG
GAAACAGATT
GAARATGRRR
CGAAATCTAT
AACTTAGTTT
CATCCACARA
GCCTAATCCT
GGAGGACATT
ATTTGTTTAA
GTCGATTCRA
CAATGATTGG
ABATGCTTTT
GTTTTTTATG
TTTTTTTTTT
TACGAGCCCC
CTTGGCCGTG
TTCGCCCGECC
CAGACCGGCT
TGA
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TCARGAGRGA
TTTTCGGTCG
ARTAATTTCA
ACGGTGAGTA
GTATGITTCGT
GATTTTGTAY
ATTTGCCGAA
ATCCTTGCCC
TTGTTATAGT
TAATGCATGT
BCGGTGGGAG
GACTCATATT
TAATATTTTG
ATTTCGGGCG
ARTTNCTATA
CATGCGGRRA
CAATRGCRGT
CARCAGATCCG
GGGCAGCART
ATATTCRACC
TACAARARADA
GACGAGTTAG
CCTGACTTGA
CGAGAGTTTT
GAGCTAACAC
TTGETGTTGT
TAGGRATTCA
GTAGTGGATC
GGTTATTTTT
AATAARAGTG
CTATTGGCAG
ARAGTGTAAC
ATATCATAGG
CRATCARGTA
TACCCTAGGA
TETTGAGCAA
CTGCCCCGETC
ACRCGGTGTT
GCTACAACCT
CCEGTGGECCC

TAGGTATAGA
GRCTGCTCGA
TGTTTCGAGC
CACCCCTATT
GRCAATRGGC
AACCATARRC
CCATCCTCARA
GCTTGATTAT
TTTATCTGAT
TGGAGGTTTG
CCARRRRARDA
TTCTATGATT
TTTARCATCTA
CGITTTAGTGA
CACGNACTAT
RBATTGGAAR
GTARACATAA
TACGGTGCTT
GCAGCATCAT
TAACTCCTTG
ARTCTTATGA
GACARCCGTC
TTAACAGATT
CTTRAGTAGT
CAATATTTAT
AGARGTTATC
TTTATTTTAG
CRATTTATTA
AGAGTGATTT
BBRARGGAGCA
TTTGGGRTCG
GATGATTTTT
CTATATATGT
ATCTTCGAGC
CATATATATC
ATACATAATT
CACGGGCATC
CGCEECECCE
CGGCELECCe
CAGGTTCACC

(SEQ ID NO:2 Sb06g012260 - S. propinguum), or ﬁmé’eional fragment, or
variant, such as a codon optimized variant, thereof having at least 75%, 80%,

85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence identity to SEQ ID

NO:2.

20
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In some embodiments, the maturity Mal gene (including non-coding

sequence) as it is found in short day S. propinguum includes the nucleic acid
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sequence:

1

61
121
181
241
301
38l
421
481
541
601
661
721
78
841
901
961
1621
1081
1141
1201
1261
i321
1381
1441
1501
156l
1621
1681
1741
1801
1861
1921
1881
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701

CCCTGRCCCT
GATGGTTATC
ACTTTTCAGT
ATCTARARDR
TTATTGTCTA
AATARRATTT
TGCTCAMRGGC
AACTTTGTTT
ACACCACGAC
CTAARGACTLCA
TTTCARAATA
TTCAACTAGA
TAGAARACTT
CTTTCARACC
CGCCGGGELGE
ACTARCTATA
AATTTACCCT
AGGGETCCTAG
CGRACCARAGAH
CATATTCTRAG
TGTRABAATA
ATTATACATA
TRAATGACCC
GGATTTGAGA
TTTTTTTTAT
TTTTGCGACA
GGTTTATTAT
CGACACTTCC
TTTGCCGACA
TAAAGGCATC
TTTCACCGAC
FTCCGACAGTT
CAACRGTAGA
AATARATACA
AGAGGTACAC
ACTGTTGATT
CBATARTATT
TACATCCATA
TACRCTGAGC
GTCTTTTAAC
TTCCTAGTAT
CATTTAGTGA
CTCAAGCCAG
CETTTGGTAT
TATAGTAGAG
GTGCGACCAT

TETTGGECAA
ATTTAGACAT
ACTTTGTAAT
ATTAGTTARC
GTTAGTTITG
CAGCTCTATY
CACARBATCT
GRCTCTTCRA
CTGTCATCAG
GGTACARATC
TGATACGTGA
TCATGTTABC
TTTTTCTCGA
TCAACCCCTA
GTGGAACCCT
GTACTTATAT
TTTACTCTTC
TCCCCATABT
CACACCTATC
ATCCAGCGES
TTTATARTTT
TTATTTTCGT
TATTTATTAT
TAATABATTT
TGTAGTAGTA
CAGAACACCA
GTTTCTCTTT
BACTATCGGC
ATTTTCAAAC
GCCGACACAT
AGTGAACCCT
GGTATGTTAG
AGTGTCGGCA
CATCRCATTG
TCCAGTACTA
BACATAAGCA
GRACTATTTT
GTARCATGAC
GATTCATAAT
ATTCABAATT
TTTGACTAGS
TTGETTETTT
CATAAATATA
BRAATGTGTTT
GCTTCATGTT
CRRTTTTATG

CATTTAGAGT
ATTGGTCATG
AATTGGCTCG
ATGAACTTCA
TAGCATTGCA
AATTTATATT
TGCGTACTTC
TATGGTTTGA
CTCATGGTCA
ATGTCAACAT
TATTAACATT
ATTGATATAA
TITTRATTAAT
TCATCGACGG
BAGRAGATTT
CATACACTAT
ATTAAADMARA
TTRAGAGGCS
GTCTCCCATC
CATRGACACA
TGATATARAR
GTGAGAATTT
GRGGCGCGGA
AAGGGCCTAT
GBACTTTTCT
AATTGGTGGC
ARTTTATCTA
ARAGGGTACC
AGTCGCGGETA
TITTCTGTAGT
TTGCCGACAG
CGRAAACCGTT
AAACTATATT
ATTGAGCAAA
CCAGTACGTC
CTTGCGACTT
TTTTCTAGTA
CAGATATATA
CAGATTTTTT
TAGTACAARC
GATAGTGTTT
GGATTAGTCT
TGARATATCT
TCTTGETTTAC
TGTAGTAGAT
TAATCTGCAT

21

CGTTAGCTTT
CTTAGTCADA
ATRGATGARG
TATTCARTIC
ARARGCATGC
TCABATATAG
CCTGTTGGTA
ATCAGAAAAT
GCTCTACARA
CTARTGGTTT
TGARCTTTTA
TCGCTTCCAR
GAAAGGGTAA
TGACGGCTCC
ARARARRCTT
ACTATTCARAA
TACGARAAAA
GTGAGAGACG
GUCTTGCTTC
CCAATCGTTT
TTTGTCTTCA
ACAGAAGTGG
TCTATAGGCC
CTTCGCACAT
CCCTGTARAC
TATGRACTCT
TCGTGGCACT
TTTACCGACA
GRAGCAGTTG
CAAATGGCAT
TTTGGACCTA
TCTRGGETGT
GCTRGGATGT
ATCACATGGET
GCCCGCACAG
TCCCTAAALT
CCARBATTAG
TGGACAGGAT
AATTTCTTCT
TTTCCCTAGT
TATTACTAAT
TCTCACGTTA
TGETETTTGT
ATTTTACCAT
AAGGTAGRAGA
TGTCTAATGC

GCARTTCTTT
ACTTTATTGT
CCGGGTATAR
TTCATATCTC
ARCTATATAC
GCCACTATAG
CCAARGAGAR
TAGTTAPARG
CTTATAGATT
AGAAAATGAA
GCARGATCTIG
TCGCCTCCCA
TARACATCATT
CTATARCACG
ARGRAGRAGH
ATATTATTTT
GRATCACCAC
ATGTGACGTC
CATCGCCTCT
CTCATCGCCT
CTTGAGTTCA
ACTCTTAAGH
TGACTCTGAA
BRCRTCTATA
CRAGTTGACG
TCCACCTGGE
ATARACACARC
CTTARCGTCT
GCGAABRCTTT
ACCTACGCCG
CGCCGACAGT
TTCATARACC
AGATACRATT
CTGTTTTCAC
TGGCCAAGGA
CTTTTATARA
AATTTGARTCC
GGGATCACTC
AGTGARGTIGG
BRATGCCTTC
TRAAAACATT
GACCTATATA
TTGTCTGACA
CTATAGTCAT
ATTGAGBAATA
TTTATTTGAC

GGTTCCAATG
TCGGCTATRA
CATATCCTTT
ACTAGCATCT
AATGAAACGG
CCATATTTCG
GACGTTATTT
ARAAGTGAGC
GCATCGAGAT
RAGTTTTGAG
ARATARRABA
TCACTTCCGC
GTACRAGATT
CRCTRGTGGA
TITTTATCTA
CACAATTATG
GTCTCTATTT
TATGGACCAC
CATCGCTTIT
CTCCAACCAT
TGCCARAARA
TGTCCAAATG
AATGGATTAT
GTTCCTAAAT
CTGGGCTTTA
CAGGGARAAC
ATGGCTTTGC
CACGARMAGGT
TGCCGACAGT
ACAGTTGAAC
TTGGACCTTT
ATGCCTTGTIC
TAAATATTTT
TAARRCTGTC
TTTTACTGCT
ACARCGGCCG
CTCACCTCAT
AGCGRAGCAGA
GGTTTTCCTA
TAGTARAGAT
AGRAAGARCTC
TGCAGGACAA
CAGGCARCCG
CTCAATGTTA
TTTTATTTTT
ATTTGARACT
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2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3801
3861
4021
4081
4141
4201
4261
4321
4381
4441
450%
45861
4621
4681
4741
4801
486l
4521
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701

ACTTARTTICG
TRAACTGCAC
TARAGTTACTG
ARATCATTTT
TARGTAGARARA
CGCCTGTGTA
CCATTAACAC
GCGGTTTGTA
TTAAGTCTTC
TCTGCACACT
TCTETGGTGR
TCTTTGGETTC
CTTRGGGTTA
CATAGTRAAT
GTAGATCTAT
TTTAGCTTTT
ARTCATAARA
TCCTTGRATT
ACBATTATTT
ATAGARGGAG
TAGATTGACC
GGATGTRCRA
ATGTCGCARAA
ACTGCAARAD
GAGGATTTAT
ATATGCGGAC
TCAATGARTT
CTCAGCATGC
GTTGIGLGGA
BGGACACTTT
TTCTTCAGTT
TCTTGCGTGT
ATGCARRGAA
ATCATTGTAT
GTGCCAGTAG
CTACAGGGAG
CTAGTAGCAA
AAGGGGACRG
CGGCTCATTG
ATGCCCCCAT
CCATTGACCC
GACTATGTGC
ATARABRAGGT
GTTGATATAC
TTTGAGGACHE
TGGETGCCTET
RCTCTAATAT
TGCCGGATCE
CGTATTATCR
CCATCTATCT

ACAGTTATGC
TACBCARGTT
ATTTCAATTA
COTTGGCACS
ATTTCAACGE
ARCTTTCCAT
AGGCAGTCGA
TAGAGGGCCG
TATABATACC
GGCGGACCAG
GARACTTCCA
AATTCTTGTA
GRAGTTCATAG
TGTAARRATT
ACAATAGRGT
CTTTTTTCAG
TGGCABATAR
ATTCCTARAT
ARATTCCATA
GTTAGTATCT
TACATTAATT
CTTATCRAGR
GATACATGCT
TATTATGGTA
GGAGGACTAC
AACTGRCAAC
TCATGCTATG
TAACACAGAT
TCCATCAATA
GTACGACGRG
TTTGACGATG
ACTTGGRGAC
GOTAGTCAGT
TCTATATCGA
GTACAAGACA
GBAGCGRAAG
TGAAGAAGTS
CAGCAGGCAC
AGCTCGRACC
CARAGGAAGC
TABAGGATAT
COGGRAGGCT
TTCATGBCTG
CAACAGACAT
TGCACTTGTT
ARGTATCACT
GTAGATGTTG
ATGGTCGETT
AAGGRAGATA
TGGTRGATCA

AGGTCCGCAT
TGCTAGTACT
GAATCTARCA
TPETTTTTTT
GCCCRACANMG
TTARCATAGGC
GTTARCGACAA
CCTGTGCTAA
CTTCGTCCAC
ACGATTCCAG
ARAGGTTAGT
TTGGAGGTGC
GGCARRARGA
ARAAAABATA
AATGATGAGG
ATGARTTAGA
ATACTTTTTC
TTTATACAAT
BATTGTRACT
TAGTTAAGTC
GTTCTTAACT
TTGGACCTAT
CGCRAGAACAR
TTPGACARTG
TTGATTTGGA
ACTGCRACTA
CCAGATGTTA
GTTGTTGAAG
TTCTTCATGA
TCAABAGGTT
BAGGCTAGAC
CTTCTTCCTA
CCACTTACGA
GGETGATCAAT
BACARAGATT
ARGACCCARA
GRCTATTATG
AACTCTCTTT
GTCACAGRAA
CCCRAGTGGC
CAGBARGCCA
TATGCTCCAA
GTACATGAGA
GTTTGCTACT
ATTGRACTAT
CATGCACACA
TCTGTAGTTT
ATCTGAGCCC
GAGCARAGAT
ATGCTGAGGT

22

GATCCTATGA
ATTCTATTAA
CRATTCAGGAA
TTTCACAGGC
RGRACCGCCA
GGCTTACGAT
CCGCCTETET
TATATTTACA
CTCCAGACAA
TTTCCAAGGEG
TAGTGCCATT
TCTAGATCTA
GRAGRGATTTA
ARRAATAAAT
ATATTTTGRA
CTTTATBRAC
ARATCTTTGT
TGTTTCTTAT
CCGTRAGHTG
TGTTTTCGGE
ARTTACAGCT
CATATGTAGT
AGGCGRAGCA
TAGARGCART
CARAACATGG
ACATCRATGY
ATGRAACTCA
ATGCAGATTT
AGGGRATGAR
GTACCAMACA
ATGETTGGTC
AGGAGARCAA
TAGGTGTTGA
ATAAAGACTT
TTCGEGAGGA
CAARGRCTCA
CATTGAGARAG
CTGARRGGAC
ARGGAAGCCA
GATGTACATA
ACGATTGATG
TGGACGCTGC
GCAGTGCRTG
GGTRACARRA
AGGCGGCTTE
CAATTATTAT
GCAAGATCAC
TATCAAGTTA
AGAGGAAGAC
ATAAATATAG
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ARGUCAATTAR
CCGACCTGTC
AAGRRGTTTC
AGTTCACAAT
GGCGGTCTTC
ABARARCCGTG
ARATGTGTCT
CAGGCTATGA
GAACRGTTAC
GGGAGGTTTT
GATGCTATTT
GAGTTCATCR
GCTARATTTT
ACTTTTTAGA
GTTTATAATT
TCARRCATTA
GCATRARTAC
ARTTATGRAA
TAGGTTTTCA
GGTTATATTA
ARATATGGAG
GCAGGTCCAR
CATATGTTIGT
TARCTTCCCAT
TGAGGGTAGT
GGAGGGTCCAR
TACGTCTGAT
CTTAGAGGCA
AGCATTGARG
ATGGTCGACA
CGATGCTAGC
AGTGCCTGCT
GAAGATCCAC
AGACAGTTGT
AGAGARTCTA
ACRAGACAAG
AGTCTCCCTA
TTGGARRGCA
CCGCCCAGTC
TTGAACAGCC
ATTATGTCRAA
TCGATTAGAT
CTAGCCTCCA
ABAGCARGAC
ACGTCCARCT
ATATTAATAT
GRGCRGATGT
CRAGBARATA
ARAACACCAG
GGATTTTATA

TTAGTACGGE
AATATTACCT
ACTAGTACAR
ATCATGGTGC
TTAATTCARC
TGTATARATA
TTTTACACAG
GCCGCCTETG
TCCCATGAGC
GATTTTCATT
TTTARGCGAT
TGECATTCTTG
TATGTABATT
ATTCTTGTGA
TTGATTCAGT
ARATGTTGAA
TTCATAGARAA
ATGAGTTTAA
TCTCTGTTTA
GTTTTGTTTT
AGGTCATTAT
BAARTTTATTG
CCATGCGCAG
CTGGTTTGARAR
TTTGCACCTT
ATGCCACCTC
GTCRAATGARR
ATAATGAACC
ARGGCAGCAG
TTATGTGTTG
TTCAATGATT
BACECATACT
GCATGTAGAR
CCAARCTEGTG
GCCTCTGTTT
CGCTCARAGC
TGAGCCRARA
GCGGACGGCA
AATAGRAGCC
ATCAAGTCAA
TETCCCTAGT
TCAATGGCTG
TGGARTCAGA
ATTTGITACC
CATAACARATC
GTAGTGTGAA
CATTATTATC
TGARACRAATT
GATAATTATG
TTGGCACCAT
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ACARCATTAG
ATGTGETCGLT
TTCGRAGGGA
TTCTTGGTTC
GAGTTTCARA
AGARACARAR
AACACCACTA
TGGCARATTET
GTCTATTGTG
ABARATATGG
ATTGRACATS
ACGTGCCCTT
TGAGAGAAAT
ATARATTTAG
CATTGTATGE
GTTTGATTTG
TATATATATA
ATGTTTAGCA
TACACAGACA
TTGTONNRNC
AGGGGTCAGT
ATARTTTTCA
CCTGGTACAG
TGTTTTTTCT
ARARATTCAC
AATAAGGCTT
GCAATTGTTT
GCCCTTTGCA
GTTCACCEGC
TGETTACTGEC
TGATCCTATT
CTGACAGGCC
ACTCATGECCA
TGTACTATAT
ACTTCRAATT
GCARCCCAAC
GTTGTTGGCA
CATRARATTT
ATGGTTTAAT
TCACATGCTA
CAGCATCAAC
AATGTCTATT
CGGGAGCATA
ATTCATATTT
ATCATCTCAR

GTAAGCTTGA
CACTCATTTA
AGGTGCTTGT
ARTTAGRAAG
ATARCTTTAG
GGGACCTGTC
TCCGGTAAGT
AGAATAATCC
GGTACTATGT
TARATAARTAT
TGTCRATCAT
TACARCCARRG
ARTTTCAAGT
AGTGCTGACA
TTGTGCGGAT
TTTACRATTC
TATATATATA
CTGTGTTTGG
GTGTAGTGTG
AGGCGGTGCT
ACARAATGGA
CAGGCGGCTC
GCGGTGGGCT
AGCAGTGTTT
CATGACATCC
TRCTAAARRAG
CCTGCCTGET
GGCTTACAGR
CCTGCACRAAR
TCATGTGATA
CGATGGTACT
BAGGGTTGRA
TGTCARTTRAA
GTTATGGTTG
ACATTCTTTIC
CTTGAGGGAG
TETTTTGCCC
TGGTGTATGT
CCAGTAGTTT
GTAACTTTTT
TGATAATACA
TTTATGATTET
ARATAGTACT
ATTTTAGTTT
TCAGCLTTTG

TTTTTITCAT
TCAATTAGTT
AATTTCRACGA
ATTAATARTG
GCTCGARTAT

TTCTTTCATG
CAGATGAGCA
ARATCGGTAAT
CATGTGCTGET
TTARATCATG

CTTCATATAC
TTCATGCAGT
CCTAGACTCT
GTGAGCCAAC
TGATTTAGGT
GACGCTGCAC
TTTCTGAACA
GTTGCTCATT
CTGTGAGTITT
CTATGTATGA
GCTTTTRAAC
ACTCTGGRAG
GACAGTGCAT
GACATAGCAG
ARCATGCATT
TATRATATAT
TATATATATA
TGGGAARARAT
AGCTGCCTGT
ABBRMGCATCT
CCRCAGTACA
GCACAGCCCC
TGGCCGCCTG
TTCTTATTAG
CCATTGCCAA
ACTATCCACG
TGARCCTTCET
GCTTGTATTA
ACTCAAGCAG
GGAGATGTCT
CCTATTATCA
ATTGGAGGAG
CTAGTAGTTG
ATACATATTIT
AATATATAGG
TACTTGCACT
ACATATACTT
CTCRAGAGRG
TTTTTCGGTC
CAATAATTTC
TACGGETGAGT
AGTATGTTCG
CGATTTTGTA
TATTEGCCGA
TATCCTTGCC
CTTGTTATRG
GTARTGCATG
TACGGTGGGA
AGACTCATAT
CTBATATTTT

23

GTATTTCARA
GARCCATTGGA
TTACATGTTC
ATGRAACCAC
TCGATATCTA
GCTCAGATCC
CATTTCATCA
ATATAGTGCC
ATARGGCAGC
AGTTTTCTCA
TTTATTTTCA
ATATAGTAGC
ATTTTGATCR
GTCTARRT(T
GACGTGTATA
ATATGTGGTG
TATATATATA
TRARATTTGA
GTAAARATAC
TCACRGGCGG
GGCGGLGCTG
GCCTGTACTG
TGAAGATGCT
TAGTATCTIT
GAGRATATTT
CRGTAGAGAT
CAGCCACTCA
CGTACTAACA
TTATTACTAA
TGGACCCCTT
GCGGCATGGEA
ATGRTTATCG
AATTTAGATG
GTTTAATTGA
TGATGGTCGA
GGTAAGAGAA
TGTGTGTGTA
ATAGGTATAG
GGACTGCTCG
ATGTTTCGAG
ACACCCCTAT
TGACAATAGG
TAACCATARA
ACCATCCTCA
CGCTTGATTA
TITTTATCTGA
TTGGAGETTT
GCCRARRRDMRL
TTTCTATGAT
GTTTACATCT

PCT/US2012/037809

TTATCGTGTA
TTGTTTTTTA
CTCCCGAGAA
ATGCGTACTT
CGGGGCATGG
TRGGATCCCA
TATAAATAAT
ACAAGCAACC
GGGGACGTTA
TTARAGCTGC
GCCGARARAG
ATACTTGTGT
TGAGGGCGAT
GARGCGAAAC
TATATARTTT
TATGTATGAT
TATATATATA
BATATATATA
ATTTATACAG
CCAAGCCCAC
TGCGAGCCGC
TGGTCCATTT
TTTAGCARCCG
TATRCTBATT
CGCCECCCCT
TTAGTCARAA
CTGTATARAT
AGGCACACAC
CATGGCGGCT
CTATACRACC
GTTGECGCGCT
AGTTGCATAT
CTGGTGGTAT
TCGCARCACC
TCCTGATGCT
ACCTATAGAC
TATTTGTGCT
AGGTTAGCAG
BATTATTGTA
CAGGATGGTG
TCCCATTTTG
CTATAGCTAT
CACACAGCTA
ACATCATAGC
TCATCCATGG
TGARTCCAAG
GGTAGTATAT
ATTCCARAAAT
TTCGATTCTG
ABATCTTTTA

AACAATATAC
TATTTATCCC
GTATCAACCA
ATATARARTTA
CGGTTTTATA
TTGATGATAC
ACATARAGCA
ACCTGGATCG
CGTCAAGGAC
ARRATTATAT
CBAGGRABNMG
GGTTTTATTA
TTAGCARGTG
GACATGTAAA
TATGGTTGAT
GTTGTGTGTG
TATATATATA
ARARATTATT
GCGGCTCACT
CGCCTGTARCC
CTGTGAARAAC
TGETACTGACC
CCTGTARARR
ARGATTCAAT
CBAAGCAGCC
TATTCCARTA
ATCGCACCAC
AGTRCCCTET
ARCGATTCCT
GTTGRCATGA
CCGECEETTT
ACTCTGGTAR
CGTGGATACA
ATTTGCGGTA
CCTAACCCAA
GACAATTATT
TATGCTTCTC
TCCTTTAARA
TATATGGAGA
ACTGACATCC
AMRRCARGTAG
TTTGARACTT
GCCARTCTCT
CACTTGATCG
CAGTTCATAT
ATGTTATTGA
ATACGTTCAA
TTCGTATTAC
TCACCATCCT
TAARBATTAT
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8821
8881
8941
2001
2061
9121
9181
9241
9301
9361
9421
9481
9541
9601
9661
121
9781
9841
9801
9861
10021
10081
10141
16201
16261
10321
10381
10441
10501
10561
10621

AATTTATATT
GAGGCCACCE
GCACCCTGAT
TGGTGCAGAC
TGGGACCATA
GATCTTTTCC
GTACCATTTG
GGGTTGARGA
GAGETGCTTA
AGGTAGTTAC
TGATTRACCG
GAACTTATAG
BAATARCATCAC
ATTTATGATA
TTTTTAAGTC
TGAACRRRAG
CAGRARATGG
ATTTGTGCTA
TCTATATTTG
ARGTGCACCA
TATAGTGARA
GAGTCGTCGT
TAGCAAGTTT
TGATGTGCTA
TCCAGCAGCT
CCCGTGCCTT
GCCAGCGCCA
GTGLGGECTS
ATATACATGC
CACACACATG
ATGCATATAT
TCAG

TGEGTTTAAC
GCCACRCGRA
AGGCTACCCC
TGTGGGCCAC
TATATCATCC
ACACCATAAG
GCTTATATCA
TGTCACTACT
DAGGAGRCAG
CGTARCGTGC
ABRACAGATTC
ABAATGRAAG
GAAATCTATT
ACTTAGTTTT
ATCCACAAAG
CCTRATCCTG
GAGGACATTA
TTTGTTTARC
TCGATTCGAA
ATGRTTGGAT
ATGCTTTTCA
TTTETATGTA
TTTTTTETTT
CGAGCCCCCT
TGGCCGTGAC
CGCCCGLOG
GACCGGLTICC
ATGACGACGA
ATGCATGTTC
CATGGRATGC
TETGTACACG

AATTTCGGGC
AARTTCTATA
RTGGGGARAR
AATAGCAGTG
RCAGRTCCGT
GGCAGCARTG
TATTCRACCT
ACARARAARA
ACGAGTTAGG
CTGACTTGAT
GAGAGTTTIC
AGCTAACACC
TGGTGTTGTA
AGGARTTCAT
TAGTGGATCC
GTTATTTTTA
ATAARAGTGA
TATTGGCAGT
AGTGTAACGA
ATCATAGGCT
ATCARRAGTAAT
CCCTAGGACA
TTGAGCARAT
GCCCCGTCCA
ACGGTGTTCG
TACRACCTCG
GGTGGCCCCA
TCGTCGTTAC
CATGGTATAG
ATGTAATAAG
CETCCGATGC

GCGTTTAGTG
CACGACTATA
AATTGGARAC
TAAACATART
ACGGTGCTTC
CAGCATCATA
BAACTCCTTGE
ATCTTATGAG
ACARCCGTCT
TARACAGATTC
TTARGTAGTT
AMRTATTTATA
GARGTTATCC
TIRTTTTAGG
ARTTTATTAC
GAGTGATTTT
ABAGGAGCAG
TTGGGACCGA
TGATTTTTGT
ATATATGTTG
CTTCGAGCGG
TRTATATCCG
ACATARATTAT
CGGGCATCCA
CGGCGCCETC
GCGCECCCET
GGTTCACCGG
GTCACGTGTA
GATCGGTGAC
AGARTATATG
GTATAGCCCT

PCT/US2012/037809

AGRTTGGGTA
TGTGTACATG
GGACCATTCA
TACGGTRATC
CGTGTGEATG
TTCATATATG
AAACATTATG
AGGTGETTTTG
CTATTRATGT
ARCCGTCTCA
ABBCTRATTTT
RARATARATT
TTTTCTATAA
ACABCTGAGG
ATTRCTCTAC
TTACAACATC
BAGAAAGATT
ARTARATAAC
GTTTCAAARG
GATTARTTGC
TTACCAGTTT
CATGTAGACG
TGGATTTGCA
CCGTATGGTG
CAGGCGCCAC
CGCCGCCATG
GCCCTACACC
CCGTACACAT
ARDACGTCTA
TATAATAAGT
TTACATTATT

ATTTCGGAGT
TACATGCATG
TACGCAGTCG
BAATACCCCA
GTCTACACCA
CACTRAGTGAT
ATATTCTATT
AARACTGCCG
GTACTAACTG
GTARAGGCCA
ARTCTTCACC
AGTATCACTA
AARTTGATCRA
AARGTACATAT
TACTTCAAMC
AGCAGTRGTC
ACGGTATTTT
TGTTCGTAGC
AARAATRAAG
ATCCARCGTA
TAATAGTTGC
ATGATGAGAC
GGCCHTGAGA
CTGGTGCTAT
ABRCTTCAACA
TTCTTCRACT
AGCCGACGTC
ATATGTATAG
ATRATGTATA
AGGGGAGRGC
GTAGTTGTAA

(SEQ ID NO:3 Sb06g012260 (10.6KB) - S. propinguum), or functional
fragment, or variant, such as a codon optimized variant, thereof having at
least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence identity
to SEQ ID NO:3. Each N = can be any nucleotide or combination of any 2,

3, 4, or 5 nucleotides.

The coding sequence of the maturity Mal gene of SEQ ID NO:3,

including introns, can be:

1
61
121
181
241
301
361
421

ATGGECGGCTA
TATARCARCCG
TTGCEGCGCTC
GTTGCATATA
TGGIGETATC
CGCAACACCA
CCTGATGCTC
CCTATAGACG

ACGATTCCTT
TTGACATGAT
CGGCGETTTC
CTCTGGTAAA
GTGGATACAT
TTTGCGGTAA
CTARCCCARG
ACAATTATTG

GGTTACTGCT
GATCCTATTC
TGACAGGCCA
CTCATGCCAT
GTACTATATG
CTTCAMATTA
CAACCCARCC
TTGTTGGCAT

24

CATGTGATAG
GATGGTACTC
AGGGTTGRAR
GTCRATTARC
TTATGGTTGA
CATTCTTTICA
TTGAGGGAGT
GTTTTGCCCA

GAGATGTCTT
CTATTATCAG
TTGGAGGAGA
TAGTAGTTGA
TACRTATTTG
ATATATAGGET
ACTTGCACTG
CATATACTTT

GGACCCCTTC
CGGCATGGAG
TGATTATCGA
ATTTAGATGC
TTTAATTGAT
GATGGTCGAT
GTAAGAGARR
GTGTGTGTAT
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84

901

961
ipzl
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1021
1981
2041
21G1
216l
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881

ATTTGTGCTT
GGTTAGCAGT
ATTATTGTAT
AGGATGGTGA
CCCATTTTGA
TATAGCTATT
ACACAGCTAG
CATCATAGCC
CATCCATGGC
GRATCCAAGA
GTAGTATATA
TTCCARBATT
TCGATTCTGT
ARTCTTTTAT
GATTGGGTAR
GTGTACATGT
GACCATTCAT
ACGGTAATCA
GIGTGGATGS
TCATATATGC
ARCATTATGA
GGTGTTTTGA
TATTARTGTG
ACCGTCTCAG
ARCTATTTTA
ARATARRTTA
TTTCTATARA
CAACTGAGGR
TTACTCTRET
TACBRACATCA
AGRARGATTA
ATAMATARCT
TTTCARARAGA
ATTAATTGCA
TACCAGTTTT
ATGTAGACGA
GGATTTGCAG
CGTATGGTGC
AGGCGCCACA
GCCGCCATGT
CCCTACACCA

ATGCTTCTCC
CCTTTARARA
ATATGGAGAT
CTGACATCCC
ARCAAGTAGA
TTGAARCTTC
CCAATCTCTA
ACTTGATCGA
AGTTCATATT
TGTTATTGAT
TACGTTCARA
TCGTATTACA
CACCATCCTG
ABRARATTATA
TTTCGGAGCG
ACATGCATGG
ACGCAGTCGT
ARTACCCCAT
TCTACACCAG
ACTAGTGATG
TATTCTATTG
AARCTGCLGG
TACTAACTGA
TARAGGCCAT
ATCTTCACCG
GTATCACTAA
ATTGATCAAA
AGTRCATATT
ACTTCARACT
GCAGTAGTCC
CGGTATTTTA
GTTCGTAGCT
AARATAAAGA
TCCAACGTAT
ARTAGTTGCG
TGATGAGACT
GCCGTGAGAT
TGGTGCTATT
ACTTCAACAC
TCTTCAACTG
GCCGRCLTCG

ATAABATTTT
TGETTTAATC
CACATGCTAG
AGCATCARACT
ATGTCTATTT
GGGAGCATAR
TTCATATTTA
TCATCTCAAT
TTTTTTCATT
CRATTAGTTC
ATTTCACGRA
TTAATRATGC
CTCGAATATT
ATETATATTT
AGGCCACCEG
CACCCTGATA
GGTGCAGACT
GGGACCATAT
ATCTTTTCCA
TACCATTTGG
GGTTGAAGAT
AGGTGCTITAR
GGTAGTTACC
GATTARCCGA
AACTTATAGA
ATACATCACG
TTTATGATAR
TTTTARGTCA
GRACAAAAGC
AGARBATGGG
TTTGTGCTAT
CTATATTTGT
AGTGCACCAA
ATAGTGAARR
RGTCGTCGTT
AGCAAGTTTT
GATGTGCTAC
CCAGCAGCTT
CCGTGCCTTC
CCAGCGCCAG
TGCGGEECTEA

GGTGTATGIC
CAGTAGTTTT
TAACTTTTTC
GATBATACAT
TTATGATTTA
ARTAGTACTC
TTTTAGTTTT
CRGCGTTTGT
TCTTTCATGC
AGATGAGCRG
ATCGGTAATT
ATGTGCTETA
TAAATCATGC
GGGTTTARCA
CCACACGARA
GGCTACCCCA
GTGGGCCACA
ATATCATCCA
CACCATAAGG
CTTATATCAT
GTCACTACTA
AGGAGACAGA
GTAACGTGCC
BACAGATTCG
BAATGARAGA
AMRATCTATTT
CTTAGTTTTA
TCCACARAGT
CTAATCCTGG
AGGACATTAA
TTGTTTAACT
CGATTCGARA
TCATTGGATA
TGCTTTTCAA
TTTTATGTAC
TrTTTTTTTT
GAGCCCCCTG
GGCCGTGACA
GCCLGCCGLT
ACCGGCTCCG

PCT/US2012/037809

TCAAGAGAGA
TETTTCGGTCG
ARTABATTTCA
ACGGTGAGTA
GTATGTTCGT
GATTTTGTAT
ATTTGCCGAA
ATCCTTGCCC
TTGTTATAGT
TAATGCATGT
ACGGETGGGAG
GACTCATATT
TRATATTTTG
ATTTCGGGCG
ARTTCTATAC
TGGGGAARAA
ATAGCAGTGT
CAGATCCGTA
GCAGCAATGC
ATTCRACCTA
CARRARRDBAR
CGAGTTAGGA
TGACTTGATT
AGAGTTTTCT
GCTAACACCA
GGTGTTGTAG
GGAATTCATT
AGTGGATCCR
TTATTTTTAG
TAAMRGTGRA
ATTGGCAGTT
GTGTAACGAT
TCATAGGCTA
TCARGTRATC
CCTAGGACAT
TGAGCAARTA
CCCCGTCCAC
CGGTGTTCGC
ACARCCTICGG
GTGGECCCCAG

TAGGTATAGA
GACTGCTCGA
TGTTTCGAGC
CACCCCTATT
GACARTAGGC
ARCCRATAARC
CCATCCECAA
GCTTGATTAT
TTTATCTGAT
TGGRGGTTTG
CCARBARARD
TTCTATGATT
TTTACATCTA
CGTTTAGTGR
ACGACTATAT
ATTGGRRACG
ARACATAATT
CGGTGCTTCC
AGCATCATAT
ACTCCTTGGA
TCTTATGAGR
CARACCGTCTC
RACRGATTCA
TRAGTRGTTA
ATATTTATAA
AAGTTATCCT
TATTTTAGGA
ATTTATTACA
AGTGATTITTY
ARGGRGCAGA
TGGGACCGAA
GATTTTTGTG
TATATGTTGG
TTCGAGCGET
ATATATCCGC
CATAATTATT
GGGCATCCAC
GGCECLETCC
CGCGCCCGTC
GTTCACCGGG

(SEQ ID NO:4 Sb06g012260 (10.6kb) - S. propinguum) or functional

fragment or variant, such as a codon optimized variant, thereof having at
least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence identity
to SEQ ID NO:4.

25
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In some embodiments, the maturity Mal gene (including non-coding

sequence) as it is found in short day S. propinguum includes the nucleic acid
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sequence:

1

63
121
181
241
301
361
421
481
541
601
661
721
781
g4l
901
861
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
igse1
1921
1881
2041
2101
216l
2221
2281
2341
2401
2461
2521
2581
2641
2701

CTATGCTCCA
GGTACATGRAG
TGTTTGCTAC
TATTGARCTA
TCATGCACAC
GTCTGTAGTT
TATCTGAGCC
AGAGCARAGA
AATGCTGAGG
ACTTCATATA
ATTCATGCAG
TCCTAGACTC
GGTGAGCCAR
GTGATTTAGG
CGACGCTGCA
TTTTCTGARC
CGTTGCTCAT
TCTGTGAGTT
TCTATGTATG
TGCTTTTAAR
GACTCTGGAR
TGEACAGTGCA
AGACATAGCA
TAACATGCAT
CTATAATATA
ATATATATAT
GTGGGARAAR
GAGCTGCCTG
TAARRGCATC
ACCACAGTAC
CGCACAGCCT
TTGGLCECCT
TTTCTTATTA
CCCATTGCCA
GACTATCCAC
TTGACCTTCG
AGCTTGTATT
BARCTCAAGCA
AGGAGATGTC
TCCTATTATC
AATTGGAGGA
ACTAGTAGTT
GRTACATATT
CBATATATAG
GTACTTGCAC
CACATATACT

ATGGACGCTG
AGCAGTGCAT
TGGTARCARA
TAGGECGGCTT
ACARTTATTA
TGCAAGRATCA
CTATCAAGTT
TARGAGGAAGA
TATAARTATA
CGTATTTCAA
TGACCATTGG
TTTACATGTT
CATGARACCA
TTCGATATCT
CGCTCAGATC
ACATTTCATC
TATATAGTGC
TATARAGGCAG
BAGTTITCYIC
CTTTATTTTC
GATATAGTAG
TATTTTGATC
GGTCTAARTC
TGACGTGTAT
TATATGTGGT
ATATATATAT
TTARRATTIG
TGTRARBATA
TTCACRGGCG
AGGCGGGGLT
CGCCTGTACT
GTGAAGATGC
GTAGTATCTT
AGAGAATATT
GCAGTAGAGA
TCAGCCRCTC
BACGTACTRAC
GTTATTACTA
TTGGACCCCT
AGCGGCATGE
GATGATTATC
GAATTTAGAT
TGTTTAATTG
GTGATGGTCG
TGGTAAGAGR
TTETGCTGTGT

CTCGRTTAGH
GOTRGCCTCE
ARARGCAAGA
GACGTCCAAC
TATATTARTA
CGAGCAGATG
ACARGARART
CARBACACCA
GGGATTTTAT
ATERTCGTGT
BITGITTTTT
COTCCCGAGA
CATGUGTACT
ACGGGGCATG
CTAGGATCCC
ATATAAATAA
CACBAGCARC
CGEGGACGTT
BTTABAGCTG
AGCCGAAARR
CATACTTGTG
ATGAGGGCGA
TGAAGCGARR
ATATATAATT
GTATGTATGA
ATATATATAT
ABATATATAT
CATTTATACA
GCCAAGCCCA
GTGCEAGCCG
GTGGTCCATT
TPTTAGCACC
TTATACTAAT
TEECCEOCHT
TTTAGTCARA
ACTGTATARR
ARGGCACACA
ACATGECEGE
TCTATACARC
AGTTECGCGE
GAGTTGCATA
GUIGGTGGTA
ATCGCRAACAC
ATCCTGATGE
ARCCTATAGA
ATATTTGTGC

26

TTCARTGGCT
ATGGRATCAG
CATTTGTTAC
TCATAACAAT
TGTAGTGTGA
TCATTATTAT
ATGARACRAMAT
GGATAATTAT
ATTGGCACCA
ARACRATATA
ATATTTATCC
AGTATCAACC
TATATARATT
GCGGETTTTAT
ATTGATGATA
TACATARAGC
CRCCTGGRTC
ACGTCAAGGA
CAARATTATA
GCARGGARAA
TGEETTTTATT
TTTRGCRAGT
CGACATGTAA
TTATGGTTGA
TETTGTGTGT
ATATATATAT
ABAARRTTAT
GGCGGCTCAC
CCGCCTGTAL
CCTGTGARAA
TTGTACTGAC
GCCTGTRAARA
TAAGATTCAR
TCARAGCAGC
ATATTCCAAT
TATCGCACCA
CAGTACCCTG
TAACGATTCC
CGTTGACATG
TCCGGCGETT
TRCTCTGETA
TCETGGATAC
CATTTGCGGT
TCCTARCCCA
CGACRATTAT
TTATGCTTCT

GATAMRBAAGG
AGTTGATATA
CTTTGAGGAC
CTGGTGCCTG
AACTCTAATA
CTGCCGGATC
TCGTATTATC
GCCATCTATC
TACARCATTA
CATGTGICGC
CTTCGRAGGG
ATTCTTGGTT
BAGAGTTTCAA
RAGAAACARA
CAACACCACT
ATGGCARATT
GGTCTATTGT
CRAARATATG
TATTGAACAT
GACGTGCCCT
ATGAGAGARA
GATBAATTTA
ACATTGTATG
TETTTGATTT
GTATATATAT
ARTGTTTAGC
TTACACAGAC
CTTGTHNIENNN
CAGGGGTCAG
CATAATTITTC
CCCTGGTACA
ATGTTTTTTG
TAARAATTCA
CAATRAGGCT
AGCRATTGTT
CGCCCTTTGEC
TGTTCACCGG
TTGGTTACTG
ATGATCCTAT
TCTEACAGGC
BACTCATGCC
ATGTACTATA
ARCTTCARAT
AGCAACCCAR
TGTTGTTGGC
CCATARAATT

TITTCATGACT
CCAACARGACA
ATGCACTTGT
TAAGTATCRC
TGTAGATGTT
GATGGETCGGT
ARAGGARGAT
TTGGTAGATC
GGTARGCTTG
TCACTCATTT
BAGGTGCTTG
CAATTAGARA
AATAACTTTA
AGGGACCTGT
ATCCGGTAAG
TARGARTARTC
GGGTACTATG
GTAAATAATA
GTGTCRATCA
TTACACCARA
TAATTTCARG
GAGTGCTGAC
GTTGTGCGGA
GTTTACAATT
ATATATATAT
ACTGTGTTTG
AGTGETAGTGT
CAGGCGHRTGC
TACAARRTGG
ACAGGCGGCT
GGCEETGEEGET
TAGCAGTGTT
CCATGACATC
TTACTARARR
TCCTGCCTEC
AGGCTTACAG
CCCTGCACAA
CTCATGTGAT
TCGATGGTAC
CAAGGGTTGA
ATGTCAATTA
TETTATGETT
TACATTCTTT
CCTTGAGGGA
ATGTTTTGCC
TTGETGTATG
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2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4881
5041
5101
5161
5221

TCTCARGAGA
TTTTTTCGET
TCAATARTTT
ATACGGTGAG
TAGTATGTTC
TCGATTTTGT
TTATTTGCCG
GTATCCTTGC
GCTTGTTATA
AGTAATGCAT
TTACGGTGGG
TAGACTCATA
GCTAATATIT
CAATTTCGGG
AAAATTCTAT
CATGGGGARA
CAATAGCAGT
CACAGATCCG
GGGCAGCAAT
ATATTCAACC
TACAABAARA
GACGAGTTAG
CCTGACTTGA
CGAGAGTTTT
GAGCTARCAC
TTECGTGTTGT
TAGGAATTCA
GTAGTGGATC
GGTTATTTTE
ARTAARAGTG
CTATTGGCAG
RAGTGTARACG
TATCATAGGC
ARTCARGTRAA
ACCCTAGGAC
TTTGAGCARR
TGECCCLETOC
CARCGGTGTTC
CTACAACCTC
CGGTGGCCLC
ATCGTCGTTA
CCATGGTATA

GATAGGTATA
CEGACTGOTE
CATGTTTCGA
TACACCCCTA
GTGACBATAG
ATARCCATAR
AARCCATCCTC
CCGCTTGATT
GTTTTATCTG
GTTGGAGGTT
AGCCABRAARA
TTTTCTATGA
TGTTTACATC
CGCETTTAGT
ACACGACTAT
ABATTGGARA
GTAARCATAA
TACGETGCTY
GCAGCATCAT
TAACTCLTTG
AATCTTATGA
GACAACCGTC
TTAACAGATT
CTYARGTAGT
CAATATTTAT
AGAAGTTATC
TTTATTTTAG
CAATTTATTA
AGAGTGAYTTT
AABAGGRGCA
TTTEEGACCE
ATGATTTITG
TATRTATGET
TCTTCGAGCS
ATATATATCC
TACATAATTA
ACGGGCATCC
GCGGECELCET
GGCECGLCCE
AGGTTCACCS
CGTCACGTGT
GGATCGGTGA

GAGGTTAGCA
GRATTATTGT
GUAGGATGGT
TTCCCATTTT
GCTATAGCTA
ACACACAGCT
AACATCATAG
ATCATCCATG
ATGARATCCAA
TGGTAGTATA
ARTTCCAARR
TTTCGATTCT
TRARTCTTTT
GAGATTGGGT
ATGTGTACAT
CGGACCATTC
TTACGGTAAT
CCGTGTGGAT
ATTCATATAT
GAARCATTAT
GAGGTGTTTIT
TCTATTAATG
CARCCGTICTC
TAAACTATTY
ARAAATARAT
CTTTTCTATA
GACBACTGARG
CATTACTCTA
TTTRCARCAT
GRAGARAGAT
ABATARATAR
TGTTTCAABRA
GGATTARTTG
GTTACCAGTY
GCATGTAGAC
TEGGATTTGC
ACCGTATGGT
CCAGGCGCCA
TCGCCGCCAT
GGCCCTACAC
ACCGTACACR
CAAARCGTCT

