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ABSTRACT 

The invention relates to plant transcription factor polypep 
tides, polynucleotides that encode them, homologs from a 
variety of plant species, and methods of using the polynucle 
otides and polypeptides to produce transgenic plants having 
advantageous properties compared to a reference plant. 
Sequence information related to these polynucleotides and 
polypeptides can also be used in bioinformatic search meth 
ods and is also disclosed. 
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POLYNUCLEOTIDES AND POLYPEPTIDES IN 
PLANTS 

RELATIONSHIP TO COPENDING 
APPLICATIONS 

[0001] This application claims the bene?t of US. Non 
provisional application Ser. No. 09/837,944; ?led Apr. 18, 
2001; US. Provisional Application No. 60/310,847, ?led 
Aug. 9, 2001; US. Non-provisional application Ser. No. 
09/934,455, ?led Aug. 22, 2001; US. Provisional Applica 
tion No. 60/336,049, ?led Nov. 19, 2001; US. Provisional 
Application No. 60/338,692, ?led Dec. 11, 2001; US. 
Non-provisional application Ser. No. 10/ 171,468, ?led Jun. 
14, 2002; US. Non-provisional application Ser. No. 10/225, 
066, ?led Aug. 9, 2002; US. Non-provisional application 
Ser. No. 10/225,067, ?led Aug. 9, 2002; and US. Non 
provisional application Ser. No. 10/225,068, ?led Aug. 9, 
2002, the contents of Which are hereby incorporated by 
reference in their entirety. 

TECHNICAL FIELD 

[0002] This invention relates to the ?eld of plant biology. 
More particularly, the present invention pertains to compo 
sitions and methods for modifying a plant phenotypically. 

BACKGROUND OF THE INVENTION 

[0003] A plant’s traits, such as its biochemical, develop 
mental, or phenotypic characteristics, may be controlled 
through a number of cellular processes. One important Way 
to manipulate that control is through transcription factorsi 
proteins that in?uence the expression of a particular gene or 
sets of genes. Transformed and transgenic plants that com 
prise cells having altered levels of at least one selected 
transcription factor, for example, possess advantageous or 
desirable traits. Strategies for manipulating traits by altering 
a plant cell’s transcription factor content can therefore result 
in plants and crops With neW and/or improved commercially 
valuable properties. 

[0004] Transcription factors can modulate gene expres 
sion, either increasing or decreasing (inducing or repressing) 
the rate of transcription. This modulation results in differ 
ential levels of gene expression at various developmental 
stages, in different tissues and cell types, and in response to 
different exogenous (e.g., environmental) and endogenous 
stimuli throughout the life cycle of the organism. 

[0005] Because transcription factors are key controlling 
elements of biological pathWays, altering the expression 
levels of one or more transcription factors can change entire 
biological pathWays in an organism. For example, manipu 
lation of the levels of selected transcription factors may 
result in increased expression of economically useful pro 
teins or biomolecules in plants or improvement in other 
agriculturally relevant characteristics. Conversely, blocked 
or reduced expression of a transcription factor may reduce 
biosynthesis of unWanted compounds or remove an unde 
sirable trait. Therefore, manipulating transcription factor 
levels in a plant offers tremendous potential in agricultural 
biotechnology for modifying a plant’ s traits. Anumber of the 
agriculturally relevant characteristics of plants, and desir 
able traits that may be imbued by gene expression are listed 
beloW. 
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Useful Plant Traits 

