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(57) ABSTRACT

Polynucleotides and polypeptides incorporated into expres-
sion vectors have been introduced into plants and were
ectopically expressed. The polypeptides of the invention
have been shown to confer at least one regulatory activity
and confer increased yield, greater height, greater early
season growth, greater canopy coverage, greater stem diam-
eter, greater late season vigor, increased secondary rooting,
more rapid germination, greater cold tolerance, greater tol-
erance to water deprivation, reduced stomatal conductance,
altered C/N sensing, increased low nitrogen tolerance,
increased low phosphorus tolerance, or increased tolerance
to hyperosmotic stress as compared to the control plant as
compared to a control plant.
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YIELD AND STRESS TOLERANCE IN
TRANSGENIC PLANTS

[0001] This application is a continuation-in-part of prior-
filed U.S. patent application Ser. No. 11/642,814, filed 20
Dec. 2006 (pending), which is a divisional application of
prior-filed U.S. patent application Ser. No. 10/666,642, filed
18 Sep. 2003, and which issued as U.S. Pat. No. 7,196,245
on 27 Mar. 2007, the latter application claiming the benefit
of prior-filed U.S. provisional application 60/411,837, filed
18 Sep. 2002, U.S. provisional application 60/434,166, filed
17 Dec. 2002, and U.S. provisional application 60/465,809,
filed 24 Apr. 2003. This application also claims the benefit
of U.S. provisional application 60/817,886, filed 29 Jun.
2006. The entire contents of each of these applications are
hereby incorporated by reference.

JOINT RESEARCH AGREEMENT

[0002] The claimed invention, in the field of functional
genomics and the characterization of plant genes for the
improvement of plants, was made by or on behalf of Mendel
Biotechnology, Inc. and Monsanto Company as a result of
activities undertaken within the scope of a joint research
agreement in effect on or before the date the claimed
invention was made.

“REFERENCE TO A “SEQUENCE LISTING,” A
TABLE, OR A COMPUTER PROGRAM LISTING
APPENDIX SUBMITTED ON A COMPACT
DISC

[0003] The Sequence Listing written in file-9-1.APP,
86,016 bytes, created on Jun. 19, 2007 on duplicate copies
of compact disc of the written form of the Sequence Listing,
ie., “Copy 1 of 3” and “Copy 2 of 3™, and the sequence
information recorded in computer readable form on compact
disc, i.e., “Copy 3 of 3” for Application No. 60/817,886,
Creelman et al., IMPROVED YIELD AND STRESS TOL-
ERANCE IN TRANSGENIC PLANTS, is hereby incorpo-
rated by reference.”

FIELD OF THE INVENTION

[0004] The present invention relates to plant genomics and
plant improvement.

BACKGROUND OF THE INVENTION

The Effects of Various Factors on Plant Yield

[0005] Yield of commercially valuable species in the
natural environment may be suboptimal as plants often grow
under unfavorable conditions, such as at an inappropriate
temperature or with a limited supply of soil nutrients, light,
or water availability. For example, nitrogen (N) and phos-
phorus (P) are critical limiting nutrients for plants. Phos-
phorus is second only to nitrogen in its importance as a
macronutrient for plant growth and to its impact on crop
yield. 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 strate-
gies have components that are regulated at the level of
transcription and therefore are amenable to manipulation by
transcription factors. Metabolic adaptations include increas-
ing the availability of P and N by increasing uptake from the
soil though the induction of high affinity and low affinity
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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 fingi (Bates and Lynch
(1996); Harrison (1999)).

[0006] Nitrogen and carbon metabolism are tightly linked
in almost every biochemical pathway in the plant. Carbon
metabolites regulate genes involved in N acquisition and
metabolism, and are known to affect germination and the
expression of photosynthetic genes (Coruzzi et al. (2001))
and hence growth. Early studies on nitrate reductase (NR) in
1976 showed that NR activity could be affected by Glc/Suc
(Crawford (1995); Daniel-Vedele et al. (1996)). Those
observations were supported by later experiments that
showed sugars induce NR mRNA in dark-adapted, green
seedlings (Cheng et al. (1992)). C and N may have antago-
nistic relationships as signaling molecules; light induction of
NR activity and mRNA levels can be mimicked by C
metabolites and N-metabolites cause repression of NR
induction in tobacco (Vincentz et al. (1992)). Gene regula-
tion by C/N (carbon-nitrogen balance) status has been
demonstrated for a number of N-metabolic genes (Stitt
(1999)); Coruzzi et al. (2001)). Thus, a plant with altered
C/N sensing may exhibit improved germination and/or
growth under nitrogen-limiting conditions.

[0007] Water deficit is a major limitation of crop yields. In
water-limited environments, crop yield is a function of water
use, water use efficiency (WUE; defined as aerial biomass
yield/water use) and the harvest index (HI; the ratio of yield
biomass to the total cumulative biomass at harvest). WUE is
a complex trait that involves water and CO, uptake, trans-
port and exchange at the leaf surface (transpiration).
Improved WUE has been proposed as a criterion for yield
improvement under drought. Water deficit can also have
adverse effects in the form of increased susceptibility to
disease and pests, reduced plant growth and reproductive
failure. Useful genes for expression especially during water
deficit are genes which promote aspects of plant growth or
fertility, genes which impart disease resistance, genes which
impart pest resistance, and the like. These limitations can
delay growth and development, reduce productivity, and in
extreme cases, cause the plant to die. Enhanced tolerance to
these stresses would lead to yield increases in conventional
varieties and reduce yield variation in hybrid varieties.