GTCCTTTARA
ATATATGGRG
GRCTGACATC
GAAACARGTA
TTTTGARACT
AGCCRATCTC
CCACTTGATC
GCAGTTCATA
GATGTTATTG
TATACGTTCA
TTTCGTATTA
GTCACCATCC
ATARDARTTA
ARTTTCGGAG
GTACATGCAT
ATACGCAGTC
CAARTACCCC
GGTCTACACC
GCACTAGTGA
GATATTCTAT
GAARBACTGCC
TGTACTRACT
AGTARAGGCC
TAATCTTCAC
TAGTATCACT
AAATTGATCA
GAAGTACATA
CTACTTCARA
CAGCAGTAGT
TACGGTATTT
CTGTTCGTAG
GRARBATAAR
CATCCAACGT
TTAATAGTTG
GATGATGARGA
AGGCCGTGAG
GCTGGTGCTA
CAACTTCARC
GTTCTTCARC
CAGCCGACGET
TATATGTATA
AATARTGTA

PCT/US2012/037809

AATGGTTTAA
ATCACATGCT
CCAGCATCAR
GAATGTCTAT
TCGGGAGCAT
TATTCATATT
GRTCATCTCA
TTTTTTTTCA
ATCAATTAGT
ARATTTCRCG
CATTARTAART
TGCTCGAATA
TAATTTATAT
CGAGGCCACC
GGECACCCTGA
GTGGTGCAGA
ATGGGACCAT
AGATCTTTTC
TGTACCATTT
TGGETTGRAG
GGAGGTGECTT
GAGGTAGTTA
ATGATTRACC
CGAACTEATA
ARATACATCA
AATTTATGAT
TTTTTTAAGT
CTGAACAARA
CCRGARAATG
TATTTGTGCT
CTCTATATTT
GAAGTGCACC
ATATAGTGAR
CGAGTCGTCG
CTAGCRAGTT
ATGATGTGCT
TECCAGCAGC
ACCCGTGCCT
TGECCAGCGCC
CGTGCGGGCT
GATATACATG

TCCAGTAGTT
AGTARCTTTT
CTGATARTAC
TTTTATGATT
RARATAGTAC
TATTTTAGTT
ATCAGCGTTT
TTTCTTTCAT
TCAGATGAGC
ARATCGGTAA
GCATGTGCTG
TTTAAATCAT
TTGGGTTTAA
GGCCACACGA
TAGGCTACCC
CTGTGGGCCA
ATATATCATC
CACACCRTAR
GGCTTATATC
ATGTCACTAC
AAMGGAGACA
CCETARCGTG
GRARCAGATT
GAARATGARA
CGABATCTAT
AACTTAGTTT
CATCCACARA
GCCTARATCCT
GGAGGACATT
ATTTGTTTAA
GTCGATTCGA
AATGRTIGGA
AATGCTTTTC
TTTTTTATGT
TETTTTTTTT
ACGAGCCCCC
TTGGCCGTGA
TCGCTCGCCE
AGACCGGCTC
GATGACGACG
CATGCATGTT

(SEQ ID NO:5 Sb06g012260 (5.2kb) - S. propinguum) or functional

fragment or variant, such as a codon optimized variant, thereof having at
least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence identity
to SEQ ID NO:5. N=1, 2, 3, 4, or 5 nucleotides in length.
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The coding sequence of the maturity Mal gene of SEQ ID NO:5,

including introns, can be:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
801
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761

ATGGCGGCTA
TATACARCCG
TTGCGECGCTC
GTTGCATATA
TGGTGGTATC
CGCAACACCA
CCTGATGCTC
CCTATAGACG
ATTTGTGCTT
GGTTAGCAGT
ATTATTGETAT
AGGATGGTGA
CCCATTTTGA
TATAGCTATT
ACACAGCTRG
CATCATAGCC
CATCCATGGC
GAATCCAAGA
GTAGTATATA
TTCCAAAARTT
TCGATTCTGT
ARTCTTTTAT
GATTGGGTAA
GTGTACATGT
GACCATTCAT
ACGGTAARTCA
GTGTGGATGG
TCATATATGC
ARCATTATGA
GGTGTTTTGA
TATTAATGTG
ACCGTCTCAG
BACTATTTTA
BRATARATTA
TTTCTATARA
CBACTGAGGA
TTACTCTACT
TACAACATCA
AGARAGATTA
ATARATAACT
TTTCARRAGR
ATTARTTGCA
TACCAGTTTT
ATGTAGACGA
GGATTTGCAG
CGTATGGTGC
AGGCGCCACA

ACGATTCCTT
TTGACATGAT
CGECGGTTTC
CTCTGGETAAA
GTGGATACAT
TTTGCGGTAR
CTBACCCRAG
ACRATTATTG
ATGCTTCTCC
CCTTTAAAAAR
ATATGGAGAT
CTGRCATCCC
BACBAGTAGA
TTGRAACTIC
CCBATCTCTR
RCTTGATCGR
AGTTCATATT
TGTTATTGAT
TRCGTTCABA
TCETATTACA
CACCATCCTG
AARARTTATA
TTTCGGAGCG
ACATGCATGG
ACGCAGTCGT
ARTACCCCAT
TCTACACCAG
BCTAGTGATG
TATTCTATTG
BAACTGCCGG
TACTAACTGA
TABAGGCCAT
ATCTTCACCG
GTATCACTAR
ATTGATCARA
AGTACATATT
ACTTCAARCT
GCAGTAGTCC
CGGTATTTTA
GTTCGTAGCT
AABATABAGA
TCCAACGTAT
ARTAGTTGCG
TGATGAGACT
GCCGTGAGAT
TEETGECTATT
ACTTCRACAC

GGTTACTGCT
GATCCTATTC
TGACAGGCCA
CTCATGCCAT
GTRCTATATG
CETCAARTTA
CARCCCARCC
TTGTTGGCAT
ATABAATTTT
TGGTTTAATC
CACATGCTAG
AGCATCAACT
ATGTCTATTT
GGGAGCRTAR
TTCATATTTA
TCATCTCAAT
TTTTTTCATT
CAATTAGTTC
ATTTCACGAA
TTAATAATGC
CTCGRATATT
ATTTATATTY
BGGCCACCGG
CACCCTGATA
GGTGCAGACT
GGGACCATAT
ATCTTTTOCA
TACCATTTGG
GGTTGAAGAT
AGGTGCTTAR
GGTAGTTACC
GATTAACCGA
ARCTTATAGA
ATACATCACG
TTTATGATAR
TITTTARAGTCA
GAACARAAGC
AGARRATGGG
TTTGTGCTAT
CTATATTTGT
AGTGCACCRA
ATAGTGAARA
AGTCGTCGTT
AGCAAGTTTT
GATGTGCTAC
CCAGCAGCTT
CCETGCCTYC

28

CATGTGATAG
GATGGTACTC
AGGGTTGARR
GTCRATTAAC
TTATGGTTGA
CATTCTTTCA
TTGAGGGAGT
GTTTTGCCCA
GGTGTATGTC
CAGTAGTTTT
TARCTTTTTC
GATAATACAT
TTATGATTTA
AATRGTACTC
TTTTAGTTTT
CAGCGTTTGT
TCTTTCATGC
AGATGAGCAG
ATCGGTAATT
ATGTGCTGTA
TRAATCATGC
GGGETTTAACA
CCACACGARA
GGCTACCCCA
GTGGGCCACA
ATATCATCCA
CACCATAAGG
CTTATATCAT
GTCACTACTA
AGGAGACAGA
GTARCGTGCC
ARCAGATTCG
ABRATGBARGA
ARATCTATTT
CTTAGTTTTA
TCCACARAGT
CTAATCCTGE
AGGACATTAA
TIGITTARCTY
CGATTCGAAA
TGATTGGRTA
TGCTTTTCAA
TTTTATGTAC
TTTTRTTEITT
GAGCCCCCTS
GGCCGTGACA
GCCCGLCGLT

GAGATGTCTT
CTATTATCAG
TTGCAGGRGA
TRGTAGTTGA
TACATATTTG
ATATATAGGT
ACTTGCACTS
CATATACTTT
TCAAGAGRGA
TTTTCGGTCG
AATAATTTCA
RCGGTGRGTA
GTATGTTCGT
GATTTTGTAT
ATTTGCCGAR
RTCCTTGCS
TTGTTATAGT
TRATGCATGT
ACGGTGGGAG
GACTCATATT
TARTATTTTG
ATTTCGEERE
BATTCTATAC
TGGGGARAAR
ATAGCAGTGT
CAGATCCGTA
GCAGCABRTGC
ATTCARCCTA
CARRARARAD
CGAGTTAGGR
TGACTTGATT
AGAGTTTTCT
GCTARCACCA
GGTGTTGTAG
GGAATTCATT
AGTGGATCCA
TTATTTTTAG
TARRRGTGAR
ATTGGCAGTT
GTGTRRACGAT
TCATAGGCTA
TCRAAGTAATC
COTAGGACAT
TGAGCARATA
CCCCBTCCAC
CGETGTTCGE
ACABCCTCGG

GGRCCCCTTC
CGGCATGGAG
TGATTATCGA
ATTTAGATGC
TTTRATTGAT
GATGGTCGAT
GTARGAGARA
GTGTGTGTAT
TAGGTATAGA
GACTGCTCGA
TGTTTCGAGC
CACCCCTATT
GACAATAGGC
BACCATAARC
CCATCCTCBA
GCTTGATTAT
TTTATCTGAT
TGGAGGTTTG
CCARARAMARA
TTCTATGATT
TTTACATCTA
CGTTTAGTGA
ACGACTATAT
ATTGGAARCG
ABACATRATT
CGGTGCTTCC
AGCATCATAT
ACTCCTTGGA
TCTTATGAGR
CARCCGTCTC
ABRCAGATTCA
TAAGTAGTTA
ATATTTATAA
AAGTTATCCT
TATTTTAGGA
ATTTATTACA
AGTGATTTTT
BAGEAGCAGA
TGGGACCGRA
GATTTTTGTS
TATATGITGG
TTCGAGUGGET
ATATATCCGC
CATAATTATT
GGGCATCCAC
GGCGCCGETCC
CGCGCCCGTC
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2821 GCCGCCATGT TCTTCAACTG CCRGCGCCAG ACCGGCTCCGE GTGGCCCCAG GTTCACCGGG
2881 CCCTACACCA GCCGACGTCG TGCGGGCTGA

(SEQ ID NO:6 Sb06g012260 (5.2kb) - S. propinguum) or functional
fragment or variant, such as a codon optimized variant, thereof having at
least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence identity
to SEQ ID NO:6.

The coding sequence of the maturity Mal gene, without introns, as

it is found in short-day S. propinquum can include the nucleic acid sequence:

1
6l
121
181
241
301
361
421
481
541

ATGGECGEGCTA
TATACAACCG
TTGCGCECTC
GTTGCATATA
RGGGAGTACT
CGTGAGATGA
GTGCTATTCC
TTCAACACCC
TTCARCTGCC
CGACGTCGTG

ACGATTCCTT
TTGACATGAT
CGGCGGETTTC
CTCTGGTGAT
TGCACTGGAT
TGTGCTACGA
AGCAGCTTGG
GTGCCTTCGC
AGCGCCAGAC
CGGGCTGA

GGTTACTGCT
GATCCTATTC
TEACAGGCCA
GGTCGATCCT
GGTGACTGAC
GCCCCUTSCC
CCGTGACACG
CCGCCGCTAC
CGGCTCCEGET

CATGTGATAG
GATGGTACTC
AGGGTTGAAA
GATGCTCCTA
ATCCCAGCAT
CCGTCCACGE
GTGTTCGCGG
AACCTCGGCG
GGCCCCAGGT

GRGATGTCTT
CTATTATCAG
TTCGAGGRGA
ACCCAAGCAA
CARCTGATAA
GCATCCACCS
CGCCGTCCAG
CGCCCGTCGC
TCACCGGGCC

GGACCCCTTC
CGGCATGGAG
TGATTATCGA
CCCARCCTTG
TRCATACGGC
TATGGTGCTG
GCGCCACARC
CGCCATGTTC
CTACACCAGC

(SEQ ID NO:7, Sb06g012260 - S. propinguum, or fragment, or a variant,
such as a codon optimized variant, thereof having at least 75%, 80%, 85%,

90%, 95%, 96%, 97%, 98%, or 99% sequence identity to SEQ ID NO:7.

can include the amino acid sequence:

A maturity Mal protein as it is found in short-day S. propinguum

MAANDSLVTARVIGDVLDPFYTTVDMMILFDGTPLISGMELRAPAVEDRPRVE IGGDDYRVAYTLVMVIDPDA
PNPSNPTLREYLHWMVIDIPASTDNTYGREMMCYEPPAPSTGIHRMVLVLEFQQLGRDIVFAAPSRRENFNTR
AFARRYNLGAPVAAMEFNCOROTGSGGPRITGRYTSRRRAGY

(SEQ ID NO:8, Sb06g012260) or functional fragment, or variant thereof
having at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%
sequence identity to SEQ 1D NO:8.

In some embodiments, the maturity Mal gene (including non-coding
sequence) as it is found in short day S. propinguum includes the nucleic acid

sequence.

1
61
121
18l
241
301
361
421
481

CACTAGTACA
TATCATGGTG
CTTARTECAA
GTGTATARAT
TTTTTACARCA
RGECCGCCTET
CTCCCATGAG
TGATTTTCAT
TTTTAAGCGA

RRAATCATTT
CTAGTRGARAA
CCGCCTGTET
ACCATTAACA
GGCGGTTTGT
GTTAAGTCTT
CTCTGCACAC
TTCTTTGETG
TTCTTTGGET

TCGTTGGCAC
ARTTTCAACG
ARACTTTCCA
CAGGCAGTCG
RTAGAGGGCC
CTATARATAC
TGGCGGACCA
AGABACTTCC
CAATTCTITGT

29

GTTGTTTTTT
GGCCCARCAA
TTTACATAGG
AGTTACGACA
GCCTGTGCTA
CCTTCGTCCR
GACGATTCCA
ABRARGGTTAG
ATTGGAGGTG

TTTTCACAGG
GAGRACCGCC
CGGCTTACGA
ACCGCCTGTG
ATATATTTAC
CCTCCAGRCA
GTTTCCAAGG
TTAGTGCCAT
CTCTAGATCT

CAGTTCACAA
AGGCGGTCTT
TAARAACCGT
TABATGTGTC
ACAGGCTATG
AGAACAGTTA
GGEGAGGTTT
TGATGCTATT
AGAGTTCATC
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50

541

601

661

121

781

g4l

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2861
2941
3001
3061
3121
3igl
3241
3301
3361
3421
3481

ATGCATTCTT
TTATGTARAT
BAATTCTTGTG
TTTGATTCAG
ABARTGTTGA
CTTCATAGAA
AATGAGTTTA
ATCTCTGTTT
BAGTTTTGTTT
GAGGTCATTA
AMRRRTTTATT
TCCATGCGCA
TCTGGTTTGA
TTTTGCACCT
AATGCCACCT
TGTCAATGAA
AATAATGAAMC
GAAGGCAGCA
ATTATGTGTT
CTTCAATGAT
TAACACATAC
CGCATGTAGA
TCCAARACTGT
AGCCTCTGTT
GCGCTCAAAG
ATGAGCCARA
AGCGGACGGC
CARTAGAAGC
CATCAAGTCA
ATGTCCCTAG
TTCARTGGCT
ATGGAATCRG
CATTTGTTAC
TCATAACAAT
TGTAGTGTGA
TCATTATTAT
ATGAACAARRT
GGATARATTAT
ATTGGCACCA
ARACAATATA
ATATTTATCC
AGTATCBACC
TATATABATT
GCGGTTTTAT
ATTGATGATA
TACATRARGC
CARCCTGGATC
ACGTCAAGGA
GCRAABATTAT
AGCRAGGARA

GCTTAGGGTT
TCATAGTADA
AGTAGATCTA
TTTTAGCTTT
ARATCRATARDA
ATCCTTGAAT
ABRCAATTATT
ARTAGARGGA
TTAGATTGAC
TEGATGTACA
GATGTCGCAA
GACTGCRAAR
AGAGGATTTA
TATATGCGGA
CTCARTGRAT
ACTCRGCATG
CEITGETECEE
GAGGACACTT
GTTCTTCAGT
TTCTTGCGTG
TATGCARAGA
ABATCATTGTA
GGTGCCAGTA
TCTACAGGGA
CCTAGTAGCA
ARAGGGGACA
ACGGCTCATT
CATGCCCCCA
ACCATTGACC
TGACTATGTG
GATAAARAGG
AGTTGATATA
CTTTGAGGAC
CTGGTGCCTG
ABCTCTRATA
CTGCCGGATC
TCGTATTATC
GCCATCTATC
TACABCATTA
CATGTGTCGC
CTTCGARGGG
ATTCTTGGET
AGAGTTTCRA
ARGAARCRAR
CARACACCACT
ATGGCAARTT
GGTCTATTGET
CRARARTATG
ATATTGAACA
AGACGTGCCC

AGAGTTCATA
TTGTAAARAT
TACAATAGAG
TCTTTTTTCA
ATGGCAARTA
TATTCCTAAA
TAARTTCCAT
GGTTAGTATC
CTACATTAAT
ACTTATCARG
AGATACATGC
ATATTATGGT
TGGAGGACTA
CBRACTGACARA
TTCATGCTAT
CTARCACAGA
ATCCATCAAT
TGTACGACGR
TTTTGACGAT
TACTTGGAGR
BGCTAGTCAG
TTCTATATCG
GGTACARGAC
GGAAGCGRAA
ATGAAGAAGT
GCAGCAGGCA
GAGCTCGRRAC
TCARAGGARMG
CTABAGGATA
CCCGGRAGGC
TTTCATGACT
CCARCAGACA
ATGCACTTGT
TBAGTATCAC
TGTAGRTGTT
GATGETCGET
AAAGGAAGAT
TTGGTAGATC
GGTRAGCTTG
TCACTCATTT
ARGGTGCTTG
CRATTAGAAA
ARTAACTTTA
AGGGACCTGT
ATCCGGTAMG
TAGAATAATC
GGGTACTATG
GTARATAATA
TGTGTCAATC
TTTRCACCAA

30

GGGCARARRG
TAARARMRRT
TRATGATGAG
GATGAATTAG
ARTACTTTTT
TTTTATACAR
ABATTGTAAC
TTAGTTARGT
TGTTCTTAAC
ATTGGACCTA
TCGCAGARCA
ATTTGACAAT
CTTGATTTGG
CACTGCAACT
GCCAGATGTT
TGTTGTTCAA
ATTCTTCATG
GTCAAARGGT
GRAGGCTAGA
CCTTCTTCCT
TCCACTTACG
AGGTGATCRA
AARCAAAGAT
GRAGACCCAA
GGACTATTAT
CAACTCTCTT
CGTCACRGAA
CCCCAAGTGG
TCAGARRGCC
CTATGCTCCA
GGTACATGAG
TGTTTGCTAC
TATTGAACTA
TCATGCACAC
GTCTGTAGTT
TATCTGAGCC
AGAGCAARGA
AATGCTGAGG
ACTTCATATA
ATTCATGCAG
TCCTAGRCTC
GGTGAGCCAA
GTGATTTAGG
CGACGCTGCA
TTTTCTGARC
CGTTGCTCAT
TCTGTGAGTT
TCTATGTATG
ATGCTTTTAA
AGACTCTGGA

PCT/US2012/037809

AGAGAGATTT
ARABRARTARA
GATATTTTGA
ACTTTATAAR
CRARTCTTTG
TTGTTTCTTA
TCCGTAAGGT
CTGTTTICGG
TARTTACAGC
TCATATGTAG
BAGGCGAAGC
GTAGRAGCRA
ACARAMCATG
AARCATCRATG
AATGAAACTC
GATGCAGATT
AAGGGAATGA
TGTACCRAAC
CATGGTTGGT
ARGGAGAACH
ATAGGTGTTG
TATRAAGACT
TTTCGGGRGES
ACARAGACTC
GCATTGAGRA
TCTGRARGGA
ARAGGBAGCC
CGATGTACAT
ARCGATTGAT
ATGEACGCTG
AGCAGTGCAT
TGGTAACARA
TAGGCGGCTT
ACAATTATTA
TGCAAGATCA
CTATCAAGTT
TAGAGGRAGA
TATAAATATA
CGTATTTCAA
TGACCATTGG
TTTACATGTT
CATGRAACCA
TTCGATATCT
CGCTCAGATC
ACATTTCATC
TARTATAGTGC
TATAAGGCAG
ABAGTTTTCT
ACTTTATTTT
AGATATAGTA

AGCTAAATTT
TRCTTTTTAG
AGTTTATAAT
CTCARACATT
TGCATARATA
TAATTATGAA
GTAGGTTTTC
GGGTTATATT
TARATATGGA
TGCAGGTCCA
ACATATGTTG
TTACTTCCCA
GTGAGGGTAG
TGGAGGGTCC
ATACGTCTGA
TCTTAGAGGC
ARGCATTGAA
AATGGTCGAC
CCGATGCTAG
ARGTGCCTGC
AGAAGATCCA
TAGACAGTTG
RAGAGARTCT
AACARAGARCRA
GAGTCTCCCT
CTTGGAMAGC
ACCGCCCAGT
ATTGARCAGC
GATTATGTCA
CTCGATTAGA
GCTAGCCTCC
ARARGCARGA
GRCGTCCAAC
TATATTAARTA
CGAGCAGATG
ACARGAAAAT
CAAARCACCA
GGGATTTTAT
ATTATCGTGT
ATTGTTTTTT
CCTCCCGAGA
CATGCGTACT
ACGGGGCATG
CTAGGATCCC
RTATARRTAA
CACAARGCAAC
CGGEGACGTT
CATTABAGCT
CAGCCGAARA
GCATACTTGT
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3541
3601
3661
3721
3781
3841
3s8c1
3961
4021
49081
4141

GTGGTTTTAT
ATTTAGCAAG
ACGACATGTA
TTTATGGTTG
ATGTTGIGTG
TATATATATA
TAARARATTA
ATTCTARCAG
TGGCTGGGAG
GTACTGTGGT
GATGCTTTTA

TATGAGAGRA
TGATAAATTT
ARCATTGTAT
ATGTTTGATY
TGTATATATA
TARTGTTTRAG
TTTACACAGA
GCGECTCGCC
AGCCGCCTGT
CCATTTTGTA
GCACCGCCTG

ATAATTTCAA
AGAGTGCTGA
GGITGTGCGE
TGTTTACAAT
TATATATATA
CACTGTGTTT
CAGTGTACGT
TTGTCCACCG
GAARACRTAR
CTGACCCCTG
TBARARTGTT

GTGACAGTGC
CAGACATAGC
ATARCATGCA
TCTATAATAT
TATATATATA
GGTGGGAARA
GTCGAGCETC
GTCGETTARA
TTTECACAGG
GTACAGGCLG
TITTGTAGCA

PCT/US2012/037809

ATATTTTGAT
AGGTCTAAAT
TTGACGTGTA
ATATATGTGG
TATATATATA
ATTAAARTTT
GTCCTETGCY
AATACATTTIC
CGGCTCGECAC
TEGECTTGEC
GTGTIT

CATGAGGGCG
CTGAAGCGRA
TATATATART
TGTATGTATG
TATATATATA
GRAATATATA
ATACARATAC
CACARCNGGCC
AGCCCCGECCT
CGCCTETGRA

(SEQ ID NO:19 - Sb07g008600 - S. propinguum) or a functional
fragment or variant thereof having 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99% sequence identity to SEQ ID NO:19.

The coding sequence of the maturity Mal gene of SEQ ID NO:19,

including introns, can be:

1

61
121
181
24%
301
361
421
481
541
661
661
721
181
841
g01
961
1621
1081
1141
1201
1261
1321
1381
1441

ATGCCCCCAT
CCATTGACCC
GACTATGTGC
ATRAARAGGT
GTTGATATAC
TTTGAGGACA
TGETGCCTGT
ACTCTAATAT
TGCCGGATCG
CGTATTATCA
CCATCTATCT
RCARCATTAG
ATGTGTCGCT
TTCGARGGGA
TTCTTGETTC
GARGTTTCARA
AGAAACARAA
ARCACCACTA
TGGCARATTT
GICTATTGTG
ARBABATATGG
TATTGAACAT
GACGTGCCCT
ATGAGAGAAA
GATABATTTA

CAAAGGRAGC
TRAAGGATAT
CCGGRAGGCEC
TTCATGACTG
CABRCAGACAT
TGCRCTTGET
BARGTATCACT
GTAGATGTTG
ATGGTCGGETT
AAGGRAGATA
TGGTAGATCA
GTAAGCTTGA
CACTCATTTA
AGGTGCTTGT
ARTTAGRAMG
ATARCTTTAG
GGGACCTGTC
TCCGGTARGT
AGARATAATCC
GGTACTATGT
TAAATAATAT
GTGTCAATCA
TTACACCAAR
TAATTTCAAG
GRGTGCTGAC

CCCAAGTGGC
CAGRARMGCCA
TATGCTCCAR
GTACATGAGA
GITTGCTACT
ATTGRACTAT
CATGCACACA
TCTGTAGTTT
ATCTGAGCCC
GAGCAARGAT
ATGCTGAGGT
CTTCATATAC
TTCATGCAGT
CCTAGACTCT
GTGAGCCAAC
TGRTTTAGGT
GACGCTGCAC
TTTCTGAACA
GTTGCTCATT
CTGTGAGTTT
CTATGTATGA
TGECTTTTAAR
GRCTCTGGAA
TGACAGTGCA
AGRCATAGCA

GATGTACATA
ACGATTGATG
TGGRCGCTGC
GCAGTGCATG
GGTAACABRRA
AGGCGGCTTG
CAATTATTAT
GCAAGATCAC
TATCAAGTTA
AGAGGAAGRC
ATARATATAG
GTATTTCAAA
GARCCATTGGA
TTACATGTTC
ATGARRCCAC
TCGATATCTA
GCTCAGATCC
CATTTCATCA
ATATAGTGCC
ATAAGGCAGC
ARGTTTTCEIC
CTTTATTITC
GATATAGTAG
TATTTTGATC
GGTCTARATC

TTGRACAGCC
ATTATGTCAA
TCGATTAGAT
CTAGCCTCCA
ARAGCAAGAC
ACGTCCAACT
ATATTAATAT
GAGCAGATGT
CARAGRARATA
BARACACCAG
GGATTTTATA
TTATCGTGTA
TTGTTTTTTA
CTCCCGAGANR
ATGCGTACTT
CGGGGCATGE
TAGGATCCCA
TATABAATART
ACARGCAACC
GGGGACGTTA
ATTRAAGCTG
AGCCGARARA
CATACTTGTG
ATGAGGGCGA
TGRAGCGARA

ATCRAGTCAA
TGTCCCTAGT
TCAATGGCTG
TGGAATCAGA
ATTTGTTACC
CATBACAATC
GTAGTGTGRA
CATTATTATC
TGARCARATT
GATAATTATG
TTGGCACCAT
AACAATATAC
TATTTATCCC
GTATCAACCA
ATATARATTA
CGGTTTTATA
TTGATGATAC
ACATAARGCA
ACCTGGATCG
CGTCRAGGAC
CAARARATTATA
GCAAGGAAAA
TGETTTTATT
TTTAGCAAGT
CGACATGTAA

(SEQ ID NO:28 - Sb07g008600 - S. propinquum) or functional
fragment or variant, such as a codon optimized variant, thereof having at
least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence identity
to SEQ ID NO:28.

31
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The coding sequence of the maturity Mal gene of SEQ ID NO:28,

without introns, can be:

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841

ATGCCCCCAT
CCATTGARCCC
GACTATGTGC
ATABAAAGGT
GTTGATATAC
TTTGAGGACA
TGGTGCCTGE
CTAGACTCTT
GCATGGCGGT
ATCCCATTGA
TGTGGGTACT
ATGCCGAABRA
GCATACTTGT
CATGAGGGCE

CAAAGGRAGC
TAARGGATAT
CCGGARGGCC
TTCATGACTG
CRACAGACAT
TGECACTTGTT
ACCATTGGAT
TACATGTTCC
TTTATARGAA
TGATACAACA
ATGTCTGTGA
AGCAAGGARA
GTGGTTTTAT
ATTTAGCAAG

CCCARGTGERC
CAGRBAGCCA
TATGCTCCAA
GTACATGAGA
GTTTGCTACT
ATTGAACTAT
TGTTTTTTAT
TCCCGAGRAG
ACARADGGGA
CCACTATCCG
GTTTATAAGG
AGACGTGCCC
TATGAGAGRA
TGATARATTT

CTGARGCGAA ACGACATGTA A

(SEQ ID NO:29 - Sb07g008600 - S. propinguum) or functional

fragment or variant, such as a codon optimized variant, thereof having at

GATGTACATA
RCGATTGATG
TGEEACGCTGC
GCAGTGCATG
GGTRAACAARA
AGGCGGCTTG
ATTTATCCCT
TATCAARCCAT
CCTGTCGRCE
TGCCACRAGC
CAGCGGGGAC
TTTACACCAA
ATAATTTCAA
AGAGTGCTGA

TTGAACAGCC
ATTATGTCAA
TCGATTAGAT
CTAGCCTCCA
BAAGCARGAC
ACGTCCARCT
TCGAAGGGARA
TCTTGGTTCA
CTGCACGCTC
AACCACCTGG
GTTACGTCAA
BRGACTCTGGA
GTGACAGTGC
CAGACATAGC

ATCAAGTCAA
TGTCCCTAGT
TCBATGGCTG
TGGAATCAGA
ATTTGTTACC
CRTARCAATC
GGTGCTTGTC
ATTAGARAGG
AGATCCTAGSG
ATCGGTCTAT
GGACRAARRANT
AGATATAGTA
ATATTTTGAT
AGGTCTARAT

least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence identity
to SEQ ID NO:29.
In some embodiments, the maturity Mal gene (including non-coding

sequence) as it is found in short day S. propinguum includes the nucleic acid

25

30

35

40

45

seéquence:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261

CACTAGTACA
TATCATGGTG
CTTAATTCAA
GTGTATARAT
TITTTACACA
AGCCGCCTCET
CTCCCATGAG
TGATTTTCAT
TTTTARGCGA
ATGCATTCTT
TTATGTAANT
BATTCTTGTG
TTTGATTCAG
ABARTGTTGA
CTTCATAGAA
AATGAGTTTA
ATCTCTGTTT
AGTTTTGTTT
GAGGTCATTA
ABAATTTATT
TCCATGCGCA
TCTGGTTTGA

ARAATCATTT
CTAGTAGAAA
CCGCCTETGT
ACCATTAACA
GGCGGTTTGT
GTTBAGTCTT
CTCTGCACAC
TTCTTTGGTG
TTCITTGGTT
GCITAGGGTT
TCATAGTRAR
AGTAGATCTA
TTTTAGCTTT
BAATCATARA
ATCCTTGAAT
ARCBATTATT
AATAGAAGGA
TTAGATTGAC
TGGATGTACR
GRTGTCGCAA
GACTGCRARR
AGAGGATTTA

TCGTIGGCAC
AATTTCRACG
ABACTTTCCA
CAGGCAGTCG
ATAGAGGGCC
CTRTARATAC
TGGCGGACCA
AGARACTTCC
CAATTCTTGT
AGAGTTCATA
TTGTAAARAT
TACAATAGAG
TCTTTTTTCA
ATGGCARATA
TATTCCTARA
TAAATTCCAT
GGTTAGTATC
CTACATTAAT
ACTTATCARG
AGATACATGC
ATATTATGGT
TGGRGGACTA

32

GTTGTTTITIT
GGCCCARCRA
TTTACATAGG
AGTTACGACA
GCLTGTGCTA
CCTTCGTCCA
GACGATTCCA
AABAGGTTAG
ATTGGRGGTG
GGGCARAARG
TARARBARAAT
TAATGATGAG
GATGRAATTAG
ARTACTTTTT
TTTTATACEA
BAAATTGTAAC
TTAGTTARGT
TGTTCTTAAC
ATTGGRCCTA
TCGCAGAACA
ATTTGACAAT
CTTGATTTGG

TTTTCACAGG
GAGAACLCGCC
CGGCTTACGA
ACCGCCTGTG
ATATATTTAC
CCTCCAGACA
GTTTCCAAGG
TTAGTGCCAT
CTCTAGATCT
AGAGAGATTT
AAARANRTARA
GRATATTTTGA
ACTTTATAAA
CARRTCTTTG
TTGTTTCTTA
TCCGTRAGGT
CTGTTITCGG
TAATTACA@C
TCATATGTAG
AAGGCGAAGE
GTAGARGCAA
ACARAACATG

CAGTTCACRA
AGGLGGTCTT
TAAABACCGT
TAAATGYGTC
ACAGGCTATG
LGRACAGTTA
GGGGAGGTTT
TGATGCTATT
AGAGTTCATC
AGCTARATTT
TACTTTTTAG
AGTTTATARAT
CTCAAACATT
TGCATARARTA
TAATTATGRA
GTAGGTTTTC
GGGTTATATT
TAAATRATGGA
TGCAGGTCCA
ACATATGTTG
TTACTTCCCA
GTGAGGGTAG
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1321
1381
1441
1501
1561
lezl
168l
1741
1801
1861
1921
1881
2041
2101
216l
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
29841
3001
3061
3lzi
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
43141
4201

TTTTGCACCT
AATGCCACCT
TGTCARTGAA
ARTAATGAAC
GRAGGCRGCA
RTTATGTGTT
CrTCAATGAT
TARCACATRC
CGCATGTAGA
TCCBAACTGT
AGCCTCTGTT
GCGCTCARAG
ATGAGCCARA
AGCGGACGGC
CAATAGARAGC
CATCAAGTCA
ATGTCCCTAG
TTCBATGGCT
ATGGRAATCAG
CATTTGTTAC
TCATARCART
TGTAGTGTIGA
TCATTATTAT
ATGRACRART
GGATARTTAT
ATTGGCACCA
ARACAATATA
ATATTTATCC
AGTATCAACC
TATRTARATT
GCGGTTTTAT
ATTGATGATA
TACATARAGC
CACCTGGATC
ACGTCAAGGA
CAADATTATA
GCAAGGRABA
TGGTTTTATY
TTTRGCAAGT
CGACATGTAA
TTATGGTTGA
TGILTGTGETGT
ATATATATAT
ARAAAATTAT
GGCGGCTCALC
CCGCCTGTAC
CCTGTGARRA
TTGTACTGAC
GCCTGTAAMA

TATATGCGGA
CTCAATGAAT
ACTCAGCATG
CGTTGETGCGG
GAGGACACTT
GITCTTCAGT
TICTTGCGTG
TATGCARAGR
BATCATTGTA
GGETGCCAGTA
TCTACAGGGA
CCTAGTAGCR
ABAGGGGACA
ACGGCTCATT
CATGCCCCCA
BCCATTGARCC
TGACTATGTG
GATRARARRGG
AGTTGATATA
CTTTGAGGAC
CTGGTGCCTG
AACTCTAATA
CTGCCEGATC
TCGTATTATC
GCCATCTATC
TACAACATTA
CATGTGTCGC
CTTCGRAGGG
ATTCTTGGTT
AGAGTTTCAA
ARGARACAAA
CARCACCACT
ATGGCARATT
GGTCTATTGT
CAARAATATG
TATTGAACAT
GACGTGCCCT
ATGAGRAGAAR
GATARATTTA
ACATTGTATG
TCTTTGATTT
GTATATATAT
AATGTTTAGC
TTACACAGAC
CTTGETCHNNN
CRGGGGTCAG
CATAATTTTC
CCCTGGTACA
ATGTTTTTIG

CARACTGRCARA
TTCATGCTAT
CTARCACRGA
ATCCATCAAT
TGTACGACGA
TTTTGACGAT
TACTTGGAGA
AGCTAGTCAG
TTCTATATCG
GGTACARGAC
GGAAGCGARAA
ATGAAGAAGT
GCAGCAGGCA
GAGCTCGARC
TCARAGGAAG
CTARAGGATA
CCCGGRAGEC
TTTCATGACT
CCARCAGACA
ATGCACTTGT
TAAGTATCAC
TGTAGATGTT
GATGGTCGGT
ARRAGGAAGAT
TTGGTAGATC
GGTAAGCTTG
TCACTCATTT
BAGGTGCTTG
CARATTAGRAR
ARTARCTTTA
AGGGACCTGY
ATCCGGTARG
TAGAATAATC
GGGTACTATG
GTARATAATA
GTGTCAATCA
TTACACCRAA
TRATTTCRAG
GAGTGCTGAC
GITGTGCGGA
GTTTACAATT
ATATATATAT
RCTGTGTTTG
AGTGTAGTGT
CAGGCGGTGC
TACARAATGEG
ACAGGCGGLT
GGCGETHGGEGET
TAGCAGTGTT

33

CACTGCAACT
GCCAGATGET
TGTTGTIGAA
ATTCTTCATG
GTCARDAGGT
GARAGGCTAGA
CCTTCTTCCT
TCCACTTACG
AGGTGATCAR
AAACRARGAT
GAAGACCCAR
GGACTATTAT
CAACTCTCTT
CGTCACAGRA
CCCCRAGTGG
TCAGRAAGCC
CTATGCTCCA
GGTACATGAG
TETTTGCTRAC
TATTGAACTA
TCATGCACAC
GTCTGTAGTT
TATCTGRGCC
AGAGCARAGA
ARTGCTGAGS
ACTTCATATA
ATTCATGCAG
TCCTAGACTC
GGTGAGCCAA
GTGATTTAGG
CGACGCTGCA
TTTTCTGRAC
CGTTGCTCAT
TCTGTGAGTT
TCTATGTATG
TGCTTTTARA
GACTCTGGAA
TGACARGTGCA
AGACATAGCA
TARCATGCAT
CTATAATATA
ATATATATAT
GTGGGAAAAR
GAGCTGCCTG
TAAARGCATC
ACCACAGTAC
CGCACAGCCC
TPGEGECCECCT
T

PCT/US2012/037809

ARCATCAATG
BAATGAAACTC
GATGCAGATT
ARGGGRATGA
TGTACCRAAC
CATGGETTGGT
ARGGAGAACA
ATAGGTGTTG
TATABAGACT
TTTCGEGRAGS
ACAAAGACTC
GCATTGRAGRA
TCTGAAAGGA
ARAGGARGCC
CGATGTACAT
AACGATTGAT
ATGGACGCTG
AGCAGTGCAT
TGGTARCARR
TAGECGECTT
ACARTTATTA
TGCAAGATCA
CTATCAAGTT
TAGAGGAAGA
TATAAATATA
CGTATTTCRA
TGACCATTGG
TTTACATGTT
CATGRAACCA
TTCGATATCT
CGCTCAGATC
ACATTTCATC
TATATAGTGC
TATAAGGCAG
AAGTTTTCTC
CTTTATTTTC
GATATAGTAG
TATTTTGATC
GGTCTRAATC
TGACGTGTAT
TATATGTGET
ATATATATAT
TTARAATTTG
TGTARARBTA
TTCACAGGCG
AGGCGGGGCT
CGCCTGETACT
GTGAAGATGC

TGGAGGGETCC
ATACGTCTGA
TCTTAGRGGT
ARGCATTGRA
ARTGGTCGAC
CCGATGCTAG
AAGTGCCTGC
AGRAGATCCA
TAGACAGTTG
AAGRGARTCT
AACRAGACRAA
GAGTCTCCCT
CTTGGRARGC
ACCGCCCAGT
ATTGARCAGC
GATTATGTCA
CTCGATTAGA
GCTAGCCTCC
ARAAGCRAGA
GACGETCCAAC
TATATTAATA
CGRGCAGATG
ACARGABAAT
CAARACACCA
GGGATTTTAT
ATTATCGTGT
ATTGTTTTTT
CCTCCCGRGEA
CATGCGTACT
ACGGGGCATG
CTAGGARTCCC
ATATAARTAR
CACAAGCARC
CGBGGACGTT
ATTARAGCTG
AGCCGAARAR
CATACTTGIG
RTGAGGGCGA
TGRAGCGRDA
ATATATAATT
GTATGTATGA
ATATATATAT
ABATATATAT
CATTTATACA
GCCARGCCCA
GITGCGAGCLG
GTGGTCCATT
TTTTAGCACT



WO 2012/158630

10

15

20

25

30

35

40

PCT/US2012/037809

(SEQ ID NO:20) or a functional fragment or variant thereof having
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence identity to
SEQ ID NO:20 (Sb07g008600 - S. propinguum). Each N = can be any
nucleotide or combination of any 2, 3, 4, or 5 nucleotides.

The coding sequence of the maturity Mal gene of SEQ ID NO:20,

including introns, can be:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1443

ATGCCCCCAY
CCATTGACCC
GACTATGTGC
ATARAARGGT
GTTGATATAC
TTTGAGGACA
TGGETGCCTGT
ACTCTAATAT
TGCCGGATCG
CGTATTATCA
CCATCTATCT
ACAARCATTAG
ATGTGTCGCT
TTCGARGGGA
TTCTTGGTTC
GAGTTTCARA
AGAARCHARA
ARCRCCACTA
TGEGCARATTT
GTCTATTGTG
AARAATATGS
ATTGAACATG
ACGTGCCCTT
TGAGAGAAAT
ATRBATTTAG

CABAGGAAGS
TARAGGATAT
CCGGARGGCE
TTCATGACTG
CAACAGACAT
TGCACTTGTT
AAGTATCACT
GTAGATGTTG
ATGGTCGGTT
RAGGAAGATA
TGGTAGATCA
GTARGCTTGA
CACTCATTTA
BGGTGCTTET
AATTAGAARG
ATARCTTTAG
GGGACCTGTC
TCCGETARGT
AGRATAATCC
GGTACTATGT
TRAATAATAT
TGTCAATCAT
TACBCCAARG
BRTTTCAAGT
AGTGCTGACA

CCCRAGTGGE
CAGRAAGCCA
TATGCTCCAR
GTACATGAGA
GTTTGCTACT
ATTGAACTAT
CATGCACACA
TCTGTAGTTT
ATCTGAGCCC
GAGCARAGAT
ATGCTGAGGT
CTTCATATAC
TTCATGCAGT
CCTAGACTCT
GTGAGCCARAC
TGATTTAGGT
GACGCTGCAC
TTTCTGARCA
GTTGCTCATT
CEGTGAGTTT
CTATGTATGA
GCTTTTAAAC
ACTCTGGAMG
GACAGTGCAT
GACATAGCAG

GATGTACATA
ACGRTTGATG
TGGACGCTGEC
GCAGTGCATG
GGTAACARAA
AGGCGGCTTG
CAATTATTAT
GCARGATCAC
TATCARGTTA
AGAGGAAGAC
ATRAATATAG
GTATTTCARA
GACCATTGGA
TTACATGTTC
ATGRAARCCAC
TCGATATCTA
GCTCAGATCC
CATTTCATCA
ATATAGTGCC
ATARGGCAGC
AGTTTTCTCA
TTTATTTTCA
ATATAGTAGC
ATTTTGATCA
GTCTAARTCT

TTGAACAGCC
ATTATGTCAR
TCGATTAGAT
CTAGCCTCCA
ABAGCARGAC
ACGTCCRACT
ATATTARTAT
GRGCAGATGET
CARGRAAATA
ARBACACCAG
GGATTTTATA
TTATCGTGTA
TTGTTTTTTA
CTCCCGAGAA
ATGCGTACTT
CGGGECATGE
TAGGATCCCA
TATAARTAAT
ACAAGCRACC
GGGGACGTTA
TTARRGCTGC
GCCGABABAG
ATACTTGTGT
TGAGGGCGAT
GAAGCGRARC

ATCRAGTCAA
TGTCCCTAGT
TCAATGGECTG
TGGAATCAGA
ATTTGTTACC
CATRACRATC
GTAGTGTGAR
CATTATTATC
TGAACRAATT
GATAATTATG
TTGGCACCAT
ARCAATATAC
TATTTATCCC
GTATCAACCA
ATATRAATTA
CGGTTTTATA
TTGATGATRAC
ACATAARGCA
BCCTGGATCG
CGTCARGGAC
ARRATTATAT
CARGGAAARG
GGTTTTATTA
TTAGCARGTG
GARCATGTAR

(SEQ ID NO:30 - Sb07g008600 (10.6 kb) - S. propinguum) or
functional fragment or variant, such as a codon optimized variant, thereof
having at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%
sequence identity to SEQ ID NO:30.