Category: Abiotic Stress; Desired Trait: Chilling Tolerance 

[0006] The term “chilling sensitivity” has been used to 
describe many types of physiological damage produced at 
loW, but above freeZing, temperatures. Most crops of tropical 
origins such as soybean, rice, maiZe and cotton are easily 
damaged by chilling. Typical chilling damage includes Wilt 
ing, necrosis, chlorosis or leakage of ions from cell mem 
branes. The underlying mechanisms of chilling sensitivity 
are not completely understood yet, but probably involve the 
level of membrane saturation and other physiological de? 
ciencies. For example, photoinhibition of photosynthesis 
(disruption of photosynthesis due to high light intensities) 
often occurs under clear atmospheric conditions subsequent 
to cold late summer/autumn nights. By some estimates, 
chilling accounts for monetary losses in the United States 
(U.S.) second only to drought and ?ooding. For example, 
chilling may lead to yield losses and loWer product quality 
through the delayed ripening of maiZe. Another consequence 
of poor groWth is the rather poor ground cover of maiZe 
?elds in spring, often resulting in soil erosion, increased 
occurrence of Weeds, and reduced uptake of nutrients. A 
retarded uptake of mineral nitrogen could also lead to 
increased losses of nitrate into the ground Water. 

Category: Abiotic Stress; Desired Trait: Freezing Tolerance. 

[0007] Freezing is a major environmental stress that limits 
Where crops can be groWn and reduces yields considerably, 
depending on the Weather in a particular groWing season. In 
addition to exceptionally stressful years that cause measur 
able losses of billions of dollars, less extreme stress almost 
certainly causes smaller yield reductions over larger areas to 
produce yield reductions of similar dollar value every year. 
For instance, in the US, the 1995 early fall frosts are 
estimated to have caused losses of over one billion dollars to 
corn and soybeans. The spring of 1998 saW an estimated 
$200 M of damages to Georgia alone, in the peach, blue 
berry and straWberry industries. The occasional freeZes in 
Florida have shifted the citrus belt further south due to $100 
M or more losses. California sustained $650 M of damage 
in 1998 to the citrus crop due to a Winter freeZe. In addition, 
certain crops such as Eucalyptus, Which has the very favor 
able properties of rapid groWth and good Wood quality for 
pulping, are not able to groW in the southeastern states due 
to occasional freeZes. 

[0008] Inherent Winter hardiness of the crop determines in 
Which agricultural areas it can survive the Winter. For 
example, for Wheat, the northern central portion of the US. 
has Winters that are too cold for good Winter Wheat crops. 
Approximately 20% of the US. Wheat crop is spring Wheat, 
With a market value of $2 billion. Areas groWing spring 
Wheat could bene?t by groWing Winter Wheat that had 
increased Winter hardiness. Assuming a 25% yield increase 
When groWing Winter Wheat, this Would create $500 M of 
increased value. Additionally, the existing Winter Wheat is 
severely stressed by freeZing conditions and should have 
improved yields With increased tolerance to these stresses. 
An estimate of the yield bene?t of these traits is 10% of the 
$4.4 billion Winter Wheat crop in the US. or $444 M of yield 
increase, as Well as better survival in extreme freeZing 
conditions that occur periodically. 

[0009] Thus plants more resistant to freeZing, both mid 
Winter freeZing and sudden freeZes, Would protect a farmers’ 
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investment, improve yield and quality, and allow some 
geographies to grow more pro?table and productive crops. 
Additionally, Winter crops such as canola, Wheat and barley 
have 25% to 50% yield increases relative to spring planted 
varieties of the same crops. This yield increase is due to the 
“head start” the fall planted crop has over the spring planted 
crop and its reaching maturity earlier While the temperatures, 
soil moisture and lack of pathogens provide more favorable 
conditions. 

Category: Abiotic Stress; Desired Trait: Salt Tolerance. 

[0010] One in ?ve hectares of irrigated land is damaged by 
salt, an important historical factor in the decline of ancient 
agrarian societies. This condition is only expected to 
Worsen, further reducing the availability of arable land and 
crop production, since none of the top ?ve food cropsi 
Wheat, corn, rice, potatoes, and soybeanican tolerate 
excessive salt. 