[0008] Another factor affecting yield is the number of
plants that can be grown per acre. For crop species, planting
or population density varies from a crop to a crop, from one
growing region to another, and from year to year.

[0009] A plant’s traits, including its biochemical, devel-
opmental, or phenotypic characteristics that enhance yield or
tolerance to various abiotic stresses, may be controlled
through a number of cellular processes. One important way
to manipulate that control is through transcription factors—
proteins that influence 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 commercially valuable properties.
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SUMMARY OF THE INVENTION

[0010] An object of this invention is to provide plants
which can express genes to increase yield of commercially
significant plants, as well as to ameliorate the adverse effects
of water or nutrient deficit.

[0011] The present invention thus pertains to novel recom-
binant polynucleotides, expression vectors, host plant cells
and transgenic plants that contain them, and methods for
producing the transgenic plants.

[0012] The recombinant polynucleotides may include
any of the following sequences:

[0013] (a) the nucleotide sequences found in the
sequence listing;

[0014] (b) nucleotide sequences encoding polypeptides
found in the sequence listing;

[0015] (c) sequence variants that are at least 30%
sequence identical to any of the nucleotide sequences
of (a) or (b);

[0016] (d) polypeptide sequences that are at least 30%
identical, or at least 32%, at least 33%, at least 36%, at
least 40%, at least 45%, or at least 67% identical in
their amino acid sequence to any of SEQ ID NOs: 2, 4,
6, 8, 10, 12, 14, 16, 18, 20, 22, or 24;

[0017] (e) orthologous and paralogous nucleotide
sequences that are at least 40% identical to any of the
nucleotide sequences of (a) or (b);

[0018] (e) nucleotide sequence that hybridize to any of
the nucleotide sequences of (a) or (b) under stringent
conditions, which may include, for example, hybrid-
ization with wash steps of 6xSSC and 65° C. for ten to
thirty minutes per step; and

[0019] (f) polypeptides, and the nucleotide sequences that
encode them, having a B-box zinc finger conserved domain
required for the function of regulating transcription and
altering a trait in a transgenic plant, the conserved domain
being at least about 56% sequence identity, or at least about
58% sequence identity, or at least about 60% sequence
identity, or at least about 65%, or at least about 67%, or at
least about 70%, or at least about 75%, or at least about 76%,
or at least about 77%, or at least about 78%, or at least about
79%, or at least about 80%, or at least about 81%, or at least
about 82%, or at least about 83%, or at least about 84%, or
at least about 85%, or at least about 86%, or at least about
87%, or at least about 88%, or at least about 89%, or at least
about 90%, or at least about 91%, or at least about 92%, or
at least about 93%, or at least about 94%, or at least about
95%, or at least about 96%, or at least about 97%, or at least
about 98%, or at least about 99%, identical in its amino acid
residue sequence to the B-box zinc-finger (ZF) conserved
domains of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20,
22 or 24 (i.e., a polypeptide listed in the sequence listing, or
encoded by any of the above nucleotide sequences, the
conserved domains being represented by SEQ ID NOs:
45-56, respectively). The conserved domains of the inven-
tion listed in Table 1 comprise a domain required for the
function of regulating transcription and altering a trait in a
transgenic plant, said trait selected from the group consisting
of increasing yield, increasing height, altering C/N sensing,
increasing low nitrogen tolerance, increasing low phospho-
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rus tolerance, increasing tolerance to water deprivation,
reducing stomatal conductance, and increasing tolerance to
a hyperosmotic stress, as compared to the control plant.
Additionally, the polypeptides of the invention may com-
prise several signature residues closer to the C-terminus than
the B-box domain. These residues comprise, in order from
N to C termini:

W-X;3-G (SEQ ID NO: 62, where X represents any amino acid;
seen in FIG. 4D)

R-X;3-A-X;3-W (SEQ ID NO: 57, where X represents any amino acid;
seen in FIG. 4D) and

EGWXE (SEQ ID NO: 58; where X represents any amino acid;

seen in FIG. 4E)

[0020] The expression vectors, and hence the transgenic
plants, of the invention, comprise putative transcription
factor polynucleotides sequences and, in particular, B-box
zinc finger sequences. When any of these polypeptide of the
invention is overexpressed in a plant, the polypeptide con-
fers at least one regulatory activity to the plant, which in turn
in manifested in a trait selected from the group consisting of
increased yield, greater height, increased secondary rooting,
greater cold tolerance, greater tolerance to water depriva-
tion, reducing stomatal conductance, altered C/N sensing,
increased low nitrogen tolerance, increased low phosphorus
tolerance, and increased tolerance to hyperosmotic stress as
compared to the control plant.

[0021] The invention is also directed to transgenic seed
produced by any of the transgenic plants of the invention,
and to methods for making the transgenic plants and trans-
genic seed of the invention.

BRIEF DESCRIPTION OF THE SEQUENCE
LISTING AND DRAWINGS

[0022] The Sequence Listing provides exemplary poly-
nucleotide and polypeptide sequences of the invention. The
traits associated with the use of the sequences are included
in the Examples.

[0023] CD-ROMs Copy 1 and Copy 2, and the CRF copy
of the Sequence Listing under CFR Section 1.821(e), are
read-only memory computer-readable compact discs. Each
contains a copy of the Sequence Listing in ASCII text
format. The Sequence Listing is named
“MBI0076.ST25.txt”, the electronic file of the Sequence
Listing contained on each of these CD-ROMs was created
on Jun. 12, 2007, and is 83 kilobytes in size. The copies of
the Sequence Listing on the CD-ROM discs are hereby
incorporated by reference in their entirety.