The coding sequence of the maturity Mal gene of SEQ ID NO:30,

without introns, can be:

1
6l
121
181
241
301
361

ATGCCCCCAT
CCATTGACCC
GACTATGTGC
ATARAABGGT
GTTGATATAC
TTTGAGGACA
TGGETGCCTGG

CAAAGGAAGC
TAARGGATAT
CCGGAAGGECC
TTCATGACTG
CBACAGACAT
TGCACTEGTT
ACCATTGGAT

CCCAAGTGGC
CAGRAAGCCA
TATGCTCCAA
GTACRTGAGA
GTTTGCTACT
ATTGARCTAT
TGETTITTTEAT

34

GATGTACATA
ACGATTGATLG
TGGACGCTGC
GCAGTGCATG
GGTAACARARA
RAGGLGGCTTG
ATTTATCCCT

TTGARCAGCC
ATTATGICAA
TCGATTAGAT
CTAGCCTCCA
ARAGCAARGAC
ACGTCCAACT
TCGRAGGGAA

ATCARGTCAA
TGTCCCTAGT
TCAATGGCTG
TGGAATCAGA
ATTTGTTACC
CATAACAATC
GGTGCTTETC
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421
481
541
601
661
721
781
841

CTAGACTCTT
GCATGGCGGT
ATCCCATTGA
TGTGGGTACT
ATGCCGRAAA
GCATACTTGT
CATGAGGGCG
CTGAAGCGAA

TRCATGTTCC
TTTATAARGAA
TGATACRACA
ATGTCTGTIGA
AGCRAGGARA
GTGGETTTTAT
ATTTAGCRAG
ACGACATGTA

TCCCGAGRAG
ACBRARGGGA
CCACTATCCG
GTTTATAAGG
AGACGTGCCC
TATGAGAGAA
TGATARATTT
A

TATCAACCAT
CCTGTCGACG
TGCCACAAGC
CRAGCGGGGAC
TTTACACCAR
ATAATTTCRA
RAGAGTGCTGA

PCT/US2012/037809

TCTTGGTTCA
CTGCRCGCTC
ARCCACCTGG
GTTACGTICAA
AGACTCTGGA
GTGACAGTGC
CAGACATAGC

ATTAGARAGG
AGATCCTAGG
ATCGGTCTAT
GGACARAART
AGATATAGTA
ATATTTTGAT
AGGTCTAARAT

(SEQ ID NO:31 - Sb07g008600 - S. propinguum) or functional
fragment or variant, such as a codon optimized variant, thereof having at
least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence identity
to SEQ ID NO:31.

2.

Sequences for Day-Neutral Flowing

The S. bicolor cultivar from which the sequences described below are

15 derived are day-neutral, and have the recessive (loss of function) Mal allele.
Sequences for a recessive Mal gene are therefore provided.

In some embodiments, the maturity Mal gene (including non-coding

sequence) as it is found in day-neutral S. bicolor can include the nucleic acid

20

25

30

35

40

45

sequence:

1
61
121
181
241
301
361
421
481
541
601
661
721 .
781
841
901
8961
1021
ics1
1141
1201
126l
1321
1381
1441
1501

ARAAGAAMRG
AGATTGCATC
ATGAARARAG
AAGATCTGAR
TCGCTTCCAA
GAARTAGTAA
TGAGGGCTCC
ABRAARDADAAT
ACTATACTAT
ARAAATATGEA
AGGCGATGAG
CCATCACCTT
ACACACCART
ATAAAATTTG
ATTTACAGGA
CGGATCTATA
CTATCTTCGC
TTCTCCCTGT
BAARTTGGTGE
TAATTTATCT
CCAGTRCGTC
CACTTGCGAC
TTTTTCTAGT
CCAGATATAT
CAGRATTTTT
TAGTACARAC

TGAGCACACC
GRGATCTARMG
TTTTGRGTTT
AATAARABAT
TCGCCTCCCA
TAACGTCATT
TATRATATGC
TAAGAAGAAG
TCAABATATT
ATARARGAATT
AGGCGATGTG
GCTTCTATCG
CGCTTATCAT
TCTTCACTTG
ATGAACCCTT
GGCCTGGCTC
ACATAACATC
AAACCATAAA
CTATGAACTC
ATCGTGGTCT
GCCCGCACAT
TTTCCCTAAC
ACCRARBATA
ATGGACAGGC
BATTTTTTCT
TTTCCTTAGT

ACGACCTATC
ACTCAGGTAC
CRARATATGA
TCAACTAAAR
TCGCTTCAGC
GTACAAGATT
ACTAGTGGAC
ATTTTTATCY
ATTTTCACAA
ATCRCGCCTC
ACATCTATGG
CCPCTCATAG
CGCCTTTTCC
AGTATGGGAA
AAGATGTCCA
TGARAATGGEA
TATAGTTCCT
CCAAGTTGAC
TTCCACCTGG
GTTTTCACTA
AGTGGCCAAG
ATCTTTTATA
GBATTTGATC
CGGGATCACT
AGTGARGTCEG
ABATGTCTTC

35

ATCAGCTCAT
AMATCATGIC
TACTTGAAAT
AATTTATAGA
TAGARARCTT
CTTTCARRACC
GCCGGGETGGGE
AACTAACTAT
TTATGAATIT
TATTTAGGGT
CCCACCGARCC
CTTTTCATAT
ARCCATTGTA
RAABATTATA
AATGTARATG
TTATGGATTG
ARATAATTTT
GCTGGGCTTTY
GCAGGGARAA
ABRCTGTCAT
GATTTTACTG
AAACRACGGC
CCTCACCTCA
CGCCAGCAGA
GGTTCTCCTA
TAGTARAGAT

GGTCAGCTCT
BACRTCTAAT
TRACATTTGA
TCATGTTAARC
TTTTTCTCGA
CCAACCCCTA
TGGAACCTAA
RATATAGTACT
ACCCTTTTAC
CCTAATCCCC
ARAGRCACAR
TCTAGGTCCA
ARAATATTCA
CATAATGTTT
ACCCTATTTA
GAGATACTAA
TTATTGTAGT
ATTTTGCGAC
CGGTTTATTA
ATTGCTACAC
CTACTGTTGA
CGCBATAATA
TTACATCCAT
TACCCTGAGC
GTCCTTTAAC
TTCCTAGTGT

ACARACTTAT
GGTTTAGAMAR
ACTTTTTAGC
ATTGATATAR
TTTARTTAAT
TCATCGACGG
GAAGATTTTA
TATATCATAC
TCTTTATTAA
ATAATTTAAG
CTATCGCCTC
CCGGCCATAG
TBATTTTGAT
TCGTGETGAGA
TTAARGAGGRG
ATTTARGGGC
AGTAGRACTT
ACAGAACACC
TETTCCTCYET
TCCAGTACTA
TTAACATRAG
TTGAACTGTT
AGTRACATGA
GATTCATARC
ATTCARRATT
TTTGATITGG
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50

1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161l
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3301
3981
4021
4081
4141
4201
4261
4321
4381
4441
4501

TAGTGTTTTA
TGTTTGGATT
ATATATGARA
TETTTTICTTG
CATGTTTGTA
TILTATGEAAT
TTATGCAGGT
AGTTTGCTAG
ATTAGRATCT
ARTTAAGATT
CCCTCARAGC
ATATTCCAAT
TATCGCACCA
CAATACCCTG
TAACGATTCC
CGTTGATATG
TCCGGCGGTT
TACTCTGGTA
TCGTGGATAC
CATTIGTGGT
TCCTARCCCA
CGACAATTAT
GIGCTTATGC
GCAGTCCTTT
ACTTTCAATC
ATACATACGG
GATCTAGTAT
ACTCGATTTT
TTATTTGCCG
GTATCCTTGC
TGCTTGTTAT
CAGTAATGTA
ATTACGAARA
GATTTCTATT
GTTTAGATCT
GCGTTTAGTG
ACACGACTAT
GGGGARARRR
TAGCAGTGTA
AGATCCGTAC
CAGCAATGCA
CRACCTAACT
APAGATCTTA
TAGGRCARCT
TGATTAACAG
TTTCECAAGT
ACCRATATTT
GTAGARGTTA
GATTTATTTT
CCAATTTATT

TTACTAATTA
AGTCTTCTCA
TATCTTGGTG
TTTACGTTTT
GTAGATRAGG
CTGCATTGTC
CCGCRATGATC
TACTATTCTA
BACACATTCA
CAATAAMRAT
AGCCRAGGCT
AGCAATTIGTY
CECCCTTTGC
TETTCACCGE
TTGGTTACTG
ATGATCCTAT
TCTGACAGGC
AACTCATGTC
ATGARCTATA
ARCTTCAART
RGCAACCCRA
TGTTGTTGGC
TTCTCCATAA
AARAATGGTT
ATTTCATGTT
TGAGATCACC
GTTCGTGACA
GTATAACCAT
ARCCATCCTC
CCGCTTTGAT
AGTTTTATCT
TGTTGGAGGT
TCCCAARATT
CTGTTGCATA
ARARTCTTTTA
AGATTGGGTA
ATGTGTACAT
TTCGARACGG
AACATAATTA
GGTGCTTCCG
GCATCATATT
CCTTGGAAAC
TGAGAGGTGT
GCCTCTATTA
ATTCARCCGT
AGTTARACTA
ATARARATAR
TCCTTTTCTA
AGGACARCTA
ACATTACTCC

BBRRTATTAG
CGTTAGACCT
TITGTTTGTC
ACCATCTATA
TAGAGAATTG
TAATGCTTTA
CTATGARAGC
TTARCCGACC
GGRABAGAAG
TCACCATGAC
TETACTARARA
TTCTGCCTGC
AGGCTTRCAG
CCCTGCACAA
CTCATGTGAT
TCGATGGTAC
CARGGGTTGA
ATGTCAARTTA
TETTATGGETT
ARCATTCTTT
CCTTGAGGGA
ATGETTCTGCC
ATTTTGGTGT
TAATCCAGTA
TCGAGCAGGA
CCTATTCCCA
ATAGGCTAGC
ARACACAGCT
AACATCATAG
TATCATCCAT
GATGAATCLG
TTGGTAGTAT
TTGAATTACA
TTCTTGTACT
GAABRARTTAT
ATTTCGGAGC
GTACATGCAT
RCCATTCATA
CGGTRATCAR
TETGGATGET
CATATGCACT
ATTATGATGT
TTTGAARACT
ATGTGTATTA
CTCAGTAARG
TTTTARACTG
ATTAGTATCA
TARMATTGAT
AGGAAGTACA
BCTRCTTCRA

36

ARGAACTCCA
ATATATGCAG
TGACACAGGC
GTCATCTCRA
AGRATATTTT
TTTGACATTT
AATTAATTAG
TGTCARTATT
TTTTCCTTAT
ATCCCCATTG
GACTATCCAC
TTGACCTTCG
AGCTTGTACT
ARCTCAAGCA
AGGAGATGTC
TCCTATTATS
GATTGGRGGA
ACTAGTRGTT
GATACATATT
CRATATATAG
GTACTTGCAC
CACATATACT
ATGTCCCARG
GTTITTTTTC
TEGTGACTGR
TTTTGAGACE
TATTTTGRAR
AGCCRATCTC
CCACTTGATC
GRCAGTTCAT
AGATGTTATT
ATATACGTTC
TTAATAATGC
CARTAGATAT
AATTTATATT
GRAGGCGGCCH
GGCACCTTGR
CGCRAGTCGETG
ATACCCCGTG
CTACCCCAGA
AGTGATGTAC
TCTATTGGGG
GCCCGAGGTG
ACCGAGGTRG
ACCATGATTA
CACCGAACTT
CTAAATACAT
CAARTTTATG
TTTTTTAARG
ACTGAARCARAR

PCT/US2012/037809

TCATTTTIGGT
GACAACTCAA
BACCGTGTTT
TGTTTATATA
ATTTTTGTGC
GAARCTACTT
TACGGGTACT
ACCTTAAGTT
TAGTAGTAAC
CCAAGAGAAT
GCAGTAGRGAR
TCAGCCACTC
ACGTACTAAC
GTTATTACTA
TTGGACCCCT
AGCGGCATGG
GRTGATTATC
GRATTTAGAT
TGTTTAATTG
GTGATGGTCG
TGGTARGAGA
TTGCTAGTGT
AGAGATAGGT
GGTCGGCCGE
CATCCCRGCAR
AGTAGAARTGT
CETCGGGAGT
TATTCATATT
GATCATCTCA
ATTTTTTTTC
GATCAATTAG
AATATTTCAC
ATGTGACTCA
TTAAATCATG
TGGGTTTARC
CCGGCCACGA
TAGGCTACCC
GTGCCGACTG
GGACCATATA
TCTTTTCCAC
CATTTGGCTT
TGARGRATGTC
GTTAAAGGRG
TTACCGTARC
ACCGRAACGG
ATAAAAATGG
CACGRAATCT
ATAACTTAGT
TCATCCACRA
AGCCTAATCC

AGTGATTGGT
GCCAGCATAR
GGTATARATG
GTAGAGRCTT
GACCRTCAAT
AATTTGACCG
GCACTACACA
ACTGATTTICA
TTTTTATACT
ATTTCGCCGC
TTTAGTCAAR
ACTGTATAAA
AAGGCACACA
ACATGGUGGC
TCTATACARG
AGTTGCGETGC
GAGTTGCATA
GCTGGTCGTA
ATCGCAACAC
ATCCTGATGC
ARCCTATAGA
GTGTATATIT
ATAGAGGTTA
ACTGCTAGTA
TCAACTGATA
CTATTTTTAT
ATABAATAGT
TATTTTAGTT
ATCAGCGTTIT
ATTTCTTTCA
TTCAGATGAG
GRAATCGGTA
TATTTTCTAT
CTAATATETT
AATTTCGGGC
BABRRTTCTAT
CGGCCCGCAT
TGGGCCACRA
TATCATCCAC
CCCATARGGG
ATATCATATT
ACTACTAARA
ACGGACGAGT
GTGCCTGACT
ARTCGAGRGT
TAGRGCTRAAC
ATTTGGTGTT
TTTRGGARATT
AGTAGTGGAT
TGGTTATTTT
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4561
4621
4661
4741
4801
48861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
3761
5821
5881
5941
6001
6061

GAGAGTGATT
GARARGGAGC
GITTGGGACC
CGATGATTAT
GCTATATART
GTTTTAATAG
TAGACGATGR
AGGCCGTGAG
GCTGGTGCTA
CAACTTCAAC
GTTCITCARC
CRGCCGCCET
TATATGTARG
GTATACRCAC
GGAGCATGCR
TGTAATCAGC
CAGTATTGAT
TTTTATACCT
AARATGTTGTA
GRATTTTTCT
TRARATACCC
GTGACAATAC
ABAMTRAATCA
AARAATAAAC
GCATATTTTT
ARCTCCARAT

TTTTACAACA
RAGAAGABAGH
GAABATAMAT
TGTETTTCAA
CCRAACATGGT
TTGCGAGTCG
GARCTAGCTAG
ATGATGTGCT
TTCCRAGCAGC
ACCCGTGCCT
TGCCAGCECC
CGTECGGGLT
ATATACATGC
ATATGCATGG
TATATTGTAC
TGTTTAARGCA
GTTGTGGARC
CCAAGTGTCT
TTTTATCTGET
GTGCGTTTTT
TCACAGARRA
ACTCACRARA
CACACAGARA
ACRCAGARGRR
TCTTTTTAAT
TGGATGATTT

TCAGCAGTAG
TTACGGTATT
ARCTGETTCGT
ARGATARATA
GAARATGCTT
TCGTTTTTTA
TTTTTTTTTT
ACGAGCCCCC
TTGGCCGTGA
TCGCCCGLLG
AGACCGHCTC
GATGACGACG
ATGTTCCATG
ARTGCATGTA
ACGCGTCCGA
TTCTGCTGTG
TCTTATCAGC
TCCCRATGTA
GCGCTTCACT
TTCGATACGC
ATACABATAC
ATTRCAATTT
ABTTATACTT
ARAATAGAACA
CTCTCTGTAA

TCCAGRARART
TTATTTGTGC
AGCTCTATAT
ARGARGTGCA
TTCARTCARG
TGTACCCTAG
TTTGAGCARA
TECCCCETCC
CACGGTIGTTC
CTACBACCTC
CGETGGCCCC
ARTCGTCGTTA
GTRAGGATCG
ATARGAGAAT
TGCGTATATA
TCAGAACATG
CTTCATCTCA
CGTACCTAGA
ACTGGARACC
ACGGAABRAAT
CCACAGAACA
TTGTGTGTGT
ATTCTGTGGE
AGCACCCTCA
AACTTGTAAC

PCT/US2012/037809

GGGAGGRACAT
TRTTTGETTA
TTETCCATTC
CCAATGATTT
TAATCTTCGA
GACRTATATA
TACATAMTTA
ACGGGCATCC
GCEGCGCCET
GGCGECGLCCE
AGGTTCACCG
CGTCACGTGT
GTGACARAAC
ATATGTATAA
GCCCTATACA
ATGCATATAT
TCACARGTGA
ACTTTTCTAA
CGRATATTTC
TATBATTATT
ATTATATCAT
TTATATARAR
TTTCTATARA
TACTARCTTC
TAGTTTTTCC

TARTARAAGT
ACTATTGGCA
GAARGTGTAA
GATATCATAG
GCGGTTACCA
TATCCGCATG
TTGGATTTGC
ACCGGRTGGT
CCAGGCGCCA
TCGCCGCCAT
GGCCCTACAC
ACCGTACATA
GTCTAATAAT
TAAGTAGEGGE
TTATTGTAGT
AGTTTGGTGT
BAGRTATAGC
GAAARTGCTAC
TGTGGATGTC
TTGTGAGTTT
TTTTCTGTGC
TGCACRGRAR
ACGCACATARA
ATATGARACAC
CACTCGTACT

(SEQ ID NO:9, Sb06g012260 — S. bicolor), or a variant, such as a codon

optimized variant, thereof having at least 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, or 99% sequence identity to SEQ ID NO:9.
The coding sequence of the maturity Mal gene of SEQ ID NO:10,

including introns, can be:

1
6l
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

ATGGCGGCTA
TATACARCCG
ETTGCETGCTC
GTTGCATATA
TGGTCETATC
CGCAACACCA
CCTGATGCTC
CCTATAGACG
GTATATTTGT
AGAGGTTAGC
TGECTAGTAAC
ARCTGATAAT
ATTTTTATGA
RAARTAGTAC
TTTTAGTTTT
CAGCGTTTGT
TTCTTTCATG

ACGATTCCTT
TTGATATGAT
COECGETTIC
CTCTGGTARR
GTGGATACAT
TTTGTGCTAL
CTARCCCARG
ACAATTATTG
GCTTATGCTT
AGTCCTTTAR
TTTCAATCAT
ACATACGGTG
TCTAGTATGT
TCGATTTTGT
ATTTGCCGAA
ATOCTTGCOC
CTTGTTATAG

GGTTACTGCT
GATCCTATTC
TGACAGGCCA
CTCATGTCAT
GARACTATATG
CTTCAARATAR
CRACCCAACC
TIGTTGGCAT
CTCCATAART
AARTGGTTTA
TTCATGTTTC
AGATCACCCC
TCGEGACAART
ATAACCATAA
CCATCCTCAA
GCTTTGATTA
TTTTATCTGA

37

CATGTGATAG
GATGGTACTC
AGGGTTGAGA
GTCAATTAAC
TTATGGTTGA
CATTCTTTCA
TTGAGEGAGT
GTTCTGCCCA
TTTGGTGTAT
ATCCAGTAGT
GRGQAGGATG
TATTCCCATT
AGGCTAGCTA
ACACAGCTAG
CATCATAGCC
TCATCCATGA
TGAATCCGAG

GAGATGTCTIT
CTATTATCAG
TTGGRGGAGA
TAGTAGTITGA
TACATATTTG
ATATATAGGT
ACTTGCACTG
CATATACTTT
GTCCCARGAG
TTTTTTTCGG
GTGACTGRCA
TTGAGACARG
TTTTGARRACT
CCAATCTCTA
ACTTGATCGA
CAGTTCATAT
ATGTTATTGA

GGACCLCTTC
CGGCATGGAG
TGATTATCGA
ATTTRAGATGC
TTTABATTGAT
GATGEGTCGAT
GTARGAGARA
GCTAGTGTGT
AGATAGGTAT
TCGGCCGGAC
TCCCAGCATC
TAGRATGTCT
TCGGGRGCAT
TTCATATTTA
TCATCTCAAT
TTTTTTTCAT
TCAATTAGTT
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1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
z401
2461
2521
2581
2641
2701
2761
2821

CAGATGAGCA
BATCGGTRAT
TTTTCTATGA
BATATTITGT
TTTCGGGCEC
ABRTTCTATAC
GCCCGCATGG
GGCCACARATA
TCATCCRCAG
CATARGGGCA
ATCATATTCA
TACTAARARA
GGACGAGTTA
GCCTGACTTG
TCGAGAGTTT
GAGCTAACAC
TTGETGETTET
TAGGAATTGA
TAGTGGRTCC
GITATTTTGA
ATABARGTGR
TATTGGCAGT
ABGTGTRACG
TATCATAGGC
GGTTACCAGT
TCCGCATGETA
GGATTTGCAG
CGGATGGTGC

AGGCGCCACA

GCCGCCATGET
CCCTACACCA

GTAATGTATG
TACGRABATC
TTICTATTCT
TEAGATCTAA
GTTTAGTGAG
ARCGARCTATAT
GGRAARRATT
GCAGTGTARR
ATCCGTACGG
GCARTGCAGC
ACCTAACTCC
AGATCTTATG
GGACAACTGC
ATTAACAGAT
TCTCAAGTAG
CAATATTTAT
AGARAGTTATC
TTTATTTTAG
BATTTATTAC
GAGTGATTTT
ABAGGAGCAG
TTGCGEACCGA
ATGATTATTG
TATATARATCC
TTTAARTAGTT
GACGATGAGA
GCCGTGAGAT
TGGTGCTATT
ACTTCAACAC
TCTTCAACTG
GCCGCLETCG

TTGGAGGTTT
CCARARTTTT
GETGCATATT
ATCTTTTAGA
ATTGGGTAAT
GTGTACATGT
GGAAACGGRC
CATBATTACG
TGCTTCCGTG
ATCATATTCA
TTGGAARCAT
AGAGGTGTTT
CTCTATTAAT
TCAACCGTCT
TTABACTATT
ABABATBARLT
CTTTTCTATA
GACAACTAAG
ATTACTCCAC
TTACRACATC
ARGAAAGATT
AARTAARTAR
TGTTTCAARA
ARCATGGTGA
GCGAGTCGTC
CTAGCTAGTT
GATGTGCTAC
CCAGCAGCTT
CCGTECCTTIC
CCAGCGCCAG
TGCGEGCTGA

GGTAGTATAT
GARTTACATT
CTTGTACTCA
BARATTATAA
TTCGGAGCGA
ACATGCATGG
CATTCATACG
GTAATCRAAT
TGGATGGETCT
TATGCACTAG
TATGATGTTC
TGARARRCTGC
GIGTATTAAC
CAGTAAMGRC
TTAAACTGCA
TAGTATCACT
BAATTGATCA
GRAGTACATT
TACTTCARAC
AGCAGTAGTC
ACGGTATTTT
CTGTTCGTAG
GATAARTBRA
ARATGCTTITT
GETTTTTATG
TTTTTTTTTT
GAGCCCCCTG
GGCCGTGACA
GCCCGCCGCT
ACCGGCTCCG

PCT/US2012/037809

ATACGTTCAA
ARTBATGCAT
ATAGATATTT
TTTATATTTG
GGCGGCCGCC
CARCCTTGATA
CRGTCGTGET
ACCCCGTGGG
RCCCCAGATC
TGATGTACCA
TATTGGGETG
CCGAGGTGGT
CGAGGTAGTT
CATGATTAAC
CCGRACTTAT
ARATACATCA
ARTTTATGAT
TTTTARAGTC
TGAACRAARG
CAGAARATGG
ATTTETGCTA
CTCTATATTT
GAAGTGCACC
CAATCAAGTA
TACCCTAGGA
TGAGCAAATA
CCCCETCCAC
CGGTIGTTICGC
ACAACCTCGG
GTGGECCCCAG

TATTTCRACGR
GTGACTCATA
BRAATCATGCT
GGTTTAACAR
GGCCACGAAR
GGCTACCCCG
GCCGACTGTG
ACCATATATA
TTTTCCACCC
TTTGGCTTAT
AAGRTGTCAC
TARAAGGAGAC
ACCGTAACGT
CGAARCGGAA
ARRRATGGTA
CGARRTCTAT
AARCTTAGTTT
ATCCACAMAG
CCTRATCCTG
GAGGACATTA
TTTGTTTAAC
GTCCATTCGA
ARTGATTTGA
ATCTTCGAGC
CATATATATA
CATAATTATT
GGGCATCCAC
GGCGCCETCC
CGLGCCLGTT
GTTCACCGGG

(SEQ 1D NO:10 Sb06g012260 - S. bicolor) or functional fragment or variant,
such as a codon optimized variant, thereof having at least 75%, 80%, 85%,

90%, 95%, 96%, 97%, 98%, or 99% sequence identity to SEQ ID NO:10.

The coding sequence, without introns, of the maturity Mal gene as it

is found in day-neutral S. bicolor can include the nucleic acid sequence:

i
&1
121
i81
241
301
361
421
481
541

ATGGCGGCTA
TRATACRACCG
TTGCCTECTC
GTTGCATATA
AGGGAGTACT
CGTGAGATGA
GTGCTATTCC
TTCAACACCC
TTCAACTGCC
CGCCGTCGTG

RCGRTTCCTT
TTGATATGAT
CGGCGGTTTC
CTCTGGTGAT
TGCACTGGAT
TGTGCTACGA
AGCAGCTTGG
GTGCCTICGC
AGCGCCAGARC
CGGGCTGA

GGTTACTGCT
GATCCTATTC
TGACAGGCCA
GGTCGATCCT
GGTGACTGAC
GCCCCCTGCC
CCGTGACALG
CCECCGCTAC
CGGLTCCGGT

38

CATGTGATAG
GATGGTACTC
AGGGTTGAGA
GATGCTCCTA
ATCCCAGCAT
CCGTCCACEG |
GTGTTCGECEGE
AACCTCGGCG
GGCCCCAGET

GAGATGTCTT
CTATTATCAG
TTGGAGGAGA
ACCCAAGCAA
CRACTGATAA
GCATCCARCCG
CGCCETCCRAG
CGCCCETCEL
TCACCGGGCC

GGACCCCTTC
CGGCRTGGAG
TGRTTATCGA
CCCRACCTTG
TACATACGGC
GATGGTGCTG
GCGCCACARC
CGCCATGTTC
CTACACCAGC
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(SEQ ID NO:11, Sb06g012260 — S. bicolor), or a variant thereof, for
example a codon optimized variant, having at least 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, or 99% sequence identity to SEQ ID NO:11.
In this embodiment, the maturity Mal protein as it is found in
5 short-day — S. bicolor can include the amino acid sequence SEQ ID NO:8§,
or a variant thereof having at least 95% sequence identity to SEQ ID NO:8.
In some embodiments, the maturity Mal gene (inchuding non-coding

sequence) as it is found in day-neutral S. bicolor can include the nucleic acid
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sequence:

1

61
121
i81
241
301
36l
421
481
541
601
661
721
181
841l
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161

TTCCACCTGG
GTTTTCACTA
AGTGGCCAAG
ATCTTTTATA
GAATTTGATC
CGGGATCACT
AGTGAAGTGG
AAATGTCTTC
ARAATATTAG
CGTTAGACCT
TTTGTTTGTC
ACCATCTATA
TAGRGRATTG
TARTGCTTTA
CTATGRAAGC
TTARCCGRCC
GGARARGAAG
TCACCATGAC
TTACTARARA
TTCTGCCTGC
AGGCTTACAG
CCCTGCACAR
CTCATGTGAT
TCGATGGTAC
CAAGGGTTGA
ATGTCARTTA
TGTTATGGTT
ARCATTCTTT
CCTTGAGGGA
ATGTICTGCC
ATTTTGETGT
TAATCCAGTA
TCGRGCAGGA
ACCCCTATEC
ACAATAGGCT
CATAMRCACA
CTCAACATCA

GCAGGGAARR
AAMCTGTCAT
GATTTTACTG
ABRACAACGGC
CCTCRACCTCA
CGCCAGCAGA
GGTTCTCCTA
TAGTAARGAT
ARGARCTCCA
ATATRATGCAG
TGACACRGGC
GTCATCTCRA
AGAATATTTT
TTTGACATTT
BATTARTTRG
TGTCAATATT
TTPTCCTTAT
ATCCCCATTG
GACTATCCAC
TTGACCTTCG
AGCTTGTACT
ARCTCAAGCA
BGGAGATGTC
TCCTATTATC
GATTGGRGGA
ACTAGTAGTT
GARTACATATT
CARTATATAG
GTACTTGCAC
CACATATACT
ATGTCCCAAG
GTTTTTTTTIC
TGECTGACTGA
CCATTTTGAG
AGCTRITTTG
GCTRGCCAAT
TAGCCACTTG

CGGTTTATTA
ATTGCTACAC
CTACTGTTGA
CGCAATARTA
TTACATCCAT
TACCCTGAGC
GTCCTTTAAC
TTCCTAGTGT
TCATTTTGET
GACAACTCAA
ARCCGTGTTT
TGTTTATATA
ATTTTTGTGC
GARACTACTT
TACGGGTACT
ACCTTAAGTT
TAGTAGTAAC
CCAAGAGAAT
GCAGTAGRGA
TCAGCCACTC
ACGTACTARC
GTTATTACTA
TTGGACCCCT
AGCGGCATGG
GATGATTATC
GAATTTAGAT
TETTTAATTG
GTGATGGTCG
TGGTAAGRGA
TTGCTAGTGT
AGAGATAGGT
GGTCEGCLGE
CATCCCAGCA
ACAAGTAGAA
ARBCTTCGGG
CTCTATTCAT
ATCGATCATC

39

TGTTCCTCTT
TCCAGTACTA
TTAACATARG
TTGAACTGTT
BGTAACATGA
GATTCATAAC
ATTCRAARTT
TTTGATTTGE
AGTGATTGGT
GCCAGCATAR
GGTATARATG
GTAGAGRCTT
GACCATCAAT
AATTTGACCG
GCACTACACA
ACTGATTTCA
TTTTTATACT
ATTTCGCCGC
TTTAGTCARA
RBCTGTATAAR
BAGGCACACA
ACATGGCGGT
TCTATACRAC
AGTTGCGETGC
GRGTTGCATA
GCTGGTCGTA
ATCGCRACAC
ATCCTGATGC
BACCTATAGAR
GTGTATATTT
ATAGAGGTTA
ACTGCTAGTA
TCAACTGARTA
TGTCTATTTT
BGCATAARAAT
ATTTATTTTA
TCARTCAGCG

TAATTTATCT
CCAGTACGTC
CACTTGCGAC
TTTTTCTAGT
CCAGATATAT
CAGAATTTTT
TAGTARCAAAC
TAGTGTTTTA
TETTTGGATT
ATATATGARR
TGTTTTICTTG
CATGTTTGTA
TTTATGTRAT
TTATGCAGGT
AGTTTGCTAG
ATTAGRATCT
BRTTARGATT
CCCTCAARGC
ATATTCCAAT
TATCGCACCA
CBRATACCCTG
TAACGATTCC
CGTTGATATG
TCCGGCGGTT
TACTCTGGTA
TCGTGGATAC
CATTTGTGGT
TCCTARCCCA
CGACARTTAT
GTGCTTATGEC
GCAGTCCTTT
ACTTTCARTC
ATACATACGG
TATGATCTRAG
AGTACTCGAT
GTTTTATTTG
TTTGTATCCT

ATCGETGEGTCT
GCCCGCACAT
TTTCCCTAAC
ACCRARRATA
ATGGACAGGC
ARTTTTTTICT
TTICCTTAGT
TTARCTAATTA
AGTCTTCTCA
TATCTTGGTG
TTTACGTTTT
GTAGATRAGG
CTGCATTGTC
CCGCATGATC
TACTATICTA
RACACATTCA
CAATARAARAT
AGCCARGGCT
AGCAATTGTT
CGCCCTITGC
TGTTCACCGG
TTGGTTACTG
ATGATCCTAT
TCTGRCAGGC
ABCTCATGTC
ATGAACTATA
BACTTCAART
AGCAACCCAA
TGTTGTTGGC
TTCTCCATAA
ABAARTGGTT
ATTTCATGTT
CCGTGAGRTC
TATGTTCGTG
TTTGTATARC
CCGARACCATC
TGCCCGLTTT
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2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3861
4021
4081
4141
4201
4261
4321

GATTATCATC
FTCTGATGAAT
GGTTTGGTAG
ATTTTGAATT
ATATTCTTGT
TTAGARAART
GTARTTTCGG
CATGTACATG
CGGRCCATTC
TTACGGTAAT
CCGTGTGGAT
ATTCATATGC
AACATTATGA
TGTTTTGARR
TTAATGTGTA
CGTCTCAGTA
CTATTTTAAA
TARATTAGTA
CTATARAATT
CTARGGRAGT
TCCACTACTT
ACATCAGCAG
AGATTACGGT
AATAACTGTT
CARBAGATRA
GGTGARAAATG
TCGTCGTTTIT
TAGTTTTTTT
GCTACGAGCC
AGCTTGGCCG
CCTTCGCCCG
GCCAGACCGE
GCTGATGACS
TGCATGTTCC
TGGAATGCAT
TACACGCETC

CATGACAGTT
CCGRGATGTT
TATATATACG
ACATTAATARA
ACTCARTAGA
TATAATTTAT
AGCGAGGCGG
CATGGCARCCT
ATACGCAGTC
CRBATACCCC
GGTCTACCCC
ACTAGTGARATG
TGTTCTATTG
BCTGCCCGAG
TTAMCCGAGG
AAGACCATGA
CTGCRCCGAA
TCACTARATA
GATCAARTTT
ACATTTTTTA
CAAACTGAAC
TAGTCCAGAA
ATTITATTTG
CGTAGCTCTA
ATAAAGAAGT
CTTTTCAATC
TTATGTACCC
TITTTTTGAGC
CCCTGECCCCG
TGARCACGGTG
CCGCTACARC
CTCCGGTGGC
ACGRTCGTCG
ATGGETAAGGA
GTAATARGAG
CGATGCGTAT

CATATTTTIT
ATTGATCAAT
TTCAATATTT
TGCATGTGRC
TATTTAAATC
ATTTGGGTTT
CCECCGGCCA
TGATRGGCTA
GTGETGCCGA
GTGGGACCAT
AGATCTTTTC
TACCATTTGG
GGETGAAGAT
GTGETTAAAG
TAGTTACCGT
TTARCCGAAR
CTTATAARBA
CATCACGAAR
ATGATAACTT
AAGTCATCCA
AAARGCCTAR
AATGGGAGGA
TGCTATTTGT
TATTTGTCCA
GCACCAATGA
ABGTARTCTT
TAGGACATAT
ABATACRTAR
TCCACGGGCA
TTCGCGGCET
CTCGGCGCEC
CCCAGGTTCA
TTRCGTCACG
TCGGTGACAA
ARTATATGTA
ATRGCCCTAT

TTCATTTCTT
TAGTTCAGAT
CRCGRARATCG
TCATATTTTC
ATGCTAATAT
AACARTTTCG
CGRARAATTC
CCCCEGLCCE
CTGTGGGCCA
ATATATCATC
CRCCCCATARA
CTTATATCAT
GTCACTACTA
GAGACGGACG
AACGTGCCTS
CGGRATCGAG
TGGTAGAGCT
TCTATTTGGET
AGTTTTAGGA
CARAGTAGTG
TCCTGGTTAT
CATTBATARA
TTAACTATTG
TTCGARRGTG
TTTGATATCA
CGAGCGGTTA
ATATATCCGC
TTATTGGATT
TCCACCGGAT
CGTCCAGGCG
CCGETCGCCEC
CCGGGCCCTA
TGTACCGTAC
BAACGECTAAT
TAATARGTAG
ACATTATTGT

PCT/US2012/037809

TCATGCTTGT
GAGCAGTAAT
GTAATTACGA
TATGATTTCT
TTTGETTTAGA
GGCGCGETTTA
TATACACGAC
CATGGGGRAA
CAATAGCAGT
CACAGATCCG
GGECAGCARAT
ATTCARCCTA
AMAARAGATC
AGTTAGGACA
ACTTGATTAL
AGTTTTCTCA
ARCACCARATA
GTTGTAGAAG
ATTGATTTAT
GATCCARTTT
TETGAGAGTG
AGTGABAAGG
GCAGTTTGGG
TARACGATGAT
TAGGCTATAT
CCAGTTTTAA
ATGTAGACGA
TGCAGGCCGT
GGTGCTGETE
CCACRACTTC
CATGTTCTTC
CRCCAGCCGC
ATATATATGT
BATGTATACA
GGGGGAGCAT
AGTTGTAATC

TATAGTTTTA
GTATGTTGGA
ARATCCCAAR
ATTCTGTTGC
TCTARATCTT
GTGAGRTTGG
TATATGTGTA
ABATTGGABA
GTARACATARA
TACGGTGCTT
GCAGCATCAT
ACTCCTTGGA
TTATGRAGAGG
ACTGCCTCTA
CAGATTCARC
AGTRGTTARA
TTTATARBAA
TTATCCTTTT
TTTAGGACAA
ATTACATTAC
ATTTTTTACA
AGCAGAAGRA
ACCGAAAATA
TATTGTGTTT
ARTCCAACAT
TAGTTGCGAG
TGAGACTAGC
GAGRTGATGT
CTATTCCAGC
ARCRCCCGTG
ARCTGCCAGC
CGTCGTGCGGE
ARGATATACA
CACATATGCA
GCATATATTG
A

(SEQ ID NO:12, Sb06g012260 — S. bicolor), or a variant, for example a
codon optimized variant, thereof having at least at least 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, or 99% sequence identity to SEQ ID NO:12.

The coding sequence of the maturity Mal gene of SEQ ID NO:12,

including introns, can be:

1
61
123
181
241
301
361

ATGGCGGCTA
TATACAACCS
TTGCGTGECTC
GTTGCATATA
TGGTCGTATC
CGCRACRCCA
CCTGATGCTC

ACGATTCCTT
TYGATATGAT
CGGCGGTTTC
CTCTGGTARR
GTGGATRCAT
TTTGTGGTAA
CTAACCCAAG

GGITACTGCT
GATCCTATTC
TGACRGGCCA
CTCATGTCAT
GBRACTATATG
CTTCARATAA
CARCCCAACC

40

CATGTGATAG
GATGGTACTC
AGGGTTGAGR
GTCARATTAAC
TTATGGETTGA
CATTCTTTCA
TTGAGGGAGT

GAGATGTCTT
CTATTATCAG
TTGCGAGCGAGA
TAGTAGTTGA
TACATATTTG
ATATATAGGT
ACTTGCACTG

GGACCCCTTIC
CGGCATGGAG
TGATTATCGA
ATTTAGATGC
TTTAATTGAT
GATGGTCGRT
GTRAGAGARA
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CCTATAGACG
GTATATTTGT
AGAGGTTAGC
TGCTAGTARC
ARCTGATAAT
TCTATTITTA
CATARBATAG
TTATTTTAGT
AATCAGCGTT
CATTTCTTTC
GTTCAGATGA
CGARRTCGGT
ATATTTTCTA
GCTABRTATTT
CAATTTCGGS
ARABATTCTA
CCGGCCCGCA
GTGGGCCACA
ATATCATCCA
CCCCATARGG
TATATCATAT
CACTACTARA
GACGGACGAG
CGTGCCTGAC
GRATCGAGAG
GTAGAGCTAR
TATTTGGTGT
TTTTAGGAAT
AAGTRAGTGGA
CTGGTTATTT
TTAATARARG
AACTATTGGC
CGARAGTGTA
TGATATCATA
AGCGGTTACC
ATATCCGCAT
ATTGEGATTTG
CACCGGATGG
TCCAGGCGCC
GTCGCCGCCA
GGGCCCTACA

ACARTTATTG
GCTTATGCTT
AGTCCTTTAA
TTTCAATCAT
ACATACGGCC
TGATCTAGTA
TACTCGATTT
TTTATTTGCC
TGTATCCTTG
ATGCTTGTTA
GCAGTAATGT
AATTACGARR
TGATTTCTAT
TGTTTAGATC
CGCGTTTAGT
TACACGACTA
TGECGAARAR
ATAGCAGTET
CAGATCCGTA
GCAGCRAATGC
TCARCCTAAC
ARBRAGATCTT
TTAGGACAAC
TTGATTAACA
TPTTCTCARG
CACCRATATT
TGTAGARRGTT
TGATTTATTT
TCCAATTTAT
TGAGAGTGAT
TGAAARGGAG
AGTTTGGGAC
ACGATGATTA
GGCTATATAA
AGTTTTAATA
GCTAGACGATG
CAGGCCGTGA
TGCTGETECT
BACARCTTCAA
TETTCTTCAR
CCAGCLGCLGE

TTGTTGGCAT
CTCCATRAAAT
ARRTGGTITTA
TTCATGTTTC
GTGAGATCARC
TGTTCGTGAC
TGTATARACCA
GARACCATCCY
CCCGCTTTGA
TAGTTTTATC
BTGTTGGAGE
ATCCCARAAT
TCTGTTGCAT
TRAATCTTTT
GAGATTGGET
TATGTGTACA
ATTGGARACG
AARCATRATT
CGGTECTTCC
AGCATCATAT
TCCTTGGRRA
ATGAGAGGTG
TGCCTCTATT
GATTCAACCS
TAGTTARACT
TATAARRATA
ATCCTTTTCT
TAGGRCARCT
TARCATTACTC
TTTTTACAAC
CAGARGAARG
CGABARTAAAL
TTGTGTTTICA
TCCRACATGG
GTTGCGRAGTC
BGACTAGCTA
GATGATGTGC
ATTCCAGCAG
CACCCGETGLCC
CTGCCAGCGE
TCETGCEEEC

GTTCTGCCCA
TTTGGTGTAT
ATCCAGTAGT
GRAGCAGGATG
CCCTATTCCC
ARTAGGCTAG
TARRCACAGC
CBACATCATA
TTATCATCCA
TGATGAATCC
TTTGGTAGTA
TTTGAATTAC
ATTCTTGTAC
AGAARAATTA
ARTTTCGGAG
TGTACATGCA
GACCATTCAT
ACGGTAATCA
GTGTGGATGE
TCATATGCAC
CATTATGATG
TTTTGARRAC
ARTGTGTATT
TCTCAGTRAR
ATTTTAARACT
BATTAGTATC
ATARBATTGA
ARGGRAGTAC
CACTACTTCA
ATCAGCAGTA
ATTACGGTAT
TAACTGTTCG
ARAGATARAT
TGRARATGCT
GTCGTTTTTT
GTTTTTTTTT
TACGAGCCCC
CTTGGCCGTG
TTCGCLCGCC
CAGACCGGCT
TGA

PCT/US2012/037809

CATATACTTT
GTCCCARGAG
TTITTTTCGG
GTGACTGACA
ATTTTGAGRC
CTATTTTGAA
TAGCCAATCT
GCCACTTGAT
TGRCAGTTCA
GAGATGTTAT
TATATACGTT
ATTAATRATG
TCAATAGATA
TAATTTATAT
CGAGGCGECC
TGGCACCTTG
ACGCAGTCGT
BATACCCCGT
TCTACCCCAG
TAGTGATGTA
TTCTATTGGG
TGCCCGAGET
AACCGAGGTA
GACCATGATT
GUACCGARACT
ACTABRATACA
TCAAATTTAT
ATTTTTTARR
AACTGAACAA
GTCCAGARAA
TTTATTIGTG
TAGCTCTATA
ARAGAAGTGC
TTTCAATCRR
ATGTACCCTA
TTTTGAGCAA
CTGCCCCGTEC
ACACGGTGTT
GCTACARCCT
CCOGTGEGCCC

GCTAGTGTGT
AGATAGGTAT
TCGGCLGGAC
TCCCAGCATC
AAGTAGRATG
ACTTCGGGRG
CTATTCATAT
CGATCATCTC
TATTTTTTTT
TGATCAATTA
CRATATTTCA
CATGTGACTC
TTTARRTCAT
TTGGGTTTRAA
GCCGECCACE
ATAGGCTACC
GGTGCCGACT
GGGACCATAT
ATCETTICCA
CCATTTGGCT
GTGAAGATGT
GGETTARAGGA
GTTRCCGTAA
BAACCGARACG
TATARARATG
TCACGARATC
GATAACTTAG
GTCATCCRCA
ABGCCTRATC
TGGGAGGACA
CTATTTGTTT
TTTGTCCATT
ACCRATGATT
GTAATCTTCG
GGACRTATAT
ATACATARTT
CACGGGCATC
CECGEGCECCsH
CGGCGLGCCT
CAGGTTCACC

(SEQ ID NO:13 Sb06g012260 - S. bicolor) or functional fragment or variant,
such as a codon optimized variant, thereof having at least 75%, 80%, 85%,

90%, 95%, 96%, 97%, 98%, or 99% sequence identity to SEQ ID NO:13.