[0011] Detrimental effects of salt on plants are a conse 
quence of both Water de?cit resulting in osmotic stress 
(similar to drought stress) and the effects of excess sodium 
ions on critical biochemical processes. As With freezing and 
drought, high saline causes Water de?cit; the presence of 
high salt makes it dif?cult for plant roots to extract Water 
from their environment (Buchanan et al. (2000) in Biochem 
islry and Molecular Biology of Plants, American Society of 
Plant Physiologists, Rockville, Md.). Soil salinity is thus one 
of the more important variables that determines Where a 
plant may thrive. In many parts of the World, sizable land 
areas are uncultivable due to naturally high soil salinity. To 
compound the problem, salination of soils that are used for 
agricultural production is a signi?cant and increasing prob 
lem in regions that rely heavily on agriculture. The latter is 
compounded by over-utilization, over-fertilization and Water 
shortage, typically caused by climatic change and the 
demands of increasing population. Salt tolerance is of par 
ticular importance early in a plant’s lifecycle, since evapo 
ration from the soil surface causes upWard Water movement, 
and salt accumulates in the upper soil layer Where the seeds 
are placed. Thus, germination normally takes place at a salt 
concentration much higher than the mean salt level in the 
Whole soil pro?le. 

Category: Abiotic Stress; Desired Trait: Drought Tolerance. 

[0012] While much of the Weather that We experience is 
brief and short-lived, drought is a more gradual phenom 
enon, sloWly taking hold of an area and tightening its grip 
With time. In severe cases, drought can last for many years, 
and can have devastating effects on agriculture and Water 
supplies. With burgeoning population and chronic shortage 
of available fresh Water, drought is not only the number one 
Weather related problem in agriculture, it also ranks as one 
of the major natural disasters of all time, causing not only 
economic damage, but also loss of human lives. For 
example, losses from the US. drought of 1988 exceeded $40 
billion, exceeding the losses caused by Hurricane AndreW in 
1992, the Mississippi River ?oods of 1993, and the San 
Francisco earthquake in 1989. In some areas of the World, 
the effects of drought can be far more severe. In the Horn of 
Africa the 1984-1985 drought led to a famine that killed 
750,000 people. 

[0013] Problems for plants caused by loW Water availabil 
ity include mechanical stresses caused by the WithdraWal of 
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cellular Water. Drought also causes plants to become more 
susceptible to various diseases (Simpson (1981). “The Value 
of Physiological Knowledge of Water Stress in Plants”, In 
Water Stress on Plants, (Simpson, G. M., ed.), Praeger, NY, 
pp. 235-265). 

[0014] In addition to the many land regions of the World 
that are too arid for most if not all crop plants, overuse and 
over-utilization of available Water is resulting in an increas 
ing loss of agriculturally-usable land, a process Which, in the 
extreme, results in deserti?cation. The problem is further 
compounded by increasing salt accumulation in soils, as 
described above, Which adds to the loss of available Water in 
soils. 

Category: Abiotic Stress; Desired Trait: Heat Tolerance. 

[0015] Germination of many crops is very sensitive to 
temperature. A transcription factor that Would enhance ger 
mination in hot conditions Would be useful for crops that are 
planted late in the season or in hot climates. 

[0016] Seedlings and mature plants that are exposed to 
excess heat may experience heat shock, Which may arise in 
various organs, including leaves and particularly fruit, When 
transpiration is insufficient to overcome heat stress. Heat 
also damages cellular structures, including organelles and 
cytoskeleton, and impairs membrane function (Buchanan, 
supra). 
[0017] Heat shock may result a decrease in overall protein 
synthesis, accompanied by expression of heat shock pro 
teins. Heat shock proteins function as chaperones and are 
involved in refolding proteins denatured by heat. 

Category: Abiotic Stress; Desired Trait: Tolerance to LoW 
Nitrogen and Phosphorus. 

[0018] The ability of all plants to remove nutrients from 
their environment is essential to survival. Thus, identi?ca 
tion of genes that encode polypeptides With transcription 
factor activity may alloW for the generation of transgenic 
plants that are better able to make use of available nutrients 
in nutrient-poor environments. 