[0024] FIG. 1 shows a conservative estimate of phyloge-
netic relationships among the orders of flowering plants
(modified from Soltis et al. (1997)). Those plants with a
single cotyledon (monocots) are a monophyletic clade
nested within at least two major lineages of dicots; the
eudicots are further divided into rosids and asterids. Arabi-
dopsis 1s a rosid eudicot classified within the order Brassi-
cales; rice is a member of the monocot order Poales. FIG. 1
was adapted from Daly et al. (2001).

[0025] FIG. 2 shows a phylogenic dendogram depicting
phylogenetic relationships of higher plant taxa, including
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clades containing tomato and Arabidopsis; adapted from Ku
et al. (2000); and Chase et al. (1993).

[0026] In FIG. 3, a phylogenetic tree and multiple
sequence alignments of G1988 and related full length pro-
teins were constructed using ClustalW (CLUSTAL W Mul-
tiple Sequence Alignment Program version 1.83, 2003).
ClustalW multiple alignment parameters were:

[0027] Gap Opening Penalty: 10.00

[0028] Gap Extension Penalty: 0.20

[0029] Delay divergent sequences: 30%
[0030] DNA Transitions Weight: 0.50
[0031] Protein weight matrix: Gonnet series
[0032] DNA weight matrix: TUB

[0033] Use negative matrix: OFF

[0034] A FastA formatted alignment was then used to
generate a phylogenetic tree in MEGA2 software (MEGA2
(http://www.megasoftware.net) using the neighbor joining
algorithm and a p-distance model. A test of phylogeny was
done via bootstrap with 1000 replications and Random Seed
set to default. Cut off values of the bootstrap tree were set
to 50%. Closely-related homologs of G1988 are considered
as being those proteins within the node of the tree below
with a bootstrap value of 74, bounded by G4011 and G4009
(indicated by the box around these sequences). The ancestral
sequence is represented by the node of the tree indicated by
the arrow in FIG. 3 having a bootstrap value of 74. Abbre-
viations: At—Arabidopsis thaliana; Ct—Citrus sinensis;
Gm—Glycine max; Os—Oryza sativa, Pt—Populus tri-
chocarpa; Zm—Zea mays.

[0035] FIGS. 4A-4F show a Clustal W alignment of the
(1988 clade and related proteins. SEQ ID NOs: appear in
parentheses after each Gene IDentifier (GID). Some mem-
bers of the G1988 clade appear in the large boxes in each of
FIGS. 4A-4F. The highly conserved B-box zinc-finger (ZF)
conserved domain (B domain) is identified in FIGS. 4A-4B
by the horizontal line below the alignment. Several charac-
teristic or signature residues within characteristic motifs
outside of and nearer to the C-terminus than the B-domain
are indicated by the small dark triangles in FIGS. 4D and 4E.

[0036] FIG. 5 shows the average measure leaf SPAD
chlorophyll level (SPAD or “Soil Plant Analysis Develop-
ment”, measured with a Minolta SPAD-502 leaf chlorophyll
meter, vertical axis) measured in G1988 Arabidopsis over-
expressor lines (OE lines 10, 12 and 8-2; horizontal axis).
Also shown are measurements for control plants (Cntl) for
each of the three experimental lines. Plants were grown in 10
hr light, 0.1 mM NH,NO;, pre-bolting and were assayed 7.5
weeks after planting. The error bars represent the standard
deviation of the mean. The three G1988 lines had higher
chlorophyll content under low nitrogen conditions than the
controls. Results obtained for lines 10 and 12 were signifi-
cant at p<0.01.

[0037] FIG. 6 compares the effects on yield (vertical axis:
change in percentage yield) in various lines (horizontal axis)
of transgenic soybean plants overexpressing G1988
(35S::(G1988) in year 2004 and 2005 field trials. Data are
averaged across multiple locations and a consistent increase
in yield, as compared with controls harboring an empty
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construct, was observed. In the 2005 analysis, G1988 sig-
nificantly increased yield in 17 of 19 locations. If line 4,
which unlike other lines presented in this graph showed little
or no expression of G1988 in leaf tissue, is removed from the
analysis, the average yield increase in 2005 was about 6.7%.

[0038] FIG. 7 shows experimental data obtained in 2005
with seed from a California field trial comparing a wild-type
control soybean line and numerous 35S::G1988 overex-
pressing lines of soybean plants. The dotted curve represents
the percentage of wild type germinating line. The dashed
curve above it represents a low overexpressor that ultimately
produced a small increase in yield over the control. The
darker solid curves above that of the low overexpressor
represent other 35S::G1988 overexpressors showing a
higher degree of expression, ultimately produced signifi-
cantly higher yield, and improved germination in cold as
compared to the controls. Similar results were obtained with
seed derived in the same year from a field trial conducted in
Kansas and two field trials in Illinois. These data demon-
strated that G1988 overexpression results in improved cold
germination of soy.

[0039] FIG. 8 compares the overall germination of soy-
beans from the California field trial. The germination of the
control (dotted curve) was poor and it was noted that a high
percentage of the seed were “hard seed”, a stress-induced
phenomenon that results in seeds that resist imbibition under
standard conditions. The dashed curve below the dotted
control curve represents the low overexpressor that appeared
to have a similar percentage of hard seed, that is, the same
percentage of seed that did not germinate at various time
points, as the control. The darker solid curves below the
control and low overexpressor represent other 35S::G1988
overexpressing lines that had a lower percentage of hard
seed and eventually produced a higher yield than controls

[0040] FIG. 9 shows the mean number of pod-containing
mainstem nodes, relative to the parental control line repre-
sented by the “0” line, observed in various lines of soybean
plants overexpressing a number of sequences. The shaded
bars denote (G1988 overexpressing lines, which generally
produced a significantly greater number of pod-bearing
nodes than the control plants.

