(12) STANDARD PATENT (11) Application No. AU 2006311005 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(61)

(21)
(87)
(30)

(31)

(74)

(56)

Title
Plants having improved growth characteristics and a method for making the same

International Patent Classification(s)
C12N 15/82 (2006.01) CO7K 14/415 (2006.01)

Application No: 2006311005 (22) Date of Filing:  2006.11.08
WIPO No:  WO07/054522

Priority Data

Number (32) Date (33) Country
05110458.6 2005.11.08 EP
05110470.1 2005.11.08 EP
60/734,262 2005.11.08 us
60/734,281 2005.11.08 us
Publication Date: 2007.05.18

Accepted Journal Date: 2013.06.06

Applicant(s)
Universiteit Gent;CropDesign N.V.;VIB vzw

Inventor(s)
Inze, Dirk;Mironov, Vladimir;Vlieghe, Kobe;De Veylder, Lieven;De Meutter,
Jan;Reuzeau, Christophe

Agent / Attorney
Watermark Patent and Trade Marks Attorneys, Level 2 302 Burwood Road,
HAWTHORN, VIC, 3122

Related Art
VLIEGHE, K. et al., Current Biology, 11 January 2005, Vol. 15, pages 59-63.




woO 2007/054522 A1 0O 00 OO O

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
18 May 2007 (18.05.2007)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

O |0

(10) International Publication Number

WO 2007/054522 Al

(5D

2D

(22)

(25)
(26)

(30)

(71)

(72)
(75)

International Patent Classification:
CO7K 14/415 (2006.01) CI2N 15/82 (2006.01)

International Application Number:
PCT/EP2006/068248

International Filing Date:

8 November 2006 (08.11.2006)
Filing Language: English
Publication Language: English

Priority Data:

05110470.1 8 November 2005 (08.11.2005)  EP
60/734,262 8 November 2005 (08.11.2005)  US
05110458.6 8 November 2005 (08.11.2005)  EP
60/734,281 8 November 2005 (08.11.2005)  US
Applicants (for all designated States except US):

CROPDESIGN N.V. [BE/BE]; Technologiepark 3,
B-9052 Zwijnaarde (BE). VIB VZW [BE/BE]; Rijviss-
chestraat 120, B-9052 Zwijnaarde (BE). UNIVERSITEIT
GENT [BE/BE]; Sint-Pietersnieuwstraat 25, B-9000 Gent
(BE).

Inventors; and

Inventors/Applicants (for US only): DE MEUT-
TER, Jan [BE/BE]; Alphonse Claeys-Bouiiaertlaan
47, B-9030 Mariakerke (BE). MIRONOY, Vladimir
[BE/BE]; Zebrastraat 11, B-9000 Gent (BE). REUZEAU,
Christophe [FR/FR]; La Chapelle Gonaguet, F-24350
Tocane (FR). INZE, Dirk [BE/BE]; Kortenbosdries 18,
B-9310 Moorsel-Aalst (BE). VLIEGHE, Kobe [BE/BE];
Ter Weibroek 51, B-9880 Aalter (BE). DE VEYLDER,
Lieven [BE/BE]; Josef Boddaertstraat 23, B-9031 Dron-
gen (BE).

(74)

(81)

(84)

Common Representative: CROPDESIGN N.V.; BASF
AG, Global Intellectual Property, Gvx/c - 006, 67056 Lud-
wigshafen (DE).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

with sequence listing part of description published sepa-
rately in electronic form and available upon request from
the International Bureau

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: PLANTS HAVING IMPROVED GROWTH CHARACTERISTICS AND A METHOD FOR MAKING THE SAME

(587) Abstract: The present invention concerns a method for increasing plant yield and/or increased stress resistance by decreasing
the level of activity of a DEL1 polypeptide. One such method comprises introducing into a plant a nucleic acid comprising a variant
DEL]I nucleic acid. Another method comprises downregulating expression of a DELI gene. The invention also relates to transgenic
plants having introduced therein a variant DELI nucleic acid thereof, which plants have increased yield and/or increased stress
resistance relative to control plants. The present invention also concerns a novel DEL1 protein and its encoding sequence, and
constructs useful in the methods of the invention.



WO 2007/054522 PCT/EP2006/068248
Plants having improved growth characteristics and a method for
making the same

The present invention relates generally to the field of molecular biology and concerns a
method for improving plant growth characteristics relative to control plants. More specifically,
the present invention concerns a method for increasing plant yield and/or increasing stress
resistance comprising decreasing the level of activity of a DEL1 polypeptide. The present
invention also concerns plants having decreased activity of a DEL1 polypeptide, which plants
have increased yield and/or increased stress resistance relative to control plants. Preferably
the decreased activity of a DEL1 polypeptide is obtained by modulating expression of a nucleic
acid encoding a fragment of a DEL1 polypeptide, or by downregulating expression of a DEL1
gene or a variant thereof. The invention also provides a novel DEL1 polypeptide, nucleic acids
encoding such a polypeptide, and constructs useful in the methods of the invention.

The ever-increasing world population and the dwindling supply of arable land available for
agriculture fuels research towards improving the efficiency of agriculture. Conventional means
for crop and horticultural improvements utilise selective breeding techniques to identify plants
having desirable characteristics. However, such selective breeding techniques have several
drawbacks, namely that these techniques are typically labour intensive and result in plants that
often contain heterogeneous genetic components that may not always result in the desirable
trait being passed on from parent plants. Advances in molecular biology have allowed
mankind to modify the germplasm of animals and plants. Genetic engineering of plants entails
the isolation and manipulation of genetic material (typically in the form of DNA or RNA) and the
subsequent introduction of that genetic material into a plant. Such technology has the capacity
to deliver crops or plants having various improved economic, agronomic or horticultural traits.
A trait of particular economic interest is yield. Yield is normally defined as the measurable
produce of economic value from a crop. This may be defined in terms of quantity and/or
quality. Yield is directly dependent on several factors, for example, the number and size of the
organs, plant architecture (for example, the number of branches), seed production and more.
Root development, nutrient uptake and stress tolerance may also be important factors in
determining yield. Optimizing one of the abovementioned factors may therefore contribute to

increasing crop yield.