In some embodiments, the maturity Mal gene (including non-coding

sequence) as it is found in day-neutral S. bicolor can include the nucleic acid

sequence:

41
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1081
1141
1201
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1321
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1441
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BATGCCCCCAT
CCATTGACCC
GACTATGTGC
ATARRARGGT
GITGATATAC
TTTGAGGACA
TGGTGTCTGET
TAATATGTAG
GGATCARTGG
TTATCAAAGG
GCTATRAARG
ATGCTGAGGT
CTTCATATAC
TTATTCATGC
TGTCCTAGAC
ARGGTGAGCC
TAGTGATTTA
GTCGACGCCE
AGTTGTCCGA
TCCETTGCTC
TGTCTGETGAG
TATCTATGTA
CATGCTTTTA
ARGACTCTGG
AGTIGACGGTG
ACAGACATAG

CARAGGAAGC
TAARGGRTAT
CCGGARGGCC
TTCATGACTG
CAGCAAACGT
TGCACTTGTT
ARGTACCACT
ATGTTGTCTG
TCGGTTATCT
AARGATAGRGC
AGTTGCAARG
ATARGTATAG
GTACTTCAAA
AGTGACCATT
TCTTTACATG
AACATGRAAC
TATTCGATAT
CACGCTCAGA
ACACRTTTCA
ATTATATAGY
TTTATAAGGC
TGRAGTTTTC
AACTTTGTTT
ARGATATAGT
CATATTTTGA
CRGGTCTARA

CCCARGTGGC
CAGAARGCCA
TATGCTCCAA
GTACATGAGA
GTTTGCTACT
ATTGAACTAT
CATGCACACA
TAGTTTGCAR
GAGCCCTATC
ARBAGATRGAG
ARAATRACGAG
GGATTTTATA
TARTTATCGT
GGATEGTTTT
TTCCTCCCGA
CACATGCGTA
CTACAGGGCA
TCCTAGGETC
TCATATARAT
GCCACAAGCA
AGCGGGGACG
TCATTARAGT
CCAGCCARAA
AGCAGACTTG
TCATGAGGGC
TCEGAAGCGA

GATGTACATG
ACGATTGATG
TGEGACGCTGEC
GCAGTGCATG
GGTAACGAAA
AGGCGGCTTG
CAATTATTAT
GRTCRCGAGT
BAGTTACAAG
GAAGACRARAR
GATAATTATG
TTGGCACCTT
GTARRCAATA
TTATATTTAT
GARGTATCAA
CTTATATARA
TGGCGGTTTT
CCATTGATGA
ARTACATAAR
ACCATCTGGA
TTACGTCACG
TGCAAAATTA
RAGCARRRARR
TETEETTTTA
GATTTAGCAA
AATGACATG

PCT/US2012/037809

TCARACAGCC
ATTATGTCAR
TTGATARGAT
CTGGCCTCCA
ARAGCAAGGC
ACGTCCRRCT
TBRATATGTAG
AGAGGTCATT
ARBATATGCA
CACCAGAARA
CCCTCTACCT
ACAACTTTAG
TACATGTGTC
CCCTTCGRAN
CCATTCTTGG
TTAGAGTTTC
ATARGARRACA
TACRACACCA
GCATGGCARA
TCGGTCTATT
GACAARARATA
TATATTGAAC
AGGACGTGCC
TTATGAGAGA
GTGATARAATT

ATCARGTCAR
TGTCCCCAGT
TCAATGGCCG
TGCAATCAGA
ATTTGTTATC
CATAACAATC
TGTGARACTC
ATTATCTACC
CRARTTTGTA
AGTTGCAGRA
TGGTAGATCA
GTAAGCTTGA
GCTCACTCAT
GGRAGGTGCT
TTCARTTAGA
ARAACARCTT
ABAGGGACCG
CTATCCGGTA
TTTAGRATREA
GTGGETACTA
TGGTAARTRAA
ATGTGTCAAT
CTTTACACCA
ARTAATTCCA
TAGAGTGCTG

(SEQ ID NO:32 - Sb07g008600 - S. bicolor) or functional fragment
or variant, such as a codon optimized variant, thereof having at least 75%,

80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence identity to SEQ ID

NO:32,

The coding sequence, without introns, of the maturity Mal gene

according to SEQ ID NO:32 as it is found in day-neutral S. bicolor can

include the nucleic acid sequence:

1
&1
121
181
241
301
361
421
481
541
€01
661
721
78l

ATGCCCCCAT
CCATTGACCC
GACTATGTGC
ATARAARGGT
GTTGATATAC
TTTCAGGACA
TGGTGTCTGG
CTAGACTCTT
GCATGGCGGY
GTGCCATTGA
TGIGGGETACT
ATGCCABAAMA
GCAGACTYGT
CATGAGGGCS

CAARAGGAAGC
TRAAGGATAT
CCGGRAGGCC
TTCATGACTG
CAGCARACGT
TECACTTGTT
ACCATTGGAT
TACATGTTCC
TTTATARGAA
TGATACAACA
ATGTCTGETGR
AGCAAARBRAA
GTGGTTTTAT
ATTTAGCARAG

CCCRAGTGGC
CAGABRAGCCA
TRTGCTCCAA
GTACATGAGA
GTTTGCTACT
ATTGAACTAT
TETTTTTTAT
TCCCGAGARG
ACARARGGGA
CCACTATCCG
GTTTATRAAGG
GGACETGCCC
TATGAGAGAA
TGATARATTT

42

GATGTACATG
ACGRTTGATG
TGGACGCTGEC
GCAGTGCATG
GGTARCGRAA
AGGCGGCTTG
ATTTATCCCT
TATCAACCAT
CCGEICGACG
TGCCACAAGC
CAGCGGGGAC
TTTACACCAA
ATARTTCCAA
AGAGTGCTGA

TCARACAGCC
ATTATGICAA
TTGATAAGAT
CYGGCCTCCA
ABRAGCAAGGC
ACGTCCRACT
TCGARAGGRA
TCTTGGTTCR
CCGCACGCTC
ARCCATCTGG
GTTACGTCAC
AGACTCTGGA
GTGACGETGC
CAGACATAGC

ATCRAGTCRA
TGTCCCCAGT
TCARTGGCCG
TGCARATCAGA
ATTTGTTATC
CATARACAATC
GGTGCTTGETC
ATTAGARAGG
AGATCCTAGG
ATCGGTCTAT
GGACRARAAT
AGATATAGTA
ATRTTTTGAT
AGGTCTAAAT
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(SEQ ID NO:33, Sb07g008600 — S. hicolor), or a variant thereof, for

example a codon optimized variant, having at least 75%, 80%, 85%, 90%,

05%, 96%, 97%, 98%, or 99% sequence identity to SEQ 1D NO:33.
Therefore, a maturity Mal protein as it is found in short-day S.

bicolor can include the amino acid sequence:

MPPSKEAPSGDVHVKQPSSQPLTLEDIRKPTIDDYVRVPSDYVPGRPMLOWTLLDKIQWE IKRFHDWYMRAV
HAGLHAIRVDIPANVFATGNEKSKAFVIFEDMHALLLNYRRLDVOLITIWCLDEWIVEY IYPFERKVLVLDSL
HVPPERYQPFLVOLERAWRFYKRQOKGPVDARRSDPRVPLMIQHHY PCHRQPSGSVYCGYYVCEFIRQRGRYV
THKNMPKKQRKDVPFTPKTLEDIVADLCGFIMREI I PSDEAYFDHEGDLASDRFRVLTDIAGINLKRNDM

(SEQ ID NO:34, Sb07g008600 ~ S. bicolor) or functional fragment, or
variant thereof having at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%,
or 99% sequence identity to SEQ ID NO:34.

A polynucleotide is therefore disclosed having the nucleic acid
sequence SEQ IDNO:1,2,3,4,5,6,7,9,10, 11, 12, 13, 19, 20, 28, 29, 30,
31, 32, and 33. A polynucleotide having a nucleic acid sequence at least
65%, 70%, 71%, 12%, 73%, 74%, 75%, 76%, T7%, 78%, 79%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% identical to SEQ ID NO: 1,2, 3,4,5,6,7,9, 10,
11, 12, 13, 19, 20, 28, 29, 30, 31, 32, or 33 is also disclosed. A
polynucleotide that hybridizes under stringent conditions to a polynucleotide
consisting of the nucleic acid sequence SEQ IDNO: 1,2,3,4,5,6,7,9, 10,
11,12, 13,19, 20, 28, 29, 30, 31, 32, or 33 is also disclosed.

A polypeptide is therefore disclosed having the amino acid sequence
SEQ ID NO: 8 and 34. A polypeptide having an amino acid sequence at least
65%, 70%, 71%, 72%, 73%, 14%, 75%, 76%, 77%., 78%, 79%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% identical to SEQ ID NO: 8 or 34 is also
disclosed.

A polynucleotide that is a fragment of Mal gene is also disclosed.
Therefore, a polynucleotide having a nucleic acid sequence at least 65%,
70%, 71%, 72%, 73%, 74%, 75%, T76%, T1%, 18%, 79%, 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% identical to a fragment of SEQID NO: 1, 2,3, 4,5, 6,

7,9,10,11, 12, 13, 19, 20, 28, 29, 30, 31, 32, and 33 is disclosed. The
43
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fragment can be at least 1, 2, 3,4, 5,6,7,8,9, 10,11, 12,13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 50, 75, 100, 150, 200, 250,
300, 350, 400, 500, or more nucleotides shorter than SEQ ID NO: 1, 2, 3, 4,
5,6,7,9,10,11,12, 13,19, 20, 28, 29, 30, 31, 32, or 33,

5 A polypeptide that is a fragment of the Mal protein is also disclosed
having the amino acid sequence SEQ ID NO: 8 or 34. A polypeptide having
an amino acid sequence at least 65%, 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%, 99% identical to a

10 fragment of SEQ ID NO: 8 or 34 is disclosed. The fragment can be at least 1,
2,3,4,5,6,7,8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25,26, 27, 28, 29, or 30 amino acids shorter than SEQ ID NO: 8 or 34.

B. Photoperiod Sensitivity Expression Control
1. Photoperiod Sensitivity

15 The expreséion control sequences of Mal are also provided for use in
putting expression of other plant genes under photoperiod control. For
example, the expression control sequence of the Mal gene in the short-day S.
propinquum having a dominant (functional) Mal allele can be used to induce
photoperiod sensitivity of other plant genes.

20 The day-neutral haplotype of S. bicolor is characterized by a number
of insertions, deletions and polymorphisms relative to S. propinguum. The
mutations in S. bicolor include three deletions in the expression control
sequence (5° UTR) and one deletion in the second intron: (1) a 423
nucleotide deletion beginning with nucleotide 1,132 numbering for the first

25  nucleotide of SEQ ID NO:1 or nucleotide 1597 numbering from the first
nucleotide of SEQ ID NO:3; (2) a 4,186 nucleotide deletion beginning with
nucleotide 2,465 from SEQ ID NO:1, or 4,231 nucleotide deletion beginning
with nucleotide 2,930 numbering from the first nucleotide of SEQ ID NO:3
(3) a 3 nucleotide deletion beginning with nucleotide 6,753 numbering from

30  the first nucleotide of SEQ ID NO:1, or nucleotide 7,263 numbering from the
first nucleotide of SEQ ID NO:3 or nucleotide 2,024 numbering from the
first nucleotide of SEQ ID NO:5; (4) a 27 nucleotide deletion beginning with

nucleotide number 7,563 numbering from the first nucleotide of SEQ ID
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NO:1, or nucleotide 8,073 numbering from the first nucleotide of SEQ ID

NO:3, or nucleotide 2,834 numbering from the first nucleotide of SEQ ID
NO:5 (Figure 3B).

Other insertions, deletions, and polymorphisms in or around S.

bicolor Mal relative to S. propinguum Mal, and their association with

photoperiod sensitivity can be determined by one of skill in the art using the

compositions and methods described herein. For example, additional

deletions, insertions, and polymorphisms can be determined by comparing
SEQ ID NO: 1, 3, or 5 of S. propinguum Mal to SEQ ID NO: 9 or 12 of §.

bicolor using global sequence alignment tools. A global alignment shows an

end-to-end alignment of two sequences. Tools for preparing global

alignments are available in the art, for example, using EMBOSS Needle

software available at ebi.ac.uk/Tools/psa/ which creates a global alignment

of two sequences using the Needleman-Wunsch algorithm.

Accordingly, one or more of the Mal expression control sequences in

S. propinquum that are mutated or absent from S. bicolor can be operably

linked to a plant gene coding sequence to impart photoperiod sensitive (i.e.,

short-day) control over the plant gene coding sequence.

In some embodiments, a functional Mal expression control sequence

capable of placing a target gene under photoperiod (short-day) control has

the nucleic acid sequence:

1

61
121
181
241
301
38l
421
481
541
601
861
721
781
841
901
961
1021
1081

BAAAGARARG
AGATTGCATC
ATGARARGTT
ATCTGARATA
TCCCATCACT
TCATTGTACR
ACACGCRCTA
GRAGATTTTT
ATTTTCACAA
ACCACGTCTC
ACGTCTATGG
CCTCTCATCG
CGCCTCTCCA
GTTCATGCCA
TRAGATGTCC
CTGAAMATGG
CTATAGTTCC
TGACGCTGGG
CTGGECAGGG

TGAGCACACC
GAGATCTARG
TTGAGTTTCA
BAARATTCAM
TCCGCTAGRA
AGATTCITTC
GTGGACGCCE
ATCTAACTAA
TTATGRAATTT
TATTTAGGGT
ACCACCGACC
CTTTTCATAT
ACCATTGTAR
AAABRAATTAT
ARRTGTAART
ATTATGGATT
TAAATTTTIT
CTTTATTTIG
ARAACGGTTIT

ACGRCCTETC
ACTCAGGTAC
ABRRTATGATA
CTAGATCATG
BACTTTTETT
BAACCTCARC
GGCGGGETGGA
CTATAGTACT
ACCCTTTTAC
CCTAGTCCCC
ARAGACACAC
TCTAGATCCA
ABATATTTAT
ACATATTATT
GACCCTATTT
TGAGATAATA
TTTATTGTAG
CGACACAGRA
ATTATGTTTC

45

ATCAGCECAT
ABATCATGTC
CGTGATATTA
TTARCATTGA
CTCGATTTAR
CCCTATCATC
ACCCTAAGAA
TATATCATAC
TCTTCATTARA
ATAATTTRAG
CTATCGTCTC
GCGGCCATAG
AATTTTGATA
TTCGTGTGAG
ATTATGAGGC
AATTTAAGGS
TAGTAGARACT
CACCAARTTG
TCTTTAATTT

GGTCAGCTCT
RACATCTART
BCATTTGARC
TATARTCGCT
TTARATGAARG
GACGGTGRACG
GATTTARARA
ACTATACTAT
ARARATACGA
AGGCGGTGAG
CCATCGCCTT
ACACACCAAT
TAARARTTTGT
AATTTACRGA
GCGGATCTAT
CCTATCTTECG
TTTCTCCCTG
GTGGCTATGA
ATCTATCGTG

ACABACTTAT
GGTTTAGARA
TTTTRAGCAAG
TCCAATCGCC
GGTRATAACA
GCTCCCTATA
ABCTTAAGAA
TCARBATATT
AABMAGARTC
AGACGATGTG
GCTITCCATCG
CGTTTCTCAT
CTTCACTTGA
AGTGGACTCT
AGGCCTGACT
CACATAACAT
TRBACCRBAGT
ACTCTTCCAC
GCACTATARC
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1141
1201
1261
1321
i381
1441
1501
1561
1821
1681
1741
1801
i8¢l
i921
1981
2041
2101
2161
2221
2281
2341
2401
2481
2521
2581
2641
2701
2761
2821
2881
2841
3001
30861
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3501
3961
4021
4081

ACBACATGGC
CETCTCACGA
ACTTTTGCCG
CGCCGACAGT
ACAGTTTGGA
ARACCATGCC
CAATTTABAT
TTCACTARAA
ARAGGATTTTA
ATARAACAAC
GATCCCTICAC
CACTCAGCGA
AGTGGGGTTT
CCTTCTAGTA
ACATTAGARG
ATATATGCAG
TGACACAGGT
GTCATCTCAR
GBATATTTTA
TTGACATTTG
ATTARATTAGT
CTGTCBATAT
GTTTCACTAG
ACAATATCAY
TCTTCTTAAT
CCGTGTGTAT
TGTCTTTTTA
TATGRGCCGC
GTTACTCCCA
GTTTTGATTT
TATTTTTTAA
CATCATGCAT
ATTTTTATGT
TTAGRATTCT
TAATTTTGAT
CATTARARATG
AATACTTCAT
TGAMARTGAG
TTTCATCTCY
TATTAGTTTT
TGGAGAGGTC
TCCARARATT
GTTGTCCARTG
CCCATCTGET
GTAGTTTTGC
GTCCAATGCC
CTGARTGTCAA
AGGCAATAAT
TGAAGAAGGC
CGRCATTATG

TTTGCCGACA
ARGGTTTTGC
ACAGTTARAG
TGAACTTTCA
CCTTTTCCGA
TTGTCCRAACA
ATTTTAATAA
CTGTCAGAGG
CTGCTACTGT
GGCCGCAATA
CTCATTACAT
GCAGATACAC
TCCTAGTCTT
ARGATTTCCT
AACTCCATTT
GACRACTCAA
ARCCGCGTTY
TGTTATATAG
TTTTTGETECE
RRACTACTTA
ACGGGTAAAC
TACCTTAAGT
TACAARARTC
GGTGCTAGTA
TCAMCCGCCT
BAATACCATT
CACAGGCGGT
CTGTGTTAAG
TGRAGCTCTGC
TCATTTCTTT
GCGATTCTTIT
TCTTGCITAG
ARATTCATAG
TGETGAGTAGA
TCAGTTTTAG
TTGARAATCA
AGARATCCTT
TTTARACRAT
GTTTAATAGA
GTTTTTAGAT
ATTATGGATG
TATTGATGETC
CGCAGACTGC
TTGAAGAGGA
ACCTTATATG
ACCTCTCAAT
TGARACTCAG
GBACCGTTGT
AGCAGAGGAC
TGTTGTTCTT

CTTCCAACTA
CGACAATTTT
GCATCGéCGR
CCGACAGTGA
CAGTTGGTAY
GTAGAAGTGT
ATACACATCA
TACACTCCAG
TGATTARCAT
ATATTGRACT
CCATAGTAAC
TGAGCGATTC
TTAACRTTCA
AGTATTTTGA
AGTGATTGGET
GCCAGCATAA
GGTATARATG
TAGAGGCTEC
ACCATCAATT
ATTTGACAGT
TGCACTACRC
TACTGATTTC
ATTTTCGTTG
GARARATTTC
GTGTAARCTT
ARCACAGGCA
TTGTATAGAG
TCTTCTATAA
ACACTGGCGG
GGTGAGAARC
GETTCAATTEC
GETTAGRGTT
TARATTGTAA
TCTATACRAT
CTTTECTTTT
TAAAATGGCA
GRATTATTCC
TATTTARATT
RAGGAGGTTAG
TGACCTACAT
TRCARCTEAT
GCAAAGATAC
AARRATATTA
TTTATGGAGG
CGGACAACTG
GAATTTCATG
CATGCTAACA
GCGGATCCAT
ACTTTGTACG
CAGTTTTTGA

46

TCGGCAARGG
CAAACAGTCG
CACATTTTCT
ACCCTTTGCC
GTTAGCGARR
CGGCARRAACT
CATTGATTGA
TACTACCAGT
ARGCACTTGC
ATTTTTTITC
ATGACCAGAT
ATAATCAGAT
ABATTTAGTA
CTAGCGATAG
TGTTTGGATT
ATATATGAM
TETTTTCTTG
ATGTTTGTAG
TTATGTAATC
TATGCAGGTC
BAAGTTTGCTA
AATTAGAATC
GCACGTTGTT
AACGGGCCCA
TCCATTTACA
GTCGAGTTAC
GGCCGCCTET
ATACCCTTCG
ACCAGRCGAT
TTCCARARGS
TTGTATTGGA
CRTRGGGCAA
ARATTARRAR
AGAGTAATGA
TTCAGATGAA
AATAAATACT
TAAATTTTAT
CCATARATTG
TATCTTAGTT
TAATTGTTCT
CAAGATTGGA
ATGCTCGCAG
TGGTATTTGA
ACTACTTGAT
ACBACACTGC
CTATGCCAGA
CAGATGTTGT
CRATATTCTT
ACGAGTCAAA
CGATGAAGGC

PCT/US2012/037809

GTACCTTTAC
CGGTAGRRGC
GTAGTCARAT
GACAGTTTGG
CCETTTCEAG
ATATTGUTAG
GCRARATCAC
ACGTCGCCLG
GRCTTTCCCT
TAGTACCADA
ATATATGGAC
TTTTTAATTT
CARACTTTCC
TGETTTTATTA
AGTCTTCTCA
TATCTTGGYG
TTTACATTTY
TAGATAAGGT
TGCATTGTCT
CGCATGATCC
GTACTATTCT
TAACRCATTC
TTTTTTTTCA
ACARGRGARC
TAGGCGGCTT
GACRACCGCC
GCTARTATAT
TCCACCTCCA
TCCAGTTTICC
TTAGTTAGTG
GGTGCTCTAG
ARAGAGAGAG
ABATARBADA
TGAGGATATT
TTAGACTTTA
TTTTCRARTC
ACAATTGTTT
TAARCTCCGTA
AAGTCTGTTT
TAACTAATTA
CCTATCATAT
BACAAAGGCG
CAATGTAGRA
TTGGACARAA
ARCTAACATC
TGTTAATGAA
TGARGATGCA
CATGRAGGGA
AGGTTGTACC
TAGRCATGEGT

CGACACTTAA
AGTTGGCGAR
GGCATACCTA
RCCTACGCCG
GGTGTTTCAT
GRTGTAGATA
ATGGTCTGTT
CACAGTGGCC
ARARTCTTTT
ATTAGAATTT
AGGATGGGAT
CTTCTAGTGR
CTAGTAARTS
CTAATTARRA
CGTTAGRCCT
TTTGTTTGTC
ACCATCTATA
AGAGARTTGR
AATGCTTTAT
TATGAARGCA
ATTARCCGAC
AGGAABAGAA
CAGGCRGTTC
CGCCAGECGE
ACGATARAAR
TGTGTAARTG
TTACACAGGC
GACRAGBACA
ABRGGGGGGAG
CCATTGRTGC
ATCTAGAGTT
ATTTAGCTAA
TAAATACTTT
TTGAAGTTTA
TABACTCAAR
TTTGTGCATA
CTTATAATTA
AGGTGTAGGT
TCGGGGGTTA
CRGCTARATA
GTAGTGCAGG
ARGCACATAT
GCAATTACTT
CATGGTGAGG
ARTGTGGAGG
ACTCATACGT
GATTTCTTAG
ATGAAAGCAT
RARCAATGGT
TGGTCCGATS
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4141
4201
4261
4321
4381
44471
4501
4561
4621
4681
4741
4801
48631
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
5121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
€841
6901
6961

CTAGCTTCAR
CTGCTARCAC
TCCACGCATG
GTTGTCCAAA
ATCTAGCCTC
ACRAGCGCTC
CCCTATGAGC
BAGCAGCGGA
CAGTCAATAG
CAGCCATCARA
GTCAATGTICC
TAGATTCAAT
CTCCATGGAA
AAGACATTTG
CAARCTCATAA
AATATGTAGT
GATGTCATTA
ARATATGRAC
ACCAGGATRA
TTATATTGGC
GTGTARARCAA
TTTTATATIT
GAGARAGTATC
TACTTATATA
CATGGCEGETT
TCCCATTGAT
ATAATACATA
CRACCACCTG
CGTTACGTCA
AGCTGCARRA
ARRRAGCAAG
TTGTGTGETT
GGCGATTTAG
CGAARCGACA
TARTTTTATG
TATGATGTTG
TATATATATA
TATATAAARA
ATACATTCTA
GGCCTGECTG
GCCTGTACTG
TGARGATGCT
TAGTATCTTT
GAGPAATATTT
CAGTAGAGAT
CAGCCACTCA
CGTACTAACA
TTATTACTAA

TGATTTCTTG
ATACTATGCA
TREAARTCAT
CTGETGHETGCC
TGTTTCTACA
AMAGCCTAGT
CARARRARGGG
CGGCACGGCT
ARGCCATGCC
GTCAACCATT
CTAGTGACTA
GGCTGATARA
TCAGAGTTGA
TTACCTTTGR
CAATCTGGTG
GTGBARCTCT
TTATCTGCCG
AARTTCGTAT
TTATGCCATC
RCCATACAAC
TATRCATGTG
ATCCCTTCGA
ARCCATTCTT
RATTAGAGTT
TTATAAGARA
GATACAACAC
AAGCATGGCA
GRTCGGTCTA
AGGACARRAR
TTATATATTG
GAAAAGACGT
TTATTATGAG
CARGTGRATAA
TGTARACATT
GTTGATGTTT
TGTGTGTATA
TATATARTGT
ATTATTTACA
ACAGGCGGCT
GOAGAGCCGC
TGGTCCATTT
TTTAGCACCG
TATACTAATT
CGCCGCCCCT
TTAGTCARRAA
CPGTATARAT
AGGCACACRC
C

CGTGTACTTG
ARGRAGCTAG
TGTATTCTAT
AGTAGGTACR
GGGAGGRAGC
AGCAATGAMG
GACAGCAGCA
CATTGAGCTC
CCCATCAAAG
GACCCTARAG
TGTGCCCGGA
BAGGTTTCAT
TATACCRACA
GGACATGCAC
CCTGETAAGTA
AATATGTAGA
GATCGATGGT
TATCRARGGA
TATCTTGGTA
ATTAGGTAAG
TCGCTCACTC
BGGEARGGTG
GGTTCAATTA
TCARAATAAC
CARRAGGGAC
CACTATCCGGE
AATTTBAGAAT
TTGTGGEETAC
TATGGTARAT
AACATGTIGTC
GCCCTTTACA
RGARATAATT
ATTTAGAGTG
GTATGGTTGT
GATTTGTTTA
TATATATATA
TTAGCACTGT
CRGACAGTGT
CGCCTTGTCC
CTGTGARRAC
TETACTGRCC
CCTGTARARA
AAGATTCAAT
CRARAGCRGCC
TATTCCAATA
ATCGCACCAC
RAGTACCCTGT

GAGRCCTTCT
TCAGTCCRCT
ATCGRGGTGA
AGACARRCAA
GAARGAAGAC
BAGTGGACTA
GGCACAACTC
GARCCGTCAC
GAAGCCCCAA
GATATCRGRA
RGGCCTATGC
GACTGGTACA
GACATGTITG
TTGTTATTGA
TCACTCATGC
TETTETCTET
CGGTTATCTG
AGATAGAGCA
GATCRATGCT
CTTGACTTCA
ATTTATTCAT
CTTGTCCTAG
GAARGGTGAG
TTTAGTGATT
CTGTCGALCGC
TABAGTTTTCT
ARTCCGTTGC
TATGTCTGTS
ARTATCTATG
AATCATGCTT
CCARAGACTC
TCARGTGACA
CTGACAGACA
GCGGATAACA
CARTTCTATA
TATRTATATA
GTTTGETGGE
ACGTGTCGAG
ACCGGTCGGT
ATAATTTITCA
CCTGGTACAG
TGTTTTTTGT
AAARATTCAC
ARATAAGGCTT
GCAATTGTTT
GCCCTETGCA
GTTCACCGGC
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TCCTAAGGAG
TACGATAGET
TCAATATARR
BGATTTTCGE
CCARBACARAG
TTATGCATTG
TCTTTCTGAR
LGRABBAGGA
GTGGCGATGT
RAGCCAACGAT
TCCABRTGGAC
TGRGAGCAGT
CTACTGGTAA
ACTATAGGCG
ACACACAATT
BGTTTGCAAG
AGCCCTATCA
AAGATAGRGG
GAGGTATARA
TATACGTATT
GCAGTGACCA
ACTCTTTACA
CCAACATGRA
TAGGTTCGAT
TGCACGCTCR
GABCRCATTT
TCATTATATA
BGTTTATARG
TATGAAAGTT
TTARACTTTA
TCGARGATAT
GTGCATATTT
TAGCAGGTCT
TGCATTGACG
ATATATATAT
TATATATATA
AARRARTTAAR
CETCGTCCTE
TBAAARTACA
CAGGTGGCTC
GEGETEGGCT
AGCAGTGTTT
CATGARCATCC
TACTAABARG
CCTGCCTGCT
GGCTTACAGR
CCTGCACAAR

ABCARAGTGC
GTTGAGRAGA
GACTTAGACA
GAGGARGRGA
ACTCARCARG
AGAAGAGTCT
RGGACTTGGA
AGCCRLCCGCC
BCATATTGAA
TGATGATTAT
GCTGCTCGAT
GCATGCTAGC
CARAARAARGC
GCTTGACGTC
ATTATATATT
ATCACGRGCA
AGTTACRAGA
BAGACARBAC
TATAGGGARTT
TCAAATTATC
TTGGRTTETT
TGTTCCTCCC
RCCACATGCG
ATCTACGGGG
GATCCTAGGA
CATCATATAR
GTGCCACAAG
GCAGCGGEGGEA
TTCTCATTAA
TTTTCAGCCE
AGTAGCRTAC
TGATCATGAG
BAATCTGRAG
TGTATATATA
GTGGTGTATE
TATATATATA
ATTTGARATA
TGCTATACAA
TTTCCACACH
GCACAGCCCC
TGGCCGCCTG
TICTTATTAG
CCATTGCCAR
RACTATCCACG
TGACCTTCGT
GCTTGTATTA
ACTCARAGCAG

(SEQ ID NO:14) or a functional fragment or variant thereof having 75, 80,
85, 90, 95, 96, 97, 98, or 99% sequence identity to SEQ ID NO:14.
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In some embodiments, a functional Mal expression control sequence

10
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30
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40

45

capable of placing a target gene under photoperiod (short-day) control has

the nucleic acid sequence:

1

61
121
181
241
301
361
421
481
541
601
661
121
781
g4l
801
9861
1021
1081
1141
120%
i2el
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701

CCCTGACCCT
GATGGTTATC
ACTTTTCAGT
ATCTAABRARR
TTATTGTCTA
ARTARAATTT
TGCTCARAGGC
ARCTTTGTTT
ACACCACGAC
CTAAGACTCA
TETCARAATA
TTCARCTAGA
TAGAAARCTT
CTTTCRRACC
CGCCGGGECGEG
ACTBRACTATA
ARTTTACCCT
AGGGTCCTAG
CGACCARAGA
CATATTCTAG
TGTARBARTA
ATTATACATA
TAAATGACCC
GGATTTGAGA
TETTTTTTAT
TTTTGCGACA
GGTTTATTAT
CGACACTTCC
TTTGCCGACA
TAAAGGCATC
TTTCACCGAC
TCCGACAGTT
CAACAGTAGA
ARTARATACA
AGAGGTACAC
ACTGTTGATT
CAATAATATT
TACATCCATA
TACACTGAGC
GTCTTTTARD
TTCCTAGTAT
CATTTAGTGR
CTCAAGLCAG
CGTTTIGGTAT
TATAGTAGRG
GTGCGACCAT

TETTGGECAR
ATTTAGACAT
ACTTTGTAAT
ATTAGTTRAC
GTTAGTTTTG
CAGCTCTALT
CACARARTCT
GACTCTTCAA
CTGTCATCAG
GGTACBRATC
TGRTACGTGA
TCATGTTAAL
TTTTTCTCGA
TCRAACCCCTA
GTGGAACCCT
GTACTTATAT
TTTACTCTTC
TCCCCATAAT
CACACCTATC
ATCCAGLGGC
TTTATARTIT
TTATTTTCGT
TRTTTATTAT
TRATAARATTT
TGTAGTAGTA
CAGAACACCA
GTETCTCTLT
ARCTAYCGGC
ATTTTCARARC
GCCGACACAT
AGTGARCCCT
GGTATETTAG
BGTGETCGGCA
CATCACATTIG
TCCAGTARCTA
AACATARGCA
GAACTATTTT
GTAACATGARC
GATTCATAAT
ATTCARAATT
TTTGACTAGC
TTGGETTGTET
CATAAATATA
ADATGTGTTT
GCTTCATGIT
CRATTTTATG

CATTTAGAGT
ATTGGTCATG
AATTGGCTCG
ATGRACTTCA
TAGCATTGCA
ARTTTATATT
TGCETACTTC
TATGGTTTGA
CTCATGGTCA
ATGTCARCAT
TATTAACATT
BTTGATATRA
TTTAATTAMT
TCATCGACGG
AAGRAGRTTT
CATACACTAT
ATTAAMAADA
TTAARGRAGGCG
GTCTCCCATC
CATAGACACA
TGATATAMRA
GTGAGRATTT
GRAGGUGCGGA
ARGGGCCTAT
GAACTTTTCT
BATTGGTGEC
AATTTATCTA
RAAGGGTACC
AGTCGCGGTA
TTTCTGTAGT
TTGCCGACAG
CGABACCGTT
ARACTATATT
ATTGRGCRARA
CCAGTACGTC
CTTGCGACTT
TTTTCTAGTA
CAGATATATA
CAGATTTTTT
TAGTACRAAC
GATAGTGTTT
GGATTAGTCT
TGABRATATCT
TCTTGTTTAC
TGTAGTAGAT
TRATCTGCAT

48

CGTTAGCTTY
CTTAGTCADA
ATRGATGARG
TATTCAATTC
ARRAGCATGC
TCARATATAG
CCTGTTGGTA
ATCAGAARAT
GCTCTACAAA
CTAATGGTTT
TGAACTTTTA
TCGCTTCCAR
GAARGGGTRA
TGACGGCTCC
AARARAACTY
ACTATTCARA
TACGAARARA
GTGAGRAGACG
GCCTTECTTC
CCAATCGTTT
TTTGTCTTCA
ACRGAAGTGG
TCTATAGGCC
CTTCGCACAT
CCCTGTABAC
TATGARCTCT
TCGTGGCACT
TTTACCGACA
GAAGCAGTTG
CRAAATGGCAT
TTTGGACCTA
TCTAGGGTGT
GCTAGGATGET
ATCACATGGT
GCCCGCACRG
TCCCTARRAT
CCAARATTAG
TGGACRGGAT
RATTTCTTCT
TTTCCCTAGY
TATTACTAAT
TCTCACGTTA
TGETGLTTGET
ATTTTACCAT
AAGGTAGAGA
TGTCTAATGC

GCAATTCTTT
ACTTTATTGT
CCGGGTATAA
TTCATATCTC
BACTATATAC
GCCACTATAG
CCARAGRGAR
TAGTTARARG
CTTATAGATT
AGRRABTGRA
GCAAGATCTG
TCGCCTCCTA
TAACATCATT
CTATAACACG
ARGRAGRAAGR
ATATTATTTT
GAATCACCAC
ATGTGACGTC
CRTCGCCTCT
CTCATCGCCT
CTTGAGTTCA
ACTCTTARAGR
TGACTCTGRA
BACRATCTATA
CRAGTTGACG
TCCACCTEGE
ATAACACAAC
CTTARACGTCT
GCGABACTTT
ACCTACGCCG
CGCCGACRGT
TTCATARACT
AGATRCAATT
CTGTTTTCAC
TGGUCARGGA
CTETTATAAA
AATTTGATCC
GGGATCACTC
BGTGAAGTGG
ARATGCCTTC
TARAAAACATT
GACCTATATA
TTGCTCTGACA
CTATAGTCAT
ATTGAGRATA
TTTATTTGAC

GGTTCCRARTG
TCGGCTATAA
CATATCCTTT
ACTAGCATCT
BATGARRCGG
CCATATTTCG
GACGTTATTT
ARBAGTGAGC
GCATCGAGAT
AAGTTTTGAG
BARATARBARA
TCACTTCCGC
GTACAAGRTT
CACTAGTGGA
TTTTTATCTA
CACARATTATG
GTCTCTATTT
TATGGACCAC
CATCGCTTTIT
CTCCAACCAT
TGCCARARRA
TCTCCARATG
BATGGATTAT
GTTCCTARAT
CTGGGCTTTA
CAGGGARARC
ATGGCTTTGC
CACGRRAGGT
TGCCGACAGT
BCAGTTGRAC
TTGGACCTIT
ATGCCTTGTC
TAAATATTTT
TAABRACTGTC
TETTACTGCT
ACBACGGCCG
CTCACCTCAT
AGCGAGCAGA
GGETTTTCCTA
TAGTARAGAT
RGAAGAACTC
TGCAGGACAA
CAGGCAACCG
CTCAATGTTA
TTTTATTTTT
ATTTGRAACT



WO 2012/158630

10

15

20

25

30

35

40

45

50

2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
510%
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701

ACTTAATITG
TAARCTECRC
TAAGTTACTG
ABATCATTTT
TAGTAGARAA
CGCCTGTGTA
CCATTARCAC
GCGETTTGTA
TTARGTCTTS
TCTGCACACT
TCTTTGGTGA
TCTTTEETTC
CTTAGGGTTA
CATAGTARAT
GTAGATCTAT
TTTAGCTTTY
ARTCATARAR
TCCTTGAATT
ACAATTATTT
ATAGAAGGAG
TRGATTGACC
GGATGTACAA
ATGTCGCARR
ACTGCARBAR
GAGGATTTAT
ATATGCEGAC
TCAATGAATT
CTCAGCATGC
GTTGTGCGGA
AGGACACTTT
TTCTTCAGTT
TCTTGCGTGT
ATGCARAGRA
ATCATTGTAT
GTGCCAGTAG
CTACAGGGAG
CTAGTAGCAR
ARGGEGACAG
CGECTCATTG
ATGCCCCCAT
CCATTGRCCC
GRCTATGTGT
ATAARRAGGT
GTTGATATAC
TTTGAGGACA
TGETGOCTGT
ACTCTRATAT
TGCCGGATCG
CGTATTATCA
CCATCTATCT

ACBGTTATGC
TACACRRAGTT
ATTTCARATTA
CGTTGGCACG
ATTTCAACGG
BACTTTCCAT
AGGCAGTCGA
TAGAGGGCCE
TATAARTACC
GGCGGACCAG
GRAACTTCCA

BARTTCTTGIA

GAGTTCATAG
TGTARARRTT
ACARATAGAGT
CTTTTTTCAG
TGGCAMATAR
ATTCCTARAT
BAATTCCATA
GTTAGTATCT
TACATTAATT
CTTATCARGA
GRTACATGCT
TATTATGGTA
GGRGGACTAC
AACTGACAAC
TCATGCTATG
TARCACRGAT
TCCATCARTA
GTACGACGRG
TTTGACGATG
ACTTGGAGRC
GCTAGTCAGT
TCTATATCGA
GTACARGACA
GRAGCGAARG
TGAAGRRAGTC
CAGCAGGCAC
AGCTCGAARCC
CARRGGAAGC
TAAAGGATAT
CCGGRAGGCC
TTCATGACTG
CAACAGACAT
TGCACTTGETT
AAGTATCACT
GTAGATGTTG
ATGEGTCGETT
AAGGAAGATA
TGGTAGATCA

AGGTCCGCAT
TGCTAGTACT
GAATCTAACA
TEGTTTITTT
GCCCARCAAG
TTACATAGGC
GTTACGACAA
CCTGTGCTAR
CTTCGICCAC
ACGATTCCAG
AAAGGTTAGT
TTGGAGGTGEC
GGCABRARAGA
ARARARAATA
BATGATGAGG
ATGRATTAGA
ATACTTTITC
TTTATACAAT
BATTGTARCT
TAGTTAAGTC
GITCTTAACT
TTGGACCTAT
CGCAGAACAA
TTTGACARTG
TTGATTTGGR
ACTGCAACTA
CCAGATGTTA
GTTGTTGARG
TTCTTCATGA
TCARBAGGTT
AAGGCTAGARC
CTTCTTCCTA
CCACTTACGA
GGTGATCART
AACBAAGATT
AAGACCCAAR
GACTATTATG
ARCTCTCTTT
GTCRCAGAAA
CCCAAGTGGC
CAGAARGCCA
TATGCTCCARA
GTACATGARGA
GTTTGCTACT
ATTGAARCTAT
CATGCACACA
TCTGTAGTTY
ATCTGAGCCC
GAGCAAAGAT
ATGCTGAGET

49

GRTCCTATGA
ATTCTATTAR
CATTCAGGAR
TTTCACAGGT
AGAACCGCCA
GGCTTACGAT
CCGCCTETGT
TATATTTACA
CTCCAGRCAR
TTTCCARGGG
TAGTGCCATT
TCTAGATCTA
GAGAGATTTA
AAMARTARAT
ATATTTTGRA
CTTTATAAAC
BAATCTTIGT
TGTTTCTTAT
CCGTAAGGTG
TETTTTCGEG
BATTACRGCT
CATATGTAGT
AGGCGARAGCA
TAGAAGCAAY
CAARACRTGG
ACATCAATGT
ATGARACTCA
ATGCAGATTT
AGGGAATGRA
GTACCAARCA
ATGGITGGTC
AGGAGRACAA
TAGGTGTTGA
ATARAGACTT
TTCGGGAGEA
CRARGARCTCA
CATTGAGARG
CTGAAAGGAC
RAGGARGCCA
GATGTACATA
ACGATTGATG
TGGACGCTGC
GCAGTGCATG
GGTAMCRARDA
AGGCGGCTTG
CAATTATTAT
GCABRGATCAC
TRATCAAGTTA
AGAGGAAGAC
ATARATRTAG

ARGCAATTRA
CCGRCCTGTC
ARGARGTTTC
AGTTCACAAT
GGCGGTCTTC
ARAMACCGTG
AARTGTGTCT
CAGGCTATGEA
GRACAGTTAC
GGGAGGTTTT
GATGCTATTT
GAGTTCATCA
GCTRAATTTT
ACTTTTTAGA
GT¥TATRATT
TCAARCATTA
GCATBAATAC
RATTATGARA
TAGGTTTTCA
GGTTATATTA
ARATATGGAG
GCAGGTCCRA
CATATGTTGT
TACTTCCCAT
TGAGGGTAGT
GGAGGGTCCA
TACGTCTGAT
CTTAGAGGCA
AGCATTGARG
ATGGTCGACA
CGATGCTAGC
AGTGCCTGCT
GARAGRTCCAC
AGRCRGTTGT
AGAGRATCTA
ACAAGACARG
AGTCTCCCTA
TTGGRAAGTA
CCGCCCAGTC
TTGAACAGCC
ATTATGTCAA
TCCATTAGAT
CTAGCCTCCA
ARAGCAAGAC
ACGTCCAACT
ATATTAATAT
GAGCAGATGT
CRAGARRATA
ARAACACCAG
GGATTTTATA

PCT/US2012/037809

TTAGTACGGG
BATATTACCT
ACTAGTACAA
ATCATEETGC
TTAATTCARC
TETATARATA
TTTTACACAG
GCCGCCTGTE
TCECATGAGE
GATTTTCATT
TTTAAGCGAT
TGCATTCTTG
TATGTAAATT
RTTCTTGTGA
TTGATTCAGT
AARTGTTGRA
TTCATAGAAR
ATGAGTTTAA
TCTCTGTTTA
GTTTTGTTTT
BGGTCATTAT
AAATTTATTG
CCATGCGCAG
CYGGTTTGAR
TPTGCACCTT
ATGCCACCTC
GTCAATGAADL
ATAATGAACC
ARGGCAGCAG
TTATGTCTTG
TTCAATGATT
AMCACATACT
GCATGTAGAA
CCABACTGETG
GCCTCTGTTT
CGCTCBAAGC
TGAGCCARRA
GCGGACGGCA
ARATAGAAGCC
ATCAAGTCAA
TGTCCCTAGT
TCARATGGCTG
TGGARTCAGA
ATTTGTTACC
CATABRCARIC
GTAGTGTGAA
CATTATTATC
TGRACARATT
GATARTTATG
TTGGCACCAT
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ACAACATTAG
ATGTGTCGCT
TTCGAAGGGA
TTCTTGGTTC
GAGTTTCARA
AGAAACRAARA
ARCACCACTA
TGGCAARTTT
GICTATTIGTG
ABABATATGG
ATTGAACATG
ACGTGCCCTT
TGAGAGRAAT
ATARATTTAG
CATTGTATGE
GTTTGATTTG
TATRTATATA
ATGTTTAGCR
TACACAGRCA
TTGTCNNNNG
AGGGGTCAGT
ATAATTTTCA
CCTGGTACAG
TETTTTTTGT
AARAMTTCAC
BATAAGGCTT
GCARTTGTTT
GCCCTTTGCA
GTTCACCGGC

GTBAGCTTGA
CACTCATTTA
AGGTGCTTGT
AATTAGRAAG
ATARCTITAG
GGGACCTETC
TCCGGTAAGT
AGAATARTCC
GGTRCTARTGT
TAARTARTAT
TGTCARTCAT
TACACCAAAG
AATTTCAAGT
AGTGCTGACA
TTGTGCGGAT
TTTACAATTC
TATATATATA
CTGTGTTTGG
GTGTAGTGTG
AGGCGGTGCT
ACARARTGGA
CAGGCGGCTC
GCGGTGGGCT
AGCAGTGTTT
CATGACATCC
TACTARBARG
CCTGCCTGOT
GGCTTACAGA
CCTGCACARMA

CTTCATATAC
TTCATGCAGT
CCTAGACTCT
GTGAGCCARC
TGATTTAGET
GACGCTGCAC
TTTCTGAACA
GTTGCTCATT
CTGTGAGTTT
CTATGTATGA
GCTTTTAAAC
ACTCTGGAMG
GACRGTGCAT
GACATAGCRG
RRCATGCATT
TATARTATAT
TATATATATA
TGGGAMARAT
AGCTGCCTGET
ABRABGCATCT
CCACAGTACA
GCACAGCCCC
TGEGCTECCTG
TTCTTATTAG
CCATTGCCAA
ACTRTCCACG
TGACCTTCGT
GCTTGTATTA
ACTCARGCAG

GTATTTCAAA
GACCATTGGA
TTACATGTTC
ATGARACCRC
TCGATATCTA
GCTCAGATCC
CATTTCATCA
ATATAGTGCC
ATAAGGCAGC
AGTTTTCTCA
TTTATTTTCR
ATATAGTAGC
ATTTTGATCA
GTCTARATCT
GACGTGTATA
ATATGTGGTG
TATATATATA
TARARTTTGA
GTAMABATAC
TCACAGGCGG
GGCGGGECTE
GCCTGTACTG
TGARGATGCT
TAGTATCTTT
GAGAATATTT
CAGTAGAGAT
CAGCCACTCA
CGTACTAACA
TTATTACTAA

PCT/US2012/037809

TTATCGTGTA
TTGTTTTTTA
CTCCCGRGAA
ATGCGTACTT
CGGGGCATGG
TAGGATCCCA
TATRAATAAT
ACAAGCRACC
GGGGRCGTTA
TTABAGCTGC
GCCGAARARG
ATACTTGTGT
TGAGGGCGAT
GAAGCGARAAC
TRATATAATTT
TATGTATGAT
TATATATATA
BATATATATA
ATTTATACAG
CCAAGCCCAC
TGCGAGCCGC
TGGTCCATTT
TTTAGCACCG
TATRCTAATT
CGCCGCCCCT
TTRGTCAARA
CTGTATARAT
AGGCACACAC
C

ARCARATATAC
TATTTATCCC
GTATCRACCA
ATATRAATTA
CGGTTTTATA
TTGRTGATAC
ACATARAGCA
ACCTGGATCG
CGTCARAGGRC
AAAATTATAT
CRAGGAAARG
GGTTTTATTA
TTAGCARGTG
GACATGTRAA
TATGGTTGAT
GTTGTGTGTG
TATATATATA
ABABATTATT
GCGGCTCACC
CGCCTGTACT
CTGTGAARAC
TGTACTGACC
CCTGTARARA
ARGATTCAAT
CBRAAGCAGCC
TATTCCAATA
RTCGCACCAC
AGTACCCTGT

(SEQ ID NO:15) or a functional fragment or variant thereof having 75, 80,
85, 90, 95, 96, 97, 98, or 99% sequence identity to SEQ ID NO:15. Each N =

can be any nucleotide or combination of any 2, 3, 4, or 5 nucleotides.