[0019] Among the most important macronutrients for 
plant groWth that have the largest impact on crop yield are 
nitrogenous and phosphorus-containing compounds. Nitro 
gen- and phosphorus-containing fertilizers are used inten 
sively in agriculture practices today. An increase in grain 
crop yields from 0.5 to 1.0 metric tons per hectare to 7 metric 
tons per hectare accompanied the use of commercial ?xed 
nitrogen fertilizer in production farming (Vance (2001) 
Plant Physiol. 127: 390-397). Given current practices, in 
order to meet food production demands in years to come, 
considerable increases in the amount of nitrogen- and phos 
phorus-containing fertilizers Will be required (Vance, supra). 

[0020] Nitrogen is the most abundant element in the 
Earth’s atmosphere yet it is one of the most limiting ele 
ments to plant groWth due to its lack of availability in the 
soil. Plants obtain N from the soil from several sources 
including commercial fertilizers, manure and the mineral 
ization of organic matter. The intensive use of N fertilizers 
in present agricultural practices is problematic, the energy 
intensive Haber-Bosch process makes N fertilizer and it is 
estimated that the US. uses annually betWeen 3-5% of the 
nation’s natural gas for this process. In addition to the 
expense of N fertilizer production and the depletion of 
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non-reneWable resources, the use of N fertilizers has led to 
the eutrophication of freshwater ecosystems and the con 
tamination of drinking Water due to the runoff of excess 
fertilizer into ground Water supplies. 

[0021] Phosphorus is second only to N in its importance as 
a macronutrient for plant growth and to its impact on crop 
yield. Phosphorus (P) is extremely immobile and not readily 
available to roots in the soil and is therefore often groWth 
limiting to plants. Inorganic phosphate (Pi) is a constituent 
of several important molecules required for energy transfer, 
metabolic regulation and protein activation (Marschner 
(1995) Mineral Nutrition ofHigher Plants, 2nd ed., Aca 
demic Press, San Diego, Calif.). Plants have evolved several 
strategies to help cope With P and N deprivation that include 
metabolic as Well as developmental adaptations. Most, if not 
all, of these strategies have components that are regulated at 
the level of transcription and therefore are amenable to 
manipulation by transcription factors. Metabolic adaptations 
include increasing the availability of P and N by increasing 
uptake from the soil though the induction of high af?nity and 
loW af?nity transporters, and/or increasing its mobilization 
in the plant. Developmental adaptations include increases in 
primary and secondary roots, increases in root hair number 
and length, and associations With mycorrhizal fungi (Bates 
and Lynch (1 996) Plant Cell Environ. 19: 529-538; Harrison 
(1999) Annu. Rev. Plant Physiol. Plant Mol. Biol. 50: 
361-389). 
Category: Biotic Stress; Desired Trait: Disease Resistance. 

[0022] Disease management is a signi?cant expense in 
crop production WorldWide. According to EPA reports for 
1996 and 1997, US. farmers spend approximately $6 billion 
on fungicides annually. Despite this expenditure, according 
to a survey conducted by the food and agriculture organi 
zation, plant diseases still reduce WorldWide crop produc 
tivity by 12% and in the United States alone, economic 
losses due to plant pathogens amounts to 9.1 billion dollars 
(FAO, 1993). Data from these reports and others demon 
strate that despite the availability of chemical control only a 
small proportion of the losses due to disease can be pre 
vented. Not only are fungicides and anti-bacterial treatments 
expensive to groWers, but their Widespread application poses 
both environmental and health risks. The use of plant 
biotechnology to engineer disease resistant crops has the 
potential to make a signi?cant economic impact on agricul 
ture and forestry industries in tWo Ways: reducing the 
monetary and environmental expense of fungicide applica 
tion and reducing both pre-harvest and post-harvest crop 
losses that occur noW despite the use of costly disease 
management practices. 