Seed yield is a particularly important trait, since the seeds of many plants are important for
human and animal nutrition. Crops such as, corn, rice, wheat, canola and soybean account for
over half the total human caloric intake, whether through direct consumption of the seeds

themselves or through consumption of meat products raised on processed seeds. They are
1
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also a source of sugars, oils and many kinds of metabolites used in industrial processes.
Seeds contain an embryo (the source of new shoots and roots) and an endosperm (the source
of nutrients for embryo growth during germination and during early growth of seedlings). The
development of a seed involves many genes, and requires the transfer of metabolites from the
roots, leaves and stems into the growing seed. The endosperm, in particular, assimilates the
metabolic precursors of carbohydrates, oils and proteins and synthesizes them into storage
macromolecules to fill out the grain.

Abiotic stress conditions, such as shortage or excess of solar energy, water and nutrients,
salinity, high and low temperature and pollution (e.g., heavy metals), can have a major impact
on plant growth and can significantly reduce the yield of, e.g., crop cultivars. Although light is
essential for plants since it provides energy for metabolism, UV light is damaging to living
organisms. In particular, UV-B radiation (280-320 nm) affects protein and nucleic acids
stability resulting in reduced photosynthesis, biomass reduction, decreased protein synthesis
and impaired chloroplast function, as well as damage to DNA. Due to reduction of the
protecting ozone layer in the stratosphere, concern about the effects of UV-B radiation on
plants has increased. The physiological response to these stresses arises out of changes in

cellular gene expression.

The ability to increase plant yield and stress resistance would have many applications in areas
such as agriculture, including in the production of ornamental plants, arboriculture, horticulture
and forestry. Increasing yield may also find use in the production of algae for use in
bioreactors (for the biotechnological production of substances such as pharmaceuticals,
antibodies or vaccines, or for the bioconversion of organic waste) and other such areas.

The G1/S transition in the cell cycle of plants and animals is controlled by the RB/E2F/DP
pathway. E2F transcription factors form a critical component of this regulatory mechanism
(Stals & Inzé, Trends Plant Science 6, 359-364, 2001). The family of E2F transcription factors
in Arabidopsis thaliana consists of six members, which may be grouped in two subfamilies
(Mariconti et al., J. Biol. Chem. 277, 9911-9919, 2002): on the one hand E2Fa, E2Fb and
E2Fc, on the other hand E2Fd, E2Fe and E2Ff. E2F members of the first subfamily have one
DNA binding domain and require an interacting DP partner to form either a functional
transcriptional activator (E2Fa and E2Fb) or repressor (E2Fc). Members of the second
subfamily possess 2 E2F-like DNA binding domains and comprise structural characteristics
that discriminate them from the three members of the first subgroup. AtE2Fd and AtE2Fe
have a nuclear localisation signal (NLS) in the C-terminal part of the protein, which is sufficient
for DNA binding without the need of a DP partner, but AtE2Ff lacks a NLS. Experimental data

2
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suggested that the E2F members of the second subfamily have no activation domains
and were postulated to interfere with the activity of the other AtE2F proteins (Mariconti et
al.,2002).

In Arabidopsis, AtE2Fe (also known as DEL1 or E2L3) is expressed at the beginning of
the G,/S transition and at the S/G; transition. The protein is capable of binding E2F sites
without a DP partner. A study by Vlieghe et al. (Current Biology 15, 59-63, 2005)
demonstrated that AtE2Fe may be involved in controlling the endocycle. It was shown
that in a DEL1 mutant (de/7-1, with a T-DNA insertion between the two DNA binding
domains) ploidy levels were increased, whereas DEL1 overexpressing plants had
reduced endoreduplication. The changes in ploidy levels correlated with altered
expression levels for a number of E2F target genes involved in DNA replication. DEL1
transcripts were detected in dividing cells but were absent in endocycling cells, which
suggested that DEL1 may be involved in repressing the endocycle in mitotically active
cells. Barow M. and Meister A. (2003) Piant, Cell and Environment 26, 571-584 suggest
that endopolyploid plant species have advantages when growing for example at higher
latitudes. The control of the endocycle is a complex process in plants and many genes

are involved.

In the present invention it has surprisingly been found that decreasing the level of activity
of a DEL1 polypeptide gives plants having increased yield and/or increased stress
resistance relative to control plants. Preferably the decreased level of activity is obtained
by modulating expression in a plant of a nucleic acid encoding a fragment of a DEL1
polypeptide or by downregulating the expression of a DEL 7 gene or a variant thereof.
Preferably, the DEL1 polypeptide is of plant origin.

According to one embodiment of the present invention, there is provided a method for
increasing plant seed yield and/or stress resistance relative to control plants, comprising
decreasing expression in a plant of a nucleic acid encoding a DEL1 polypeptide and/or
decreasing activity of a DEL1 polypeptide, and optionally selecting for plants having
increased seed yield and/or stress resistance, wherein said DEL1 protein comprises (a)
two E2F_TDP domains but no dimerization domain and (b) more than one of the motifs
of: SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12 and SEQ ID NO: 13.

According to another embodiment, there is provided a method for increasing plant seed
yield and/or stress resistance, relative to control plants, comprisihg introducing and
expressing in a plant a DEL1 nucleic acid or variant thereof.

RECEIVED TIME 12. FEB.  9:19
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According to yet another embodiment, there is provided a construct when used to
increase plant seed yield and/or stress resistance relative to control plants, said construct
comprising:

i) a DEL1 nucleic acid or variant thereof;

i) one or more control sequences capable of driving expression of the
nucleic acid sequence of (a) such that expression of an endogenous DEL1
gene DEL1 protein comprising (A) two E2F_TDP domains but no
dimerisation domain and (B) more than one of the motifs of: SEQ ID NO:
9, SEQID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12 and SEQ ID NO: 13 is
silenced; and optionally

i)~ atranscription termination sequence.