[0041] FIG. 10 demonstrates how the increased soybean
plant height that is characteristic of G1988 overexpression in
short day periods (10 hours light, 14 hours dark) is largely
due to an increased in internode length in the upper portion
of the plant. The most readily observable differences
between a transgenic line and a control line were observed
for internodes 8 through 12. The differences in plant height
between (1988 transgenic plants and controls were thus
accentuated late in the growing season. The control untrans-
formed line used in these experiments is represented by the
unshaded bars. The shaded bars show the internode length
(in centimeters) of overexpressor line 178.

[0042] FIG. 11 shows the results of a plant density field
trial. As seen in this figure, soybean plants overexpressing
(1988 demonstrated an observable yield increase across a
range of plant densities, relative to control plants that either
did not overexpress G1988 (unfilled circles), or Line 217
transgenic plants that expressed G1988 to a lower degree
(about 40% lower) than high yielding transgenic lines (filled
circles). Plant stand count did not have large contribution to
harvestable yield. Overexpressor line 178 plants are repre-
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sented by unfilled triangles. Overexpressor line 189 plants
are represented by filled triangles. Overexpressor line 209
plants are represented by unfilled squares. Overexpressor
line 200 plants are represented by filled squares. Overex-
pressor line 213 plants are represented by asterisks.

[0043] FIG. 12 illustrates that the constitutive overexpres-
sion of G1988 (SEQ ID NO: 2) in soy plants promotes
germination. Transgenic plants overexpressing G1988 that
had been shown to increase yield in soy (line 218, unfilled
diamonds; and line 178, unfilled triangles) generally dem-
onstrated a percentage germination above line 217, which
expressed (G1988 to a lower degree than high yielding
transgenic lines (filled circles) and untransformed control
plants (unfilled circles). Seeds in these experiments were
germinated in 1.0 uM gibberellic acid.

DETAILED DESCRIPTION

[0044] The present invention relates to polynucleotides
and polypeptides for modifying phenotypes of plants, par-
ticularly those associated with increased abiotic stress tol-
erance and increased yield with respect to a control plant (for
example, a wild-type plant). Throughout this disclosure,
various information sources are referred to and/or are spe-
cifically incorporated. The information sources include sci-
entific journal articles, patent documents, textbooks, and
World Wide Web browser-inactive page addresses. While
the reference to these information sources clearly indicates
that they can be used by one of skill in the art, each and every
one of the information sources cited herein are specifically
incorporated in their entirety, whether or not a specific
mention of “incorporation by reference” is noted. The con-
tents and teachings of each and every one of the information
sources can be relied on and used to make and use embodi-
ments of the invention.

[0045] As used herein and in the appended claims, the
singular forms “a”, “an”, and “the” include the plural
reference unless the context clearly dictates otherwise. Thus,
for example, a reference to “a host cell” includes a plurality
of such host cells, and a reference to “a stress” is a reference
to one or more stresses and equivalents thereof known to

those skilled in the art, and so forth.
Definitions

[0046] “Polynucleotide” is a nucleic acid molecule com-
prising a plurality of polymerized nucleotides, e.g., at least
about 15 consecutive polymerized nucleotides. A polynucle-
otide may be a nucleic acid, oligonucleotide, nucleotide, or
any fragment thereof. In many instances, a polynucleotide
comprises a nucleotide sequence encoding a polypeptide (or
protein) or a domain or fragment thereof. Additionally, the
polynucleotide may comprise a promoter, an intron, an
enhancer region, a polyadenylation site, a translation initia-
tion site, 5' or 3' untranslated regions, a reporter gene, a
selectable marker, or the like.

[0047] The polynucleotide can be single-stranded or
double-stranded DNA or RNA. The polynucleotide option-
ally comprises modified bases or a modified backbone. The
polynucleotide can be, e.g., genomic DNA or RNA, a
transcript (such as an mRNA), a cDNA, a PCR product, a
cloned DNA, a synthetic DNA or RNA, or the like. The
polynucleotide can be combined with carbohydrate, lipids,
protein, or other materials to perform a particular activity
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such as transformation or form a useful composition such as
a peptide nucleic acid (PNA). The polynucleotide can com-
prise a sequence in either sense or antisense orientations.
“Oligonucleotide” is substantially equivalent to the terms
amplimer, primer, oligomer, element, target, and probe and
is preferably single-stranded.

[0048] A “recombinant polynucleotide” is a polynucle-
otide that is not in its native state, e.g., the polynucleotide
comprises a nucleotide sequence not found in nature, or the
polynucleotide is in a context other than that in which it is
naturally found, e.g., separated from nucleotide sequences
with which it typically is in proximity in nature, or adjacent
(or contiguous with) nucleotide sequences with which it
typically is not in proximity. For example, the sequence at
issue can be cloned into a vector, or otherwise recombined
with one or more additional nucleic acid.

[0049] An “isolated polynucleotide” is a polynucleotide,
whether naturally occurring or recombinant, that is present
outside the cell in which it is typically found in nature,
whether purified or not. Optionally, an isolated polynucle-
otide is subject to one or more enrichment or purification
procedures, e.g., cell lysis, extraction, centrifugation, pre-
cipitation, or the like.