[0023] Fungal, bacterial, oomycete, viral, and nematode 
diseases of plants are ubiquitous and important problems, 
and often severely impact yield and quality of crop and other 
plants. A very feW examples of diseases of plants include: 

[0024] PoWdery mildeW, caused by the fungi Erysiphe, 
Sphaerotheca, Phyllactinia, Microsphaera, 
Podosphaera, or Uncinula, in, for example, Wheat, 
bean, cucurbit, lettuce, pea, grape, tree fruit crops, as 
Well as roses, phlox, lilacs, grasses, and Euonymus; 

[0025] Fusarium-caused diseases such as Fusarium Wilt 
in cucurbits, Fusarium head blight in barley and Wheat, 
Wilt and croWn and root rot in tomatoes; 
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[0026] Sudden oak death, caused by the oomycete Phy 
tophthora ramorum; this disease Was ?rst detected in 
1995 in California tan oaks. The disease has since 
killed more than 100,000 tan oaks, coast live oaks, 
black oaks, and Shreve’s oaks in coastal regions of 
northern California, and more recently in southWestem 
Oregon (Roach (2001) National Geographic News, 
Dec. 6, 2001); 

[0027] Black Sigatoka, a fungal disease caused by 
Mycosphaerella species that attacks banana foliage, is 
spreading throughout the regions of the World that are 
responsible for producing most of the World’s banana 
crop; 

[0028] Eutypa dieback, caused by Eutypa lata, affects a 
number of crop plants, including vine grape. Eutypa 
dieback delays shoot emergence, and causes chlorosis, 
stunting, and tattering of leaves; 

[0029] Pierce’s disease, caused by the bacterium Xylella 
fastidiosa, precludes groWth of grapes in the southeast 
ern United States, and threatens the pro?table Wine 
grape industry in northern California. The bacterium 
clogs the vasculature of the grapevines, resulting in 
foliar scorching folloWed by sloW death of the vines. 
There is no knoWn treatment for Pierce’s disease; 

[0030] Bacterial Spot caused by the bacterium Xanth 
omonas campestris causes serious disease problems on 
tomatoes and peppers. It is a signi?cant problem in the 
Florida tomato industry because it spreads rapidly, 
especially in Warm periods Where there is Wind-driven 
rain. Under these conditions, there are no adequate 
control measures; 

[0031] Diseases caused by viruses of the family Gemi 
niviridae are a groWing agricultural problem World 
Wide. Geminiviruses have caused severe crop losses in 
tomato, cassaya, and cotton. For instance, in the 1991 
1992 groWing season in Florida, geminiviruses caused 
$140 million in damages to the tomato crop (Molfat 
(1991) Science 286: 1835). Geminiviruses have the 
ability to recombine betWeen strains to rapidly produce 
neW virulent varieties. Therefore, there is a pressing 
need for broad-spectrum geminivirus control; 

[0032] The soybean cyst nematode, Heterodera gly 
cines, causes stunting and chlorosis of soybean plants, 
Which results in yield losses or plant death from severe 
infestation. Annual losses in the United States have 
been estimated at $1.5 billion (University of Minnesota 
Extension Service). 

[0033] The aforementioned pathogens represent a very 
small fraction of diverse species that seriously affect plant 
health and yield. For a more complete description of numer 
ous plant diseases, see, for example, V1dhyasekaran (1997) 
Fungal Pathogenesis in Plants and Crops: Molecular Biol 
ogy and Host Defense Mechanisms, Marcel Dekker, Mon 
ticello, NY), or Agrios (1997) Plant Pathology, Academic 
Press, NeW York, NY.) Plants that are able to resist disease 
may produce signi?cantly higher yields and improved food 
quality. It is thus of considerable importance to ?nd genes 
that reduce or prevent disease. 
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Category: Light Response; Desired Trait: Reduced Shade 
Avoidance. 