According to yet another embodiment, there is provided a method for the production of a
transgenic plant having increased seed yield and/or increased stress resistance, which
method comprises:
i) introducing and expressing in a plant or plant cell a DEL 1 nucleic acid or
variant thereof arranged for the silencing of an endogenous DEL1 gene;
1)) cultivating the plant cell under conditions promoting plant growth and

development.

Any reference hereinafter to a "protein useful in the methods of the invention" is taken to
mean a DEL1 polypeptide as defined herein. Any reference hereinafter to a "nucleic acid
useful in the methods of the invention" is taken to mean a nucleic acid capable of
encoding such a DEL1 polypeptide. The terms "polypeptide” and "protein" are used
interchangeably herein and refer to amino acids in a polymeric form 6f any length. The
terms "polynucleotide(s)", "nucleic acid sequence(s)", "nucleotide sequence(s)"

"gene(s)"are used interchangeably herein and

#”
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refer to nucleotides, either ribonucleotides or deoxyribonucleotides or a combination of both, in
a polymeric form of any length.

The choice of suitable control plants is a routine part of an experimental setup and may include
corresponding wild type plants or corresponding plants without the gene of interest. The
control plant is typically of the same plant species or even of the same variety as the plant to
be assessed. The control plant may also be a nullizygote of the plant to be assessed. A
“control plant” as used herein refers not only to whole plants, but also to plant parts, including

seeds and seed parts.

Advantageously, performance of the methods according to the present invention results in
plants having increased vyield, particularly increased seed yield and/or increased biomass,
relative to control plants.

The term “yield” in general means a measurable produce of economic value, necessarily
related to a specified crop, to an area, and to a period of time. Individual plant parts directly
contribute to yield based on their number, size and/or weight, whereas the actual yield is the
yield per acre for a crop and year, which is determined by dividing total production (includes
both harvested and appraised production) by planted acres.

The terms “increase”, “improving” or “improve” are interchangeable and shall mean in the
sense of the application at least a 5%, 6%, 7%, 8%, 9% or 10%, preferably at least 15% or
20%, more preferably 25%, 30%, 35% or 40% more yield and/or growth in comparison to the
wild type plant as defined herein.

The term “increased yield” as defined herein is taken to mean an increase in any one or more
of the following, each relative to control plants: (i) increased biomass (weight) of one or more
parts of a plant, particularly aboveground (harvestable) parts, increased root biomass or
increased biomass of any other harvestable part; (ii) increased total seed yield, which includes
an increase in seed biomass (seed weight) and which may be an increase in the seed weight
per plant or on an individual seed basis; (iii) increased number of flowers per plant; (iv)
increased number of (filled) seeds; (v) increased seed filling rate (which is expressed as the
ratio between the number of filled seeds divided by the total number of seeds); (vi) increased
seed size, which may also influence the composition of seeds; (vii) increased seed volume,
which may also influence the composition of seeds (including oil, protein and carbohydrate
total content and composition); (viii) increased individual seed area; (ix) increased individual
seed length and/or seed perimeter; (x) increased harvest index, which is expressed as a ratio

4
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of the yield of harvestable parts, such as seeds, over the total biomass; and (xi) increased
thousand kernel weight (TKW), which is extrapolated from the number of filled seeds counted
and their total weight. An increased TKW may result from an increased seed size and/or seed
weight. An increased TKW may also result from an increase in embryo size and/or endosperm
size. An increase in yield may also result in modified architecture, or may occur as a result of
modified architecture.

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

According to a preferred feature, performance of the methods of the invention result in plants
having increased yield, particularly increased biomass and/or seed yield. Therefore, according
to the present invention, there is provided a method for increasing plant yield, which method
comprises decreasing the level of activity of a DEL1 polypeptide, preferably by modulating
expression in a plant of a nucleic acid encoding a fragment of a DEL1 polypeptide or by
downregulating expression of a DEL 1 gene or a variant thereof.

Since the transgenic plants according to the present invention have increased yield, it is likely
that these plants exhibit an increased growth rate (during at least part of their life cycle),
relative to the growth rate of control plants at a corresponding stage in their life cycle. The
increased growth rate may be specific to one or more parts of a plant (including seeds), or may
be throughout substantially the whole plant. Plants having an increased growth rate may have
a shorter life cycle. The life cycle of a plant may be taken to mean the time needed to grow
from a dry mature seed up to the stage where the plant has produced dry mature seeds,
similar to the starting material. This life cycle may be influenced by factors such as early
vigour, growth rate, greenness index, flowering time and speed of seed maturation. The
increase in growth rate may take place at one or more stages in the life cycle of a plant or
during substantially the whole plant life cycle. Increased growth rate during the early stages in

5
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the life cycle of a plant may reflect enhanced vigour. The increase in growth rate may alter the
harvest cycle of a plant allowing plants to be sown later and/or harvested sooner than would
otherwise be possible (a similar effect may be obtained with earlier flowering time). |If the
growth rate is sufficiently increased, it may allow for the further sowing of seeds of the same
plant species (for example sowing and harvesting of rice plants followed by sowing and
harvesting of further rice plants all within one conventional growing period). Similarly, if the
growth rate is sufficiently increased, it may allow for the further sowing of seeds of different
plants species (for example the sowing and harvesting of rice plants followed by, for example,
the sowing and optional harvesting of soy bean, potato or any other suitable plant). Harvesting
additional times from the same rootstock in the case of some crop plants may also be possible.
Altering the harvest cycle of a plant may lead to an increase in annual biomass production per
acre (due to an increase in the number of times (say in a year) that any particular plant may be
grown and harvested). An increase in growth rate may also allow for the cultivation of
transgenic plants in a wider geographical area than their wild-type counterparts, since the
territorial limitations for growing a crop are often determined by adverse environmental
conditions either at the time of planting (early season) or at the time of harvesting (late
season). Such adverse conditions may be avoided if the harvest cycle is shortened. The
growth rate may be determined by deriving various parameters from growth curves, such
parameters may be: T-Mid (the time taken for plants to reach 50% of their maximal size) and
T-90 (time taken for plants to reach 90% of their maximal size), amongst others.