[0050] “Gene” or “gene sequence” refers to the partial or
complete coding sequence of a gene, its complement, and its
5" or 3' untranslated regions. A gene is also a functional unit
of inheritance, and in physical terms is a particular segment
or sequence of nucleotides along a molecule of DNA (or
RNA, in the case of RNA viruses) involved in producing a
polypeptide chain. The latter may be subjected to subsequent
processing such as chemical modification or folding to
obtain a functional protein or polypeptide. A gene may be
isolated, partially isolated, or found with an organism’s
genome. By way of example, a transcription factor gene
encodes a transcription factor polypeptide, which may be
functional or require processing to function as an initiator of
transcription.

[0051] Operationally, genes may be defined by the cis-
trans test, a genetic test that determines whether two muta-
tions occur in the same gene and that may be used to
determine the limits of the genetically active unit (Rieger et
al. (1976)). A gene generally includes regions preceding
(“leaders”; upstream) and following (“trailers”; down-
stream) the coding region. A gene may also include inter-
vening, non-coding sequences, referred to as “introns”,
located between individual coding segments, referred to as
“exons”. Most genes have an associated promoter region, a
regulatory sequence 5' of the transcription initiation codon
(there are some genes that do not have an identifiable
promoter). The function of a gene may also be regulated by
enhancers, operators, and other regulatory elements.

[0052] A “polypeptide” is an amino acid sequence com-
prising a plurality of consecutive polymerized amino acid
residues e.g., at least about 15 consecutive polymerized
amino acid residues. In many instances, a polypeptide
comprises a polymerized amino acid residue sequence that
is a transcription factor or a domain or portion or fragment
thereof. Additionally, the polypeptide may comprise: (i) a
localization domain; (ii) an activation domain; (iii) a repres-
sion domain; (iv) an oligomerization domain; (v) a protein-
protein interaction domain; (vi) a DNA-binding domain; or
the like. The polypeptide optionally comprises modified
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amino acid residues, naturally occurring amino acid residues
not encoded by a codon, non-naturally occurring amino acid
residues.

[0053] “Protein” refers to an amino acid sequence, oli-
gopeptide, peptide, polypeptide or portions thereof whether
naturally occurring or synthetic.

[0054] “Portion”, as used herein, refers to any part of a
protein used for any purpose, but especially for the screening
of a library of molecules which specifically bind to that
portion or for the production of antibodies.

[0055] A “recombinant polypeptide” is a polypeptide pro-
duced by translation of a recombinant polynucleotide. A
“synthetic polypeptide” is a polypeptide created by consecu-
tive polymerization of isolated amino acid residues using
methods well known in the art. An “isolated polypeptide,”
whether a naturally occurring or a recombinant polypeptide,
is more enriched in (or out of) a cell than the polypeptide in
its natural state in a wild-type cell, e.g., more than about 5%
enriched, more than about 10% enriched, or more than about
20%, or more than about 50%, or more, enriched, i.e.,
alternatively denoted: 105%, 110%, 120%, 150% or more,
enriched relative to wild type standardized at 100%. Such an
enrichment is not the result of a natural response of a
wild-type plant. Alternatively, or additionally, the isolated
polypeptide is separated from other cellular components
with which it is typically associated, e.g., by any of the
various protein purification methods herein.

[0056] “Homology” refers to sequence similarity between
a reference sequence and at least a fragment of a newly
sequenced clone insert or its encoded amino acid sequence.

[0057] “Identity” or “similarity” refers to sequence simi-
larity between two polynucleotide sequences or between two
polypeptide sequences, with identity being a more strict
comparison. The phrases “percent identity” and “% identity”
refer to the percentage of sequence similarity found in a
comparison of two or more polynucleotide sequences or two
or more polypeptide sequences. “Sequence similarity” refers
to the percent similarity in base pair sequence (as deter-
mined by any suitable method) between two or more poly-
nucleotide sequences. Two or more sequences can be any-
where from 0-100% similar, or any integer value
therebetween. Identity or similarity can be determined by
comparing a position in each sequence that may be aligned
for purposes of comparison. When a position in the com-
pared sequence is occupied by the same nucleotide base or
amino acid, then the molecules are identical at that position.
A degree of similarity or identity between polynucleotide
sequences is a function of the number of identical, matching
or corresponding nucleotides at positions shared by the
polynucleotide sequences. A degree of identity of polypep-
tide sequences is a function of the number of identical amino
acids at corresponding positions shared by the polypeptide
sequences. A degree of homology or similarity of polypep-
tide sequences is a function of the number of amino acids at

corresponding positions shared by the polypeptide
sequences.
[0058] “Alignment” refers to a number of nucleotide bases

or amino acid residue sequences aligned by lengthwise
comparison so that components in common (i.e., nucleotide
bases or amino acid residues at corresponding positions)
may be visually and readily identified. The fraction or
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percentage of components in common is related to the
homology or identity between the sequences. Alignments
such as those of FIGS. 4A-4F may be used to identify
conserved domains and relatedness within these domains.
An alignment may suitably be determined by means of
computer programs known in the art, such as MACVEC-
TOR software (1999) (Accelrys, Inc., San Diego, Calif.).