[0034] Shade avoidance describes the process in which 
plants grown in close proximity attempt to out-compete each 
other by increasing stem length at the expense of leaf, fruit 
and storage organ development. This is caused by the plant’s 
response to far-red radiation re?ected from leaves of neigh 
boring plants, which is mediated by phytochrome photore 
ceptors. Close proximity to other plants, as is produced in 
high-density crop plantings, increases the relative proportion 
of far-red irradiation, and therefore induces the shade avoid 
ance response. Shade avoidance adversely affects biomass 
and yield, particularly when leaves, fruits or other storage 
organs constitute the desired crop (see, for example, Smith 
(1982) Annu. Rev. Plant Physiol. 33: 481-518; Ballare et al. 
(1990) Science 247: 329-332; Smith (1995) Annu. Dev. 
Plant Physiol. Mol. Biol., 46: 289-315; and Schmitt et al. 
(1995), American Naturalist, 146: 937-953). Alteration of 
the shade avoidance response in tobacco through alteration 
of phytochrome levels has been shown to produce an 
increase in harvest index (leaf biomass/total biomass) at 
high planting density, which would result in higher yield 
(Robson et al. (1996) Nature Biotechnol. 14: 995-998). 

Category: Flowering Time; Desired Trait: Altered Flowering 
Time and Flowering Control. 

[0035] Timing of ?owering has a signi?cant impact on 
production of agricultural products. For example, varieties 
with different ?owering responses to environmental cues are 
necessary to adapt crops to different production regions or 
systems. Such a range of varieties have been developed for 
many crops, including wheat, corn, soybean, and strawberry. 
Improved methods for alteration of ?owering time will 
facilitate the development of new, geographically adapted 
varieties. 

[0036] Breeding programs for the development of new 
varieties can be limited by the seed-to-seed cycle. Thus, 
breeding new varieties of plants with multi-year cycles (such 
as biennials, e.g. carrot, or fruit trees, such as citrus) can be 
very slow. With respect to breeding programs, there would 
be a signi?cant advantage in having commercially valuable 
plants that exhibit controllable and modi?ed periods to 
?owering (“?owering times”). For example, accelerated 
?owering would shorten crop and tree breeding programs. 

[0037] Improved ?owering control allows more than one 
planting and harvest of a crop to be made within a single 
season. Early ?owering would also improve the time to 
harvest plants in which the ?ower portion of the plant 
constitutes the product (e. g., broccoli, cauli?ower, and other 
edible ?owers). In addition, chemical control of ?owering 
through induction or inhibition of ?owering in plants could 
provide a signi?cant advantage to growers by inducing more 
uniform fruit production (e.g., in strawberry) 

[0038] A siZable number of plants for which the vegetative 
portion of the plant forms the valuable crop tend to “bolt” 
dramatically (e.g., spinach, onions, lettuce), after which 
biomass production declines and product quality diminishes 
(e.g., through ?owering-triggered senescence of vegetative 
parts). Delay or prevention of ?owering may also reduce or 
preclude dissemination of pollen from transgenic plants. 
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Category: Growth Rate; Desired Trait: Modi?ed Growth 
Rate. 

[0039] For almost all commercial crops, it is desirable to 
use plants that establish more quickly, since seedlings and 
young plants are particularly susceptible to stress conditions 
such as salinity or disease. Since many weeds may outgrow 
young crops or out-compete them for nutrients, it would also 
be desirable to determine means for allowing young crop 
plants to out compete weed species. Increasing seedling 
growth rate (emergence) contributes to seedling vigor and 
allows for crops to be planted earlier in the season with less 
concern for losses due to environmental factors. Early 
planting helps add days to the critical grain-?lling period 
and increases yield. 

[0040] Providing means to speed up or slow down plant 
growth would also be desirable to ornamental horticulture. 
If such means be provided, slow growing plants may exhibit 
prolonged pollen-producing or fruiting period, thus improv 
ing fertiliZation or extending harvesting season. 

Category: Growth Rate; Desired Trait: Modi?ed Senescence 
and Cell Death. 

[0041] Premature senescence, triggered by various plant 
stresses, can limit production of both leaf biomass and seed 
yield. Transcription factor genes that suppress premature 
senescence or cell death in response to stresses can provide 
means for increasing yield. Delay of normal developmental 
senescence could also enhance yield, particularly for those 
plants for which the vegetative part of the plant represents 
the commercial product (e.g., spinach, lettuce). 