Performance of the methods of the invention gives plants having an increased growth rate.
Therefore, according to the present invention, there is provided a method for increasing yield in
plants, which method comprises decreasing the level of activity of a DEL1 polypeptide,
preferably by modulating expression in a plant of a nucleic acid encoding a fragment of a DEL1
polypeptide or by downregulating expression of a DEL1 gene or a variant thereof.

Advantageously, performance of the methods according to the present invention results in
plants having increased stress resistance, relative to control plants.

Transgenic plants obtained by the method have increased stress resistance; i.e. are capable of
growing normally under environmental conditions in which control plants show reduced growth,
metabolism, viability, productivity and/or male or female sterility. An increase in yield and/or
growth rate occurs whether the plant is under non-stress conditions or whether the plant is
exposed to various stresses compared to control plants. The term tolerance as used herein
encompasses protection against stress ranging from a delay to substantially a complete
inhibition of alteration in cellular metabolism, reduced cell growth and/or cell death caused by

6
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stress conditions. Plants typically respond to exposure to stress by growing more slowly. In
conditions of severe stress, the plant may even stop growing altogether. Mild stress on the
other hand is defined herein as being any stress to which a plant is exposed which does not
result in the plant ceasing to grow altogether without the capacity to resume growth. Mild
stress in the sense of the invention leads to a reduction in the growth of the stressed plants of
less than 40%, 35% or 30%, preferably less than 25%, 20% or 15%, more preferably less than
14%, 13%, 12%, 11% or 10% or less in comparison to the control plant under non-stress
conditions. Due to advances in agricultural practices (irrigation, fertilization, pesticide
treatments) severe stresses are not often encountered in cultivated crop plants. As a
consequence, the compromised growth induced by mild stress is often an undesirable feature
for agriculture. Mild stresses are the typical stresses to which a plant may be exposed. These
stresses may be the everyday biotic and/or abiotic (environmental) stresses to which a plant is
exposed. Typical abiotic or environmental stresses include temperature stresses caused by
atypical hot or cold/freezing temperatures; salt stress; water stress (drought or excess water),
UV radiation stress. Sunlight does not only contain radiation of the right wavelengths for
photosynthesis: radiation of shorter wavelengths, such as ultraviolet-B radiation (UV-B, 280-
320 nm) is also present. UV-B is damaging to living organisms since cellular components
such as proteins and nucleic acids absorb this energy-rich radiation. Many studies have
shown deleterious UV-B effects such as reduced photosynthesis, biomass reduction,
decreased protein synthesis and impaired chloroplast function, as well as damage to DNA. In
addition, the expression of many genes is changed by UV-B irradiation: e.g., transcription of
defence genes is increased, whereas mRNA levels for chloroplastic genes decline. Chemicals
may also cause abiotic stresses. Biotic stresses are typically those stresses caused by
pathogens, such as bacteria, viruses, fungi and insects. The term “non-stress” conditions as
used herein are those environmental conditions that do not significantly go beyond the normal
climatic and other abiotic stress conditions that plants may encounter and that allow optimal
growth of plants. Persons skilled in the art are aware of normal soil conditions and climatic
conditions for a given geographic location.

According to another preferred feature, performance of the methods of the invention result in
plants having increased stress resistance. Therefore, according to the present invention, there
is provided a method for increasing stress resistance of a plant, which method comprises
decreasing the level of activity of a DEL1 polypeptide, preferably by modulating expression in a
plant of a nucleic acid encoding a fragment of a DEL1 polypeptide or by downregulating
expression of a DEL1 gene or a variant thereof.

The abovementioned growth characteristics may advantageously be modified in any plant.

7
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The term “plant” as used herein encompasses whole plants, ancestors and progeny of the
plants and plant parts, including seeds, shoots, stems, leaves, roots (including tubers), flowers,
and tissues and organs, wherein each of the aforementioned comprise the gene/nucleic acid of
interest. The term “plant” also encompasses plant cells, suspension cultures, callus tissue,
embryos, meristematic regions, gametophytes, sporophytes, pollen and microspores, again
wherein each of the aforementioned comprise the gene/nucleic acid of interest.