[0059] A “conserved domain” or “conserved region” as
used herein refers to a region in heterologous polynucleotide
or polypeptide sequences where there is a relatively high
degree of sequence identity between the distinct sequences.
A “B-box zinc finger” domain”, such as is found in a
polypeptide member of B-box zinc finger family, is an
example of a conserved domain. With respect to polynucle-
otides encoding presently disclosed polypeptides, a con-
served domain is preferably at least nine base pairs (bp) in
length. A conserved domain with respect to presently dis-
closed polypeptides refers to a domain within a polypeptide
family that exhibits a higher degree of sequence homology,
such as at least about 56% sequence identity, or at least about
58% sequence identity, or at least about 60% sequence
identity, or at least about 65%, or at least about 67%, or at
least about 70%, or at least about 75%, or at least about 76%,
or at least about 77%, or at least about 78%, or at least about
79%, or at least about 80%, or at least about 81%, or at least
about 82%, or at least about 83%, or at least about 84%, or
at least about 85%, or at least about 86%, or at least about
87%, or at least about 88%, or at least about 89%, or at least
about 90%, or at least about 91%, or at least about 92%, or
at least about 93%, or at least about 94%, or at least about
95%, or at least about 96%, or at least about 97%, or at least
about 98%, or at least about 99%, amino acid residue
sequence identity, to a conserved domain of a polypeptide of
the invention (e.g., any of SEQ ID NOs: 45-56). Sequences
that possess or encode for conserved domains that meet
these criteria of percentage identity, and that have compa-
rable biological activity to the present polypeptide
sequences, thus being members of the G1988 clade polypep-
tides, are encompassed by the invention. A fragment or
domain can be referred to as outside a conserved domain,
outside a consensus sequence, or outside a consensus DNA-
binding site that is known to exist or that exists for a
particular polypeptide class, family, or sub-family. In this
case, the fragment or domain will not include the exact
amino acids of a consensus sequence or consensus DNA-
binding site of a transcription factor class, family or sub-
family, or the exact amino acids of a particular transcription
factor consensus sequence or consensus DNA-binding site.
Furthermore, a particular fragment, region, or domain of a
polypeptide, or a polynucleotide encoding a polypeptide,
can be “outside a conserved domain” if all the amino acids
of the fragment, region, or domain fall outside of a defined
conserved domain(s) for a polypeptide or protein. Sequences
having lesser degrees of identity but comparable biological
activity are considered to be equivalents.

[0060] As one of ordinary skill in the art recognizes,
conserved domains may be identified as regions or domains
of identity to a specific consensus sequence (see, for
example, Riechmann et al. (2000a, 2000b)). Thus, by using
alignment methods well known in the art, the conserved
domains of the plant polypeptides, for example, for the
B-box zinc finger proteins (Putterill et al. (1995)), may be
determined.
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[0061] The conserved domains for many of the polypep-
tide sequences of the invention are listed in Table 1. Also, the
polypeptides of Table 1 have conserved domains specifically
indicated by amino acid coordinate start and stop sites. A
comparison of the regions of these polypeptides allows one
of skill in the art (see, for example, Reeves and Nissen
(1990, 1995)) to identify domains or conserved domains for
any of the polypeptides listed or referred to in this disclo-
sure.

[0062] “Complementary” refers to the natural hydrogen
bonding by base pairing between purines and pyrimidines.
For example, the sequence A-C-G-T (5'->3") forms hydrogen
bonds with its complements A-C-G-T (5'->3") or A-C-G-U
(5'->3"). Two single-stranded molecules may be considered
partially complementary, if only some of the nucleotides
bond, or “completely complementary” if all of the nucle-
otides bond. The degree of complementarity between
nucleic acid strands affects the efficiency and strength of
hybridization and amplification reactions. “Fully comple-
mentary” refers to the case where bonding occurs between
every base pair and its complement in a pair of sequences,
and the two sequences have the same number of nucleotides.

[0063] The terms “highly stringent” or “highly stringent
condition” refer to conditions that permit hybridization of
DNA strands whose sequences are highly complementary,
wherein these same conditions exclude hybridization of
significantly mismatched DNAs. Polynucleotide sequences
capable of hybridizing under stringent conditions with the
polynucleotides of the present invention may be, for
example, variants of the disclosed polynucleotide
sequences, including allelic or splice variants, or sequences
that encode orthologs or paralogs of presently disclosed
polypeptides. Nucleic acid hybridization methods are dis-
closed in detail by Kashima et al. (1985), Sambrook et al.
(1989), and by Haymes et al. (1985), which references are
incorporated herein by reference.

[0064] In general, stringency is determined by the tem-
perature, ionic strength, and concentration of denaturing
agents (e.g., formamide) used in a hybridization and wash-
ing procedure (for a more detailed description of establish-
ing and determining stringency, see the section “Identifying
Polynucleotides or Nucleic Acids by Hybridization”,
below). The degree to which two nucleic acids hybridize
under various conditions of stringency is correlated with the
extent of their similarity. Thus, similar nucleic acid
sequences from a variety of sources, such as within a plant’s
genome (as in the case of paralogs) or from another plant (as
in the case of orthologs) that may perform similar functions
can be isolated on the basis of their ability to hybridize with
known related polynucleotide sequences. Numerous varia-
tions are possible in the conditions and means by which
nucleic acid hybridization can be performed to isolate
related polynucleotide sequences having similarity to
sequences known in the art and are not limited to those
explicitly disclosed herein. Such an approach may be used
to isolate polynucleotide sequences having various degrees
of similarity with disclosed polynucleotide sequences, such
as, for example, encoded transcription factors having 56% or
greater identity with the conserved domains of disclosed
sequences.

[0065] The terms “paralog” and “ortholog” are defined
below in the section entitled “Orthologs and Paralogs”. In
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brief, orthologs and paralogs are evolutionarily related genes
that have similar sequences and functions. Orthologs are
structurally related genes in different species that are derived
by a speciation event. Paralogs are structurally related genes
within a single species that are derived by a duplication
event.

[0066] The term “equivalog” describes members of a set
of homologous proteins that are conserved with respect to
function since their last common ancestor. Related proteins
are grouped into equivalog families, and otherwise into
protein families with other hierarchically defined homology
types. This definition is provided at the Institute for
Genomic Research (TIGR) World Wide Web (www) web-
site, “tigr.org” under the heading “Terms associated with
TIGRFAMs™.