In some embodiments, a functional Mal expression control sequence

capable of placing a target gene under photoperiod (short-day) control has

the nucleic acid sequence:

1
61
121
181
241
301
361
421
481
541
601
661

CTATGCTCCA
GGTACATGAG
TGTTTGCTAC
TATTGARCTA
TCATGCACAC
GECTGTAGTT
TATCTGAGCC
LGAGCARAGAR
AATGCTGAGG
ACTTCATATA
ATTCATGCAG
TCCTAGACTC

ATGGACGCTG
AGCAGTGCAT
TGGTAACAAA
TRGGCGGCTT
ACAATTATTA
TGCAAGATCA
CTATCAAGTT
TAGRGGARGA
TATAARTATA
CGTATTTCAA
TGACCATTGG
TTTACATGTT

CTCGATTAGAR
GCTAGCCTCC
ARARGCAAGA
GACGTCCARC
TATATTAATA
CGAGCAGATG
ACAAGARART
CARAACACCA
GGGATTTTAT
ATTATCGTGT
ATTGTTTTTT
CCTCCCGAGA

50

TICAATGGCT
ATGGAATCAG
CATTTGTTAC
TCATAACRAT
TGTAGTGTGA
TCATTATTAT
ATGRACAAAT
GGATAATTAT
ATTGGCACCA
BAACAATATA
ATATTTATCC
BGTATCAACC

GATARBAAGG
AGTTGATATA
CTTTGAGSAC
CTGGTGLCTG
ABCTCTARTA
CTGCCGGATC
TCGTATTATC
GCCATCTATC
TACAACATTA
CATGTGTCGC
CTTCGAAGGE
ATTCTTGGTT

TTTCATGACT
CCBACAGACA
ATGCRCTTGT
TBAGTATCAC
TGTAGATGTT
GATGGTCGET
RAAAGGAAGAT
TTGGTAGATC
GGETAAGCTTG
TCACTCATTT
AAGGTGCTTG
CAATTAGABRA
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GGTGAGCCAA
GTGATTTAGE
CGACGCTGCR
TTTTCTGRAC
CGTTGCTCAT
TCTGTGRGTT
TCTATGTATG
TGCTTTTARA
GACTCTGGAA
TGACAGTGCA
AGACATAGCA
TAACATGCAT
CTATAATATA
ATATATATAT
GTGGGAARAA
GRGCTGCCTS
TARAAGCATC
ACCRCAGTAC
CGCACAGCCT
TTGGCCGCCT
TTTCTTATTA
CCCATTGCCA
GACTATCCAC
TTGACCTTCG
AGCTTGTATT
BACTCAAGCA

CATGAARCCA
TTCGATATCT
CGCTCAGATC
ACATTTCATC
TATATAGTGC
TATAARGGCAG
AAGTTTTCTC
CTTTATTTTC
GATATAGTAG
TATTTTGATC
GGTCTARATC
TGACGTGTAT
TATATGTGGET
ATATATATAT
TTARAATTTG
TGTARARATA
TTCACAGGCG
AGGCGGGGCT
CGCCTHTACT
GTGARGATGC
GTAGTATCTT
AGAGAATATT
GCAGTAGAGA
TCAGCCACTC
ACGTACTAAC
GTTATTACTA

CATGCGTACT
ACGGGGCATG
CTAGGATCCC
ATATAARTAA
CACAAGCARC
CGGGGACGTT
ATTRARGCTG
AGCCGARAAR
CATACTTGTG
ATGAGGGCGA
TGAAGCGARA
ATATATRATT
GTATGTATGA
ATATATATAT
ARATATATAT
CATTTATACA
GCCARGCCCA
GTGCHERAGCCG
GTGGTCCATT
TTTTAGCACC
TTATACTAAT
TCGCCGCCCT
TTTAGTCAAA
ACTGTATAAA
ARGGCACACA
AC

TATATAARTT
GCGGTTTTAT
ATTGATGATA
TRCATRAAGC
CACCTGGATC
ACGTCARGGA
CAAARTTATA
GCAAGGAARR
TGGTTTTATT
TTTAGCRAGT
CGACATGTRA
TTATGGTTGA
TCTTGTGTGET
ATATATATAT
AARBAATTAT
GGCGGCTCAC
CCGCCTGTAC
CCTGTGARRA
TTGTACTGAC
GCCTGTARAR
TAAGATTCRA
TCARAGCAGC
ATATTCCAAT
TATCGCACCA
CAGTACCCTG

PCT/US2012/037809

AGAGTTTCRA
ARGAAACAAA
CBACACCACT
ATGGCAAATT
GGTCTATTGT
CARARAATATG
TATTGRACAT
GACGTGCCCT
ATGAGAGAMA
GATRAATTTA
ACATTGTATG
TGTTTGATTY
GTATATATAT
ARTGITTAGC
TTACACRGRAC
CTTGTNNNNN
CRGGGGTCAG
CATAATTTTC
CCOCTGGTACA
ATGTTITTIG
TRABRARTTCA
CAATRAGGCT
AGCAATTGTT
CGCCCTTTGC
TGTTCACCGG

ARTAACTTTA
AGGGACCTGT
BRTCCGGTAAG
TAGRATAATC
GGGTACTATG
GTARATAATA
GTGTCAATCA
TTACACCARA
TAATTTCRAG
GAGTGCTGAC
GTTGTGCGGR
GTTTACARTT
ATATATATAT
ACTGTGITTG
BGTGTAGTGT
CAGGCGGTGC
TACARAATGG
ACAGGCGGLT
GGCEETGGGC
TAGCAGTGTT
CCATGACATC
TTACTAARAA
TCCTGCCTGE
AGGCTTACAG
CCCTGCACAA

(SEQ ID NO:16) or a functional fragment or variant thereof having 75, 80,
85, 90, 95, 96, 97, 98, or 99% sequence identity to SEQ ID NO:16. Each N

= can be any nucleotide or combination of any 2, 3, 4, or 5 nucleotides. In

some embodiments, a functional Mal expression control sequence capable of

placing a target gene under photoperiod (short-day) control has the nucleic

acid sequence:

1
61
121
181
241
301
36l
421
481
541
601
661
721
181
841

CACTATAACA
GACACTTARC
GTTGGCGAAM
GCATACCTAC
CCTACGCCGA
GTGTTTCATA
ATGTAGATAC
TGGTCTETTT
ACAGTGGCCR
ARATCTTTTA
TTAGRATTTG
GGATGGGATC
TTCTAGTGAA
TAGTARATGC
TAATTAARRA

CARCATGGCT
GTCTCACGRA
CTTTTGCCGA
GCCGACAGTT
CAGTTTGGAC
ARCCATGCCT
ARTTTARATA
TCACTRAARC
BAGGATTTTAC
TRABACAACG
ATCCCTCACC
ACTCRAGCGRG
GTGGGGTTIT
CTTCTRAGTAA
CATTAGRAGA

TTGCCGACAC
AGGTTTTGCC
CAGTTRAAAGG
GAACTTTCAC
CTTTTCCGAC
TGTCCAACAG
TTTTAARTRAAR
TGTCAGAGGT
TGCTACTGTY
GCCGCAATAR
TCATTACATC
CAGATACACT
CCTAGTCTTT
AGATTTCCTA
ACTCCATTTA

51

TTCCABACTAT
GARCRATTTTC
CATCGCCGAC
CGACAGTGAA
AGTTGGTATG
TAGRAGTGTC
TACACATCAC
ACACTCCAGT
GATTRACRTA
TATTGRACTA
CATAGTAACA
GAGCGATTCA
TAACATTCAA
GTATTTTGAC
GTGATTGGTT

CGGCAARGGG
ARACAGTCGC
ACATTTTICTG
CCCTTTGCCG
TTAGCGRARC
GGCAARARCTA
ATTGATTGAG
ACTACCAGTA
AGCACTTGCG
TETTTTTTCT
TGACCAGATA
TAATCAGATT
AATTTAGTAC
TAGCGATAGT
GITTGGATTA

TACCTTTACC
GGTAGARGCA
TAGTCARATG
ACAGTTTGGA
CGTTTCTAGG
TATTGCTAGG
CARRAATCACA
COTCECCCGC
ACTTTICCCTA
AGTACCAARA
TATATGGACA
TTTTAATTTC
ABRACTITCCC
GTTTTATTAC
GTCTTCTCAC
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GTTAGACCTA
TTGITTGTCT
CCATCTATRG
GRAGAATTGAG
ATGCTTTATT
ATGARAGCAA
TTAACCGACC
GGARRAGAAG
AGGCAGTTCA
GCCAGGCGET
CGATARRARC
GTGTABATGT
TACACAGGCT
ACBAGAACAG
AGGGGGGAGGE
CATTGATGCT
TCTAGAGTEC
TTTAGCTRAR
ARATRACTTTT
TGAAGTTTAT
BAACTCAAAC
TTGTGCATAR
TTATAATTAT
GGTGTAGGTT
CGGGGGTTAT
AGCTABATAT
TAGTGCAGGT
AGCACATATG
CAATTACTTC
ATGGETGAGGG
ATGTGGRAGGE
CTCATACGTC
ATTTCTTAGA
TGAAAGCATT
ABRCAATGGTC
GGTCCGATGC
ACRAAGTGCC
TTGAGAAGAT
LCTTAGRCAG
AGGRAGAGAA
CTCAACARGA
GRAGRGTCTC
GGACTTGGRA
GCCACCGECC
CATATTGAAC
GATGATTATG
CTGCTCGATT
CATGCTAGCC
BARAAMAGCR
CTTGACGTCC

TATATGCRAGG
GACACAGGCA
TCATCTCART
ARTATTTTAT
TGACATTTGA
TTAATTAGTA
TGTCRATATT
TTTCACTAGT
CAATATCATG
CTTCTTRATT
CGTGTGTATA
GTCTTTTTAC
BATGAGCCGCC
TTACTCCCAT
TYTTGATTTT
ATTTTTTANG
ATCATGCATT
TTTTTATGTA
TAGAATTCTT
ARTYTTGATT
ATTAABATGT
ATACTTCATA
GRABATGAGT
TTCATCECTG
ATTAGTTTTG
GGAGAGGETCA
CCARAARTTT
TTGTCCATGC
CCATCTGGTT
TAGTTTTGCA
TCCAATGCCA
TGATGTCART
GGCARTAATG
GAAGARGGCA
GACATTATGT
TAGCTTCAAT
TGCTARCACA
CCACGCATGT
TTGTCCAARC
TCTAGCCTICT
CAAGCGCTCA
CCTATGAGCC
AGCAGCGGAC
AGTCRAATRGA
AGCCATCARG
TCAATGTCCC
AGATTCARTG
TCCATGGART
AGACATTTGT
ARCTCATBRAC

ACRACTCAAG
ACCGCETTTG
GTTATATAGT
TTTTGTGCGA
ARCTACTTAA
CGGGTAMNCT
BCCTTAAGTT
ACARMRAATCA
GTGCTAGTAG
CARCCGCCTG
AATACCATTA
ACAGGCGGTT
TGTGTTARGT
GAGCTCTGCA
CATTTCTTIG
CGATTCTTIG
CTTGCTTAGG
ARTTCATAGT
GTGAGTAGAT
CAGTTTTAGC
TGABAATCAT
GARAATCCTTG
TTABRACARTT
TPTAATRGAA
TTTTTAGATT
TTATGGATGT
ATTGATGTCG
GCAGACTGCA
TGARGAGGAT
CCTTATATGC
CCTCTCARTG
GARRCTCAGC
ARCCGTTGTG
GCAGAGGACA
GTTGTTCTTC
GATTTCTTGC
TACTATGCAR
AGARATCATT
TETGGTGCCA
GTTTCTACAG
AAGCCTAGTA
ARABRADGGEG
GGCACGELTC
AGCCATGCCC
TCAACCATTG
TAGTGACTAT
GCTGATARAA
CAGAGYTTGAT
TACCTTTGAG
AATCTGGTGC

52

CCAGCATARA
GTATARATGT
AGRGGCTTCA
CCATCAATTT
TTTGACAGTT
GCACTACACA
ACTGATTTCA
TTTTCGTTGE
ABARATTTCA
TGTRAACTTT
BCACAGGCAG
TGTATAGAGG
CTTCTRTARAA
CACTGGCGGA
GTGAGARACT
GTTCAATTCT
GTTAGRGTTC
ABATTGTAAR
CTATACAATA
TTTTCTTTTT
ARBATGGCAA
BATTATTCCT
ATTTAARTTC
GGAGETTAGT
GACCTACATT
ACRACTTATC
CAALGATACA
BRAATATTAT
TTATGGAGGA
GGACAACTGA
ARTTTCATGC
ATGCTARCAC
CGGRTCCATC
CTTTGTACGAR
AGTTTTTGAC
GTGTACTTGG
AGBAGCTAGT
GTATTCTATA
GTAGGTACAA
GGAGGRAGCG
GCARTGAAGA
ACAGCAGCAG
ATTGAGCTCG
CCATCARAGG
ACCCTRARGG
GTGCCCGGRAR
AGGTTTCATG
ATACCAACAG
GACATGCACT
CTGTAAGTAT

PCT/US2012/037809

TATRATGAAAT
GTTTICTTGT
TGTTTGTAGT
TATGTAATCT
ATGCAGGTCC
AGTTTGCTAG
ATTAGAARTCT
CACGTTGTTT
ACGGGCCCAA
CCATTTACAT
TCGAGITACG
GCCGCLTGTG
TACCCTTCGT
CCAGACGATT
TCCABARGGT
TCTATTGGAG
ATRGGGCAAA
ARTTABAARA
GAGTAATGAT
TCAGATGAAT
ATAAATACTT
BARTTTTATA
CATARATEGT
ATCTTAGTTA
ARTTGTTCTT
AAGATTGGRC
TGCTCGCAGA
GGTATTTGAC
CTACTTGATT
CARCRCTGCA
TATGCCAGAT
AGATGTTGTT
AATATTCTTC
CGAGTCAAAA
GATGARGGCT
AGACCTTCTT
CAGTCCACTT
TCGAGGTGAT
GRCAAACARA
AARGRAGACC
AGTGGACTAT
GCACARCTCT
RRCCGTCACA
AAGCCCCAAG
ATATCAGRAA
GGCCTATGCT
ACTGGTACAT
ACATGTITTGC
TGTTATTGAA
CACTCATGCA

ATCTTGGTGT
TTACATTTTA
AGATARGGTA
GCATTGTCTA
GCATGATCCT
TACTRTTCTA
AACACATTCA
TTTTTTTCAC
CAAGAGRACC
AGGCGGCTTA
ACRACCGCLT
CTAARTATATT
CCACCTCCAG
CCAGTTTCCA
TAGTTAGTGC
GIGCTCTAGA
AAGAGAGAGA
ARTRABRART
GRGGATATTT
TAGACTTTAT
TTTCARATCT
CRATTGTTTC
ARCTCCGTARA
AGTCTGTTTT
ARCTAATTAC
CTATCATATG
ACARAGGCGA
AATGTAGARG
TGGACAABRAC
ACTARCATCA
GTTAATGAMA
GRAGATGCAG
ATGARGGGAA
GGTTGTACCA
AGRCATGGTT
CCTAAGGAGA
ACGATAGGTG
CBRATATAAAG
GATTTTCGGG
CAARCARAGA
TATGCATTGA
CTETCTGARA
GRARAAGGAA
TGGCGATGTA
GCCAACGATT
CCAATGGRCG
GAGRAGCRGTG
TACTGGTAAC
CTATAGGCGG
CACACARATTA
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TTATATATTA
TCACGAGCRG
GTTACARGRA
AGACARMACA
ATAGGGATTT
CAARTTATCG .
TGGRTTGTTT
GITCCTCCCG
CCRCATGCGT
TCTACGGGGE
ATCCTAGGAT
ATCATATARA
TGCCRCARGC
CAGCGGGGAC
TCTCATTARA
TTTCAGCCGA
GTAGCATACT
GATCATGRGG
BATCTGRAGC
GTATATATAT
TGGTGTATGT
ATATATATAT
TTTGARATAT
GUTATACAAA
TTCCACRCNG
CRCAGCCCCG
GGCCGCCTET
TCTTATTAGT
CATTGCCARG

ATATGTRGTGE
ATGTCATTAT
ARTATGARCA
CCAGGARTAAT
TATATTGGCA
TGTAMACAAT
TTTATATTTA
AGAAGTATCA
ACTTATATAA
ATGGCGGTTT
CCCATTGRTG
TARATACATAR
BACCACCTGG
GTTACGTCARA
GCTGCRAAAAT
BAARGCARGG
TGCTGETGETTT
GCGATTTAGC
GABRRCGACAT
AATTTTATGG
ATGATGTTGT
ATATATATAT
ATATAARADR
TACATTCTAA
GCCTGGCTGGE
CCTGTACTGT
GARGATGCTT
AGTATCTTTT
AGRATATTTC

TGAARCTCTA
TATCTGCCGG
BATTCGTATT
TATGCCATCT
CCATRCARCA
ATACATGTGT
TCCCTTCGRA
ACCATTCTTG
ATTAGAGTTT
TATARGARAC
ATACAACACC
AGCATGGCAR
ATCGGTCTAT
GGACRAARAT
TATATATTGA
ARARGACGTG
TATTATGAGA
AAGTGATAAA
GTARACATTG
TTGATGTTTG
GTGTGTATAT
ATATAATGTT
TTATTTACAC
CAGGCGGCTC
GAGAGCCGCC
GGTCCATTTT
TTAGCACCGC
ATACTARTTA
GCCGCCCLTC

ATATGTAGAT
ATCGATGGTC
ATCAARAGGAR
ATCTTGGTAG
TTAGGTARGC
CGCTCACTCA
GGGAAGHTGC
GTTCRRTTAG
CRARATAACT
ARAAGGGACC
ACTATCCGGT
ATTTAGAATA
TGTGGEGETACT
ATGGETAARTA
ACATGTGTCA
CCCTTTACAC
GRARTARTTT
TTTAGAGTGC
TATGGTTGTG
ATTTGTTTAC
ATATATATAT
TAGCACTGTIG
AGACAGTGTA
GCCTTGTCCAR
TGTGARRACA
GTACTGACCC
CTGTAARAAT
AGATTCAATA
AARGCAGCCA

PCT/US2012/037809

GITGTCTGTA
GGTTATCTGA
GATRAGAGCAA
ATCAATGCTG
TTGACTTCATY
TTTATTCATG
TTGTCCTAGA
ARAGGTGAGC
TTAGTGATTT
TGTCGACGCT
ARGTTTTCTG
ATCCGTTGCT
ATGTCTGTGA
ATATCTATGT
APCATGCTTT
CAARGACTCT
CRAGTGACAG
TGACAGACAT
CGGATAACAT
AATTCTATAA
ATATATATAT
TTTGETGGGR
CGTGTCGAGC
CCGETCGGTT
TAATTTTCAC
CTGGTACAGG
GITTTTTGTA
AAMATTCACC
AT

GTTTGCAAGA
GCCCTATCAA
AGATAGAGGA
AGGTATARAT
ATACGTATTT
CAGTGBCCAT
CTCTTTACAT
CARCATGARA
AGGTTCGATA
GCACGCTCAG
ARCACATTTC
CATTATATAG
GTTTATARGG
ATGAAAGTTT
TBRAACTTTAT
GGARGATATA
TGCATATTTT
AGCRGGTCTA
GCATTGACGT
TATATATATG
ATATATATAT
ARAATTRAMA
GTCGTCCTGT
ABRARRATACAT
AGGCGGCTCG
CGETGGGCTT
GCAGTGTTTT
ATGRCATCCC

(SEQ ID NO:17) or a functional fragment or variant thereof having 75, 80,
85, 90, 95, 96, 97, 98, or 99% sequence identity to SEQ ID NO:17.

In some embodiments, a functional Mal expression control sequence

capable of placing a target gene under photoperiod (short-day) control has

the nucleic acid sequence:

i
61
121
181
241
301
361
421
481
541
601
661
721
781

CACTATAACA
GACACTTAAC
GTTGGCGAAR
GCATACCTAC
CCTACGCCGA
GTGTTTCATA
ATGTAGATAC
TGETCTGTTT
ACAGTGGCCA
ARATCTTTTA
TTAGAATTTG
GGATGGGATC
TTCTAGTGRA
TAGTAAATGC

CARCATGGCT
GTCTCACGAA
CTTTTGCCGA
GCCGACAGTT
CAGTTTGGAC
AACCATGCCT
AATTTARATA
TCACTARARAC
AGGATTTTAC
TAAARCAACG
ATCCCTCACC
ACTCAGCGAG
GTGGEGETTTT
CTTCTAGTRA

TTGCCGACAC
AGGTTTTGCC
CAGTTARAGG
GBACTTTCAC
CTTTTCCGAC
TGTCCAACAG
TTTTAATARA
TGTCAGAGGT
TGCTACTGTT
GCCGCRATAA
TCATTACATC
CAGATACACT
CCTAGTCTTIT
AGATTTCCTA

53

TTCCARCTAT
GACAATTTIC
CATCGCCGAC
CGACAGTGAR
AGTTGGTATG
TAGAAGTGTC
TACACATCARC
ACACTCCAGT
GATTAACATA
TATTGAACTA
CATAGTAACA
GAGCGATTCA
TAACATTCAA
GTATTTIGAC

CGGCRAAGGE
BAACAGTCGC
ACATTTTCTG
CCCTTTGCCG
TTAGCGRAAC
GGCAAMACTA
ATTGATTGAG
ACTACCAGTA
AGCACTTGCG
TETTTTTICT
TGACCAGATA
TAATCAGATT
AARTTTAGTAC
TAGCGATAGT

TACCTTTACC
GGTAGRAGCA
TAGTCARATG
ACAGTTTGGA
CGTTTCTAGG
TATTGCTAGG
CARAAATCACR
CGTCGLCCGC
ACTTTCCCTA
AGTACCARRA
TATRTGGACA
TTTTAATTTC
ABACTTTCCC
GTTTTATTAC
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TRATTARARA
GTTAGACCTA
TTETTIGETCT
CCATCTATAG
GAGAATTGAG
ATGCTTTATT
ATGRAAGCRAA
TTARCCGACC
GGAARAGRAG
AGGCAGTTCA
GCCAGGCGGT
CGATARAARC
GTGTAARTGT
TARCACAGGCT
ACAMGRACAG
AGGGGGGAGE
CATTGATGCT
TCTAGAGTEIC
TLTAGCTARR
ARATACTTTT
TGRRGTTTAT
ARACTCRAAC
TTGTGCATAA
TTATAATTAT
GGTGTAGGTT
CGGGGGTTAT
AGCTAABTAT
TRGTGCAGGT
AGCACATATG
CARTTACTTIC
ATGGTGAGGE
ATGTGGAGGG
CTCATACGTC
ATTTCTTAGA
TGAARGCATT
AACAATGGTC
GGTCCGATGC
ACRAARGTGCC
TTGAGAAGAT
ACTTAGACAG
AGGAAGAGRA
CTCAACRAGA
GAAGAGTCTC
GGACTTGGAA
GCCACCGCCC
CATARTTGAMC
GATGATTATG
CTGCTCGATT
CATGCTRGCC
BAARBMARGCA

CATTAGAAGAR
TATATGCAGG
GACACAGGCA
TCATCTCAAT
AATATTTTAT
TGACATITGA
TTARTTAGTA
TGTCAATATT
TTTCACTAGT
CARTATCATG
CTTCTTAATT
CGTETGTATA
GTCTTTETAC
ATGAGCCGCT
TEACTCCCAT
TTTTGATTTT
ATTTTTTAAG
ATCATGCATT
TTTTTATGTA
TAGAATTCTT
AATTTTGATT
ATTBARATGT
ATACTTCATA
GRARATGAGT
TTCATCTCTG
BATTRGTTTTG
GGAGRGGTCA
CCAARBATTY
TTGTCCATGC
CCATCTGGTT
TAGTTTTGCA
TCCRATGCCA
TEATGTCART
GGCARTRATG
GRAGARGGCA
GACATTATGT
TAGCTTCAAT
TGCTARCACA
CCACGCATGT
TTGTCCAARC
TCTAGCCTCT
CAAGCGCTCA
CCTATGAGCC
AGCAGCGGAL
AGTCAATAGA
AGCCATCAAG
TCAATGTCCC
AGATTCARTG
TCCATGGRAT
RGACATTTGT

ACTCCATTTA
ACBACTCRAG
ACCGCGTTTS
GTTATATAGT
TTTTETGOGA
ABCTACTTAR
CGGGTAARCT
ACCTTAAGTT
ACBAABATCA
GTGCTAGTAG
CRACCGCCTG
ARTACCATTA
ACAGGCGGTT
TGTGTTAAGT
GAGCTCTGCA
CATTTCTTTG
CGATTCTTTG
CTTGCTTAGS
AATTCATAGT
GTGAGTAGAT
CRGTTTTAGC
TGRARATCAT
GARATCCTTG
TTARBCRATT
TTTAATAGRR
TTTTTAGATT
TTATGGATGT
ATTGATGTCG
GCAGACTGCA
TGRAGAGGAT
CCTEATATGC
CCTCTCARTG
GRABACTCAGE
BACCGTTGTG
GCAGAGGACA
GTTGTTCTTC
GATTTCTTGC
TACTATGCAA
AGABATCATT
TGTGGTGCCA
GTTTCTACAG
BRAGCCTAGTA
ABBAARGGGS
GGCACGGCTC
AGCCATGCCC
TCAACCATTG
TAGTGACTAT
GCTGATARRA
CAGAGTTGAT
TACCTTTGAG

54

GTGATTGGTT
CCAGCATAAA
GTATAAATGT
AGAGGCTTCA
CCATCAATTT
TTTGACAGTT
GCACTACACA
ACTGATTTCA
TTTTCGITGS
ABARATTTCA
TGTAAARCTIT
ACACAGGCAG
TGTATAGAGG
CTTCTATARA
CACTGGCGGA
GTGAGAARCT
GITCARTTCY
GTTAGAGTTC
ABATTGTARR
CTATACRATA
TTTTCTTTTT
ARRATGGCAA
AATTATTCCT
ATTTARATTC
GGAGGTTAGT
GACCTACATT
ACARCTTATC
CAARGATACA
ARRATATTAT
TTATGGAGGA
GGACAACTGR
AATTTCATGC
ATGCTAACAC
CGGATCCATC
CTTTGTACGA
AGTTITTGAC
GTGTACTTGG
AGAAGCTAGT
GTATTCTATA
GTAGGTACAR
GGAGGARGCG
GCAATGRAGA
ACAGCAGCAG
ATTGAGCTCG
CCATCARAGG
ACCCTAAAGG
GTGCCCGGAA
AGGTTTCATG
ATACCAACAG
GACATGCACT

PCT/US2012/037809

GTTTGGATTA
TATATGARART
GTTTTCTTGT
TGTTTGTAGT
TATGTAATCT
ATGCAGGTCC
AGTTTGCTAG
ATTRAGAATCT
CACGTTGTEIT
ACGGGCCCAA
CCATTTACAT
TCGAGTTACG
GCCECCTETG
TACCCTTCGT
CCAGACGATT
TCCAARAGGT
TGTATTGGAG
ATAGGGCARA
AATTAARARA
GRGTARATGAT
TCAGATGAAT
ATABRATACTT
ARATTTTATA
CATRAATTGT
ATCTTAGTTA
AATTGTTICTT
ARGATTGGAC
TGCTCGCAGA
GGTATTTGAC
CTACTTGATT
CBRACACTGCA
TATGCCAGAT
AGATGTTGTT
ABTATTCTTC
CGAGTCAARA
GATGAAGGCT
AGACCTTCTT
CAGTCCACTT
TCGRGGTGAT
GACAARCARA
ARRGAAGACT
AGTGGACTAT
GCACAACTCT
RACCGTCACA
BAGCCCCRAG
ATATCAGRARA
GGCCTATGCT
ACTGGTRCAT
ACATGTITTGC
TGTTATTGAA

GTCTTCTCAC
ATCTTGGTGT
TTACATTTTA
RGATARGGTA
GCATTGTCTA
GCRTGATCCT
TACTATTCTA
BACACATTCA
TTTTTTTCAC
CRAGRGRACC
BGGCGGCTTA
ACAACCGCCT
CTARTATATT
CCACCTCCRG
CCRGTTTCCA
TAGTTAGTGC
GTGCTCTAGA
RAGRGAGAGR
AATAARBAAT
GAGGATATIT
TAGACTTTRT
TTTCARATCT
CRATTGTTTC
ARCTCCGTAR
AGTCTGTTTT
RACTARTTAC
CTATCATATG
ACRARGGCGR
ABTGTAGRAG
TGGACRARAC
BCTARCATCA
GTTARTGAAR
GAAGATGCAG
ATGARGGGAA
GGTTGTACCA
BGACATGGTT
CCTARGGAGA
ACGATAGGTG
CRATATBRAG
GRTTTTCGGE
CARACARRGA
TATCCATTGA
CTTTCTGRAR
GRAARAGGAR
TGGCGATGTA
GCCARCGATT
CCAATGEACG
GAGAGCAGTG
TRCTGGTRAC
CTATAGGCGE
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CTTGACGTCC
TTATATATTA
TCACGAGCAG
GTTACAAGAA
AGACARRACA
ATAGGGATTT
CARATTATCG
TGGATTGTTT
GTTCCTCCCG
CCACATGCET
TCTACGGGGEC
ATCCTAGGAT
ATCATATARA
TGCCACRAGC
CRGCGGGGAL
CTCATTARAG
TTCAGCCGAR
TRGCRTACTT
ATCATGAGGG
ATCTGRAGCG
TATATATATA
GGTETATGTA
TATATATATA
TTGABATATA
ATACATTTAT
GCGGCCAAGT
GCTGTGCGAG
ACTGTGGTCC
TECTTTTAGC
CTTTTATACT
ATTTCGCCGC

ARCTCATARAC
ATATGTAGTG
ATGTCATTAT
ARTATGRACA
CCAGGATART
TATATTGGCA
TGTAMACAAT
TTTATATTTA
AGARGTATCA
ACTTATATRA
ATGGCGGTTT
CCCATTGATG
TAATACATAA
BACCACCTGG
GITACGTCAA
CTGCARBATT
BAAGCARGGA
GTGTGGTTTIT
CGATTTAGCH
AARCGACATG
ATTTTATGGT
TGATGTTGTG
TATATATATA
TATAARBAAT
ACAGGCGGCT
CCACCGCCTG
CCGCCTGTGA
ATTTTGTACT
ACCGCCTGTA
ARTTARGATT
CCCTCRAAGC

ARTCTGGTGC
TGBRACTCTA
TATCTGCCGG
AATTCGTATT
TATGCCATCT
CCATACRACR
BTACATGTGET
TCCCTTCGRA
ACCATTCTTG
ATTAGAGTTT
TATAAGRAAC
ATACARCRCC
BAGCATGGCAA
ATCGGTCIAT
GGACARARAT
ATATATTGAA
ARAGRCGTGC
ATTATGAGAG
AGTGATAART
TAARCATTGT
TGATGTTTGA
TGTGTATATA
TATBATGTTT
TATTTACACA
CACCTEGTCHN
TACCAGGGGET
ABACATAATY
GACCCCTGGT
BARRTGTTITT
CBATARAART
AGCCRAT

CTGTARGTAT
ATATGTAGAT
ATCGATGGTC
RTCBAAGGAA
ATCTTGGTAG
TTAGGTAAGC
CGCTCACTCA
GGGAAGGTGC
GTTCAATTAG
CAAARTARCT
ARBAAGGGACC
ACTATCCGGT
ATTTAGRATA
TGTGGGTACT
ATGGTAAATA
CATGTGTCAA
CCTTTACACC
AAATAATTTC
TTAGAGTGCT
ATGGTTGTGC
TTTGTTTACA
TATATATATA
AGCACTGTGT
GACRGTGTAG
NNNCAGGCGG
CAGTACARADA
TTCACRGGCG
ACAGGCGETG
TTGTAGCAGT
TCACCATGAC

PCT/US2012/037809

CACTCATGCA
GTTETCTGTA
GGTTATCTGA
GATAGAGCARA
ATCABTGCTG
TTGACTTCAT
TTTATTCATG
TTGTCOTAGR
ABAGGTGAGC
TTAGTGATTT
TGTCGACGCT
ARGTTTTCTG
ATCCETTGCT
ATGTCTGTGA
ATATCTATGT
TCATGCTTTT
ARAGACTCTG
BAGTGACAGT
GRCAGACATA
GGATARCATG
ATTCTATAAT
TATAETATATA
TTGETGGGAA
TETGAGCTGC
TGCTAARRGC
TGGACCACAG
GCTCGCACAG
GGCTTGGCCE
GTTTTTCTTA
ATCCCCATTG

CARCARCARTTA
GTTTGCRAGR
GCCCTATCAR
BAGATAGAGGA
AGGTATAAAT
ATACGTATTT
CAGTGACCAT
CTCTTTACAT
CAACATGARA
AGGTTCGATA
GCACGCTCRG
AACACATTTC
CATTRTATAG
GTTTATRAGG
ATGRAGTTTT
ARACTTTATT
GAAGATATAG
GCATATTTTG
GCAGGTCTAR
CATTGACGTG
ATATATATGT
TATATATATA
AMATTARDAT
CTGTGTAABA
ATCTTCACAG
TACAGGCGGEH
CCCCLLCTET
COTGTGRAGR
TTAGTAGTAT
CCRARGAGRAT

(SEQ ID NO:18) or a functional fragment or variant thereof having 75, 80,
85, 90, 95, 96, 97, 98, or 99% sequence identity to SEQ ID NO:18. Each N =

can be any nucleotide or combination of any 2, 3, 4, or 5 nucleotides.

In some embodiments, a functional Mal expression control sequence

capable of placing a target gene under photoperiod (short-day) control has

the nucleic acid sequence:

1
61
121
181
241
301
361
423
481
541

CRCTAGTACA
TATCATGGTG
CTTAATTCAA
GTGTATAAAT
TTTTTACACA
AGCCGLLTGT
CTCCCATGARAG
TGATTTTCRT
TTTTAAGCGA
ATGCATTCTT

ABRARATCATTT
CTAGTAGARA
CCGCCTETET
ACCATTARCA
GGCGGTTTET
GTTAAGTCTT
CTCTGCACAC
TTCTTTGGTG
TTCTTTGGTT
GCTTAGGGTT

TCETTGGCARC
AARTTTCRACG
ARARCTTTCCA
CAGGCAGTCG
ATAGAGGGCT
CTATAAATAC
TGGCGGRCCA
AGAARCTTLC
CAATTCITGT
AGAGTTCATA

55

GTTGETTTTTT
GGCCCARCAA
TITACATAGG
AGTTACGACA
GCCTGTGCTA
CCTTCGTCCA
GACGATTCCA
AABRGGTTRG
ATTGGAGGETG
GGGCARARAG

TTTTCACAGG
GAGAACCGCC
CGGCTTACGR
ACCGCCTGTG
ATATATTTRC
CCTCCAGACA
GETTCCARGG
TTAGTGCCAT
CTCTAGATCT
AGAGAGATTT

CAGTTCACAA
AGGCGGTCTT
TRARAACCGT
TABATGETGETC
ACAGGCTATG
AGAACAGTTA
GGGGAGETTT
TGATGCTATT
BGAGTTCATC
AGCTAARATTIT
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TTATGTABAT
ARTTCTTGTG
TTTGATTCAG
ARARTGTTGA
CTTCATRAGAA
AATGAGTTTA
ATCTCTGTTT
AGTTTTGITT
GAGGTCATTA
ARBATTTATT
TCCATGCGCA
TCTGGTTTGA
TTTTGCACCT
ARTGCCACCT
TGTCAATGAA
ARTARTGRAC
GRAGGCAGCA
ATTATGTGTT
CTTCARTGAT
TARCACATAC
CGCATGTAGA
TCCABACTGT
AGCCTCTGTT
GCGCTCRARG
ATGAGCCAAA
AGCGGACGET
CRATAGAAGC
CATCAAGTCA
ATGTCCCTARG
TTCRATGGCT
ATGGAATCAG
CATTTGTTAC
TCATRACAAT
TGTAGTGTGA
TCATTATTAT
ATGAACRRAT
GGATRATTAT
ATTGGCACCA
ABBRCBATATA
ATATTTATCC
AGTATCAACC
TATATARATT
GCGGTTTTAY
ATTGATGATA
TACATAARGC
CACCTGGATC
ACGTCARGGA
GCAARATTAT
AGCARGGAAA
GTGGETTTTAT

TCATAGTAAA
AGTAGATCTA
TTTTAGCTTT
ABATCATARA
ATCCTTGRAT
AACARTTATT
AATAGARGGA
TTAGATTGRC
TGGATGTACA
GATGTCGCRA
GRCTGCAARA
AGAGGATTTA
TATATGCGGA
CTCRATGART
ACTCAGCATG
COTTGETGCGG
GAGGACACTT
GTTCTTCAGT
TTCTTGCGTG
TATGCARRGR
AATCATTGTA
GGTGCCAGTA
TCTACAGGGA
CCTAGTAGCA
ARAGGGGACA
ACGGCTCATT
CATGCCCCCA
ACCATTGACC
TGACTATGTG
GATAARRRGG
AGTTGATATA
CTTTGAGGAC
CTGGETGCCTG
AACTCTAATA
CTGCCGGATC
TCETATTATC
GCCATCTATC
TACARCATTA
CATGTGTCGC
CTTCGAAGGG
ATTCTTGGETT
AGAGTTTCRA
AAGAAACRAR
CAACRCCACT
ATGGCARATT
GGTCTATTGT
CARARATATG
ATRTTGARCA
AGRCGTGCCC
TATGAGRGAA

TTGTAARART
TACBRATAGAG
TCTTTTTTCA
ATGGCRARTA
TATTCCTAAA
TARATTCCAT
GGTTAGTATC
CTACRITAAT
ABCTTATCAAG
AGRTACATGC
ATATTATGGT
TGGRGGACTA
CAARCTGACAR
TTCATGCTAT
CTAACACRGA
ATCCATCAAT
TGTACGACGA
TTTTGACGAT
TACTTGGAGA
AGCTAGTCAG
TTCTATATCG
GGTACARGAC
GGARGCGARA
ATGARGARGT
GCAGCAGGCA
GAGCTCGANC
TCARAGGARG
CTARRGGATA
CCCGGRAGLC
TTTCATGACT
CCAACAGRCA
ATGCACTTGT
TRAGTATCAC
TGTAGATGTT
GATGGTCGGT
ARRGGAAGAT
TEGGTAGATC
GGTRAGCTTG
TCACTCATTT
ARAGGTGCTTC
CRATTAGABA
ARTAACTTTA
AGGGACCTGT
ATCCGGTARG
TAGARTARTC
GGGTACTATG
GTARATAATA
TGTGTCAATC
TTTACACCAA
ATAATTTCAA

36

TAARAABAAT
TRATGATGAG
GATGRATTAG
AATACTTTTT
TETTATACARA
BAATTGTAAC
TTAGTTARGT
TGTTCTTAAC
ATTGGACCTA
TCGCAGBACA
ATTTGACAAT
CTTGATTTGG
CRACTGCARCT
GCCAGATGTT
TGTTGTTGRA
ATTCTTCATG
GTCARARGGT
GRAGGCTAGA
CCTTCTTCCY
TCCACTTACG
AGGTGATCAA
ARACAARBGAT
GARAGRCCCRA
GGARCTATTAT
CRACTCTCTT
CGTCACAGRA
CCCCRAAGTGG
TCAGAARAGCC
CTATGCTCCA
GGTACATGAG
TGTTTGCTAC
TATTGARCTA
TCATGCACAC
GTCTGTAGTT
TATCTGAGCC
AGAGCARRGA
BATGCTGAGG
ACTTCATATA
BATTCATGCAG
TCCTAGACTC
GGTGAGCCAA
GTGATTTAGG
CGRCGCTGCA
TTTTCTGAARC
CGTTGCTCAT
TCTGTGAGTT
TCTATGTATG
ATGCTTTITAA
AGACTCTGGA
GTGACAGTGC

PCT/US2012/037809

BRARAATARA
GRTATTTTGA
ACTTTATAAA
CAAATCTITG
TTGTTTCTTA
TCCGTAAGGT
CTGTTTICGG
TRATTACAGC
TCATATGTAG
ARGGCGRAGC
GTAGARGCAA
ACARAACATG
ABRCATCARTG
ARTGARRCTC
GATGCAGATT
BAGGGAATGA
TGTACCARAC
CATGGTTGET
ARGGAGARCA
ATAGGTGITG
TATAARGACT
TTTCGLCRAGE
ACAARGACTC
GCATTGAGRA
TCTGAARGGA
BRAGGAAGCC
CGATGTACAT
ARCGATTGAT
ATGGACGCTG
AGCAGTGCAT
TGGTARCARR
TAGGCGGCTT
ACARATTATTA
TGCARGATCA
CTATCRAGTT
TAGAGGAAGA
TATAAATATA
CGTATTITCRA
TGACCATTGG
TTTACATGTT
CATGAAACCA
TTCGATATCT
CGCTCAGATC
ACATTTCATC
TATATAGTGC
TATARGGCAG
ABAGTTTTCT
ACTTTATTTT
AGATATAGTA
ATATTTTGAT

TACTTTTTAG
AGTTTATAAT
CTCAARCATT
TGCATAAATA
TAATTATGRA
GTAGGTTTTC
GGGTTATATT
TAARATATGGA
TGCAGGTCCA
ACATATGTTG
TTACTTCCCA
GTGAGGGTAG
TGGAGGGTCC
ATACGTCTIGA
TCTTAGAGGC
ARGCATTGARA
ARTGGTCGAC
CCGATGUTAG
AAGTGCCTGC
AGARGATCCA
TAGACAGTTG
ARGAGAATCT
AACARGACAR
GAGTCTCCCT
CTIGGAAAGC
ACCGCCCAGT
ATTGRACAGC
GBTTATGTCA
CTCGATTAGA
GCTAGCLTCC
AAAMGCARGA
GACGTCCARC
TATATTAATA
CGAGCAGATG
ACARGABRAAT
CARRACACCA
GGGATTTTAT
ATTATCGTGT
ATTGTTTTIT
CCTCCCGAGA
CATGCGTACT
ACGGGGCATG
CTAGGATCCC
ATATAAATAR
CACAAGCAAC
CGGEGACGTT
CATTAARGCT
CAGCCGRARA
GCATACTTGT
CATGAGGGCG
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3601
3661
3721
3781
3841
3901
3961
4021
4081
4141

ATTTAGCARG
ACGACATGTA
TETATGGTTG
ATGTTGTGTG
TATATATATA
TAARARRTTA
ATTCTAACRG
TGGCTGGGAG
GTACTGTCGT
GATGCTTTITA

TGATARATIT
AACATTGTAT
ATGTTTGATT
TGTATATATA
TRATGTTTAG
TTTACACAGA
GCGGECTCGLE
AGCCGCCTGT
CCATTTTGTA
GCACCGCCTG

AGAGTGCTGA
GGTTGTGCGGE
TGTTTACAAT
TATRTATATA
CACTGTGTTT
CAGTGTACGT
TTGTCCACCG
GAAAMCATAA
CTGACCCCTG
TARARAATGTT

CAGACATAGC
ATARCATGCA
TCTATAARTAT
TATATATATA
GGTGGGARAA
GTCGRGCGTC
GTCGGTTAAA
TTTTCACAGSG
GTACAGGCGG
TTTTGTAGCA

PCT/US2012/037809

AGGTCTRAAT
TTGACGTGTA
ATATATGTGG
TATATATATA
ATTAAARTTT
GTCCTHETECT
ARTACATTTC
CGGCTCGCAC
TGGECTTGGC
GTGTTT

CTGRAGCGRA
TATATATAAT
TGTATGTATG
TATATATATA
GRARTATRTA
ATACRRATAC
CACACNGGCC
AGCCCCECCT
CGCCTGTGRA

(SEQ ID NO:19) or a functional fragment or variant thereof having 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence identity to SEQ ID

NO:19.