Plants that are particularly useful in the methods of the invention include all plants which
belong to the superfamily Viridiplantae, in particular monocotyledonous and dicotyledonous
plants including fodder or forage legumes, ornamental plants, food crops, trees or shrubs
selected from the list comprising Acer spp., Actinidia spp., Abelmoschus spp., Agropyron spp.,
Allium spp., Amaranthus spp., Ananas comosus, Annona spp., Apium graveolens, Arachis
spp, Artocarpus spp., Asparagus officinalis, Avena spp. (e.g. Avena sativa, Avena fatua,
Avena byzantina, Avena fatua var. sativa, Avena hybrida), Averrhoa carambola, Benincasa
hispida, Bertholletia excelsea, Beta vulgaris, Brassica spp. (e.q. Brassica napus, Brassica rapa
ssp. [canola, oilseed rape, turnip rapel), Cadaba farinosa, Camellia sinensis, Canna indica,
Capsicum spp., Carex elata, Carica papaya, Carissa macrocarpa, Carya spp., Carthamus
tinctorius, Castanea spp., Cichorium endivia, Cinnamomum spp., Citrullus lanatus, Citrus spp.,
Cocos spp., Coffea spp., Colocasia esculenta, Cola spp., Coriandrum sativum, Corylus spp.,
Crataegus spp., Crocus sativus, Cucurbita spp., Cucumis spp., Cynara spp., Daucus carota,
Desmodium spp., Dimocarpus longan, Dioscorea spp., Diospyros spp., Echinochloa spp.,
Elaeis (e.g. Elaeis guineensis, Elaeis oleifera), Eleusine coracana, Eriobotrya japonica,
Eugenia uniflora, Fagopyrum spp., Fagus spp., Ficus carica, Fortunella spp., Fragaria spp.,
Ginkgo biloba, Glycine spp. (e.g. Glycine max, Soja hispida or Soja max), Gossypium
hirsutum, Helianthus spp. (e.g. Helianthus annuus), Hemerocallis fulva, Hibiscus spp.,
Hordeum spp. (e.g. Hordeum vulgare), Ipomoea batatas, Juglans spp., Lactuca sativa,
Lathyrus spp., Lens culinaris, Linum usitatissimum, Litchi chinensis, Lotus spp., Luffa
acutangula, Lupinus spp., Luzula sylvatica, Lycopersicon spp. (e.g. Lycopersicon esculentum,
Lycopersicon lycopersicum, Lycopersicon pyriforme), Macrotyloma spp., Malus spp., Malpighia
emarginata, Mammea americana, Mangifera indica, Manihot spp., Manilkara zapota, Medicago
sativa, Melilotus spp., Mentha spp., Momordica spp., Morus nigra, Musa spp., Nicotiana spp.,
Olea spp., Opuntia spp., Ornithopus spp., Oryza spp. (e.g9. Oryza sativa, Oryza latifolia),
Panicum miliaceum, Passiflora edulis, Pastinaca sativa, Persea spp., Petroselinum crispum,
Phaseolus spp., Phoenix spp., Physalis spp., Pinus spp., Pistacia vera, Pisum spp., Poa spp.,
Populus spp., Prosopis spp., Prunus spp., Psidium spp., Punica granatum, Pyrus communis,
Quercus spp., Raphanus sativus, Rheum rhabarbarum, Ribes spp., Ricinus communis, Rubus
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spp., Saccharum spp., Sambucus spp., Secale cereale, Sesamum spp., Sinapis sp., Solanum
spp. (e.g. Solanum tuberosum, Solanum integrifolium or Solanum lycopersicum), Sorghum
bicolor, Spinacia spp., Syzygium spp., Tagetes spp., Tamarindus indica, Theobroma cacao,
Trifolium spp., Triticosecale rimpaui, Triticum spp. (e.g. Triticum aestivum, Triticum durum,
Triticum turgidum, Triticum hybernum, Triticum macha, Triticum sativum or Triticum vulgare),
Tropaeolum minus, Tropaeolum majus, Vaccinium spp., Vicia spp., Vigna spp., Viola odorata,
Vitis spp., Zea mays, Zizania palustris, Ziziphus spp., amongst others.

According to a preferred embodiment of the present invention, the plant is a crop plant.
Examples of crop plants include soybean, sunflower, canola, alfalfa, rapeseed, cotton, tomato,
potato and tobacco. Further preferably, the plant is a monocotyledonous plant. Examples of
monocotyledonous plants include sugarcane. More preferably the plant is a cereal. Examples
of cereals include rice, maize, wheat, barley, millet, rye, sorghum and oats.

The term “DEL1 polypeptide” as defined herein refers to an E2F-like protein with two DNA
binding domains of the winged-helix type (E2F_TDP domain, Pfam PF02319, Interpro
IPR0O03316), but lacking a dimerisation domain; see for example Figure 1. Preferably, the
DEL1 polypeptide comprises the signature sequence 1 (SEQ ID NO: 9)

(Y/T/P) (S/D)RK(Q/D)KSL(G/W) (L/T)LC(T/E/Q/S) (N/R/K)F(L/V) (A/S/T/R) (L/I/R)Y (N/
G/P/D)

Further preferably, the signature sequence 1 is

(Y/T/P) (S/D)RK(Q/D)KSL(G/W) (L/T)LC(T/E/Q/S) (N/R/K)F (L/V) (A/S/T) (L/I/R)Y(N/G/
P/D)

More preferably, the signature sequence 1 is
(Y/T) (S/D)RK(Q/D)KSL(G/W) (L/T)LC(T/E/S) (N/R)F (L/V) (A/S/T) (L/I)Y(N/G/D)

Most preferably, the signature sequence 1 is YSRKOKSLGLLCTNFLALYN

Alternative signature sequences for characterising a DEL1 polypeptide include:

signature sequence 2 (SEQ ID NO: 10):

(G/S)LD(D/E) (A/V)A(S/A/T/V/R/K) (K/R/S) LGVE;

signature sequence 3 (SEQ ID NO: 11):

R(R/K) (E/D)KSL(G/A/R) (I/L) (L/M) (T/S) (Q/K) (K/N)F (I/V) (K/Q/M)LF (I1/V/L/T) (C/A/V
/M/N/T) (S/E/T/M);

signature sequence 4 (SEQ ID NO: 12):

(I/v/L) (S/T)L(D/E) (D/T/V/E)AA(K/R) (L/I/C/R) (L/I) (L/M/I) (G/E),

and signature sequence 5 (SEQ ID NO: 13):

(T/A)K(V/I)RRLYDIAN (V/I)L(S/C/T)S (M/L) (N/R/A/H/Q) (L/F)I(E/R/K/D)K(T/V/I) (H/Q
/T) (T/V/Q/H) (L/G/A/T/V/P) (D/E) (S/T/E)R(K/G) (P/R) (A/K) (F/P) (K/L/A/R) (W/F) (L/K
).
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Preferably, signature sequence 2 is (G/S)LDDAA(S/A/T/R/K) (K/R) LGVE, most preferably
signature sequence 2 is GLDDAASKLGVE.

Furthermore, signature sequence 3 is preferably

R(R/K) (E/D)KSL(G/A/R) (I/L) (L/M) (T/S)Q(K/N)F (I/V) (K/Q/M)LF (I/V/L/T) (C/A/V/M/N
/T) (S/E/M),

more preferably, signature sequence 3 is

R(R/K)EKSL(G/A) LL(T/S)Q(K/N)F (I/V) (K/Q)LF(I/V/L/T) (C/A/M/N/T) (S/M),

most preferably signature sequence 3 is RREKSLGLLTQNFIKLFICS.

Signature sequence 4 is preferably

(I/V) (S/T)L(D/E) (D/T/V/E)AA(K/R) (L/I) (L/I) (L/M/1) (G/E)

More preferably, signature sequence 4 is

(I1/V)SL(D/E) (D/T/E)AA(K/R) (L/I) (L/I) (L/M)G, most preferably signature sequence 4 is
ISLDDAAKLLLG.