[0067] In general, the term “variant” refers to molecules
with some differences, generated synthetically or naturally,
in their base or amino acid sequences as compared to a
reference (native) polynucleotide or polypeptide, respec-
tively. These differences include substitutions, insertions,
deletions or any desired combinations of such changes in a
native polynucleotide of amino acid sequence.

[0068] With regard to polynucleotide variants, differences
between presently disclosed polynucleotides and polynucle-
otide variants are limited so that the nucleotide sequences of
the former and the latter are closely similar overall and, in
many regions, identical. Due to the degeneracy of the
genetic code, differences between the former and latter
nucleotide sequences may be silent (i.e., the amino acids
encoded by the polynucleotide are the same, and the variant
polynucleotide sequence encodes the same amino acid
sequence as the presently disclosed polynucleotide. Variant
nucleotide sequences may encode different amino acid
sequences, in which case such nucleotide differences will
result in amino acid substitutions, additions, deletions, inser-
tions, truncations or fusions with respect to the similar
disclosed polynucleotide sequences. These variations may
result in polynucleotide variants encoding polypeptides that
share at least one functional characteristic. The degeneracy
of the genetic code also dictates that many different variant
polynucleotides can encode identical and/or substantially
similar polypeptides in addition to those sequences illus-
trated in the Sequence Listing.

[0069] Also within the scope of the invention is a variant
of a nucleic acid listed in the Sequence Listing, that is, one
having a sequence that differs from the one of the poly-
nucleotide sequences in the Sequence Listing, or a comple-
mentary sequence, that encodes a functionally equivalent
polypeptide (i.e., a polypeptide having some degree of
equivalent or similar biological activity) but differs in
sequence from the sequence in the Sequence Listing, due to
degeneracy in the genetic code. Included within this defi-
nition are polymorphisms that may or may not be readily
detectable using a particular oligonucleotide probe of the
polynucleotide encoding polypeptide, and improper or unex-
pected hybridization to allelic variants, with a locus other
than the normal chromosomal locus for the polynucleotide
sequence encoding polypeptide.

[0070] “Allelic variant” or “polynucleotide allelic variant™
refers to any of two or more alternative forms of a gene
occupying the same chromosomal locus. Allelic variation
arises naturally through mutation, and may result in pheno-
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typic polymorphism within populations. Gene mutations
may be “silent” or may encode polypeptides having altered
amino acid sequence. “Allelic variant” and “polypeptide
allelic variant” may also be used with respect to polypep-
tides, and in this case the terms refer to a polypeptide
encoded by an allelic variant of a gene.

[0071] “Splice variant” or “polynucleotide splice variant”
as used herein refers to alternative forms of RNA transcribed
from a gene. Splice variation naturally occurs as a result of
alternative sites being spliced within a single transcribed
RNA molecule or between separately transcribed RNA
molecules, and may result in several different forms of
mRNA transcribed from the same gene. Thus, splice variants
may encode polypeptides having different amino acid
sequences, which may or may not have similar functions in
the organism. “Splice variant” or “polypeptide splice vari-
ant” may also refer to a polypeptide encoded by a splice
variant of a transcribed mRNA.

[0072] As used herein, “polynucleotide variants” may also
refer to polynucleotide sequences that encode paralogs and
orthologs of the presently disclosed polypeptide sequences.
“Polypeptide variants” may refer to polypeptide sequences
that are paralogs and orthologs of the presently disclosed
polypeptide sequences.

[0073] Differences between presently disclosed polypep-
tides and polypeptide variants are limited so that the
sequences of the former and the latter are closely similar
overall and, in many regions, identical. Presently disclosed
polypeptide sequences and similar polypeptide variants may
differ in amino acid sequence by one or more substitutions,
additions, deletions, fusions and truncations, which may be
present in any combination. These differences may produce
silent changes and result in a functionally equivalent
polypeptides. Thus, it will be readily appreciated by those of
skill in the art, that any of a variety of polynucleotide
sequences is capable of encoding the polypeptides and
homolog polypeptides of the invention. A polypeptide
sequence variant may have “conservative” changes, wherein
a substituted amino acid has similar structural or chemical
properties. Deliberate amino acid substitutions may thus be
made on the basis of similarity in polarity, charge, solubility,
hydrophobicity, hydrophilicity, and/or the amphipathic
nature of the residues, as long as a significant amount of the
functional or biological activity of the polypeptide is
retained. For example, negatively charged amino acids may
include aspartic acid and glutamic acid, positively charged
amino acids may include lysine and arginine, and amino
acids with uncharged polar head groups having similar
hydrophilicity values may include leucine, isoleucine, and
valine; glycine and alanine; asparagine and glutamine;
serine and threonine; and phenylalanine and tyrosine. More
rarely, a variant may have “non-conservative” changes, e.g.,
replacement of a glycine with a tryptophan. Similar minor
variations may also include amino acid deletions or inser-
tions, or both. Related polypeptides may comprise, for
example, additions and/or deletions of one or more N-linked
or O-linked glycosylation sites, or an addition and/or a
deletion of one or more cysteine residues. Guidance in
determining which and how many amino acid residues may
be substituted, inserted or deleted without abolishing func-
tional or biological activity may be found using computer
programs well known in the art, for example, DNASTAR
software (see U.S. Pat. No. 5,840,544).
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[0074] “Fragment”, with respect to a polynucleotide,
refers to a clone or any part of a polynucleotide molecule
that retains a usable, functional characteristic. Useful frag-
ments include oligonucleotides and polynucleotides that
may be used in hybridization or amplification technologies
or in the regulation of replication, transcription or transla-
tion. A “polynucleotide fragment™ refers to any subsequence
of'a polynucleotide, typically, of at least about 9 consecutive
nucleotides, preferably at least about 30 nucleotides, more
preferably at least about 50 nucleotides, of any of the
sequences provided herein. Exemplary polynucleotide frag-
ments are the first sixty consecutive nucleotides of the
polynucleotides listed in the Sequence Listing. Exemplary
fragments also include fragments that comprise a region that
encodes an conserved domain of a polypeptide. Exemplary
fragments also include fragments that comprise a conserved
domain of a polypeptide. Exemplary fragments include
fragments that comprise an conserved domain of a polypep-
tide, for example, amino acid residues 5-50 of G1988 (SEQ
ID NO: 2), amino acid residues 6-51 of G4004 (SEQ ID NO:
4) or amino acid residues 6-51 of G4005 (SEQ ID NO: 6).