In some embodiments, a functional Mal expression control sequence

capable of placing a target gene under photoperiod (short-day) control has

the nucleic acid sequence:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841l
961
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801

CACTAGTACA
TATCATGGTG
CTTARTTCRA
GTGTATARRAT
TTTTTACACA
AGCCGCCTGET
CTCCCATGAG
TGATTTTCAT
TTTTAAGCGA
ATGCATTCTT
TTATGTAAAT
AARTTCTTGTG
TTTGRATTCAG
AARATGYTGA
CTTCATAGAA
AARTGAGTTTA
ATCTCTGTTT
AGTTTTGTTT
GAGGETCATTA
ARAATTTATT
TCCATGCGCA
TCTGGTTTIGR
TTTTGCACCT
AATGCCACCT
TGTCAATGRA
AATARTGAAC
GRAGGCAGCA
ATTATGTGTT
CTTCAATGAT
TARCARCATAC
CGCATGTRGA

AAARTCATTT
CTAGTAGARA
CCGCCTGTET
ACCATTARCA
GGCGETTTET
GTTAAGTCTT
CTCTGCACAC
TICTTTGETG
TTCTTTGGTT
GCTTAGGGTT
TCATAGTARA
AGTAGATCTA
TTTTAGCTTT
ABATCATAAA
ATCCTTGAAT
BACRATTRTT
ARTAGRAGGA
TTAGATTGAC
TGGATGTACA
GATGTCGCAA
GACTGUARAA
AGARGGATTTA
TATATGCGGA
CTCAATGRAT
ACTCAGCATG
CGTTGTGCGE
GAGGACACTT
GTTCTTCAGT
TTCTTGCGTG
TATGCARAGA
ARTCATTGTA

TCGTTGGCAC
AATTTCARCG
BAACTTTCCA
CAGGCAGTCG
ATAGAGGGCC
CTATABRTAC
TGEGCGGACCA
AGARACTTCC
CARATTCTTGT
BGRGTTCATA
TTGCTARAART
TACARTAGAG
TCTTITTTCA
ATGGCARATA
TATTCCTARA
TABATTCCAT
GGTTAGTATC
CTACATTART
ACTTATCAAG
AGATACATGC
ATATTATGET
TGGAGGACTA
CAACTGARCRA
TTCATGCTAT
CTARCACAGA
ATCCATCAAT
TGETARCGACGA
TTTTGACGAT
TACTTGGAGA
AGCTAGTCAG
TECTATATCG

57

GITGTTETTT
GGCCCRACAR
TTTACATAGG
AGTTACGACA
GCCTGTGCTA
CCTTCGTCCA
GRCGATTCCA
ARBAGGTTAG
ATTGGAGGTG
GGGCAAAARG
TARAABRAAT
TAATGATGRG
GATGARTTAG
BATACTTTTIT
TTTTATACARA
ARATTGTAAC
TTAGTTAAGT
TGTTCTTAAC
ATTGGACCTA
TCGCAGAACA
ATTTGACAAT
CITGATTTGG
CACTGCAACT
GCCAGATGTT
TETTGTTGAHA
ATTCTTCATG
GTCAARAGGT
GRAGGCTAGA
CCTTCTTCCT
TCCACTTACG
BGGTGATCAA

TTTTCACAGG
GAGAACCGCC
CGGCTTACGA
ACCGCCTGTG
ATATATTTAC
CCTCCAGACR
GTTTCCRAGG
TTAGTGCCAT
CTCTAGATCT
AGRGRGATTT
BARDMAATARA
GATATTTTGA
ACTTTATARA
CAARTCTITTG
TTGTTTCTTA
TCCETARGGT
CTGTITTCGG
TAATTACRGC
TCATATGTAG
ARGGCGAAGC
GTAGARAGCAAR
ACAARACATG
BACATCRATG
AATGAAACTC
GATGCAGATT
AAGGGAATGA
TGTACCAAARC
CATGGTTGGT
BAGGAGARCA
ATAGGTGTTG
TATRAAGACT

CAGTTCACARA
AGGCGGTCTT
TAABRAACCGT
TRAARTGTGTC
ACAGGCTATG
AGAARCAGTTA
GGGGAGGTTT
TGATGCTATT
AGAGTITCATC
AGCTAARTTT
TACTTTTTAG
AGTTTATART
CTCRAACATT
TGCARTAAATA
TRATTATGRA
GTAGGTTTTC
GGGTTATATT
TARATATGGA
TGCAGGTCCA
ACATATGTTG
TTACTTCCCAR
GTGAGGGTAG
TGGAGGEGTCC
ATACGTCTGA
TCTTRGAGGC
ARGCATTGAA
ARTGGTCGAL
CCGATGCTAG
BRAGTECCTGC
AGARGATCCA
TAGACAGTTG
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TCCABACTGT
AGCCTCTETT
GCGCTCRBAG
ATGRGCCARA
BGCGGACGEC
CAATAGAAGC
CATCAAGTCA
ATGTCCCTAG
TECAATGGCT
ATGGARTCAG
CATTTGTTAC
TCATAACAAT
TGTAGTGTGA
TCATTATTAT
ATGAACAAAT
GGATAATTAT
ATTGGCRCCA
ARACRATATA
ATATTTATCC
AGTATCRACC
TATATARATT
GCGGITTTAT
ATTGATGATA
TACATABAGC
CACCTGGATC
ACGTCARGGA
CAARATTATA
GCAAGGAARR
TGGTTTTATT
TTTAGCAAGT
CGACATGTAA
TTATGGTTGA
TETTGTGTGT
ATATATATAT
ARAARATTAT
GGCGGCTCAC
CCGCCTGTAC
CCTGTGAARA
TTGTACTGAC
GCCTGTARRA

GGTGCCAGTA
TCTACAGGGR
CCTAGTAGCA
ARAGGGGRCA
ACGGCTCATT
CATGCCCCCA
ACCATTGACC
TGACTATGTG
GATRARAAGG
AGTTGATATA
CTTTGAGGAC
CTGETGCCTG
AACTCTAATA
CTGCCGGATC
TCGTATTATC
GCCATCTATC
TACARCATTA
CATGTGETCGC
CTTCGBAGGG
ATTCTTGGTY
AGRGTTTCARA
BAGAAACAAR
CAACACCACT
ATGGCAARTT
GGTCTATTGT
CAARAATATG
TATTGAACAT
GRCGTGCCCT
ATGAGAGARR
GATARATTTA
ACATTGTATG
TGETTTGRTTT
GTATATATAT
AATGTTTAGC
TTACACAGAC
CTTETCHNNNN
CAGGGGTCAG
CATAATTTTC
CCCTGGTACA
ATGTTTTTTG

GGTACARGAC
GGARGCGARA
ATGAAGAAGT
GCAGCRGGCA
GRGCTCGAAC
TCARRGGAAG
CTAAAGGATA
CCCGERAAGGE
TTTCATGACT
CCAACAGARCA
ATGCACTTIGT
TAAGTATCAC
TGTAGATGTT
GATGGTCGET
AAAGGRAGAT
TTOGTAGATC
GGTAAGCTTG
TCACTCATTT
RAGGTGECTTG
CAATTAGBAA
AATAACTTTA
AGGGACCTGT
ATCCGGTAAG
TAGAATARTC
GGGTACTATG
GTAMATARTA
GTGTCRATCA
TTACACCARA
TRAATTTCAAG
GAGTGCTGAC
GTTGTGCGEGA
GTTTACARTT
ATATATATAT
ACTGETGTTTG
AGTGTAGTGT
CAGGCGGTGC
TACAMRRTGG
ACAGGCGGCT
GGCGELGEEGEE
TAGCAGTGTT

ABACAMRAGAT
GRAGACCCAR
GGACTATTAT
CARCTCTCIT
CGTCACAGRA
CCCCAAGTGG
TCAGBAAGCC
CTATGCTCCAR
GGTACATGAG
TGTTTGCTAC
TATTGAACTA
TCATGCACAC
GTCTGTAGTT
TATCTGAGCC
AGAGCAAAGA
AATGCTGAGG
ACTTCATATA
ATTCATGCAG
TCCTRAGACTC
GGTGRGCCAR
GTGATTTAGG
CGACGCTGCA
TTTTCTGAAC
CGTTGCTCAT
TCTGTGAGTT
TCTATGTATG
TGCTTTTARA
GRCTCTGGRA
TGACAGTGCAR
AGACATAGCA
TAACATGCAT
CTATAATATA
ATATATATAT
GTGGGARRRA
GAGCTGCCTG
TRARAGCATC
ACCACAGTAC
CGCACARGCCC
TTGGCCGCCT
T

TTTCGGGAGG
ACARRGACTC
GCATTGAGAA
TCTGARAGGA
ARRGGAMGCC
CGATGTACAT
BACGATTGAT
ATGGACGCTG
AGCAGTGCAT
TGGTARCARA
TAGGCGGCTT
ACRATTATTA
TGCRAGATCA
CTATCARGTT
TAGAGGAAGA
TATAARTATA
CGTATTTCRA
TGACCATTGG
TTTACATGTT
CATGARACCH
TTCGATATCT
CGCUTCAGATC
ACATTTCATC
TATATRGTGC
TATARGGCAG
ARGTTTTCTC
CTTTATTETC
GATATAGTAG
TATTTTGATC
GGTCTARATC
TGACGTGTAT
TATATGTGGET
ATATATATAT
TTRARATTTG
TGTARRRRTA
TTCACAGGCG
AGGCGGGEGCT
CGCCTGTACT
GTGBRAGATGC

PCT/US2012/037809

AAGAGRATCT
ARCARGACHA
GAGTCTCCCT
CTTGGARAGC
ACCGCCCAGT
ATTGARCAGC
GATTATGTCA
CTCGATTRAGA
GCTAGCCTCC
AAARGCAAGA
GACGTCCAAC
TATATTAATA
CGAGCAGATG
ACAAGAARAT
CAARACACCR
GGGATTTTAT
ATTATCGTGT
ATTGTTTTTT
CCTCCCGAGA
CATGCGTACT
BCGGGGCATG
CTAGGATCCC
ATATABRTAA
CACAAGCAARC
CGGGGACGTT
ATTARRGCTG
AGCCGRARRA
CATACTIGTG
ATGAGGGCGA
TEARGCGARA
ATATATARTT
GTATGTATGA
ATATATATAT
BAATATATAT
CATTTATACA
GCCARGCCCA
GRGCGAGCCH
GTGGTCCATT
TTTTAGCACC

(SEQ ID NO:20) or a functional fragment or variant thereof having 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence identity to SEQ ID
NO:20. Each N = can be any nucleotide or combination of any 2, 3,4, or 5
nucleotides.
45 CACTA elements have been implicated as a mechanism of movement
of genes and gene fragments in sorghum (Paterson AH et al. Nature,
457(7229):551-56 (2009)). In some embodiments, a functional Mal
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expression control sequence capable of placing a target gene under

photoperiod (short-day) control includes the CACTA element of SEQ ID

NO:1 or a functional fragment or variant thereof. For example, in some

embodiments, a functional Mal expression control sequence capable of

placing a target gene under photoperiod (short-day) control includes the

nucleic acid sequence:

1
Gl
121
181
241
301
361
421

CACTATARCA
GACACTTAAC
GTTGGCGAAA
GCATRCCTAC
CCTACGCCGA
GTGTTTCATA
ATGTAGATAC
TGG

CRACATGGCT
GTCTCACGRA
CTTTTGCCGA
GCCGACAGTT
CAGTTTGGAL
ARCCATGCCT
AARTTTARATA

TTGCCGACAC
AGGTTTTGCC
CAGTTARAGG
GAACTTTCRC
CTTTTCCGAC
TGTCCARCAG
TTTTAATARA

TTCCAACTAT
GACRATTTIC
CATCGCCGAC
CGACAGTGRA
AGTTGGTATG
TAGRAGTGTC
TRCACATCAC

CGGCRAAGGE
RAACAGTCGC
ACATTTTCTG
CCCTTTGCCG
TTAGCGARRC
GGCARAAACTA
ATTGATTGAG

TACCTTTACC
GGTAGARGCA
TAGTCARRTG
ACAGTTTGGR
CGTTTCTAGG
TATTGCTAGG
CAARATCACA

(SEQ ID NO:21) or a functional fragment or variant thereof having 75, 80,
85, 90, 95, 96, 97, 98, or 99% sequence identity to SEQ ID NO:21.

In some embodiments, a functional Mal expression control sequence

capable of placing a target gene under photoperiod (short-day) control

includes the nucleic acid sequence:

1
61
iz1
181
241
301
361
421
481
541
601
661

TTCCACCTGG
TATAACACAR
ACTTAACGTC
GGCEARACTT
TCCCGCETTG
GITTGGRTCT
CCATGCCTTS
ATACAATTTA
GTTTTCACTA
TGEGCCARGGA
CTTTTATABA
AATTTGATCC

GCAGGGAARA
CATGGCTTTG
TCACGRAAGG
TTGCCGACAG
ACTTTICACCG
TTTCCGACAG
TCCAACAGTA
AMTRTTTTAA
ARACTGTCAT
TTTTACTGCT
ACARCGGCCG
CTCACCTCAT

CGGTTTATTA
CCGRCARCTTC
TTTTGCCGAC
TTARAGGAGG
ACAGTGABRCC
TTGETATGTT
GRAGTGTCGG
TAAATACACA
AGGTACACTC
ACTGTTGATT
CBRATAARTATT
TACATCCATA

TGTTCCTCTT
CAACTATCGG
AATTTTCARA
ACACATTTIC
CTTTGCCGAC
AGCGABRACCG
CRARACTATA
TCACATTGAT
CAGTACTACC
ARCATAAGCA
GAACTATTTT
G

TBATTTATCT
CAARGGGTAC
CAGTCGCGET
TGETAGTCARA
AGTTTGGACC
TTTCTAGGGT
TTGCAGATAG
CGAGCARRAT
AGTACGTCGC
CTIGCGACTT
TGTTCTAGTA

ATCGTGGCAC
CTTTGCCGAC
AGARAGCAGTC
TGGGCATGCC
TACGCCGACA
GTTTCATARA
TAGGGTGTAG
CACATGGTCT
CCGCACATAG
TCCCTARAAT
CCRAAATTAG

(SEQ IP NO:22) or a functional fragment or variant thereof having 75, 80,
85, 90, 95, 96, 97, 98, or 99% sequence identity to SEQ ID NO:22,

In some embodiments, a functional Mal expression control sequence

capable of placing a target gene under photoperiod (short-day) control

includes the nucleic acid sequence:

1
61
121
181
241
301

TGGCACTATA
GCCGACACTT
GCAGTCGGCS
CATGCCTCCC
CCGACAGTTT
CATARAACCAT

ACRCRACATG
AACGTCTCAC
AARCTTTTGC
GCGTTGACTT
GGATCETTTC
GCCTTGTCCA

GCTTTGCCGA
GRAAGGTTTT
CGACAéTTAA
TCACCGACAG
CGACAGTTGG
ACAGTAGRAG

59

CACTTCCAAC
GCCGACRATT
AGGAGGACAC
TGRACCCTTT
TATGTTAGLG
TGTCGGCARA

TATCGGCARA
TTCRAACAGT
ATTTTCTGTA
GCCGACAGTT
APRCCGTTIC
ACTATATTGC

GGGTACCTTT
CGCGGTAGAA
GTCAAATGGG
TGGACCTACG
TAGGGTGTTT
AGATAGTAGG
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361 GTGTAGATAC ARATTTAAATA TTTTAATAAAR TACACATCAC ATTGATCGAG CAARATCACA
421 TGG

(SEQ ID NO:23) or a functional fragment or variant thereof having 75, 80,
85, 90, 95, 96, 97, 98, or 99% sequence identity to SEQ ID NO:23.

5 In some embodiments, a functional Mal expression control sequence
capable of placing a target gene under photoperiod (short-day) control
includes a functional CAAT box, for example the CAAT box of SEQ ID
NO:12 or a functional fragment or variant thereof. In some embodiments, a
functional Mal expréssion control sequence capable of placing a target gene

10 under photoperiod control includes the nucleic acid sequence: GCCAAT
(SEQ ID NO:24) or a variant thereof, for example a consensus CAAT Box
sequence such as GGCCAATCT (SEQ ID NO:25). The CAAT box of a
functional Mal expression control sequence capable of placing a target gene
under photoperiod (short-day) control is typically between 50 and 250 bases

15  upstream of the initial transcription site.

In some embodiments, a functional Mal expression control sequence
capable of placing a target gene under photoperiod (short-day) control

includes the nucleic acid sequence:

1 TTCTTATTAG TAGTATCTTT TATACTAATT ARGATTCAAT ARBARTTCAC CATGACATCC
20 61 CCATTGCCAA GAGAATATTT CGCCGCCCCT CAARGCAGCC ARTAAGGCTT TACTAARARG
121 ACTATCCACG CAGTAGRGAT TTAGTCARAAA TATTCCAATA GCAATTGITT CCTGCCTGCT
181 TGACCTTCGT CAGCCACTCA CTGTATARAT ATCGCACCAL GCCUTITGCA GGCTTACAGR
241 GCTTGTATTA CGTACTAACA AGGCACACAC AGTACCUTGT GTTCACCGGC CCTGCACBAR
301 ACTCAAGCAG TTATTRCTRA C

25  (SEQ ID NO:26) or a functional fragment or variant thereof having 75, 80,

85, 90, 95, 96, 97, 98, or 99% sequence identity to SEQ ID NO:26.
A polynucleotide having a nucleic acid sequence at least 65%, 70%,

1%, 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%,

30 97%, 98%, 99% identical to a fragment of SEQ ID NO: 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, and 26 is also disclosed. The Mal gene in the day-
neutral S. bicolor has a recessive (loss of function) Mal allele characterized
by one or more mutations or deletions in the 5°UTR relative to the 5"UTR of
S. propinguum that results in loss of f)hotoperiod sensitivity. Therefore, the

35 nucleic acids in SEQ ID NO: 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, or
26 can be present in short-day expression control sequences. Therefore, in

60
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some embodiments, the photoperiod sensitive Mal expression control

sequence has 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150,
160, 170, 180, 190, 200, 250, 300 or more of the nucleic acids in SEQ ID
NO: 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, or 26, and is capable of

inducing short-day expression of a target gene.

2.

Photoperiod Insensitivity

The expression control sequence of the Mal gene in the day-neutral

§. bicolor having a recessive (functional) Mal allele can be used to induce

photoperiod insensitivity of other plant genes, Accordingly, the Mal

expression control sequences from S. bicolor can be operably linked to a

plant gene coding sequence to impart photo-insensitive (i.e., day-neutral)

control over the plant gene coding sequence.

In some embodiments, a functional Mal expression control sequence

capable of placing a target gene under photo-insensitive (day neutral) control

has the nucleic acid sequence:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
201
961
1021
1081
1141
iz201
1261
1321
1381
1441
1501
1561
1621

ABRAGRARRG
AGATTGCRTC
ATGBAARAARG
AAGATCTGAR
TCEGCTTCCAA
GRARTRAGTAA
TGRGGGCTCC
ABADABABRT
ACTATACTAT
ARARATATGA
AGGCGATGRG
CCATCACCTT
ACACACCAAT
ATARADTTTG
ATTTACRGGA
CGGATCTATA
CTATCTTCGC
TTCTCCCTGT
ARATTGGTGG
TAATTTATCT
CCAGTRCGTC
CACTTGCGAC
TTTTTCTAGT
CCAGRTATAT

TGAGCACACC
GAGATCTARG
TETTGAGTTYT
AATARARBAT
TCGCCTCCCA
TAACGTCATT
TATRATATGC
TAAGARGARG
TCAARATATT
ATARAGRATT
AGGCGATGTG
GCTTCTATCG
CGCTTATCAT
TCTTCACTTG
ATGARCCCTT
GGCCTGGCTC
ACATAACATC
RAACCATARA
CTATGRRCTC
ATCGTGGTCT
GCCCGCRCAT
TTTCCCTRAC
ACCARAAATA
ATGGACAGGC

CAGRATTTITT
TAGTACAAAC
TAGTGTTTTA
TGTTTGGATT

AATTTETTCT
TTTCCTTAGT
TTACTAATTA
AGTCTTCTCA

RCGACCTATC
ACTCAGGTAC
CBAAATATGA
TCAACTARARA
TCGCTTCAGC
GTACAAGATT
ACTAGTGGAC
ATTTTTATCT
ATTTTCACAR
ATCACGCCTC
ACATCTATGG
CCTCTCATAG
CGCCTTTTCC
AGTATGGGAA
AAGATGTCCA
TGARARTGGA
TATRGTTCCT
CCAAGTTGAC
TTCCACCTGG
GTTTTCACTA
BAGTGGCCRAG
ATCTTTTATA
GRATTTGATC
CGGGATCACT
AGTGRAGTGG
ARATGTCTITC
AARATATTAG
CGTTAGACCT

61

ATCAGCTCAT
AARATCATGTC
TACTTGRART
ARTTTATAGA
TAGARARCTT
CTTTCARACC
GCCGGETGEG
ARCTRAACTAT
TTATGARTTT
TATTTAGGET
CCCACCGACC
CTTTTCATAT
BACCATTGTA
ABADATTATA
BRATGTARATG
TTATGGATTG
ARATAATTIT
GCTGGEGCTTT
GCAGGGAARR
ABRACTGTCAT
GATTTTACTG
ARACDRCGGC
CCTCACCTCA
CGCCAGCAGA
GGTTCTCCTA
TAGTARRGAT
ARGARCTCCA
ATATATGCAG

GGTCAGCTCT
ARCARTCTART
TRACATTTGA
TCATGTTAAC
TTTTTCTCGR
CCARCCCCTA
TGGAACCTAA
ATARTAGTACT
ACCCTTITTAC
CCTAATCCCC
ABAGACACAA
TCTAGGTCCA
ARARTATTCA
CATAATGTTT
ACCCTATTTA
GAGATACTAA
TIATTGTAGT
ATTETGCGAC
CGGTTTATTA
ATTGCTACAC
CTACTGTTGA
CGCAATAATA
TTACATCCAT
TACCCTGAGC
GTCCTTTARC
TTCCTAGTGT
TCATTTTGGT
GRCAACTCAA

ACABACTTAT
GGTTTAGARBA
ACTTTTTAGC
ATTGATATRA
TTTAATTAAT
TCATCGACGE
GRAGATTITTA
TATATCATAC
TCTTTATTAA
ATRATTTAAG
CTATCGCCTC
CCGGCCATAG
TAATTTTGAT
TCGTGTGAGA
TTAAGAGGAG
ATTTAAGGGC
AGTAGRACTT
ACAGRACACC
TGTTCCTCTT
TCCAGTACTA
TTAARCATRAG
TTGAACTGT?
AGTAACATGA
GATTCATRAC
ATTCAARARTT
TTTGATTTCE
AGTGATTGGT
GCCAGCATAR
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ATATATGARA
TETTTICTTG
CATGTTIGTA
TITATGTAART
TTATGCAGET
AGTTTGCTAG
ATTAGAATCT
BATTAAGATT
CCCTCARAGC
ATATTCCAAT
TATCGCACCR
CAATACCCTG

TATCETGGTG
TTTACGTTTT
GTAGATRAGG
CTGCATTGTC
CCGCATGATC
TACTATTCTA
ARCACATTCA
CRATAAAALT
AGCCARGGCT
AGCRATTGTT
CGCCCTTTGC
TGTTCACCGS

TTTGTTTGTIC
ACCATCTATA
TAGAGAATTG
TAATGCTTTA
CTATGRAAGC
TTAACCGACT
GGAARAGARG
TCACCATGAC
TTACTAARRA
TTLIGCCTGC
AGGCTTACAG
CCCTGCACAA

TGACACAGGEC
GTCATCTCAA
AGBATATTTT
TTTGACATTT
AATTAATTAG
TGTCAATATT
TITTCCTTAT
ATCCCCATTG
GACTATCCAC
TTGACCTTCE
AGCTTGTACT
ARCTCAAGCA

ARCCETCTET
TGETTTATATA
ATTTTTGTGC
GRARCTACTT
TACGGGTACT
ACCTTAAGTT
TAGTAGTAAC
CCAAGAGART
GCAGTAGAGR
TCAGCCACTC
ACGTACTARC
GTTATTACTA

PCT/US2012/037809

GGTATARATG
GTAGAGACTT
GACCATCAAT
ARTTTGACCG
GCACTACACA
ACTGATTTCA
TTTTTATACT
ATTTCGCCGC
TTTAGTCRAA
ACTGTATARA
BRAGGCACACH
AC

(SEQ ID NO:27) or a functional fragment or variant thereof having 75, 80,
85, 90, 95, 96, 97, 98, or 99% sequence identity to SEQ ID NO:27.

In some embodiments, a functional Mal expression control sequence
capable of placing a target gene under photo-insensitive (day neutral) control

has the nucleic acid sequence:

1  TCCTTATTAG
€1 CCCATTGCCA
121  TATCCACGCA
181 ACCTTCGTCA
241 TTGTACTACG
301 TCAAGCAGTY

(SEQ ID NO:35) or a functional fragment or variant thereof having 75, 80,
85, 90, 95, 96, 97, 98, or 99% sequence identity to SEQ D NO:35.

A polynucleotide having a nucleic acid sequence at least 65%, 70%,
1%, 72%, T3%, 74%, 75%, 76%, T7%, T8%, 79%, 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% identical to a fragment of SEQ ID NO:27 or 35 is also

TAGTAACTTT TTATRCTAAT TARGATTCARA
AGAGBATATT TCGCCGCCCC TCAAAGCAGE
GTRGAGATTT AGTCAAAATA TTCCRATAGC
GCCACTCACT GTATAARTAT CGCACCACGC
TACTAACAAG GCACACACRA TACCCTGIGT
ATTACTAAC

TAAAMAATTCA CCATGRCATC
CBAGGCTTTA CTAAARAGAC
AATTGTTTTC TGCCTGCITG
CCTTTGCAGG CTTACAGAGC
TCACCGGCCC TGCACRARAAC

disclosed. The Mal gene in the day-neutral S. bicolor has a recessive (loss
of function) Mal allele characterized by one or more mutations or deletions
in the 5°UTR relative to the S’UTR of S. propinguum that results in loss of
photoperiod sensitivity. Therefore, in some embodiments, the photo-
insensitive Mal expression control sequence has 20, 30, 40, 50, 60, 70, 80,
90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 250, 300 or more
of the nucleic acids in SEQ ID NO: 27 or 35, and is capable of controlling

day-neutral expression of the target gene.
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1II. Methods of Modulating Photeperiod Sensitivity

Methods of modulating photoperiod sensitivity and flowering time in
sorghum are disclosed. The methods can be used, for example, to increase
high biomass production, by extending the growing period.

Methods are also disclosed for modulating photoperiod sensitivity
involving operably linking the expression control sequence of a Mal gene
from a photoperiod sensitive Sorghum variety or cultivar to the endogenous
maturity gene in the plant. Methods are disclosed for imposing photoperiod
sensitivity on other genes that are not normally controlled by photoperiod by
operably linking the expression control sequence of a Mal gene from a
photoperiod sensitive Sorghum variety or cultivar to the endogenous gene in
the plant. Similarly, methods are also disclosed for imposing photoperiod s
insensitivity on other genes that are normally controlled by photoperiod by
operably linking the expression control sequence of a Mal gene from a
photoperiod insensitive Sorghum variety or cultivar to the endogenous gene
in the plant.

The disclosed method can involve modulating the expression or
activity of a Mal gene in a plant. Activities of a gene include transcriptional
activation of the gene and activities of the resulting encoded protein. The
method can involve modulating the activity of a protein encoded by the
Maturity gene. Activities of a protein include, for example, transcription,
translation, intracellular translocation, secretion, phosphorylation by kinases,
cleavage by proteases, homophilic and heterophilic binding to other proteins,
ubiquitination.

In some embodiments, the method involves increasing photoperiod
sensitivity in a plant. For example, in some embodiments, the method
involves introducing to a plant a nucleic acid sequence that promotes
photoperiod dependent expression of a functional Mal maturity gene. Asa
result of this method, the transgenic plant preferably has higher photoperiod
sensitivity to flowering compared to control (e.g., wild-type) plant of the
same species.

In some embodiments, the method involves inhibiting photoperiod

sensitivity in a plant. In some embodiments, the method involves engineering
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a transgenic plant to express the Mal under the control of photoperiod
insensitive control sequence of Mal. As a result of this method, the
transgenic plant preferably has reduced photoperiod sensitivity to flowering
compared to control (e.g., wild-type) plant of the same species.

In some embodiments, the method involves engineering a transgenic
plant to inhibit gene expression of the Mal gene or translation of the Mal
protein. In other embodiments, the method involves introducing to the plant
a composition that silences gene expression. For example, the composition
can include an antisense, RNAI, dsRNA, miRNA, or siRNA that targets the
maturity gene in the plant and inhibits translation of the encoded protein. In
still other embodiments, the method involves introducing to the plant a
composition that binds to the protein encoded by the maturity gene and
inhibits one or more of the protein’s activifies.

In some embodiments, the method involves introducihg to the plant
or plant cell a nucleic acid sequence that silences expression of the maturity
gene in the plant. Preferably, the nucleic acid is operably linked to an
expression control sequence. The expression control sequence can be a
heterologous control sequence. Selection of this control sequence can be
used to select the amount of gene~silencing nucleic acid expressed and
therefore control photoperiod sensitivity in the plant. As a result of this
method, the transgenic plant preferably has lower photoperiod sensitivity
compared to control (e.g., wild-type) plant of the same species. In some
embodiments, the nucleic acid can silence a polynucleotide having the
nucleic acid sequence SEQ IDNO:1,2,3,4,5,6,7, 9,10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,33, 35 or
a nucleic acid encoding the polypeptide of SEQ ID NO: 8 or 34, for
fragments or variants thereof.

In some embodiments, photoperiod sensitivity can be modulated by
elements within the nucleic acid sequence. For instance, as discussed above,
wild type short day flowering sorghum contains at least four additional non-
coding segments not found in day-neutral sorghum: a segment of about 400

base pairs in the 5° UTR, a segment of about 4.2 kb in the 5° UTR, a segment
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of 3 base pairs in the 5° UTR, and a segment of 27 base pairs in the second
intron of the coding sequence.

Methods of interfering with the non-coding segments can be used to
modulate the photoperiod sensitivity of short day plants. Deleting or altering
some or all of the non-coding segments or inserting additional nucleotides
into the non-coding segments can be effective. Deleting, mutating, or
inserting nucleotides in one or more of the Mal expression control sequences
disclosed herein can decrease the photoperiod sensitivity of a gene or
polynucleotide of interest. Therefore, in some embodiments deleting or
mutating nucleotides in one or more of these regions of the Mal expression
control sequence with shift the plant from short-day flowering to day-neutral
flowering. For example, in some embodiments insertions, mutations, or
deletions are introduced into a polynucleotide having SEQ ID NO: 14, 15,
16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,32, 33,35 or a
functional fragment, variant, or complement thereof to reduce the
photoperiod sensitivity of the expression control sequence. In a preferred
embodiment, mutations or deletions are introduced into a CAAT box, for
example a polynucleotide having the sequence of SEQ ID NO: 23, 24, or 25
or a functional fragment, variant, or complement thereof. The insertions,
mutations or deletions can shift the plant from short-day flowering to day-
neutral flowering, or make the plant less photoperiod sensitive.

Inhibiting the regulatory function of the non-coding segments can
also be used to modulate photoperiod sensitivity. For instance, inhibiting or
preventing the interaction of one or more of the non-coding segments with
another nucleic acid sequence or protein.

The additional nucleotides can be dependent or independent on a
functional copy of the flowering gene. In some forms, one or more of the
non-coding segments is insufficient to produce the short day trait alone.
However, the combination of one or more of the non-coding segments and a
functional copy of the flowering gene can result in a short day flowering
plant. The non-coding segments can interact with the gene it resides within.

The interaction can be non-linear. This interaction can be based on one or
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more of the non-coding segments containing a gene regulatory feature that
confers the short day sensing mechanism.

In some embodiments, the photoperiod sensitivity of expression
control sequences disclosed herein is increased. Deleting, mutating, or
inserting nucleotides in one or more of these regions of the Mal expression
control sequences disclosed herein can increase the photoperiod sensitivity of
a gene or polynucleotide of interest. For example, in some embodiments
deleting, mutating, or inserting nucleotides in one or more of these regions of
the Mal expression control sequence with shift the plant from day-neutral
flowering to short-day flowering. For example, in some embodiments
insertions, mutations or deletions are introduced into a polynucleotide having
SEQ ID NO: 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 28, 29, 30,
31, 32, 33, 35 or a functional fragment, variant, or complement thereof to
increase the photoperiod sensitivity of the control sequence. In a preferred
embodiment, an insertion includes multiple copies of a CAAT box, for
example a polynucleotide having the sequence of SEQ ID NO: 23, 24, or 25
or a functional fragment, variant, or complement thereof. In some
embodiments the additional CAAT boxes, include, but not limited to one or
more copies of SEQ ID NO:23, 24, or 25. The inserted sequences can be
added sequentially to the promoter region of the gene or polynucleotide of
interest. For example, in some embodiments, one or more CAAT boxes are
added beginning between about 50 and 250 nucleotides upstream of the
“ATG?” start site of a plant gene such as Mal. The insertions, mutations of
deletions can shift the plant from day-neutral flowering to short-day
flowering plants, or increase the photoperiod sensitivity of the plant.

In some embodiments, photoperiod sensitivity can be modulated by
using the Mal control sequences of S. bicolor. For example, in some
embodiments, the control sequences of S. hicolor, including by not limited to
SEQ ID NO:27 or 35, are inserted upstream of a coding sequence of a gene
of interest and cause photoperiod insensitive, or day neutral expression of the
gene of interest. In some embodiments the gene of interest is Mal.

Methods of modifying the photoperiod sensitivity of Mal by

replacing or supplementing the endogenous control sequences of Mal with
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heterologous control sequences are also disclosed. The expression control
sequences of Mal can be altered or replaced with an expression control
sequence that reduces photosensitivity, but wherein expression of Mal is still
photoperiod sensitive relative to Mal expression in S. bicolor. The
expression control sequences of Mal can also be altered ot replaced with an
expression control sequence that increases photosensitivity of Mal
expression relative to Mal expression in S. propinquum. For example, in
some embodiments, the expression control sequence of Mal is replaced with
an expression control sequence from another photoperiod sensitive gene.
Cis-regulatory elements in the promoter of photoperiod-responsive genes,
coordinated motifs integrating hormones and stresses to photoperiod
responses, and photo-responsive genes and their promoters are known in art,
and can be used to alter the photosensitivity Mal, see for example,
Mongkolsiriwatana C, Katsetsart J. (Nat. Sci.) 43: 164-177 (2009).

A, Recombinant Plant Gene Expression

Compositions and methods are therefore provided for operably
Jinking plant genes to a Mal expression control sequence. Therefore,
methods of imposing photoperiod sensitivity or insensitivity on a plant
process are disclosed. The methods can involve producing a recombinant
nucleic acid molecule that contains a plant gene responsible for the plant
process operably linked to an Mal expression control sequence, for example
a polynucleotide having the sequence of SEQ ID NO: 14, 15, 16,17, 18, 19,
20, 21, 22, 23, 24, 25, 26, or a functional fragment or variant thereof. The
plant process can be naturally photoperiod sensitive, or photoperiod
insensitive. In some embodiments a photoperiod sensitive control sequence
of Mal, for example SEQ ID NO: 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, or a functional fragment or variant thereof is operably linked to a
plant gene to impart photoperiod sensitive control over the gene. In some
embodiments a photoperiod insensitive control sequence of Mal, for
example SEQ ID NO: 27, or a functional fragment or variant thereof is
operably linked to a plant gene or coding sequence thereof to impart

photoperiod sensitive control over the polypeptide encoded by the gene.
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A transgenic plant or transgenic plant cell is also disclosed that has a
photoperiod sensitive or insensitive plant process. These plants can contain a
plant gene controlling the plant process that is operably linked to a Mal
expression control sequence, for example a polynucleotide having the
sequence of SEQ ID NO: 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, or
a functional fragment or variant thereof, as described above.

Nucleic acid vectors are also disclosed that include the Mal
expression control sequence, for example a polynucleotide having the
sequence of SEQ ID NO: 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, or
a functional fragment or variant thereof. In some embodiments, the vectors
also include an insertion site, such as a multiple cloning site, for insertion of
a plant gene of interest. The insertion site can include, for example, one or
more restriction enzyme digestion sites for operably linking a gene to the
expression control sequence.

Methods of modifying a plant gene to be under photoperiod control
are also disclosed. The method generally involves operably linking the plant
gene to a functional Mal expression control sequence. The Mal sequence
can in some embodiments be from any Sorghum plant variety or cultivar that
is photoperiod sensitive. Likewise, the optimum conditions for photoperiod
selectivity can be selected for the plant gene by selecting a Mal expression
control sequence from a Sorghum variety or cultivar that flowers under the
desired photoperiod conditions. Therefore, Sorghum varieties having
undesirable photoperiod sensitivity can be optimized by modifying or
replacing the expression control sequence of the endogenous Mal gene
according to the disclosed method.

As an example, SEQ ID NOs: 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25, and 26 contain Mal expression control sequences from a short-day
cultivar of S. propinguum, i.e., flowers when the days are short. This
expression control sequence can in some embodiments be used to impose

short-day photoperiodic control on other valuable plant processes.
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B. Constructs and Vectors
1. Recombinant Expression of Mal
Vectors and constructs containing a Mal gene, or coding sequence,
operably linked to an endogenous or heterologous expression control
sequence are also disclosed. The constructs can include an expression
cassefte containing an Mal gene or a Mal coding, for example SEQ ID NO:
1,2,3,4,5,6,7,9,10,11, 12, 13, 28, 29, 30, 31, 32, 33, or a nucleic acid
encoding the amino acid sequence of SEQ ID NO:8 or 34. The expression
sequences can be used to cause flowering in plants as descri’oed‘in more
detail below.
2. Genes of Interest
Methods of modifying a plant gene, polynucleotide, or coding
sequence to be photoperiod sensitive or insensitive are also disclosed. The
method generally involves operably linking the polynucleotide to a Mal
photoperiod sensitive or insensitive expression control sequence 10
polynucleotide or interest. The polynucleotide of interest can be a coding
sequence for example a sequence encoding a polypeptide (with or without
introns), or non-coding sequence such as an antisense or inhibitory nucleic
acid. In some embodiments the polynucleotide includes a cDNA of a
polypeptide of interest.
Plant genes and coding sequences that can be engineered to be photoperiod
sensitive or insensitive are known in the art, and including, but are not
limited to, those gene and coding sequences that influence traits such as
germination, flowering, ripening, senescence, and combinations thereof. For
example, in some embodiments it is desirable to make more or less
photoperiod sensitive, genes or coding sequences that regulate or contribute
to remobilization of plant constituents from vegetative tissues to harvested
organs; to underground parts such as roots; thizomes to sustain future
regrowth; or combinations thereof.
3. Antisense
Mal antisense oligonucleotides are also disclosed. Mal antisense
oligonucleotides can be used to delay, inhibit, or prevent expression of Mal

in plants. Antisense molecules are designed to interact with a target nucleic

69



WO 2012/158630 PCT/US2012/037809

10

15

20

25

30

acid molecule through either canonical or non-canonical base pairing. The
interaction of the antisense molecule and the target molecule is designed to
promote the destruction of the target molecule through, for example,
RNAseH mediated RNA-DNA hybrid degradation. Alternatively the
antisense molecule is designed to interrupt a processing function that
normally would take place on the target molecule, such as transcription or
replication. Antisense molecules can be designed based on the sequence of
the target molecule, for example Mal coding sequences including, but not
limited to SEQID NO: 1,2,3,4,5,6,7,9,10, 11,12, 13, 28, 29, 30, 31, 32,
33, 35 or a nucleic acid encoding the amino acid sequence of SEQ ID NO:8
or 34. Antisense molecules are known in the art include, but are not limited
to, RNA interference (RNAi) and siRNA. Methods of designing antisense
molecules directed to a target sequence, for example SEQID NO: 1, 2, 3, 4,
5,6,7,9,10,11, 12,13, 28, 29,30, 31, 32, 33, 35 or a nucleic acid encoding
the amino acid sequence of SEQ ID NO:8 or 34 are well also well known in
the art. See for example, Elbashir, et al., Methods, 26:199-213 (2002).

The production of siRNA from a vector is more commonly done
through the transcription of a short hairpin RNAs (shRNAs). Accordingly,
vectors and constructs containing a nucleic acid sequence that silences Mal
gene expression (e.g., siRNA, RNAI, shRNA) operably linked to a
heterologous expression control sequence are also disclosed.

4. Transformation Constructs |

Transformation constructs can be engineered such that transformation
of the nuclear genome and expression of transgenes from the nuclear genome
occurs. Alternatively, transformation constructs can be engineered such that
transformation of the plastid genome and expression of the plastid genome
OCCUrs.

An exemplary construct contains a nucleic acid sequence containing
an Mal gene operatively linked in the 5° to 3’ direction to a promoter that
directs transcription of the nucleic acid sequence, and a 3’ polyadenylation
signal sequence. Typically, the construct will increase the amount of Mal in

the plant by at least about 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 percent.
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Another exemplary construct contains a nucleic acid sequence that
silences Mal gene expression operatively linked in the 5° to 3° direction to a
promoter that directs transcription of the nucleic acid sequence, and a 3°
polyadenylation signal sequence. Typically, the transcribed nucleic acid
5  sequence can result in at least about 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100
percent inhibition of the Mal gene.
Another exemplary construct contains a nucleic acid sequence
containing a polynucleotide of interest operatively linked in the 57 to 3’
direction to a Mal expression control sequence that directs transcription of
10 the polynucleotide, and a 3° polyadenylation signal sequence. The Mal
expression control sequence can impart photoperiod sensitivity or
photoperiod insensitivity to the polynucleotide of interest.
Generally, nucleic acid sequences containing an Mal gene, a Mal
coding sequence, or a nucleic acid sequence that silences an Mal gene, are
15  first assembled in expression cassettes behind a suitable promoter expressible
in plants. The expression cassettes may also include any further sequences
required or selected for the expression of the transgene. Such sequences
include, but are not restricted to, transcription terminators, extraneous
sequences to enhance expression such as introns, vital sequences, and
20  sequences intended for the targeting of the gene product to specific
organelles and cell compartments. In some embodiments the expression
cassettes includes a Mal expression control sequence discussed above.
These expression cassettes can then be easily transferred to the plant
transformation vectors. Representative plant transformation vectors are
25  described in plant transformation vector options available (Gene Transfer to
Plants (1995), Potrykus, I. and Spangenberg, G. eds. Springer-Verlag Berlin
Heidelberg New York; “Transgenic Plants: A Production System for
Industrial and Pharmaceutical Proteins” (1996), Owen, M.R.L. and Pen, J.
eds. John Wiley & Sons Ltd. England and Methods in Plant Molecular
30 biology-a laboratory course manual (1995), Maliga, P., Klessig, D. F.,
Cashmore, A. R., Gruissem, W. and Varner, J. E. eds. Cold Spring
Laboratory Press, New York).
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An additional approach is to use a vector to specifically transform the
plant plastid chromosome by homologous recombination (U.S. Pat. No.
5,545,818 to McBride, et al.), in which case it is possible to take advantage
of the prokaryotic nature of the plastid genome and insert a number of
transgenes as an Operon.

The following is a description of various components of typical
expression cassettes.

1. Promoters

Plant promoters can be selected to control the expression of the
transgene in different plant tissues or organelles, for all of which methods are
known to those skilled in the art (Gasser & Fraley, Science 244:1293-99
(1989)). In a preferred embodiment, promoters are selected from those of
plant or prokaryotic origin that are known to yield high expression in
plastids. In certain embodiments the promoters are inducible. Inducible plant
promoters are known in the art.

The transgenes can be inserted into an existing transcription unit
(such as, but not limited to, psbA) to generate an operon. However, other
insertion sites can be used to add additional expression units as well, such as
existing transcription units and existing operons (e.g., atpE, accD). Such
methods are described in, for example, U.S. Pat. App. Pub. 2004/0137631,
which is incorporated herein by reference in its entirety. For an overview of
other insertion sites used for integration of transgenes into the tobacco
plastome, see Staub (Staub, J.M., “Expression of Recombinant Proteins via
the Plastid Genome,” in: Vinci VA, Parekh SR (eds.) Handbook of Industrial
Cell Culture: Mammalian, and Plant Cells, pp. 259-278, Humana Press Inc.,
Totowa, NJ (2002)).

In general, the promoter can be from any class I, IT or HI gene. For
example, any of the following plastidial promoters and/or transcription
regulation elements can be used for expression in plastids. Sequences can be
derived from the same species as that used for transformation. Alternatively,
sequences can be derived from other species to decrease homology and to

prevent homologous recombination with endogenous sequences.
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For instance, the following plastidial promoters can be used for
expression in plastids.

Prbel. promoter (Allison LA, Simon LD, Maliga P, EMBO J.
15:2802-2809 (1996); Shiina T, Allison L, Maliga P, Plant Cell 10:1713-
1722 (1998));

PpsbA promoter (Agrawal GK, Kato H, Asayama M, Shirai M,

.Nucleic Acids Research 29:1835-1843 (2001));

Prrn 16 promoter (Svab Z, Maliga P, Proc. Natl. Acad. Sci. USA
90:913-917 (1993); Allison LA, Simon LD, Maliga P, EMBO J. 15:2802-
2809 (1996)),

PaccD promoter (Hajdukiewicz PTJ, Allison LA, Maliga P, EMBO J.
16:4041-4048 (1997); WO 97/06230);

PelpP promoter (Hajdukiewicz PTJ, Allison LA, Maliga P, EMBO J.
16:4041-4048 (1997); WO 99/46394);

PatpB, Patpl, PpsbB promoters (Hajdukiewicz PTJ, Allison LA,
Maliga P, EMBQO J. 16:4041-4048 (1997));

PrpoB promoter (Liere K, Maliga P, EMBO J. 18:249-257 (1999));

PatpB/E promoter (Kapoor S, Suzuki JY, Sugiura M, Plant J. 11:327-
337 (1997)).