Signature sequence 5 is preferably
(T/A)K(V/I)RRLYDIAN(V/I)L(S/C/T)S(M/L) (N/R/A) (L/F)I(E/R/K/D)K(T/V/I) (H/Q) (T/
V/Q) (L/G/A/T) (D/E) (S/T/E)R(K/G) (P/R) (A/K) (F/P) (K/L/A/R) (W/F) (L/K)

More preferably signature sequence 5 is
(T/A)K(V/I)RRLYDIAN(V/I)L(S/C/T)S(M/L) (N/R) (L/F)I(E/R/D)K(T/V/I) (H/Q) (T/V/Q)

(L/G/A/T) (D/E) (S/T)RKPAF (K/L/R)WL, most preferably signature sequence 5 is
TKVRRLYDIANVLSSMNLIEKTHTLDSRKPAFKWL.

Most preferably, the DEL1 protein is as represented by SEQ ID NO: 8.

The proteins of the invention are identifiable by the presence of the E2F_TDP domain
domain(s) (shown in Figure 1). The term "domain” refers to a set of amino acids conserved at
specific positions along an alignment of sequences of evolutionarily related proteins. While
amino acids at other positions can vary between homologues, amino acids that are highly
conserved at specific positions indicate amino acids that are essential in the structure, stability
or activity of a protein. Identified by their high degree of conservation in aligned sequences of
a family of protein homologues, they can be used as identifiers to determine if any polypeptide
in question belongs to a previously identified polypeptide family (in this case, the proteins
useful in the methods of the invention and nucleic acids encoding the same as defined herein).

The term “motif” or “consensus sequence” or “signature sequence” refers to a short conserved
region in the sequence of evolutionarily related proteins. Motifs are frequently highly
conserved parts of domains, but may also include only part of the domain, or be located
outside of conserved domain (if all of the amino acids of the motif fall outside of a defined
domain). A person skilled in the art will know that in the signature sequences, on positions
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where 3 or more amino acids are possible, the sequence is not very conserved and that
mismatches may occur on these positions.

The term “DEL1 polypeptide” also encompasses homologues of SEQ ID NO: 8. By aligning
other protein sequences with SEQ ID NO: 8, the corresponding signature sequences detailed
above may easily be identified. In this way, DEL1 polypeptides or homologues thereof may
readily be identified, using routine techniques well known in the art, such as by sequence
alignment. Specialist databases also exist for the identification of domains, for example,
SMART (Schultz et al. (1998) Proc. Natl. Acad. Sci. USA 95, 5857-5864; Letunic et al. (2002)
Nucleic Acids Res 30, 242-244, InterPro (Mulder et al., (2003) Nucl. Acids. Res. 31, 315-318,
Prosite (Bucher and Bairoch (1994), A generalized profile syntax for biomolecular sequences
motifs and its function in automatic sequence interpretation. (In) ISMB-94; Proceedings 2nd
International Conference on Intelligent Systems for Molecular Biology. Altman R., Brutlag D.,
Karp P., Lathrop R., Searls D., Eds., pp53-61, AAAIPress, Menlo Park; Hulo et al., Nucl. Acids.
Res. 32:D134-D137, (2004), or Pfam (Bateman et al., Nucleic Acids Research 30(1): 276-280
(2002). A set of tools for in silico analysis of protein sequences is available on the ExPASY
proteomics server (hosted by the Swiss Institute of Bioinformatics (Gasteiger et al., ExPASy:
the proteomics server for in-depth protein knowledge and analysis, Nucleic Acids Res.
31:3784-3788(2003)).

Domains may also be identified using routine techniques, such as by sequence alignment.
Methods for the alignment of sequences for comparison are well known in the art, such
methods include GAP, BESTFIT, BLAST, FASTA and TFASTA. GAP uses the algorithm of
Needleman and Wunsch ((1970) J Mol Biol 48: 443-453) to find the global (i.e. spanning the
complete sequences) alignment of two sequences that maximizes the number of matches and
minimizes the number of gaps. The BLAST algorithm (Altschul et al. (1990) J Mol Biol 215:
403-10) calculates percent sequence identity and performs a statistical analysis of the
similarity between the two sequences. The software for performing BLAST analysis is publicly
available through the National Centre for Biotechnology Information (NCBI). Homologues may
readily be identified using, for example, the ClustalW multiple sequence alignment algorithm
(version 1.83), with the default pairwise alignment parameters, and a scoring method in
percentage. Global percentages of similarity and identity may also be determined using one of
the methods available in the MatGAT software package (Campanella et al., BMC
Bioinformatics. 2003 Jul 10;4:29. MatGAT: an application that generates similarity/identity
matrices using protein or DNA sequences.). Minor manual editing may be performed to
optimise alignment between conserved motifs, as would be apparent to a person skilled in the
art. Furthermore, instead of using full-length sequences for the identification of homologues,
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specific domains (such as the E2F_TDP domain, or one of the motifs defined above) may be
used as well. The sequence identity values, which are indicated below in Example 3 as a
percentage were determined over the entire nucleic acid or amino acid sequence, and/or over
selected domains or conserved motif(s), using the programs mentioned above using the
default parameters.

Examples of DEL1 polypeptides or homologues are provided in Example 1.

An assay may be carried out to determine DEL1 activity. Examples of assays for determining
DEL1 activity are provided in Example 6.

The sequence given in SEQ ID NO: 21 represents a hitherto unknown DEL1 protein. There is
therefore provided an isolated DEL1 polypeptide selected from the group consisting of:
(a) a polypeptide as given in SEQ ID NO 21,
(b) a polypeptide with an amino acid sequence which has at least 60% sequence
identity, preferably 70% sequence identity, more preferably 80% or 90% sequence
identity, most preferably 95%, 96%, 97%, 98% or 99% sequence identity to the amino
acid sequence as given in SEQ ID NO 21,
(c) a homologue, a derivative, and/or functional fragment of a protein as defined in
(a) or (b).