[0042] Although leaf senescence is thought to be an evo 
lutionary adaptation to recycle nutrients, the ability to con 
trol senescence in an agricultural setting has signi?cant 
value. For example, a delay in leaf senescence in some 
maiZe hybrids is associated with a signi?cant increase in 
yields and a delay of a few days in the senescence of soybean 
plants can have a large impact on yield. In an experimental 
setting, tobacco plants engineered to inhibit leaf senescence 
had a longer photosynthetic lifespan, and produced a 50% 
increase in dry weight and seed yield (Gan and Amasino 
(1995) Science 270: 1986-1988). Delayed ?ower senescence 
may generate plants that retain their blossoms longer and 
this may be of potential interest to the ornamental horticul 
ture industry, and delayed foliar and fruit senescence could 
improve post-harvest shelf-life of produce. 

[0043] Further, programmed cell death plays a role in 
other plant responses, including the resistance response to 
disease, and some symptoms of diseases, for example, as 
caused by necrotrophic pathogens such as Botrytis cinerea 
and Sclerotinia sclerotiorum (Dickman et al. Proc. Natl. 
Acad. Sci, 98: 6957-6962). LocaliZed senescence and/or cell 
death can be used by plants to contain the spread of harmful 
microorganisms. A speci?c localiZed cell death response, the 
“hypersensitive response”, is a component of race-speci?c 
disease resistance mediated by plant resistance genes. The 
hypersensitive response is thought to help limit pathogen 
growth and to initiate a signal transduction pathway that 
leads to the induction of systemic plant defenses. 

[0044] Accelerated senescence may be a defense against 
obligate pathogens, such as powdery mildew, that rely on 
healthy plant tissue for nutrients. With regard to powdery 
mildew, Botrytis cinerea and Sclerotinia sclerotiorum and 
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other pathogens, transcription factors that ameliorate cell 
death and/or damage may reduce the signi?cant economic 
losses encountered, such as, for example, Bolrylis cinerea in 
strawberry and grape. 

Category: Growth Regulator; Desired Trait: Altered Sugar 
Sensing 

[0045] Sugars are key regulatory molecules that affect 
diverse processes in higher plants including germination, 
growth, ?owering, senescence, sugar metabolism and pho 
tosynthesis. Sucrose, for example, is the major transport 
form of photosynthate and its ?ux through cells has been 
shown to affect gene expression and alter storage compound 
accumulation in seeds (source-sink relationships). Glucose 
speci?c hexose-sensing has also been described in plants 
and is implicated in cell division and repression of “famine” 
genes (photosynthetic or glyoxylate cycles). 

Category: Morphology; Desired Trait: Altered Morphology 

[0046] Trichomes are branched or unbranched epidermal 
outgrowths or hair structures on a plant. Trichomes produce 
a variety of secondary biochemicals such as diterpenes and 
waxes, the former being important as, for example, insect 
pheromones, and the latter as protectants against desiccation 
and herbivorous pests. Since diterpenes also have commer 
cial value as ?avors, aromas, pesticides and cosmetics, and 
potential value as anti-tumor agents and in?ammation 
mediating substances, they have been both products and the 
target of considerable research. In most cases where the 
metabolic pathways are impossible to engineer, increasing 
trichome density or siZe on leaves may be the only way to 
increase plant productivity. Thus, it would be advantageous 
to discover trichome-affecting transcription factor genes for 
the purpose of increasing trichome density, siZe, or type to 
produce plants that are better protected from insects or that 
yield higher amounts of secondary metabolites. 

[0047] The ability to manipulate wax composition, 
amount, or distribution could modify plant tolerance to 
drought and low humidity or resistance to insects, as well as 
plant appearance. In particular, a possible application for a 
transcription factor gene that reduces wax production in 
sun?ower seed coats would be to reduce fouling during seed 
oil processing. Antisense or co-suppression of transcription 
factors involved in wax biosynthesis in a tissue speci?c 
manner can be used to speci?cally alter wax composition, 
amount, or distribution in those plants and crops from which 
wax is either a valuable attribute or product or an undesir 
able constituent of plants. 