In addition, prokaryotic promoters (such as those from, e.g., E. coli or
Synechocystis) or synthetic promoters can also be used.

Promoters vary in their strength, i.e., ability to promote transcription.
Depending upon the host cell system utilized, any one of a number of
suitable promoters known in the art may be used. For example, for
constitutive expression, the CaMV 358 promoter, the rice actin promoter, or
the ubiquitin promoter may be used. For example, for regulatable expression,
the chemically inducible PR-1 promoter from tobacco or Arabidopsis may be
used (see, e.g., U.S. Pat. No. 5,689,044 to Ryals, ef al.).

A suitable category of promoters is that which is wound inducible.
Numerous promoters have been described which are expressed at wound
sites. Preferred promoters of this kind include those described by Stanford et
al. Mol. Gen. Genet. 215: 200-208 (1989), Xu et al. Plant Molec. Biol. 22:
573-588 (1993), Logemann et al. Plant Cell 1: 151-158 (1989), Rohrmeier &
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Lehle, Plant Molec. Biol, 22: 783-792 (1993), Firek et al. Plant Molec. Biol.
22:129-142 (1993), and Warner et al. Plant J. 3: 191-201 (1993).

Suitable tissue specific expression patterns include greeﬁ tissue
specific, root specific, stem specific, and flower specific. Promoters suitable
for expression in green tissue include many which regulate genes involved in
photosynthesis, and many of these have been cloned from both
monocotyledons and dicotyledons. A suitable promoter is the maize PEPC
promoter from the phosphoenol carboxylase gene (Hudspeth & Grula, Plant
Molec.Biol. 12: 579-589 (1989)). A suitable promoter for root specific
expression is that described by de Framond FEBS 290: 103-106 (1991); EP 0
452 269 to de Framond and a root-specific promoter is that from the T-1
gene. A suitable stem specific promoter is that described in U.S. Pat. No.
5,625,136 and which drives expression of the maize frp4 gene.

The promoter can be a relatively weak plant expressible promoter.
Thus, the promoter can in some embodiments initiate and control
transcription of the operably linked nucleic acids about 10 to about 100 times
less efficient that an optimal CaM V35S promoter. Relatively weak plant
expressible promoters include thé promoters or promoter regions from the
opine synthase genes of Agrobacterium spp. such as the promoter or
promoter region of the nopaline synthase, the promoter or promoter region of
the octopine synthase, the promoter or promoter region of the mannopine
synthase, the promoter or promoter region of the agropine synthase and any
plant expressible promoter with comparably activity in transcription
initation. Other relatively weak plant expressible promoters may be
dehiscence zone selective promoters, or promoters expressed predominantly
or selectively in dehiscence zone and/or valve margins of fruits, such as the
promoters described in WO97/13863.

Cis-regulatory elements from the promoter of photoperiod-responsive
genes, coordinated motifs integrating hormones and stresses to photoperiod
responses, and the promoters of photo-responsive genes such as those
described in Mongkolsiriwatana C, Katsetsart J. (Nat. Sci.) 43: 164-177
(2009), can also be used.
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2. Transcriptional Terminators

A variety of transcriptional terminators are available for use in
expression cassettes. These are responsible for the termination of
transcription beyond the transgene and its correct polyadenylation,
Appropriate transcriptional terminators are those that are known to function
in plants and include the CaMV 358 terminator, the tm1 terminator, the
nopaline synthase terminator and the pea rbcS E9 terminator. These are used
in both monocotyledonous and dicotyledonous plants.

At the extreme 3’ end of the transcript, a polyadenylation signal can
be engineered. A polyadenylation signal refers to any sequence that can
result in polyadenylation of the mRNA in the nucleus prior to export of the
mRNA to the cytosol, such as the 3’ region of nopaline synthase (Bevan, M.,
et al., Nucleic Acids Res., 11, 369-385 (1983)).

3. Sequences for Expression Enhancement or
Regulation

Numerous sequences have been found to enhance gene expression
from within the transcriptional unit and these sequences can be used in
conjunction with the genes to increase their expression in transgenic plants.
For example, various intron sequences such as introns of the maize Adhl
gene have been shown to enhance expression, particularly in
monocotyledonous cells. In addition, a number of non-translated leader
sequences derived from viruses are also known to enhance expression, and
these are particularly effective in dicotyledonous cells.

4. Coding Sequence Optimization

The coding sequence of the selected gene may be genetically
engineered by altering the coding sequence for optimal expression (also
referred to herein as “codon optimized™) in the crop species of interest.
Methods for modifying coding sequences to achieve optimal expression in a
particular crop species are well known (see, e.g. Perlak et al., Proc. Natl.
Acad. Sci. US4 88: 3324 (1991); and Koziel et al, Biotechrnol. 11: 194
(1993)). Therefore, in some embodiments, the disclosed nucleic acids
sequences, or fragments or variants thereof, are genetically engineered for

optimal expression in the crop species of interest.

75



WO 2012/158630 PCT/US2012/037809

10

15

20

25

30

5. Selectable Markers

Genetic constructs may encode a selectable marker to enable
selection of plastid transformation events. There are many methods that
have been described for the selection of transformed plants [for review see
(Miki et al., Journal of Biotechnology, 2004, 107, 193-232) and references
incorporated within]. Selectable marker genes that have been used
extensively in plants include the neomycin phosphotransferase gene nptll
(U.S. Patent Nos. 5,034,322, U.S. 5,530,196), hygromycin resistance gene
(U.S. Patent No. 5,668,298), the bar gene encoding resistance to
phosphinothricin (U.S. Patent No. 5,276,268), the expression of
aminogiycoside 3”-adenyltransferase (aadA) to confer spectinomycin
resistance (U.S. Patent No. 5,073,675), the use of inhibition resistant 5-
enolpyruvyl-3-phosphoshikimate synthetase (U.S. Patent No. 4,535,060) and
methods for producing glyphosate tolerant plants (U.S. Patent No. 5,463,175,
U.S. Patent No. 7,045,684). Methods of plant selection that do not use
antibiotics or herbicides as a selective agent have been previously described
and include expression of glucosamine-6-phosphate deaminase to inactive
glucosamine in plant selection medium (U.S. Pat. No. 6,444,878) and a
positive/negative system that utilizes D-amino acids (Erikson ef al., Nat
Biotechnol, 2004, 22, 455-8). European Patent Publication No. EP 0 530
129 A1 describes a positive selection system which enables the transformed
plants to outgrow the non-transformed lines by expressing a transgene
encoding an enzyme that activates an inactive compound added to the growth
media. U.S. Patent No. 5,767,378 describes the use of mannose or xylose for
the positive selection of transgenic plants. Methods for positive selection
using sorbitol dehydrogenase to convert sorbitol to fructose for plant growth
have also been described (WO 2010/102293). Screenable marker genes
include the beta-glucuronidase gene (Jefferson et al., 1987, EMBO J. 6:
3901-3907; U.S. Patent No. 5,268,463) and native or modified green
fluorescent protein gene (Cubitt ef al., 1995, Trends Biochem. Sci. 20: 448-
455; Pan et al., 1996, Plant Physiol. 112: 893-900).

Transformation events can also be selected through visualization of

fluorescent proteins such as the fluorescent proteins from the
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nonbioluminescent Anthozoa species which include DsRed, a red fluorescent
protein from the Discosoma genus of coral (Matz et al. (1999), Nat
Biotechnol 17: 969-73). An improved version of the DsRed protein has been
developed (Bevis and Glick (2002), Nat Biotech 20: 83-87) for reducing
aggregation of the protein. Visual selection can also be performed with the
yellow fluorescent proteins (YFP) including the variant with accelerated
maturation of the signal (Nagai, T. et al. (2002), Nat Biotech 20: 87-90), the
blue fluorescent protein, the cyan fluorescent protein, and the green
fluorescent protein (Sheen et al. (1995), Plant J 8: 777-84; Davis and Vierstra
(1998), Plant Molecular Biology 36: 521-528). A summary of fluorescent
proteins can be found in Tzfira et al. (Tzfira et al. (2005), Plant Molecular
Biology 57: 503-516) and Verkhusha and Lukyanov (Verkhusha, V. V. and
K. A. Lukyanov (2004),Nat Biotech 22: 289-296) whose references are
incorporated in entirety. Improved versions of many of the fluorescent
proteins have been made for various applications. Use of the improved
versions of these proteins or the use of combinations of these proteins for
selection of transformants will be obvious to those skilled in the art. It is also
practical to simply analyze progeny from transformation events for the
presence of the PHB thereby avoiding the use of any selectable marker.

For plastid transformation constructs, a preferred selectable marker is
the spectinomycin-resistant allele of the plastid 16S ribosomal RNA gene
(Staub JM, Maliga P, Plant Cell 4: 39-45 (1992); Svab Z, Hajdukiewicz P,
Maliga P, Proc. Natl. Acad. Sci. USA 87: 8526-8530 (1990)). Selectable
markers that have since been successfully used in plastid transformation
include the bacterial aadA gene that encodes aminoglycoside 3’-
adenyltransferase (AadA) conferring spectinomycin and streptomycin
resistance (Svab et al., Proc. Natl. Acad. Sci. US4, 1993, 90, 913-917), nptll
that encodes aminoglycoside phosphotransferase for selection on kanamycin
(Carrer H, Hockenberry TN, Svab Z, Maliga P., Mol. Gen. Genet. 241: 49-56
(1993); Lutz KA, et al., Plant J. 37: 906-913 (2004); Lutz KA, et al., Plant
Physiol. 145: 1201-1210 (2007)), aphA6, another aminoglycoside
phosphotransferase (Huang F-C, et al, Mol. Genet. Genomics 268: 19-27
(2002)), and chloramphenicol acetyltransferase (Li, W., et al. (2010), Plant
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Mol Biol, DOI 10.1007/311103-010-9678-4). Another selection scheme has
been reported that uses a chimeric betaine aldehyde dehydrogenase gene
(BADH) capable of converting toxic betaine aldehyde to nontoxic glycine
betaine (Daniell H, et al., Curr. Genet. 39: 109-116 (2001)).
5. Targeting Sequences

The disclosed vectors and constructs may further include, within the
region that encodes the protein to be expressed, one or more nucleotide
sequences encoding a targeting sequence. A “targeting” sequence is a
nucleotide sequence that encodes an amino acid sequence or motif that
directs the encoded protein to a particular cellular compartment, resulting in
localization or compartmentalization of the protein. Presence of a targeting
amino acid sequence in a protein typically results in translocation of all or
part of the targeted protein across an organelle membrane and into the
organelle interior. Alternatively, the targeting peptide may direct the
targeted protein to remain embedded in the organelle membrane. The
“targeting” sequence or region of a targeted protein may contain a string of
contiguous amino acids or a group of noncontiguous amino acids. The
targeting sequence can be selected to direct the targeted protein to a plant
organelle such as a nucleus, a microbody (e.g., a peroxisome, or a specialized
version thereof, such as a glyoxysome) an endoplasmic reticulum, an
endosome, a vacuole, a plasma membrane, a cell wall, a mitochondria, a
chloroplast or a plastid. A chloroplast targeting sequence is any peptide
sequence that can target a protein to the chloroplasts or plastids, such as the
transit peptide of the small subunit of the alfalfa ribulose-biphosphate
carboxylase (Khoudi, ef al., Gene, 197:343-351 (1997)). A peroxisomal
targeting sequence refers to any peptide sequence, either N-terminal,
internal, or C-terminal, that can target a protein to the peroxisomes, such as
the plant C-terminal targeting tripeptide SKL (Banjoko, A. & Trelease, R. N.
Plant Physiol., 107:1201-1208 (1995); T. P. Wallace ef al., “Plant
Organellular Targeting Sequences,” in Plant Molecular Biology, Ed. R.
Croy, BIOS Scientific Publishers Limited (1993) pp. 287-288, and
peroxisomal targeting in plant is shown in M. Volokita, The Plant J., 361-
366 (1991)).
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Plastid targeting sequences are known in the art and include the
chloroplast small subunit of ribulose-1,5-bisphosphate carboxylase (Rubisco)
(de Castro Silva Filho ef al. Plant Mol. Biol. 30:769-780 (1996); Schnell et
al. J. Biol. Chem. 266(5):3335-3342 (1991)); 5-(enolpyruvyl)shikimate-3-
phosphate synthase (EPSPS) (Archer et al. J. Bioenerg. Biomemb.
22(6):789-810 (1990)); tryptophan synthase (Zhao et al. J. Biol. Chem.
270(11):6081-6087 (1995)); plastocyanin (Lawrence ef ol. J. Biol. Chem.
272(33):20357-20363 (1997)); chorismate synthase (Schmidt er al. 1. Biol.
Chem. 268(36):27447-27457 (1993)); and the light harvesting chlorophyll
a/b binding protein (LHBP) (Lamppa ef al. J. Biol. Chem. 263:14996-14999
(1988)). See also Von Heijne ef al. Plant Mol. Biol. Rep. 9:104-126 (1991);
Clark et al. J. Biol. Chem. 264:17544-17550 (1989); Della-Cioppa et al.
Plant Physiol. 84:965-968 (1987); Romer et al. Biochem. Biophys. Res.
Commun, 196:1414-1421 (1993); and Shah ef al. Science 233:478-481
(1986). Alternative plastid targeting signals have also been described in the
following: US 2008/0263728; Miras, S. et al. (2002), J Biol Chem 277(49):
47770-8; Miras, S. et al. (2007), J Biol Chem 282: 29482-29492.

6. Plants and Tissues for Transfection

Both dicotyledons (“dicots”) and monocotyledons (“monocots™) can
be used in the disclosed positive selection system. Monocot seedlings
typically have one cotyledon (seed-leaf), in contrast to the two cotyledons
typical of dicots. Eudicots are dicots whose pollen has three apertures (i.e.
triaperturate pollen), through one of which the pollen tube emerges during
pollination. Eudicots contrast with the so-called ‘primitive’ dicots, such as
the magnolia family, which have uniaperturate pollen (i.e. with a single
aperture).

Monocots include one of the large divisions of Angiosperm plants
(flowering plants with seeds protected within a vessel). They are herbaceous
plants with parallel veined leaves and have an embryo with a single
cotyledon, as opposed to dicot plants (dicotyledonous), which have an
embryo with two cotyledons. Most of the important staple crops of the

world, the so-called cereals, such as wheat, barley, rice, maize, sorghum,
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oats, rye and millet, are monocots. Thus, the plant can be a grass, such as
wheat, barley, rice, maize, sorghum, oats, rye and millet.
The plant can therefore be a cereal crop such as wheat, oat, batley, or
rice; a forage such as bahiagrass, dallisgrass, kleingrass, guineagrass, reed
5  canarygrass, orchardgrass, ricegrass, foxtail, or vetch; a legume such as
soybean, lentil, or chickpea; an oilseed such as canola; a vegetable such as
onion or carrot; or a specialty crop such as caraway, hemp, or sesame.
In some embodiments, the plant is a sorghum. For example, the plant
can be of the species Sorghum almum, Sorghum amplum, Sorghum
10 angustum, Sorghum arundinaceum, Sorghum bicolor, Sorghum
brachypodum, Sorghum bulbosum, Sorghum burmahicum, Sovghum
controversum, Sorghum drummondii, Sorghum ecarinatum, Sorghum
exstans, Sorghum grande, Sorghum halepense, Sorghum interjectum,
Sorghum intrans, Sorghum laxiflorum, Sorghum leiocladum, Sorghum
15 macrospermum, Sorghum matarankense, Sorghum miliaceum, Sorghum
nigrum, Sorghum nitidum, Sorghum plumosum, Sorghum propinquum,
Sorghum purpureosericeum, Sorghum stipoideum, Sorghum timorense,
Sorghum trichocladum, Sorghum versicolor, Sorghum virgatum, or Sorghum
vulgare
20 In some embodiments, the plant is a miscanthus. Thus, the plant can
be of the species Miscanthus floridulus, Miscanthus x. giganteus, Miscanthus
sacchariflorus (Amur silver-grass), Miscanthus sinensis, Miscanthus
tinctorius, or Miscanthus transmorrisonensis.
Additional representative plants useful in the compositions and
25  methods disclosed herein include the Brassica family including sp. napus,
rapa, oleracea, nigra, carinata and juncea; industrial oilseeds such as
Camelina sativa, Crambe, Jatropha, castor; Arabidopsis thaliana; soybean;
cottonseed; sunflower; palm; coconut; rice; safflower; peanut; mustards
including Sinapis alba; sugarcane and flax.
30 Crops harvested as biomass, such as silage comn, alfalfa, switchgrass,
or tobacco, also are useful with the methods disclosed herein. Representative
tissues for transformation using these vectors include protoplasts, cells,

callus tissue, leaf discs, pollen, and meristems.
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1V.  Methods of Making Transgenic Plants

A. Plant Transformation Techniques

The transformation of suitable agronomic plant hosts using vectors
expressing transgenes can be accomplished with a variety of methods and
plant tissues. Representative transformation procedures include
Agrobacterium-mediated transformation, biolistics, microinjection,
electroporation, polyethylene glycol-mediated protoplast transformation,
liposome-mediated transformation, and silicon fiber-mediated transformation
(U.S. Patent No. 5,464,765 to Coffee, et al.; “Gene Transfer to Plants”
(Potrykus, ef al., eds.) Springer-Verlag Berlin Heidelberg New York (1995);
“Transgenic Plants: A Production System for Industrial and Pharmaceutical
Proteins™ (Owen, et al., eds.) John Wiley & Sons Ltd. England (1996); and
“Methods in Plant Molecular Biology: A Laboratory Course Manual”
(Maliga er al. eds.) Cold Spring Laboratory Press, New York (1995)).

Plants can be transformed by a number of reported procedures (U.S.
Patent Nos. 5,015,580 to Christou, et al.; 5,015,944 to Bubash; 5,024,944 to
Collins, et al.; 5,322,783 to Tomes et al.; 5,416,011 to Hinchee ef al.;
5,169,770 to Chee et al.). A number of transformation procedures have been
reported for the production of transgenic maize plants including pollen
transformation (U.S. Patent No. 5,629,183 to Saunders et al.), silicon fiber-
mediated transformation (U.S. Patent No. 5,464,765 to Coffee ef al.),
electroporation of protoplasts (U.S. Patent Nos. 5,231,019 Paszkowski ef al,;
5,472,869 to Krzyzek et al.; 5,384,253 to Krzyzek ef al.), gene gun (U.S.
Patent Nos. 5,538,877 to Lundquist ef al. and 5,538,880 to Lundquist et al.},
and Agrobacterium-mediated transformation (EP 0 604 662 Al and WO
94/00977 both to Hiel Yukou et al.). The Agrobacterium-mediated
procedure is particularly preferred as single integration events of the
transgene constructs are more readily obtained using this procedure which
greatly facilitates subsequent plant breeding. Cotton can be transformed by
particle bombardment (U.S. Patent Nos. 5,004,863 to Umbeck and 5,159,135
to Umbeck). Sunflower can be transformed using a combination of particle
bombardment and Agrobacterium infection (EP 0 486 233 A2 to Bidney,
Dennis; U.S. Patent No. 5,030,572 to Power ef al.). Flax can be transformed
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by either particle bombardment or Agrebacterium-mediated transformation.
Switchgrass can be transformed using either biolistic or Agrobacterium
mediated methods (Richards et al. Plant Cell Rep. 20: 48-54 (2001);
Somleva et al. Crop Science 42: 2080-2087 (2002)). Methods for sugarcane
transformation have also been described (Franks & Birch Aust. J. Plant
Physiol. 18, 471-480 (1991); WO 2002/037951 to Elliott, Adrian, Ross et
al.).

Recombinase technologies which are useful in practicing the current
invention include the cre-lox, FLP/FRT and Gin systems. Methods by which
these technologies can be used for the purpose described herein are described
for example in (U.S. Patent No. 5,527,695 to Hodges et al.; Dale and Ow,
Proc. Natl. Acad. Sci. USA, 88:10558-10562 (1991); Medberry et al.,
Nucleic Acids Res., 23: 485-490 (1995)).

Engineered minichromosomes can also be used to express one or
more genes in plant cells. Cloned telomeric repeats introduced into cells may
truncate the distal portion of a chromosome by the formation of a new
telomere at the integration site. Using this method, a vector for gene transfer
can be prepared by trimming off the arms of a natural plant chromosome and
adding an insertion site for large inserts (Yu ef al., Proc Natl Acad Sci U S 4,
103:17331-6 (2006); Yu et al., Proc Natl Acad Sci U S 4,104:8924-9
(2007)). The utility of engineered minichromosome platforms bas been
shown using Cre/lox and FRT/FLP site-specific recombination systems on a
maize minichromosome where the ability to undergo recombination was
demonstrated (Yu et al., Proc Natl Acad Sci U S 4, 103:17331-6 (2006); Yu
et al., Proc Natl Acad Sci U S 4,104:8924-9 (2007)). Such technologies
could be applied to minichromosomes, for example, to add genes to an
engineered plant. Site specific recombination systems have also been
demonstrated to be valuable tools for marker gene removal (Kerbach, S. ef
al., Theor. Appl. Genet. 111:1608-1616 (2005)), gene targeting (Chawla, R.
et al., Plant Biotechrol .J, 4:209-218 (2006), Chot, S. ef al., Nucleic Acids
Res., 28, E19 (2000), Srivastava V & Ow DW, Plant Mol Biol. 46:561-566
(2001); Lyznik LA et al., Nucleic Acids Res., 21: 969-975 (1993)) and gene
conversion (Djukanovic V et al., Plant Biotechnol J., 4:345-357 (2006).
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An alternative approach to chromosome engineering in plants
involves in vivo assembly of autonomous plant minichromosomes (Carlson
et al., PLoS Genet., 3:1965-74 (2007). Plant cells can be transformed with
centromeric sequences and screened for plants that have assembled

5 autonomous chromosomes de nove. Useful constructs combine a selectable
marker gene with genomic DNA fragments containing centromeric satellite
and retroelement sequences and/or other repeats.

Another approach useful to the described invention is Engineered
Trait Loci (“ETL”) technology (US Patent 6,077,697; US Patent Application

10 2006/0143732). This system targets DNA to a heterochromatic region of
plant chromosomes, such as the pericentric heterochromatin, in the short arm
of acrocentric chromosomes. Targeting sequences may include ribosomal
DNA (rDNA) or lambda phage DNA. The pericentric rDNA region supports
stable insertion, low recombination, and high levels of gene expression. This

15  technology is also useful for stacking of multiple traits in a plant (US Patent

.Application 2006/0246586).

Zinc-finger nucleases (ZFNs) are also useful for practicing the
invention in that they allow double strand DNA cleavage at specific sites in
plant chromosomes such that targeted gene insertion or deletion can be

20  performed (Shukla er al., Nature, (2009), Townsend et al., Nature, (2009).

Following transformation by any one of the methods described
above, the following procedures can, for example, be used to obtain a
transformed plant expressing the transgenes: select the plant cells that have
been transformed on a selective medium, regenerate the plant cells that have

25  been transformed to produce differentiated plants, select transformed plants
expressing the transgene producing the desired level of desired
polypeptide(s) in the desired tissue and cellular location.

Transformation techniques for dicotyledons are well known in the art
and include Agrobacterium-based techniques and techniques that do not

30  require 4grobacterium. Non-Agrobacterium techniques involve the uptake of
heterologous genetic material directly by protoplasts or cells. This is
accomplished by PEG or electroporation mediated uptake, particle

bombardment-mediated delivery, or microinjection. In each case the
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transformed cells may be regenerated to whole plants using standard
techniques known in the art.

Transformation of most monocotyledon species has now become
somewhat routine. Preferred techniques include direct gene transfer into
protoplasts using PEG or electroporation techniques, particle bombardment
into callus tissue or organized structures, as well as Agrobacterium-mediated
transformation.

Plants from transformation events are grown, propagated and bred to
yield progeny with the desired trait, and seeds are obtained with the desired
trait, using processes well known in the art.

B. Plastid Transformation

In another embodiment the transgene is directly transformed into the
plastid genome. Plastid transformation technology is extensively described in
U.S. Patent Nos. 5,451,513 to Maliga et al., 5,545,817 to McBride et al., and
5,545,818 to McBride ef al., in PCT application no. WO 95/16783 to
McBride ef al., and in McBride et af. Proc. Natl. Acad. Sci. USA 91,7301-
7305 (1994). The basic technique for chloroplast transformation involves
introducing regions of cloned plastid DNA flanking a selectable marker
together with the gene of interest into a suitable target tissue, e.g., using
biolistics or protoplast transformation (e.g., calcium chloride or PEG
mediated transformation). The 1 to 1.5 kb flanking regions, termed targeting
sequences, facilitate homologous recombination with the plastid genome and
thus allow the replacement or modification of specific regions of the
plastome. Suitable plastids that can be transfected include, but are not
limited to, chloroplasts, etioplasts, chromoplasts, leucoplasts, amyloplasts,
proplastids, statoliths, elaioplasts, proteinoplasts and combinations thereof.

C. Methods for Reproducing Transgenic Plants

Following transformation by any one of the methods described
above, the following procedures can be used to obtain a transformed plant
expressing the transgenes: select the plant cells that have been transformed
on a selective medium; regenerate the plant cells that have been transformed

to produce differentiated plants; select transformed plants expressing the
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transgene producing the desired level of desired polypeptide(s) in the desired
tissue and cellular location.

In plastid transformation procedures, further rounds of regeneration
of plants from explants of a transformed plant or tissue can be performed to
increase the number of transgenic plastids such that the transformed plant
reaches a state of homoplasmy (all plastids contain uniform plastomes
containing transgene insert).

The cells that have been transformed may be grown into plants in
accordance with conventional techniques. See, for example, McCormick ef
al. Plant Cell Reports 5:81-84(1986). These plants may then be grown, and
either pollinated with the same transformed variety or different varieties, and
the resulting hybrid having constitutive expression of the desired phenotypic
characteristic identified. Two or more generations may be grown to ensure
that constitutive expression of the desired phenotypic characteristic is stably
maintained and inherited and then seeds harvested to ensure constitutive
expression of the desired phenotypic characteristic has been achieved.

In some scenarios, it may be advantageous to insert a multi-gene
pathway into the plant by crossing of lines containing portions of the
pathway to produce hybrid plants in which the entire pathway has been
reconstructed. This is especially the case when high levels of product in a
seed compromises the ability of the seed to germinate or the resulting
seedling to survive under normal soil growth conditions. Hybrid lines can be
created by crossing a line containing one or more PHB genes with a line
containing the other gene(s) needed to complete the PHB biosynthetic
pathway. Use of lines that possess cytoplasmic male sterility (Esser, K. et

al., 2006, Progress in Botany, Springer Berlin Heidelberg. 67, 31-52) with

the appropriate maintainer and restorer lines allows these hybrid lines to be

produced efficiently. Cytoplasmic male sterility systems are already
available for some Brassicaceae species (Esser, K. et al., 2006, Progress in
Botany, Springer Berlin Heidelberg. 67, 31-52). These Brassicaceae species
can be used as gene sources to produce cytoplasmic male sterility systems

for other oilseeds of interest such as Camelina.
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V. Screening Methods

Methods are also provided for identifying treatments, such as
chemical treatments, that can modify photoperiod sensitivity in a plant.

In some embodiments, the method involves administering a candidate
agent to a transgenic plant disclosed herein and comparing the effect of the
administration on photoperiod sensitivity in the plant to a control. For
example, the purpose of the method can be to identify an agent that causes
the transgenic plant to delay or prevent flowering.

In some embodiments, the method involves contacting cells
expressing an Mal gene disclosed herein with a candidate agent, monitoring
the effect of the candidate agent on Mal gene expression, and comparing the
effect of the candidate agent on Mal gene expression to a control. For
example, the purpose of the method can be to identify an agent that promotes
Mal gene expression. In these embodiments, an increase in Mal gene
expression would identify an agent that could be used to increase
photoperiod sensitivity. Likewise, the purpose of the method can be to
identify an agent that inhibits Mal gene expression. Tn these embodiments, a
decrease in Mal gene expression would identify an agent that could be used
to reduce photoperiod sensitivity.

Mal gene expression can be detected using routine methods, such as |
immunodetection methods. The methods can be cell-based or cell-free
assays. The steps of various useful immunodetection methods have been
described in the scientific literature, such as, e.g., Maggio et al., Enzyme-
Immunoassay, (1987) and Nakamura, et al., Enzyme Immunoassays:
Heterogeneous and Homogeneous Systems, Handbook of Experimental
Immunology, Vol. 1: Immunochemistry, 27.1-27.20 (1986), cach of which is
incorporated herein by reference in its entirety and specifically for its
teaching regarding immunodetection methods. Immunoassays, in their most
simple and direct sense, are binding assays involving binding between
antibodies and antigen. Many types and formats of immunoassays are known
and all are suitable for detecting the disclosed biomarkers. Examples of
immunoassays are enzyme linked immunosorbent assays (ELISAs),

radioimmunoassays (RIA), radioimmune precipitation assays (RIPA),
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immunobead capture assays, Western blotting, dot blotting, gel-shift assays,
Flow cytometry, protein arrays, multiplexed bead arrays, magnetic capture,
in vivo imaging, fluorescence resonance energy transfer (FRET), and
fluorescence recovery/localization after photobleaching (FRAP/ FLAP).

5 In some embodiments, a reporter construct, such as a fluorochrome or
enzyme, is operably linked to an Ma/ expression control sequence. In these
embodiments, the purpose of the method can be to identify an agent that

" modulates activation of the Mal expression control sequence by detecting
the affect of a candidate agent on reporter expression.

10 In general, candidate agents can be identified from large libraries of
natural products or synthetic (or semi-synthetic) extracts or chemical
libraries according to methods known in the art. Those skilled in the field of
drug discovery and development will understand that the precise source of
test extracts or compounds is not critical to the disclosed screening

15 procedure. Accordingly, virtually any number of chemical extracts or
compounds can be screened using the exemplary methods described herein.
Examples of such extracts or compounds include, but are not limited to,
plant-, fungal-, prokaryotic- or animal-based extracts, fermentation broths,
and synthetic compounds, as well as modification of existing compoun!=.

20 Numerous methods are also available for generating random or di.recigd
synthesis (e.g., semi-synthesis or total synthesis) of any number of chemical
compounds.

Synthetic compound libraries are commercially available, e.g., from
Brandon Associates (Merrimack, NH) and Aldrich Chemical (Milwaukee,

25  WI). Alternatively, libraries of natural compounds in the form of bacterial,
fungal, plant, and animal extracts are commercially available from a number
of sources, including Biotics (Sussex, UK), Xenova (Slough, UK), Harbor
Branch Oceangraphics Institute (Ft. Pierce, Fla.), and PharmaMar, U.S.A.
(Cambridge, Mass.). In addition, natural and synthetically produced libraries

30 are produced, if desired, according to methods known in the art, e.g., by
standard extraction and fractionation methods. Furthermore, if desired, any
library or compound is readily modified using standard chemical, physical,

or biochemical methods.
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When a crude extract is found to have a desired activity, further
fractionation of the positive lead can be used to isolate chemical constituents
responsible for the observed effect. Thus, the goal of the extraction,
fractionation, and purification process is the careful characterization and
identification of a chemical entity within the crude extract having the
activity. The same assays described herein for the detection of activities in
mixtures of compounds can be used to purify the active component and to
test derivatives thereof. Methods of fractionation and purification of such
heterogenous extracts are known in the art. If desired, compounds shown to
be useful agents for treatment are chemically modified according to methods
known in the art. Compounds identified as being of therapeutic value may
be subsequently analyzed using animal models for diseases or conditions,
such as those disclosed herein.

.. Candidate agents encompass numerous chemical classes, but are most
often organic molecules, e.g., small organic compounds having a molecular
weight of more than 100 and less than about 2,500 daltons. Candidate agents
comprise functional groups necessary for structural interaction with proteins,
particularly hydrogen bonding, and typically include at least an amine,
carbonyl, hydroxy! or_carboxyl group, for example, at least two of the
functional chemical groups. The candidate agents often comprise cyclical
carbon or heterocyclic structures and/or aromatic or polyaromatic structures
substituted with one or more of the above functional groups. Candidate
agents are also found among biomolecules including peptides, saccharides,
fatty acids, steroids, purines, pyrimidines, derivatives, structural analogs or
combinations thereof. In a further embodiment, candidate agents are
peptides.

VI.  Methods of Identifying Photoperiod Sensitivity Genes in Related
Plants

Methods are also provided for idéntifying genes that control
photoperiod sensitivity in other plants. Therefore, methods for identifying
maturity gene orthologues in plants are provided. The methods generally
involve using the gene sequences for Mal in 8. bicolor or S. propinguum

disclosed herein.
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In preferred embodiments, the plant is closely related to Sorghum
bicolor. Thus, in some embodiments, the plant is a Sorghum, Miscanthus, or
Saccharum. In some embodiments, the method involves scanning the genetic
sequences of a plant for genes that are orthologous to Mal.

In some embodiments, the method involves conducting a BLAST search of
plant genomes for genes having the highest nucleic acid sequence identity to
that of Mal in S. bicolor or S. propinquum. For example, the orthologous
gene can have 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 71%, 72%, 73%, T4%, 75%, 76%, T7%, 78%, 79%, 80%,
81%, 82%, 83%, 84%, 85%., 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the nucleic
acid sequence SEQ IDNO: 1,2,3,4,5,6,7,9,10, 11, 12, 13, 28, 29, 30, 31,
32, 33, or a nucleic acid encoding the amino acid sequence of SEQ ID NO:8
or 34, or a fragment or variant thereof.

VII. Methods of Genotyping Photoperiod Sensitive Flowering

A. Haplotypes

The sequences disclosed herein can be used to screen for photoperiod
sensitive flowering in plants. For example, the genotype of one or more
insertions, deletions, and polymorphisms in or around S. bicolor Mal
relative to S. propinquum Mal, and can be used to phenotype a plant as
photoperiod sensitive (i.e., having the S. propinquum genotype) or
photoperiod insensitive (i.e., having the S. bicolor). For example, deletions,
insertions, and polymorphisms can be determined by comparing SEQ ID
NO: 1, 3, or 5.0fS. propinguum Mal to SEQ ID NO: 9 or 12 of S. bicolor
using global sequence alignment tools, and include, but are not limited to the
insertions, deletions, and polymorphisms specifically disclosed above and in
Figure 3A below.

For example, the exons of short-day S. propinquum and day neutral S.
bicolor differ by five synonymous mutations: C -> T at position 47, C -> T
at position 126; A -> G at position 159; T -> G at position 351; and A -> C at
position 543 of SEQ ID NO:7 (. propinquum) relative to SEQ ID NO:11 (S.
bicolor). These single nucleotide polymorphisms (SNPs) within the Mal

gene locus can serve as a haplotype for photoperiod sensitivity. As used
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herein, the term “haplotype” refers to the allelic pattern of a group of
(usually contiguous) DNA markers or other polymorphic loci along an
individual chromosome or double helical DNA segment.
Having three, four or five of the S. propinguum SNPs can be

5  diagnostic of a photoperiod sensitive plant (i.e., short day flowering), while
having three, four or five of the S. bicolor SNPs can be diagnostic of a
photoperiod insensitive plant (i.e., day-neutral flowering). A plant is
photoperiod sensitive plant (i.e., short day flowering) when it has all five S.
propinguum SNPs. A plant is photoperiod insensitive plant (i.e., day-neutral

10 flowering), when it has all five S. bicolor SNPs. For example, C:C:A:T:C
relative to positions 47:126:159:351:543 of SEQ ID NO:7 is indicative of a
photoperiod sensitive (short day flowering) plant, while T:T:G:G:C relative
to positions 47:126:159:351:543 of SEQ ID NO:11 is indicative of a
photoperiod insensitive (day-neutral flowering) plant.

15 In some embodiments, there is a correlation between the number of S.
propinguum SNPs and level of photoperiod sensitivity. For example, an
increasing number of S. propinguum SNPs relative to S. bicolor SNPs is
correlated with increasing photoperiod sensitivity.

As described in more detail below, it is understood that genomic

20  DNA will typically be used for determining the SNP genotype of a plant of
interest. Methods of aligning sequences are known in the art, and described
herein. One of skill in the art can readily identify the positions of the above-
disclosed SNPs within genomic sequences, including but not limited to those
disclosed herein, such as SEQIDNO:1,2,3,4,5,6,9,10,12,13,0ra

25  nucleic acid encoding the amino acid sequence of SEQ ID NO:8 or 34, or
variants, fragments, homologs, or orthologs thereof, by aligning the sequence
of SEQ ID NO:7 or 11 to the genomic sequence.

Increased height naturally confers a competitive advantage in light
interception. As discussed in the Examples below, favorable alleles at

30  different genes that conferred both optimal height and flowering time to the
same progeny by virtue of the suppressed recombination in this genomic
region, might have become fixed more quickly than independently-

segregating alleles. Accordingly, the S. propinguum haplotype of
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C:C:A:T:C at positions 47:126:159:351:543 of SEQ ID NO:7 is diagnostic of
increased height relative to the 8. bicolor haplotype of T:T:G:G:C at
positions 47:126:159:351:543 of SEQ ID NO:11.

B. Methods for detecting SNPs and haplotypes

The process of determining which specific nucleotide (i.e., allele) is
present at each of one or more SNP positions, such as a disclosed SNP
position in the Mal gene locus, is referred to as SNP genotyping. Methods
for SNP genotyping are generally known in the art (Chen et al.,
Pharmacogenomics J., 3(2):77-96 (2003); Kwok, et al., Curr. Issues Mol.
Biol., 5(2):43-60 (2003); Shi, Am. J. Pharmacogenomics, 2(3):197-205
(2002); and Kwok, Annu. Rev. Genomics Hum. Genet., 2:235-58 (2001)).

SNP genotyping can include the steps of collecting a biological
sample from a plant, isolating genomic DNA from the cells of the sample,
contacting the nucleic acids with one or more primers which specifically
hybridize to a region of the isolated nucleic acid containing a target SNP
under conditions such that hybridization and amplification of the target
nucleic acid region occurs, and determining the nucleotide present at the
SNP position of interest, or, in some assays, detecting the presence or
absence of an amplification product (assays can be designed so that
hybridization and/or amplification will only occur if a particular SNP allele
is present or absent). In some assays, the size of the amplification product is
detected and compared to the length of a control sample; for example,
deletions and insertions can be detected by a change in size of the amplified
product compared to a normal genotype.

The neighboring sequence can be used to design SNP detection
reagents such as oligonucleotide probes and primers. In some embodiment
probe or primers are designed based on the cDNA of S. propinguum (SEQ
ID NO:7), or 8. bicolor (SEQ ID NO:11), In some embodiments, it may
desirable for the probe or primer to bind non-coding regions of the Mal
gene. Accordingly, one of skill in the art can map the above disclosed
haplotype to the genomic sequence of Mal, such as SEQ ID NO:1, 2,3, 4, 5,
or 6 of 8. propinguum, or SEQ ID NO: 9, 10, 12, or 13 of S. bicolor for the
purpose of designing the SNP probes or primers.
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Common SNP genotyping methods include, but are not limited to,
TaqMan assays, molecular beacon assays, nucleic acid arrays, allele-specific
primer extension, allele-specific PCR, arrayed primer extension,
homogeneous primer extension assays, primer exiension with detection by
mass spectrometry, pyrosequencing, multiplex primer extension sorted on
genetic arrays, ligation with rolling circle amplification, homogeneous
ligation, multiplex ligation reaction sorted on genetic arrays, restriction-
fragment length polymorphism, single base extension-tag assays, and the
Invader assay. Such methods may be used in combination with detection
mechanisms such as, for example, luminescence or chemiluminescence
detection, fluorescence detection, time-resolved fluorescence detection,
fluorescence resonance energy transfer, fluorescence polarization, mass
spectrometry, and electrical detection.

SNPs can be scored by direct DNA sequencing. A variety of
automated sequencing procedures can be utilized, including sequencing by
mass spectrometry. Methods for amplifying DNA fragments and sequencing
them are well known in the art.

Other suitable methods for detecting polymorphisms include methods
in which protection from cleavage agents is used to detect mismatched bases
in RNA/RNA or RNA/DNA duplexes (Myers et al., Science, 230:1242
(1985); Cotton, et al., PNAS, 85:4397 (1988); and Saleeba, et al., Meth.
Enzymol., 217:286-295 (1992)), comparison of the electrophoretic mobility
of variant and wild type nucleic acid molecules (Orita et al., PNAS, 86:2766
(1989); Cotton, et al, Mutat. Res., 285:125-144 (1993); and Hayashi, et al.,
Genet. Anal. Tech. Appl., 9:73-79 (1992)), and assaying the movement of
polymorphic or wild-type fragments in polyacrylamide gels containing a
gradient of denaturant using denaturing gradient gel electrophoresis (DGGE)
(Myers et al., Nafure, 313:495 (1985)). Sequence variations at specific
locations can also be assessed by nuclease protection assays such as RNase
and S1 protection or chemical cleavage methods.

In one embodiment, SNP genotyping is performed using the
TagMan® assay, which is also known as the 5' nuclease assay. The

TaqMan® assay detects the accumulation of a specific amplified product
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during PCR. The TagMan® assay utilizes an oligonucleotide probe labeled
with a fluorescent reporter dye and a quencher dye. The reporter dye is
excited by irradiation at an appropriate wavelength, it transfers energy to the
quencher dye in the same probe via a process called fluorescence resonance
5  energy transfer (FRET). When attached to the probe, the excited reporter
dye does not emit a signal. The proximity of the quencher dye to the reporter
dye in the intact probe maintains a reduced fluorescence for the reporter.
The reporter dye and quencher dye may be at the 5'-most and the 3™-most
ends, respectively, or vice versa. Alternatively, the reporter dye may be at
10 the 5'- or 3-most end while the quencher dye is attached to an internal
nucleotide, or vice versa. In yet another embodiment, both the reporter and
the quencher may be attached to internal nucleotides at a distance from each
other such that fluorescence of the reporter is reduced.
During PCR, the 5' nuclease activity of DNA polymerase cleaves the
15  probe, thereby separating the reporter dye and the quencher dye and resulting
in increased fluorescence of the reporter. Accumulation of PCR product is
detected directly by monitoring the increase in fluorescence of the reporter
dye. The DNA polymerase cleaves the probe between the reporter dye and
the quencher dye only if the probe hybridizes to the target SNP-containing
20 template which is amplified during PCR, and the probe is designed to
hybridize to the target SNP site only if a particular SNP allele is present.
| Another method for genotyping SNPs is the use of two
oligonucleotide probes in an OLA (U.S. Pat. No. 4,988,617). In this method,
one probe hybridizes to a segment of a target nucleic acid with its 3-most
25  end aligned with the SNP site. A second probe hybridizes to an adjacent
segment of the target nucleic acid molecule directly 3' to the first probe. The
two juxtaposed probes hybridize to the target nucleic acid molecule, and are
ligated in the presence of a linking agent such as a ligase if there is perfect
complementarity between the 3' most nucleotide of the first probe with the
30 SNPsite. If there is a mismatch, ligation would not occur. After the reaction,
the ligated probes are separated from the target nucleic acid molecule, and

detected as indicators of the presence of a SNP.
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Another method for SNP genotyping is based on mass spectrometry.
Mass spectrometry takes advantage of the unique mass of each of the four
nucleotides of DNA. SNPs can be unambiguously genotyped by mass
spectrometry by measuring the differences in the mass of nucleic acids
having alternative SNP alleles. MALDI-TOF (Matrix Assisted Laser
Desorption Ionization--Time of Flight) mass spectrometry technology is
useful for extremely precise determinations of molecular mass, such as
SNPs. Numerous approaches to SNP analysis have been developed based on
mass spectrometry. Exemplary mass spectrometry-based methods of SNP
genotyping include primer extension assays, which can also be utilized in
combination with other approaches, such as traditional gel-based formats and
microarrays.

Typically, the primer extension assay involves designing and
annealing a primer fo a template PCR amplicon upstream (5') from a target
SNP position. A mix of dideoxynucleotide triphosphates (ddNTPs) and/or
deoxynucleotide triphosphates (AINTPs) are added to a reaction mixture
containing template (e.g., a SNP-containing nucleic acid molecule which has
typically been amplified, such as by PCR), primer, and DNA polymerase.
Extension of the primer terminates at the first position in the template where
a nucleotide complementary to one of the ddNTPs in the mix occurs. The
primer can be either immediately adjacent (i.e., the nucleotide at the 3' end of
the primer hybridizes to the nucleotide next to the target SNP site) or two or
more nucleotides removed from the SNP position. If the primer is several
nucleotides removed from the target SNP position, the only limitation is that
the template sequence between the 3' end of the primer and the SNP position
cannot contain a nucleotide of the same type as the one to be detected, or this
will cause premature termination of the extension primer. Alternatively, if
all four ddNTPs alone, with no dNTPs, are added to the reaction mixture, the
primer will always be extended by only one nucleotide, corresponding to the
target SNP position. In this instance, primers are designed to bind one
nucleotide upstream from the SNP position (i.e., the nucleotide at the 3' end
of the primer hybridizes to the nucleotide that is immediately adjacent to the

target SNP site on the 5' side of the target SNP site). Extension by only one
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nucleotide is preferable, as it minimizes the overall mass of the extended
primer, thereby increasing the resolution of mass differences between
alternative SNP nucleotides. Furthermore, mass-tagged ddNTPs can be
employed in the primer extension reactions in place of unmodified ddNTPs.