It is to be understood that sequences falling under the definition of “DEL1 polypeptide or
homologue thereof” are not to be limited to the sequences represented by SEQ ID NO: 8, SEQ
ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, SEQ ID NO: 21, SEQ ID NO: 23, SEQ ID NO: 25,
SEQ ID NO: 27, SEQ ID NO: 29 or SEQ ID NO: 31, but that any polypeptide comprising two
DNA binding domains of the winged-helix type (E2F_TDP domain) as described by Pfam
record PF02319 or Interpro record IPR003316 but lacking a dimerisation domain and/or
comprising one or more of the signature sequences detailed in SEQ ID NO: 9, 10, 11, 12 and
13 may be suitable for use in the methods of the invention.

Also useful in the methods of the invention are homologues of any one of the amino acid
sequences given in table A of Example 1. “Homologues” of a protein encompass peptides,
oligopeptides, polypeptides, proteins and enzymes having amino acid substitutions, deletions
and/or insertions relative to the unmodified protein in question and having similar biological
and functional activity as the unmodified protein from which they are derived.

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

A substitution refers to replacement of amino acids of the protein with other amino acids
having similar properties. Amino acid substitutions are typically of single residues, but may be
clustered depending upon functional constraints placed upon the polypeptide; insertions will
usually be of the order of about 1 to 10 amino acid residues. Preferably, amino acid
substitutions comprise conservative amino acid substitutions. To produce such homologues,
amino acids of the protein may be replaced by other amino acids having similar properties
(such as similar hydrophobicity, hydrophilicity, antigenicity, propensity to form or break a-
helical structures or B-sheet structures). Conservative substitution tables are well known in the
art (see for example Creighton (1984) Proteins. W.H. Freeman and Company and Table 1
below).

Table 1: Examples of conserved amino acid substitutions

Residue | Conservative Substitutions | Residue | Conservative Substitutions
Ala Ser Leu lle; Val

Arg Lys Lys Arg; Gin

Asn GlIn; His Met Leu; lle

Asp Glu Phe Met; Leu; Tyr
Gin Asn Ser Thr; Gly

Cys Ser Thr Ser; Val

Glu Asp Trp Tyr

Gly Pro Tyr Trp; Phe

His Asn; GIn Val lle; Leu

lle Leu, Val

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

Also useful in the methods of the invention are derivatives of any one of the polypeptides given
in table A of Example 1 or orthologues or paralogues of any of the aforementioned SEQ ID
Nos. “Derivatives” include peptides, oligopeptides, polypeptides which may, compared to the
amino acid sequence of the naturally-occurring form of the protein, such as the one presented
in SEQ ID NO: 8, comprise substitutions of amino acids with non-naturally occurring amino
acid residues, or additions of non-naturally occurring amino acid residues. Derivatives of the
polypeptides given in table A of Example 1 are further examples which may be suitable for use
in the methods of the invention. Derivatives useful in the methods of the present invention
preferably have similar biological and functional activity as the unmodified protein from which
they are derived.

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

amino acid sequence of a naturally-occurring protein.

It is envisaged that decrease of DEL1 activity may also be obtained by modifying the DNA
binding domain(s) in a DEL1 protein by deleting, adding or substituting amino acids as
described above. Such modified DEL1 proteins may also be useful in the methods of the
present invention. Also derivatives of DEL1 proteins, wherein the DNA binding domain(s) is or

are modified are envisaged to be useful in the methods of the present invention.

Encompassed by the term “homologues” are orthologous sequences and paralogous
sequences, two special forms of homology which encompass evolutionary concepts used to
describe ancestral relationships of genes.
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The term “paralogous” relates to gene-duplications within the genome of a species leading to
paralogous genes. Paralogues of DEL1 may easily be identified by performing a BLAST
analysis against a set of sequences from the same species as the query sequence.

Orthologues and paralogues may easily be found by performing a so-called reciprocal blast
search. Typically, this involves a first BLAST involving BLASTing a query sequence (for
example using any of the sequences listed in table A of Example 1) against any sequence
database, such as the publicly available NCBI database. BLASTN or TBLASTX (using
standard default values) are generally used when starting from a nucleotide sequence, and
BLASTP or TBLASTN (using standard default values) when starting from a protein sequence.
The BLAST results may optionally be filtered. The full-length sequences of either the filtered
results or non-filtered results are then BLASTed back (second BLAST) against sequences
from the organism from which the query sequence is derived (where the query sequence is
SEQ ID NO: 7 or SEQ ID NO: 8, the second BLAST would therefore be against Arabidopsis
thaliana sequences). The results of the first and second BLASTs are then compared. A
paralogue is identified if a high-ranking hit from the first blast is from the same species as from
which the query sequence is derived, a BLAST back then ideally results in the query sequence
as highest hit; an orthologue is identified if a high-ranking hit in the first BLAST is not from the
same species as from which the query sequence is derived, and preferably results upon
BLAST back in the query sequence being among the highest hits.

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

Table A of Example 1 gives examples of orthologues and paralogues of the DEL1 protein

represented by SEQ ID NO 8. Further orthologues and paralogues may readily be identified
using the BLAST procedure described above.
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A DEL1 polypeptide is encoded by a DEL1T nucleic acid/gene. Therefore the term “DEL1
nucleic acid/gene” as defined herein is any nucleic acid/gene encoding a DEL1 polypeptide as
defined above.

Examples of DEL1 nucleic acids include but are not limited to those represented in Table A of
Example 1.

The sequence represented by SEQ ID NO: 20 was hitherto unknown. There is therefore
provided an isolated nucleic acid sequence comprising:

(i) a nucleic acid sequence represented by SEQ ID NO: 20, or the complement strand
thereof;

(i) a nucleic acid sequence encoding an amino acid sequence as defined above in (a)
to (c);

(iii) a nucleic acid sequence capable of hybridising (preferably under stringent
conditions) with a nucleic acid sequence of (i) or (ii) above, which hybridising
sequence preferably encodes a protein having yield and/or stress resistance
increasing activity;

(iv) a nucleic acid which is an allelic variant to the nucleic acid sequences according to
(i) to (iii);

(v) a nucleic acid which is a splice variant to the nucleic acid sequences according to
(i) to (iii);

(vi) a nucleic acid sequence which has in increasing order of preference 60%, 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% sequence identity to SEQ ID
NO: 20 or the complement thereof; and

(vii)  a portion of a nucleic acid sequence according to any of (i) to (vi) above, which
portion preferably encodes a protein having yield and/or stress resistance

increasing activity.