[0048] Other morphological characteristics that may be 
desirable in plants include those of an ornamental nature. 
These include changes in seed color, overall color, leaf and 
?ower shape, leaf color, leaf siZe, or glossiness of leaves. 
Plants that produce dark leaves may have bene?ts for human 
health; ?avonoids, for example, have been used to inhibit 
tumor growth, prevent of bone loss, and prevention lipid 
oxidation in animals and humans. Plants in which leaf siZe 
is increased would likely provide greater biomass, which 
would be particularly valuable for crops in which the 
vegetative portion of the plant constitutes the product. Plants 
with glossy leaves generally produce greater epidermal wax, 
which, if it could be augmented, resulted in a pleasing 
appearance for many ornamentals, help prevent desiccation, 
and resist herbivorous insects and disease-causing agents. 
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Changes in plant or plant part coloration, brought about by 
modifying, for example, anthocyanin levels, would provide 
novel morphological features. 

[0049] In many instances, the seeds of a plant constitute a 
valuable crop. These include, for example, the seeds of 
many legumes, nuts and grains. The discovery of means for 
producing larger seed would provide signi?cant value by 
bringing about an increase in crop yield. 

[0050] Plants with altered in?orescence, including, for 
example, larger ?owers or distinctive ?oral con?gurations, 
may have high value in the ornamental horticulture industry. 

[0051] Modi?cations to ?ower structure may have advan 
tageous or deleterious effects on fertility, and could be used, 
for example, to decrease fertility by the absence, reduction 
or screening of reproductive components. This could be a 
desirable trait, as it could be exploited to prevent or mini 
miZe the escape of the pollen of genetically modi?ed organ 
isms into the environment. 

[0052] Manipulation of in?orescence branching patterns 
may also be used to in?uence yield and offer the potential for 
more effective harvesting techniques. For example, a “self 
pruning” mutation of tomato results in a determinate growth 
pattern and facilitates mechanical harvesting (Pnueli et al. 
(2001) Plant Cell 13(12): 2687-2702). 
[0053] Alterations of apical dominance or plant architec 
ture could create new plant varieties. Dwarf plants may be 
of potential interest to the ornamental horticulture industry. 

Category: Seed Biochemistry; Desired Trait: Altered Seed 
Oil 

[0054] The composition of seeds, particularly with respect 
to seed oil quantity and/or composition, is very important for 
the nutritional value and production of various food and feed 
products. Desirable improvements to oils include enhanced 
heat stability, improved nutritional quality through, for 
example, reducing the number of calories in seed, increasing 
the number of calories in animal feeds, or altering the ratio 
of saturated to unsaturated lipids comprising the oils. 

Category: Seed Biochemistry; Desired Trait: Altered Seed 
Protein 

[0055] As with seed oils, seed protein content and com 
position is very important for the nutritional value and 
production of various food and feed products. Altered pro 
tein content or concentration in seeds may be used to provide 
nutritional bene?ts, and may also prolong storage capacity, 
increase seed pest or disease resistance, or modify germi 
nation rates. Altered amino acid composition of seeds, 
through altered protein composition, is also a desired objec 
tive for nutritional improvement. 

Category: Seed Biochemistry; Desired Trait: Altered Prenyl 
Lipids. 

[0056] Prenyl lipids, including the tocopherols, play a role 
in anchoring proteins in membranes or membranous 
organelles. Tocopherols have both anti-oxidant and vitamin 
E activity. Modi?ed tocopherol composition of plants may 
thus be useful in improving membrane integrity and func 
tion, which may mitigate abiotic stresses such as heat stress. 
Increasing the anti-oxidant and vitamin content of plants 
through increased tocopherol content can provide useful 
human health bene?ts. 
















































































































































































































































































































































































































































































































































































































































































