5  This increases the mass difference between primers extended with these
ddNTPs, thereby providing increased sensitivity and accuracy, and is
particularly useful for typing heterozygous base positions. Mass-tagging
also alleviates the need for intensive sample-preparation procedures and
decreases the necessary resolving power of the mass spectrometer. The

10 extended primers can then be purified and analyzed by MALDI-TOF mass

spectrometry to determine the identity of the nucleotide present at the target
SNP position.

Other methods that can be used to genotype the SNPs include single-

strand conformational polymorphism (SSCP), and denaturing gradient gel

15 electrophoresis (DGGE). SSCP identifies base differences by alteration in
electrophoretic migration of single stranded PCR products. Single-stranded
PCR products can be generated by heating or otherwise denaturing double
stranded PCR products. Single-stranded nucleic acids may refold or form
secondary structures that are partially dependent on the base sequence. The

20  different electrophoretic mobilities of single-stranded amplification products
are related to base-sequence differences at SNP positions. DGGE
differentiates SNP alleles based on the different sequence-dependent
stabilities and melting properties inherent in polymorphic DNA and the
corresponding differences in electrophoretic migration patterns in a

25  denaturing gradient gel.

Sequence-specific ribozymes (U.S. Pat. No. 5,498,531) can also be
used to score SNPs based on the development or loss of a ribozyme cleavage
site. Perfectly matched sequences can be distinguished from mismatched
sequences by nuclease cleavage digestion assays or by differences in melting

30  temperature. If the SNP affects a restriction enzyme cleavage site, the SNP
can be identified by alterations in restriction enzyme digestion patterns, and
the corresponding changes in nucleic acid fragment lengths determined by

gel electrophoresis.
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C. SNP detection kits

Detection reagents can be developed and used to assay the disclosed
SNPs individually or in combination, and such detection reagents can be
readily incorporated into a kit or system format. The terms “kits” and
“systems”, as used herein in the context of SNP detection reagents, are
intended to refer to such things as combinations of multiple SNP detection
reagents, or one or more SNP detection reagents in combination with one or
more other types of elements or components (¢.g., other types of biochemical
reagents, containers, packages such as packaging intended for commercial
sale, substrates to which SNP detection reagents are attached, electronic
hardware components, etc.). SNP detection kits and systems, including but
not limited to, packaged probe and primer sets (e.g., TagMan probe/primer
sets), arrays/microarrays of nucleic acid molecules, and beads that contain
one or more probes, primers, or other detection reagents for detecting one or
more of the disclosed SNPs are provided. The kits/systems can optionally
include various electronic hardware components; for example, arrays (“DNA
chips™) and microfluidic systems (“lab-on-a-chip” systems) provided by
various manufacturers typically comprise hardware components. Other
kits/systems (e.g., probe/primer sets) may not include electronic hardware
components, but may be comprised of, for example, one or more SNP
detection reagents (along with, optionally, other biochemical reagents)
packaged in one or more containers.

In some embodiments, a SNP detection kit typically contains one or
more detection reagents and other components (e.g., a buffer, enzymes such
as DNA polymerases or ligases, chain extension nucleotides such as
deoxynucleotide triphosphates, and in the case of Sanger-type DNA
sequencing reactions, chain terminating nucleotides, positive control
sequences, negative control sequences, and the like) necessary to carry out an
assay or reaction, such as amplification and/or detection of a SNP-containing
nucleic acid molecule. A kit may further contain means for determining the
amount of a target nucleic acid, and means for comparing the amount with a
standard, and can comprise instructions for using the kit to detect the SNP-

containing nucleic acid molecule of interest. In one embodiment, kits are
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provided which contain the necessary reagents to carry out one or more
assays to detect one or more of the disclosed SNPs. In an exemplary
embodiment, SNP detection kits/systems are in the form of nucleic acid
arrays, or compartmentalized kits, including microfluidic/lab-on-a-chip
systems.

SNP detection kits may contain, for example, one or more probes, or
pairs of probes, that hybridize to a nucleic acid molecule at or near each
target SNP position. Multiple pairs of allele-specific probes may be included
in the kit/system to simultaneously assay large numbers of SNPs. In some
kits, the allele-specific probes are immobilized to a substrate such as an array
or bead.

The terms “arrays”, “microatrays”, and “DNA chips” are used herein
interchangeably to refer to an array of distinct polynucleotides affixed to a
substrate, such as glass, plastic, paper, nylon or other type of membrane,
filter, chip, or any other suitable solid support. The polynucleotides can be
synthesized directly on the substrate, or synthesized separate from the
substrate and then affixed to the substrate.

Any number of probes, such as allele-specific probes, may be
implemented in an array, and each probe or pair of probes can hybridize to a
different SNP position. In the case of polynucleotide probes, they can be
synthesized at designated areas (or synthesized separately and then affixed to
designated areas) on a substrate using a light-directed chemical process.
Each DNA chip can contain, for example, thousands to millions of individual
synthetic polynucleotide probes arranged in a grid-like pattern and
miniaturized. Probes can be attached to a solid support in an ordered,
addressable array.

A microarray can be composed of a large number of unique, single-
stranded polynucleotides, usually either synthetic antisense polynucleotides
or fragments of cDNAs, fixed to a solid support. Typical polynucleotides are
about 6-60 nucleotides in length, or about 15-30 nucleotides in length, or
about 18-25 nucleotides in length. For certain types of microarrays or other
detection kits/systems, it may be preferable to use oligonucleotides that are

only about 7-20 nucleotides in length. In other types of arrays, such as
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arrays used in conjunction with chemiluminescent detection technology,
exemplary probe lengths can be, for example, about 15-80 nucleotides in
length, or about 50-70 nucleotides in length, or about 55-65 nucleotides in
length, or about 60 nucleotides in length. The microarray or detection kit can
contain polynucleotides that cover the known 5' or 3' sequence of a
gene/transcript or target SNP site, sequential polynucleotides that cover the
full-length sequence of a gene/transcript; or unique polynucleotides selected
from particular are as along the length of a target gene/transcript sequence.
Polynucleotides used in the microarray or detection kit can be specific to a
SNP or SNPs of interest (e.g., specific to a particular SNP allele at a target
SNP site, or specific to particular SNP alleles at multiple different SNP
sites).

Hybridization assays based on polynucleotide arrays rely on the
differences in hybridization stability of the probes to perfectly matched and
mismatched target sequence variants. For SNP genotyping, it is generally
preferable that stringency conditions used in hybridization assays are high
enough such that nucleic acid molecules that differ from one another at as
little as a single SNP position can be differentiated. Such high stringency
conditions may be preferable when using, for example, nucleic acid arrays of
allele-specific probes for SNP detection. In some embodiments, the arrays
are used in conjunction with chemiluminescent detection technology.

A polynucleotide probe can be synthesized on the surface of the
substrate by using a chemical coupling procedure and an inkjet application
apparatus, as desctibed in PCT Publication No. WO 95/251116. In another
aspect, a “gridded” array analogous to a dot (or slot) blot may be used to
arrange and link cDNA fragments or oligonucleotides to the surface of a
substrate using a vacuum system, thermal, UV, mechanical or chemical
bonding procedures.

Methods for using such arrays or other kits/systems, to identify SNPs
and haplotypes disclosed herein in a test sample are provided. Such methods
typically involve incubating a test sample of nucleic acids with an array
comprising one or more probes corresponding to at least one SNP position of

the present invention, and assaying for binding of a nucleic acid from the test
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sample with one or more of the probes. Conditions for incubating a SNP
detection reagent (or a kit/system that employs one or more such SNP
detection reagents) with a test sample vary. Incubation conditions depend on
such factors as the format employed in the assay, the detection methods
employed, and the type and nature of the detection reagents used in the
assay.

A SNP detection kit/system can include components that are used to
prepare nucleic acids from a test sample for the subsequent amplification
and/or detection of a SNP-containing nucleic acid molecule. Such sample
preparation components can be used to produce nucleic acid extracts
(including DNA and/or RNA), proteins or membrane extracts from any
bodily fluids (such as blood, serum, plasma, urine, saliva, phlegm, gastric
juices, semen, tears, sweat, etc.), skin, hair, cells (especially nucleated cells),
biopsies, buccal swabs or tissue specimens.

Another form of kit is a compartmentalized kit. A compartmentalized
kit includes any kit in which reagents are contained in separate containers.
Such containers include, for example, small glass containers, plastic
containers, strips of plastic, glass or paper, or arraying material such as silica.
Such containers allow one to efficiently transfer reagents from one
compartment to another compartment such that the test samples and reagents
are not cross-contaminated, or from one container to another vessel not
included in the kit, and the agents or solutions of each container can be added
in a quantitative fashion from one compartment to another or to another
vessel. Such containers may include, for example, one or more containers
which will accept the test sample, one or more containers which contain at
least one probe or other SNP detection reagent for detecting one or more of
the disclosed SNPs, one or more containers which contain wash reagents
(such as phosphate buffered saline, Tris-buffers, efc.), and one or more
containers which contain the reagents used to reveal the presence of the
bound probe or other SNP detection reagents. The kit can optionally further
include compartments and/or reagents for, for example, nucleic acid
amplification or other enzymatic reactions such as primer extension

reactions, hybridization, ligation, electrophoresis (e.g., capillary
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electrophoresis), mass spectrometry, and/or laser-induced fluorescent
detection. The kit may also include instructions for using the kit.

Microfluidic devices may also be used for analyzing SNPs. Such
systems miniaturize and compartmentalize processes such as probe/target
hybridization, nucleic acid amplification, and capillary electrophoresis
reactions in a single functional device. Such microfluidic devices typically
utilize detection reagents in at least one aspect of the system, and such
detection reagents may be used to detect one or more of the disclosed SNPs.
For genotyping SNPs, an exemplary microfluidic system may integrate, for
example, nucleic acid amplification, primer extension, capillary

electrophoresis, and a detection method such as laser induced fluorescence

detection.

EXAMPLES
Example 1: Genetic mapping of Mal
Materials and Methods

The methods for genetic mapping are published in Lin, et al,
Genetics, 141:391-411 (1995).
Results

S. propinquum containing the Mal locus flowers later than cultivars
of 8. bicolor used in the U.S.A. Segregation for S. bicolor BTx623 versus S.
propinguum alleles at the Mal locus imparts dichotomous phenotype when
grown in a temperate environment (Lin, et al., Genetics, 141:391-411
(1995)). Interval mapping (Lander, et al., Genetics, 121:185-199 (1989))
was used to analyze an F» population of S. bicolor BTx623, a temperate
cultivated sorghum, crossed with S. propinguum, a wild tropical sorghum. As
shown in Figure 1, the F; population of S. bicolor x S. propinquum
demonstrated bimodal distribution of flowering time frequency when grown
in a temperate environment. Specifically, S. propinquum (189 +£1.9 days) and
most Fys flowered later than S. bicolor (115.4+7.8 days) when photoperiod
was less than 12.5 hours. The Mal locus alone accounts for 85.7% of
phenotypic variation in flowering time (Lin, et al., Genetics, 141:391-411

(1995)) and mapped to chromosome 6, as Jater corroborated by independent
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work in different germplasm (Klein, et al., The Plant Genome, 1:512-826
(2008)).

By testing F3 progeny of recombinants in the region, the locus was
mapped between DNA markers separated genetically by 1.1 ¢M (Figure 2A).
The 1.1 ¢M region containing Mal is, physically, among the largest in the
genome, with 60-fold less recombination than the genome-wide average of
0.7 mbp/cM. Spanning 34 million base-pairs (mbp), this region alone
contains about 5% of sorghum genomic DNA and 1.3% (~400) of genes.
QTLs for many additional traits (beyond flowering) are also closely
associated with Mal, including a major dwarfing gene (Lin, ef al., Geretics,
141:391-411 (1995)). Classical literature has defined these loci as Mal and
Dw2.

Exotic-converted sorghum pairs were compared in the Mal region to
access recombinational information resulting from the independent
conversion(s) of about 90 sorghum genotypes. "Conversion” takes 12
generations and 4 years ('Stephens, et al. Crop Sci., 7:396 (1967)), with one
backcross followed by two generations of selfing (lacking DNA markers, this
was necessary to phenotypically distinguish heterozygotes from
homozygotes for the recessive photoperiod-insensitive allele). Across the
sorghum gene pool, Mal has a singularly large role in the genetic
determination of flowering. Among nine diverse exotic-converted sorghum
pairs, all nine are ‘converted’ (introgressed with chromatin from the
photoperiod-insensitive donor line) in the Mal region (Lin, ef al. Genetics,
141:391-411 (1995)).

In the Mal region and any other regions that remain heterozygous, an
exotic-converted pair offers about 3-4x the recombinational information than
could be obtained from a single F2 or recombinant inbred genotype
(estimated using standard formulas: (Allard, Hilgardia, 24:235-278 (1956)).
A set of 90 exotic-converted pairs that broadly sample sorghum diversity and
BTx406, the donor of day-neutral flowering, were genotyped with 9 SSR
loci distributed through the region containing Mal, with a peak introgression
frequency of 84%. Haplotypes were determined and are illustrated in Figure

2C, with the dark line indicating the span of converted regions. In the region
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of greatest conversion, additional genes and DNA markers were
characterized, with a peak conversion frequency of 87% for the 400 bp indel
that occurs upstream (5°) of the Sb06g012260 gene (Figure 2B;
Sb06g012260 itself was not characterized in this study). Frequencies of

5  conversion at the DNA marker loci are plotted along the sorghum genome
sequence, with approximate locations of genes in the sequence shown as
cross-hatches along the axis. While the terminal regions that these data
exclude from consideration are physically small, they contain the majority of
genes.

10 PRR37, a candidate gene with expression patterns correlated with
short-day flowering (Murphy, ef al., Proceedings of the National Academy of
Science of the United States of America, 108:16469-16474 (2011)), maps
outside of this region, with less than 20% conversion (Figure 2B), indicating
that it does not account for short-day flowering in most if any exotic

15  sorghums.

Genes in the genomic region experiencing high frequencies of
‘conversion’ (introgression of day-neutral flowering) were re-sequenced in a
diversity panel of 384 accessions (87% landraces, 6% wild types, 6%
breeding materials and 1% advanced cultivars) phenotyped for flowering

20  under both short-day and long-day conditions, permitting calculation of a
“Photoperiod Index” (PRI) reflecting the flowering behavior of each
accession (see Methods for Association Genetics). Prior data on 41 SSR
markers permitted investigation of population structure and genetic diversity
of the panel, providing the relatedness information needed for formal testing

25  of associations between specific alleles and PRI (Remington, ef al,
Proceedings of the National Academy of Science of the United States of
America, 98:11479-11484 (2001); Thornsberry, ef al., Nature Genetics,
28:286-289 (2001); Yu, et al., Nature Genetics, 38:203-208 (2003)).

Sb06g012260 was a gene discovered to be near the peak frequency of

30  conversion. Sb06g012260 is a gene containing an ‘FT” functional domain
associated with regulation of flowering in Arabidopsis (Kardailsky, ef al.,
Science, 286:1962-1965 (1999) and Oryza (Kojima, et al., Plant and Cell
Physiology, 43:1096-1105 (2002)). Candidate alleles of Sb06g012260 were
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resequenced in a diversity panel of 384 ihdividuals for which flowering time
was known (see Example 3).

Analysis of this resequencing data identified two major haplotypes
(each with two rare variants), one closely resembling the allele found in the
short-day flowering accession of S. propinguum (Figure 3A), and the other
showing greatest abundance in sorghums from South Africa, the most
temperate part of the pre-Columbian range (Figure 4). Statistically-
significant association of these haplotypes with PRI were found in
subpopulations in which the two haplotypes each occur at similar frequencies
(Figure 4 and Figure 5A, 5B, and 5C). Figure 5A, 5B, 5C are based on SNPs
from the coding sequence of the Mal gene. The Figures show independent
analysis of each subpopulation. TASSEL association analysis including all
the subpopulations and the covariance by the population structure is
discussed in more detail below and shown in Tables 1 and 2.

Figures SA, 5B, and 5C showing flowering (days) for individuals
having a short-day haplotype or a day neutral haplotype for the gene
Sb06g012260 in West Africa (Figure 5A, 2008, p=0.005; R*=0.13) and
South Africa (Figure 5B (2008), p=3.84 E-08; R*=0.33; and Figure 5C
(2007), p=0.0346; R*=0.08). These data also show a statistically-significant
association of the haplotypes with flowering in subpopulations in which the
two haplotypes each occur at similar frequencies. The most informative
subpopulation, sorghums originating in the South Africa region, is the
subpopulation in which the day-neutral allele (haplotype) occurs at highest
frequency.

The day-neutral haplotype included four deletions: (1) a 423 base pair
deletion in the 5° UTR of the Sb06g012260 (2) a ~4.2 kb deletion in the 5°
UTR of the Sb06g012260, (3) a three base pair deletion starting about 221
base pairs upstream of the Sb06g012260 transcription-start site, and (4) a 27
base pair deletion in the second intron; and five synonymous single
nucleotide polymorphism mutations (SNPs) in the coding sequence (Figure
3B). Among the four deletions of the day-neutral haplotype, the 3-bp
deletion is particularly damaging, removing from the Sb06g012260 promoter

a CAAT box, an invariant DNA sequence in many eukaryotic promoters
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required for sufficient transcription (Berg, ef al., Biochemistry, 5% g4,
(2002)).

Other elements of the haplotype appear likely to be associated with
the phenotype by linkage drag. For example, the 423 bp insertion appears to
be a CACTA transposon. CACTA elements have been implicated as a
mechanism of movement of genes and gene fragments in sorghum (Paterson,
et al., Nature, 457:551-556 (2009)). The element present in the short-day
haplotype has a close match in the day-neutral S. bicolor BTx623 genome
sequence, presumably its ‘parent’ element, since that hit is to an autonomous
element, while the insertion into S. propinguum has lost ability to transpose.
Sequence divergence between the putative ‘parent’ element and the insertion
is 94% - using published approaches to ‘date’ transposon insertions
(SanMiguel, et al., Nature Genetics, 20:43-45 (1998)) suggests an ‘age’ of
about 2 million years for the element. This suggests that the insertion may
have only occurred in the S. bicolor/S. propinguum lineage, since this is
much more recent than its divergence from Saccharum and other near
relatives.

The approximately 4.2 kb element present in the short-day haplotype
contains an inferred open reading frame found on a different chromosome of
day-neutral S. bicolor BTx623 (chr. 7, Sb07g008600). Further, this element
does not correspond discernibly to any gene of known function, and shows
only limited similarity to two other sorghum genes, both also “putative
uncharacterized proteins” (Sb03g005850, Sb082011060). While a role in
short-day flowering cannot yet be ruled out, its presence in day-neutral
sorghum argues against a direct role in short-day flowering, and its mobility
since the 8. bicolor/S. propinguum divergence implies (as for the CACTA
element) that it is likely to be an as-yet unrecognized transposon.

The remaining deletion is in the second intron.
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Example 3: Association Analysis Among Mal Region Markers
Materials and Methods

A public sorghum reference germplasm set that substantially

represents the spectrum of diversity in S. bicolor has been characterized with
5  agenome-wide panel of SSRs, and phenotyped for flowering time across a

number of diverse environments including some in photoperiods long
enough to delay flowering of daylength-sensitive types. These data are freely
available, and provide the information needed for formal testing of
associations between specific alleles and phenotypes. Because it is

10 predominantly self-pollinating with linkage disequilibrium extending over
~15 kb, sorghum is an attractive system in which to employ association
genetics to link DNA sequences to their phenotypic consequences.

The diversity panel was evaluated during two different planting
seasons representing different day length conditions. The first planting

15 (2007) represented short-day conditions (11.8-12.15 hrs light) and high
humidity conditions, conditions under which short-day sorghums (i.e.
photoperiod sensitive) are expected to initiate flowering promptly or similar
to neutral day (i.e. photoperiod insensitive). The second (2008) planting was
characterized by a transition from long to short-day (13.1 -11.0 hrs)

20 photoperiod and dry conditions, and short-day sorghums would be expected
to delay flowering under these conditions.

Flowering time was recorded as the number of days required for 50%
of the plants in a single row to flower (DFL50%). Photoperiod Index (PRI)
of each accession was defined as the mean difference in DFL50% between

25  the two planting seasons (i.e. PRI = DFL50%2008 — DFL50%2007).
Photoperiod sensitive accessions showed positive PRI values, while negative
values identified photoperiod insensitive materials.

Results

TASSEL (Bradbury, et al., Bioinformatics, 23:2633-2635 (2007))

30  was used to perform both linkage disequilibrium analysis and tests of
association, the latter employing population structure covariates and a

kinship matrix determined for the germplasm panel based on the 80 SSRs.
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10 genes distributed across the target region were resequenced, in
most members of the diversity panel (excepting those for which reactions
failed, etc). TASSEL has been used to perform both linkage disequilibrium
analysis and tests of association, the latter employing population structure

5  covariates and a kinship matrix determined for the germplasm panel based on
the existing SSRs.

The results of the resequencing is presented in Tables 1-2, and Figure
6. In partial summary, these data delimit the target region to the interval
between genes Sb06g011767 and Sb06g012520, which is 1.3Mb with 20

10 annotated genes. The strongest evidence is found at the ~4.2 kb indel in the
Sb06g012260 gene.

Table 1 Association analysis among Mal region markers and the photoperiod by single
marker analysis

Data Gene Marker df F p¥ ¢f dfError MS Error  Rsq Model  Rsq Marker
FLOW 2008_2007 SSR7 2 60672 0.0026 2 347 472.206 0.0338 (.0338
242E-

FLOW_2008_2007 SSR8 2 83317 04 2 345 4497492  0.0471 0.0471
FLOW 2008 2007 Sb06pC1G870 2 452 00116 2 320 4834132  0.0275 0.0275
FLOW 2008 2007 Sb06g0i1767 1 80108 00049 1 322 4509787 00243 0.0243
2.94E-
FLOW_2008_2007 400bpINDEL 2 108095 05 2 298 454.8433  0.0681 0.0681
1,378~
FLOW 2008 2007 4kbINDEL 2 165587 07 2 340 4291795  0.0883 0.0883
Sb06g012260 1.83E-
FLOW_2008 2007 (FT) 2 162049 07 2 358 43737 (.083 0.083
1.88E-
FLOW 2008 2007 Sb06g0I2520 2 13,7554 06 2 313 439.8079 0.0808 0.0808
FLOW 2008 2007 Sb06g013230 2 13111 0.271 2 315 473.4048 0.0083 0.6083
FLOW 2008 2007 Sh06g013810 2 14601 02337 2 338 474.4558  0.0086 0.0086

15

Table 2 Association analysis among Mal region markers and the photoperiod with the
correction of population structure ()

Data Gene Marker df F pE df dfError MS Error  Rsq Model  Rsg Marker
FLOW_2008 2007 SSR7 2 00216 09786 G 343 398.859 0.1933 1.02E-04
FLOW 2008 2007 SSR8 2 12522 5'65(1):*(; 6 341 358.8457 £.2485 0.0552
FLOW_2008 2007 Sb06g0l0870 2 1.529 02183 6 316 4058768 0.1937 0.0078
FLOW_2008 2007 Sb06g011767 1 40098 00461 5 318 386.0047 0.175 0.0104
FLOW_2008 2007  400bpINDEL 2 24506 0088 6 292 3776165 (.2368 0.0128
FLOW_2008 2007 4kbINDEL 2 74975 6‘52&; 6 336 3629691 0.2384 0.034
Sb06g012260
FLOW_2008 2007 (FT) 2 67615 0.0013 6 354 3755924 02213 0.0297
FLOW 2008 2007 Sb06g012520 2 36981 00259 6 309 376.26% 0.2236 £.0186
FLOW 2008 2007 Sb06g0I3230 2 19067 01503 6 311 3750981 02242 0.0095
FLOW_2008 2007 Sh06g01381¢ 2 65932 0.0016 6 334 3769455 0.2216 0.0307
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Example 3: PRR37 is not Mal

As noted above, PRR37, a candidate gene with expression patterns
correlated with short-day flowering (Murphy, et al., Proceedings of the
National Academy of Science of the United States of America, 108:16469-
16474 (2011)), maps outside of this region, with less than 20% conversion
(Figure 3B), indicating that it does not account for short-day flowering in
most if any exotic sorghums.

Several additional lines of evidence also show that PRR37 cannot be
Mal. The sorghum genotype 100M, used to discern expression patterns
correlating the PRR37 candidate allele to short-day flowering (Murphy et al,
Proceedings of the National Academy of Science of the United States of
America, 108:16469-16474 (2011)), also contains the short-day haplotype
for Sb06g012260, which was confirmed by comparison to the short-day
genotype P1209217.

Accordingly, differences in expression patterns between 100M and its
near-isogenic line SM100 could be atiributable either to PRR37,
Sb06g012260, or other intervening genes on the introgressed segment.
Indeed, in short-day S. propinguum, PRR37 contains a frameshift mutation
that renders the PRR domain and much of the protein nonsensical and also
causes premature termination (Figure 3C). While PRR37 cannot account for
short-day flowering in most sorghums, prior work by members of the PRR37
team showed it to be in the approximate location of Ma6 (Brady, Texas A&M
University, (2006)), a gene with a much smaller effect on flowering.

Homologs of the Mal candidate gene Sb06g012260 in sorghum
(Paterson, ef al., Nature, 457:551-56 (2009)), rice (Matsumoto, et al,,
Nature, 436:793-800 (2005)), and Arabidopsis (The Arabidopsis Genome
Initiative. Nature, 408:796-815 (2000)) genomes, maize and sugarcane ESTs
were identified by BLAST. The sugarcane ESTs were then translated to
protein sequences. In total, 6 homologs were found in Arabidopsis (including
the FT gene (Kardailsky, ef al., Science, 286(5446):1962-1965 (1999)), 19 in
rice (including Hd3a (Kojima, et al., Plant and Cell Physiology,
43(10):1096-1105 (2002)) and sorghum, 26 in maize and 8 in sugarcane
(Figure 7).
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The candidate gene Sb06g012260 appears to have evolved as a
single-gene duplication. Based on a synonymous substitution rate (Ks) of
0.43 from Sb04g008320, currently-used cereal molecular clocks suggest that
this duplication occurred ~40Mya (Gaut, ef al., Proc Nat Acad Sci USA
93(19):10274-10279 (1996)). This date is more recent than the estimated
divergence of rice and the sorghum/sugarcane/maize lineage, consistent with
the finding that a positional ortholog was not discerned in rice. Sb04g008320
does have a rice ortholog (0s02g13830.1) of unknown function. Other
members of the sorghum gene family do have rice orthologs, and several of
the sorghum family members are much more similar to rice Hd3a
{0s06£06320.1) than is the Mal candidate gene (Sb06g012260).

For Sb06g012260, a single maize ortholog, GRMZM2G019993, was
identified on maize chromosome 2. Since maize has experienced a genome
duplication since the divergence of the sorghum and maize lineages, the
apparent presence of only one ortholog in the maize genome implies that a
second duplicated copy was lost in maize. The missing homeolog would, if
still present, be located on maize chrl0, at approximately 105Mb.
Independent research has suggested the possibility of a major flowering time
quantitative trait locus on maize chromosome 10 (Ducrocq, et al.,, Genetics,
183:1555-1563 (2009); Coles, ef al., Genetics, 184:799-812 (2010)) and the
presence of numerous candidate genes including an FT homolog (ZCN/9;
(Chardon, et al., Genetics, 168(4):2169-85 (2004); (Danielevskaya, et al.,
Plant Physiology, 146:250-64 (2008)). In the present maize genome
sequence (Schnable, ef al., Science, 326(5956):1112-15 (2009)), there are 4
maijze FT genes on chromosome 10, but none at 105 Mb
(GRMZM2G338454 chr10:5Mb; AC214791.2_FGO002 chr10:45Mb;
AC217051.3 FG006 chr10:114Mb; GRMZM2G062052 chr10:127Mb). The
one of these closest to the target position
(AC217051.3_FG006 chr10:114Mb) is highly divergent in sequence from
Sb06g012260, suggesting that it is not likely to be the ortholog.

Example 4: S. halepense has a Mutation in the Sb06g012260 Promoter

The invasive plant Sorghum halepense, or ‘Johnson Grass’, has

adapted to day-neutral photoperiod independently of, and perhaps even more
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rapidly than, breeder-improved sorghum. Sorghum halepense is a tetraploid
derived from a naturally-occurring cross between wild forms of S. bicolor
and S. propinquum (Celarier, Bull Torrey Bot Club, 85:49-62 (1958);
Paterson, ef al., Proceedings of the National Academy of Sciences of the
United States of America, 92:6127-6131 (1995)). Being largely inbreeding,
its wild progenitors would have each been expected to be homozygous for
the short-day flowering Mal allele, with tetraploid S. halepense (also
inbreeding) receiving 4 copies of the allele. Among the limited sampling
available in the US National Plant Germplasm collection, two Old World
accessions P1209217 from South Africa and P1271616 from India were
confirmed to be short-day flowering - these were also both homozygous for
the short-day haplotype. However, many or all U.S. populations of S.
halepense are believed to include many members that flower in the long days
of the temperate summer.

In S. halepense naturalized in the U.S., the central portion of the
short-day flowering haplotype has been largely replaced with a segment that
includes a different mutation in the Sb06g012260 promoter. The results of a

sampling of 480 plants is summarized in Table 4.

~ Table 4: Presence or Absence of 4 mutations in S. halepense

(% ameong unambiguous genotypes)

400bp 4.2kb  3bp intron

Non-ambiguous genotypes % among non-ambiguous genotypes
B: Day-neutral S.bicolor genotype; 047%  5.71%  0.00% 0.22%
P: Short-day S. propinquum genotype 81.63% 1.14% 10.37%  88.16%
H: S.halepense genotype 0.00% 0.00% 1.67% 0.00%
BP 1791% 93.15% 3.68% 11.62%
BH (at least one B and one H allele) 0.00% 0.00% 0.67% 0.00%
PH 0.00%  0.00% 72.24% 0.00%
BPH (at least one allele each of B, P, and H) 0.00%  0.00% 10.70% 0.00%
Ambiguous genotypes % among total sample

PH-like {closely resembles PH) 0.00% 0.00% 29.43% 0.00%
Other 11.63%  9.59% 24.03% 5.26%
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Among 480 plants sampled equally from each of five S. halepense
populations from GA, TX (2), NE, and NJ, USA (Morrell, e al., Molecular
Ecology, 14:2143-2154 (2005)), 81.6% and 88.2% of plants scorable (i.e.
excluding amplification failures or ambiguous migration patterns) were
homozygous for the short-day haplotype at both terminal loci (423 bp, intron
indels), but only 1.1 and 10.4% at the two internal loci (4,186 and 3 nt
indels) (Table 4). Only 39 bp upstream from the site of the CAAT box
deletion in day-neutral S. bicolor, 85.3% of the tetraploid S. halepense plants
have at least one copy (with 1.7% being homozygous for all four copies, but
noting that 1, 2, or 3 copies cannot be distinguished in this tetraploid) of a 4
nt insertion (i.e. not found in either progenitor) that disrupts a TC-rich repeat,
a cis-acting element involved in defense and stress response
(bioinformatics.psb.ugent.be/webtools/plantcare/html/).  TC-rich repeats are
enriched in the promoters of photoperiod-responsive genes, and photoperiod-
responsiveness is thought to integrate multiple light-, hormone-, and stress-
responsive elements (Mongkolsiriwatana, et al., Nat. Sci., 43:164-177
(2009)). Further, 98.9% also have at least one copy of the day-neutral
(deletion) allele at the 4,186 nt indel, 5.7% being homozygous for the
deletion. Finally, 15.7% of plants also carry one or more copies of the 3 nt
deletion.

The adaptation of S. halepense to the temperate climate of the
continental U.S.A. may predate the scientific breeding of day-neutral
sorghums. Selection of day-neutral Ma/ alleles occurred during the first 40
years of the 20" century (Quinby, Texas A&M University Press (1974);
Smith, ef al., John Wiley and Sons, (2000)) while S. halepense was well-
established in the U.S.A. by 1847 and of sufficient importance in 1900 to be
the subject of the first federal appropriation for weed control (McWhorter,
Weed Science, 19:496 (1971)).

Sh06g012260 appears to have evolved as a single-gene duplication
(Figure 7), shortly after the oryzoid (rice) -- panicoid
(sorghum/sugarcane/maize) divergence. Based on a Ks of 0.43 fromits
nearest homolog, Sb04g008320, this duplication is an estimated 40 million
years old (Gaut, et al., Proceedings of the National Academy of Sciences of
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the United States of America, 93:10274-10279 (1996)), consistent with the
lack of a rice ortholog. Sb04g008320 does have a rice ortholog
(0s02¢13830.1), although of unknown function.
Sb06g012260 is extensively diverged from other known floral
5  regulators—indeed, no members of its clade have empirically-demonstrated

functions (Figure 7). Other sorghum family members do have rice orthologs,
and some resemble a rice flowering time QTL Hd3a
(0s06g06320.1)(Kojima, et al., Plant and Cell Physiology, 43:1096-1105
(2002)). However, Hd3a is well over 100 million years distant from

10 Sb06g012260, even more than are the nearest Arabidopsis genes. One family
member, Sb02g029725, locates near the likelihood peak of a second
sorghum flowering QTL with a small phenotypic effect (FirAvgB1: Lin et al
1995). Sb06g012260 has a single maize ortholog, GRMZM2G019993, on
chromosome 2. Since the maize genome duplicated after its divergence with

15  the sorghum lineage, the presence of only one maize ortholog implies that a
second one was lost, from chromosome 10 at ~105Mb. Maize chromosome
10 contains a major flowering time QTL (Ducrocq, ef al., Genetics,
183:1555-1563 (2009); Coles, et al., Genetics, 184 (2010)) and four FT
homologs (Schnable, et al., Science, 326:1112-1115 (2009)), but the nearest

20 to 105 Mb (AC217051.3_FG006 chr10: 114Mb) is so divergent in sequence
from Sb06g012260 that it is not considered orthologous (Figure 7).

The importance of Mal to fecundity, via flowering, may have
contributed to the evolution of a ‘coadapted gene complex’ (Lande,
Genetical Research, 26:221-235 (1975)) with cis-linkage of alleles at

25  different loci that collectively confer an adaptive phenotype, perhaps
facilitated by the recalcitrance of the region to recombination. The Ma/
region also holds dw2, the gene of largest effect on sorghum stature (height)
(Lin, ef al., Genetics, 141:391-411 (1995)), but which can be separated from
Mal by infrequent recombination (Quinby, Texas A&M University Press

30 (1974); Lin, Texas A&M University (1998)). Increased height naturally
confers a competitive advantage in light interception. Favorable alleles at
different genes that conferred both optimal height and flowering time to the

same progeny by virtue of the suppressed recombination in this genomic
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region, might have become fixed more quickly than independently-
segregating alleles. Flowering time and plant height were correlated in the
diversity panel (r=0.53 in 2007, 0.73 in 2008, each significant at 0.001).
While the strongest statistical association we found with plant height was at
Sb06g012260 itself (p=0.007), there was also an association at Sb06g007330
(p=0.023), a putative cation efflux family protein. A putatively intervening
gene, Sb06g010870, showed no association but could have recently formed
alleles or be at an incorrect location, noting that this recombinationally-
recalcitrant region is among the most repetitive in the sorghum genome and
therefore one of the most difficult in which to assemble whole-genome
shotgun sequence (Paterson AH et al. Nature, 457(7229):551-56 (2009)) .

Unless defined otherwise, all technical and scientific terms used
herein have the same meanings as commonly understood by one of skill in
the art to which the disclosed invention belongs. Publications cited herein
and the materials for which they are cited are specifically incorporated by
reference.

Those skilled in the art will recognize, or be able to ascertain using
no more than routine experimentation, many equivalents to the specific
embodiments of the invention described herein. Such equivalents are

intended to be encompassed by the following claims.
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We claim:

1. An isolated nucleic acid, comprising a nucleic acid sequence at least
90% identical to SEQ ID NO:1, 2, 3,4, 5,6,7,9,10, 11, 12, 13, 28, 29, 30,
31, 32, 33, 34 or a complement thereof.

2. An isolated nucleic acid, comprising a nucleic acid sequence that
hybridizes under stringent conditions to a polynucleotide consisting of the
nucleic acid sequence SEQIDNO: 1,2,3,4,5,6,7,9,10, 11, 12, 13, 28,
29,30, 31, 32, 33, 34, or a complement thereof.

3. An isolated nucleic acid, comprising a photoperiod sensitive control
sequence 90% identical to SEQ ID NO: 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25, 26 or a complement thereof.

4, An isolated nucleic acid, comprising a photoperiod insensitive
control sequence at least 90% identical to SEQ ID NO:27 or a complement
thereof.

5. An isolated nucleic acid, comprising a nucleic acid sequence that
hybridizes under stringent conditions to the isolated nucleic acid of claims 3
or 4.

6. A recombinant expression vector, comprising a nucleic acid sequence
at least 90% identical to SEQIDNO: 1,2, 3,4,5,6,9, 10, 12, 13, 28, 29,
30, 31, 32, 33, 34 or a complement thereof.

7. A recombinant expression vector, comprising a nucleic acid sequence
at least 90% identical to SEQ ID NO: 7, 11, 29, 31, 33 or a complement
thereof.

8. The recombinant expression vector of claim 7, further comprising a
heterologous expression control sequence.

9. The recombinant expression vector of claim 8, wherein the
heterologous expression control sequence comprises a constitutive promoter.
10.  The recombinant expression vector of claim 8, wherein the
heterologous expression control sequence comprises a tissue specific
promoter, ’

11. A recombinant expression vector, comprising the isolated nucleic

acid of claim 3, or the complement thereof, operably linked to a heterologous

113



WO 2012/158630 PCT/US2012/037809

plant gene, wherein the nucleic acid sequence of claim 3 imposes
photoperiod sensitivity on the heterologous plant gene.

12. A recombinant expression vector, comprising the isolated nucleic
acid of claim 4, or the complement thereof, operably linked to a heterologous
plant gene, wherein the nucleic acid sequence of claim 3 imposes
photoperiod insensitivity on the heterologous plant gene.

13. A transgenic plant or transgenic plant cell, comprising an expression
control sequence operably linked to a nucleic acid sequence that silences
expression of a polynucleotide having a nucleic acid sequence SEQ 1D NO:
1,2,3,4,5,6,7,9,10, 11, 12, 13, 28, 29, 30, 31, 32, 33, 34 or a complement
thereof.

14,  The transgenic plant or plant cell of claim 13, wherein the transgenic
plant has lower photoperiod sensitivity compared to non-transgenic plant of
the same species.

15.  The transgenic plant or plant cell of claim 13 wherein the transgenic
plant or plant cell is selected from the group consisting of Brassica family,
industrial oilseeds, Arabidopsis thaliana, algae, soybean, cottonseed,
sunflower, palm, coconut, rice, safflower, peanut, mustards, silage com,
alfalfa, switchgrass, miscanthus, sorghum, tobacco, sugarcane and flax.

16.  The transgenic plant or plant cell of claim 15 wherein the transgenic
plant or plant cell is a dicotyledon.

17.  The transgenic plant or plant cell of claim 15 wherein the transgenic
plant or plant cell is a monocotyledon.

18. A seed from the plant of any one of claims 13 to 17.

19. A method of delaying flowering in a plant, comprising introducing to
the plant a nucleic acid sequence that silences expression of a polynucleotide
having the nucleic acid sequence SEQ IDNO: 1, 2,3,4,5,6,7,9, 10, 11,
12, 13, 28, 29, 30, 31, 32, 33, 34 or a complement thereof.

20.  The method of claim 19, wherein the plant is a dicotyledon.

21.  The method of claim 19, wherein the plant is a monocotyledon.

22.  The method of claim 19, wherein the plant has lower photoperiod

sensitivity compared to a control plant of the same species.
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23. A method of identifying an agent that modulates plant photoperiod
sensitivity, comprising

contacting a cell containing an Mal gene with a candidate agent
under conditions suitable for Mal gene expression; and

detecting the effect of the candidate agent on Mal gene expression,
wherein an detectable increase or decrease in Mal gene expression is an
indication that the candidate agent modulates plant photoperiod sensitivity.
24.  The method of claim 23, wherein the Mal gene comprises a nucleic
acid sequence at least 90% identical to SEQIDNO:1,2,3,4,5,6,7,9, 10,
11,12,13,14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
31,32, 33, 34, or a complement thereof.
25. A method of identifying an agent that modulates plant photoperiod
sensitivity, comprising

contacting a cell containing a reporter construct operably linked to an
Mal expression control sequence with a candidate agent under conditions
suitable for reporter expression; and

detecting the effect of the candidate agent on reporter expression,
wherein an detectable increase or decrease in reporter expression is an
indication that the candidate agent modulates plant photoperiod sensitivity.
26. The method of claim 25, wherein the Mal expression control
sequence comprises a nucleic acid sequence at least 90% identical to SEQ ID
NO: 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or a complement
thereof.
27. A method of imposing photoperiod sensitivity on a plant process
comprising producing a recombinant nucleic acid molecule comprising a
plant gene responsible for the plant process operably linked to a photoperiod
sensitive Mal expression control sequence.
28.  The method of claim 27, wherein the Mal expression control
sequence comprises a nucleic acid sequence at least 90% identical to SEQ ID
NO: 14, 15,16, 17, 18, 19,20, 21, 22, 23, 24, 25, 26 or a complement
thereof.
29.  The method of claims 27-28 wherein the plant process is not naturally

photoperiod sensitive.
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30. A method of imposing photoperiod insensitivity on a plant process
comprising producing a recombinant nucleic acid molecule comprising a
plant gene responsible for the plant process operably linked to a photoperiod
insensitive Mal expression control sequence.

31.  The method of claim 30, wherein the Mal expression control
sequence comprises a nucleic acid sequence at least 90% identical to SEQ ID
NO: 27 or a complement thereof.

32.  The method of claims 30-31 wherein the plant process is not naturally
photoperiod insensitive.

33. A transgenic plant or transgenic plant cell, comprising a plant gene
controlling a plant process operably linked to an Mal expression control
sequence.

34.  The transgenic plant or transgenic plant cell, wherein the Mal
expression control sequence is a photoperiod sensitive expression control
sequence.

35.  The transgenic plant of claim 34, wherein the Mal expression control
sequence comprises a nucleic acid sequence at least 90% identical to SEQ ID
NO: 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26 or a complement
thereof.

36.  The transgenic plant of claims 34-35 wherein the plant process is not
naturally photoperiod sensitive.

37.  The transgenic plant or transgenic plant cell, wherein the Mal
expression control sequence is a photoperiod insensitive expression control
sequence.

38.  The transgenic plant of claim 37, wherein the Mal expression control
sequence comprises a nucleic acid sequence at least 90% identical to SEQ ID
NO: 27 or a complement thereof.

39.  The transgenic plant of claims 37-38 wherein the plant process is not
naturally photoperiod insensitive.

40. A method of delaying flowering in plant comprising altering the
sequence of SEQ ID NO: 14, 15, 16, 17, 18, 19, 20, 21, 22,23, 24,25, 26 or

variants thereof in the plant.
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41.  The method of claim 40, wherein the altering comprises introducing
one or more nucleic acid substitutions, additions, deletions or a combination
thereof in SEQ ID NO: 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26 or
variants thereof.

42. A method of increasing or accelerating flowering in a plant,
comprising introducing to the plant a nucleic acid sequence comprising a
nucleic acid sequence at least 90% identical to SEQ ID NO: 1, 2, 3,4,5,6, 7,
9,10,11,12, 13,28, 29, 30, 31, 32, 33, 34 or a complement thereof.

43. A method of increasing or accelerating flowering in a plant,
comprising introducing to the plant a nucleic acid sequence that increases
expression of a polynucleotide having the nucleic acid sequence SEQ ID
NO:1,2,3,4,5,6,7,9,10, 11, 12, 13, 28, 29,30, 31,32, 33,34 ora
complement thereof.

44.  The method of claim 43 wherein the nucleic acid sequence that
increases expression is a constructively active plant promoter operably linked
to a polynucleotide having at least 90% sequence identity to the nucleic acid
sequence SEQIDNO: 1,2,3,4,5,6,7,9, 10,11, 12, 13, 28, 29, 30, 31, 32,
33, 34 or a complement thereof.

45.  The method of claim 43 wherein the nucleic acid sequence that
increases expression is a heterologous photoperiod sensitive plant promoter
operably linked to a polynucleotide having at least 90% sequence identity to
the nucleic acid sequence SEQIDNO: 1,2,3,4,5,6,7,9,10, 11, 12, 13,
28,29, 30, 31, 32, 33, 34 or a complement thereof.

46. A transgenic plant comprising a heterologous expression control
sequence operably linked to a polynucleotide comprising a nucleic acid
sequence at least 90% identical to the nucleotide sequence of SEQ ID NO: 1,
2,4,5,6,7,9,10,11, 12, 13, 28,29, 30, 31, 32, 33, 34 or a complement
thereof.

47.  The transgenic plant of claim 46 wherein the expression control
sequence is a photoperiod sensitive plant promoter that increases photoperiod
sensitive expression of the polynucleotide.

48. A transgenic plant with increased photoperiod sensitive flowering

comprising a promoter with one or more CAAT boxes operatively linked to
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Mal, wherein the transgenic plant has increased photoperiod sensitivity
relative to a non-transgenic plant of the same species.

49.  The transgenic plant of claim 48 wherein Mal comprises the nucleic
acid sequence of SEQ ID NO: 1,2, 4,5,6,7,9,10, 11, 12, or 13.

50.  The transgenic plant of claim 48 wherein the one or more CAAT
boxes comprises the nucleic acid sequence of SEQ ID NO:24, 25, 26, or
combinations thereof.

51.  The transgenic plant of claim 48 wherein the promoter and Mal are
expressed from an extrachromosomal vector.

52.  The transgenic plant of claim 48 wherein the promoter and Mal are

integrated into the plant’s chromosome.
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