Nucleic acids encoding DEL1 proteins useful in the methods of the invention need not be full-
length nucleic acids, since performance of the methods of the invention does not rely on the
use of full-length nucleic acid sequences. Examples of DEL1 nucleic acids suitable for use in
performing the methods of the invention include the nucleic acid sequences given in table A of
Example 1, but are not limited to those sequences. Nucleic acid variants may also be useful in
practising the methods of the invention. Examples of such nucleic acid variants include
portions of nucleic acids encoding a protein useful in the methods of the invention, nucleic
acids hybridising to nucleic acids encoding a protein useful in the methods of the invention,
splice variants of nucleic acids encoding a protein useful in the methods of the invention, allelic
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variants of nucleic acids encoding a protein useful in the methods of the invention and variants
of nucleic acids encoding a protein useful in the methods of the invention that are obtained by
gene shuffling. The terms portion, hybridising sequence, splice variant, allelic variant and
gene shuffling will now be described.

According to the present invention, there is provided a method for improving growth
characteristics of plants, comprising introducing and expressing in a plant a portion of any one
of the nucleic acid sequences given in table A of Example 1, or a portion of a nucleic acid
encoding an orthologue, paralogue or homologue of any of the amino acid sequences given in
table A of Example 1.

The term portion as defined herein refers to a piece of a DNA encoding a DEL1 polypeptide,
which piece encodes a polypeptide that lacks at least part of one of the DNA binding domains,
but comprises at least the part located C-terminally of the DNA binding domains, and optionally
also one or more of the signature sequences defined above. A portion may be prepared, for
example, by making one or more deletions to a DEL 1 nucleic acid. The portions may be used
in isolated form or they may be fused to other coding (or non coding) sequences in order to, for
example, produce a protein that combines several activities. When fused to other coding
sequences, the resulting polypeptide produced upon translation may be bigger than that
predicted for the DEL1 fragment. Preferably, the portion is a portion of a nucleic acid as
represented by any one of the sequences listed in Table A of Example 1. More preferably, the
portion of a nucleic acid encodes a DEL1 polypeptide that comprises at least the part located
C-terminally of the DNA binding domains, and optionally also one or more of the signature
sequences defined above, but that lacks at least part of a DNA binding domain or that lacks
one or both DNA binding that domains, such deletion resulting in the loss of DNA-binding
activity. Most preferably the portion of a nucleic acid is as represented by SEQ ID NO: 1 or
encodes a polypeptide represented by SEQ ID NO: 2.

The term “fragment of a DEL1 polypeptide” as used in this invention (hereafter named DEL1f)
refers to a DEL1 protein as defined above in which at least part of a DNA binding domain is
deleted or that lacks one or both DNA binding domains, but that still comprises the part located
C-terminally of the DNA binding domains, and that optionally also comprises on or more of the
signature sequences as defined above, such deletion resulting in the loss of DNA-binding
activity. Preferably, DEL1f lacks part of the first DNA binding domain, most preferably, DEL1f
is as represented by SEQ ID NO: 2.
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Another variant of a DEL1 nucleic acid/gene is a nucleic acid capable of hybridising under
reduced stringency conditions, preferably under stringent conditions, with a DELT nucleic
acid/gene as hereinbefore defined, which hybridising sequence encodes a polypeptide
comprising at least the sequence located C-terminally of the DNA-binding domains, and
preferably also one or more of the signature sequences defined above. The hybridising
sequence is typically at least 600 consecutive nucleotides in length, preferably at 800
consecutive nucleotides in length, more preferably at least 1000 consecutive nucleotides in
length and most preferably at least 1200 consecutive nucleotides in length, the consecutive
nucleotides being of any one of the nucleic acid sequences given in table A of Example 1.
Preferably, the hybridising sequence is one that is capable of hybridising to a nucleic acid
encoding proteins as represented in Table A of Example 1, or to a portion of any of the
aforementioned sequences. Most preferably the hybridising sequence is capable of
hybridising to SEQ ID NO: 1 or SEQ ID NO: 7.

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

stranded nucleic acids.

The term “stringency” refers to the conditions under which a hybridisation takes place. The
stringency of hybridisation is influenced by conditions such as temperature, salt concentration,
ionic strength and hybridisation buffer composition. Generally, low stringency conditions are
selected to be about 30°C lower than the thermal melting point | for the specific sequence at a
defined ionic strength and pH. Medium stringency conditions are when the temperature is
20°C below T, and high stringency conditions are when the temperature is 10°C below T,.
High stringency hybridisation conditions are typically used for isolating hybridising sequences
that have high sequence similarity to the target nucleic acid sequence. However, nucleic acids
may deviate in sequence and still encode a substantially identical polypeptide, due to the
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degeneracy of the genetic code. Therefore medium stringency hybridisation conditions may
sometimes be needed to identify such nucleic acid molecules.

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

(i) DNA-DNA hybrids (Meinkoth and Wahl, Anal. Biochem., 138: 267-284, 1984):
Tm=81.5°C + 16.6xlogo[Na+]* + 0.41x%[G/C°] — 500x[L]" — 0.61x% formamide
(ii) DNA-RNA or RNA-RNA hybrids:
Tm=79.8 + 18.5 (logso[Na+]?) + 0.58 (%G/C®) + 11.8 (%G/C®)* — 820/L°
(iii) oligo-DNA or oligo-RNA? hybrids:
For <20 nucleotides: Tm=2 (l,)
For 20-35 nucleotides: Tm=22 + 1.46 (I,)

% or for other monovalent cation, but only accurate in the 0.01-0.4 M range.

® only accurate for %GC in the 30% to 75% range.

° L = length of duplex in base pairs.

? Oligo, oligonucleotide; I, effective length of primer = 2x(no. of G/C)+(no. of A/T).

Non-specific binding may be controlled using<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>