[0075] Fragments may also include subsequences of
polypeptides and protein molecules, or a subsequence of the
polypeptide. Fragments may have uses in that they may have
antigenic potential. In some cases, the fragment or domain
is a subsequence of the polypeptide which performs at least
one biological function of the intact polypeptide in substan-
tially the same manner, or to a similar extent, as does the
intact polypeptide. For example, a polypeptide fragment can
comprise a recognizable structural motif or functional
domain such as a DNA-binding site or domain that binds to
a DNA promoter region, an activation domain, or a domain
for protein-protein interactions, and may initiate transcrip-
tion. Fragments can vary in size from as few as 3 amino acid
residues to the full length of the intact polypeptide, but are
preferably at least about 30 amino acid residues in length
and more preferably at least about 60 amino acid residues in
length.

[0076] The invention also encompasses production of
DNA sequences that encode polypeptides and derivatives, or
fragments thereof, entirely by synthetic chemistry. After
production, the synthetic sequence may be inserted into any
of the many available expression vectors and cell systems
using reagents well known in the art. Moreover, synthetic
chemistry may be used to introduce mutations into a
sequence encoding polypeptides or any fragment thereof.

[0077] “Derivative” refers to the chemical modification of
a nucleic acid molecule or amino acid sequence. Chemical
modifications can include replacement of hydrogen by an
alkyl, acyl, or amino group or glycosylation, pegylation, or
any similar process that retains or enhances biological
activity or lifespan of the molecule or sequence.

[0078] The term “plant” includes whole plants, shoot
vegetative organs/structures (for example, leaves, stems and
tubers), roots, flowers and floral organs/structures (for
example, bracts, sepals, petals, stamens, carpels, anthers and
ovules), seed (including embryo, endosperm, and seed coat)
and fruit (the mature ovary), plant tissue (for example,
vascular tissue, ground tissue, and the like) and cells (for
example, guard cells, egg cells, and the like), and progeny of
same. The class of plants that can be used in the method of
the invention is generally as broad as the class of higher and
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lower plants amenable to transformation techniques, includ-
ing angiosperms (monocotyledonous and dicotyledonous
plants), gymnosperms, ferns, horsetails, psilophytes, lyco-
phytes, bryophytes, and multicellular algae (see for
example, FIG. 1, adapted from Daly et al. (2001), FIG. 2,
adapted from Ku et al. (2000); and see also Tudge (2000).

[0079] A “control plant” as used in the present invention
refers to a plant cell, seed, plant component, plant tissue,
plant organ or whole plant used to compare against trans-
genic or genetically modified plant for the purpose of
identifying an enhanced phenotype in the transgenic or
genetically modified plant. A control plant may in some
cases be a transgenic plant line that comprises an empty
vector or marker gene, but does not contain the recombinant
polynucleotide of the present invention that is expressed in
the transgenic or genetically modified plant being evaluated.
In general, a control plant is a plant of the same line or
variety as the transgenic or genetically modified plant being
tested. A suitable control plant would include a genetically
unaltered or non-transgenic plant of the parental line used to
generate a transgenic plant herein.

[0080] A “transgenic plant” refers to a plant that contains
genetic material not found in a wild-type plant of the same
species, variety or cultivar. The genetic material may include
a transgene, an insertional mutagenesis event (such as by
transposon or T-DNA insertional mutagenesis), an activation
tagging sequence, a mutated sequence, a homologous
recombination event or a sequence modified by chimera-
plasty. Typically, the foreign genetic material has been
introduced into the plant by human manipulation, but any
method can be used as one of skill in the art recognizes.

[0081] A transgenic plant may contain an expression vec-
tor or cassette. The expression cassette typically comprises
a polypeptide-encoding sequence operably linked (i.e.,
under regulatory control of) to appropriate inducible or
constitutive regulatory sequences that allow for the con-
trolled expression of polypeptide. The expression cassette
can be introduced into a plant by transformation or by
breeding after transformation of a parent plant. A plant refers
to a whole plant as well as to a plant part, such as seed, fruit,
leaf, or root, plant tissue, plant cells or any other plant
material, e.g., a plant explant, as well as to progeny thereof,
and to in vitro systems that mimic biochemical or cellular
components or processes in a cell.

[0082] “Wild type” or “wild-type”, as used herein, refers
to a plant cell, seed, plant component, plant tissue, plant
organ or whole plant that has not been genetically modified
or treated in an experimental sense. Wild-type cells, seed,
components, tissue, organs or whole plants may be used as
controls to compare levels of expression and the extent and
nature of trait modification with cells, tissue or plants of the
same species in which a polypeptide’s expression is altered,
e.g., in that it has been knocked out, overexpressed, or
ectopically expressed.

[0083] A “trait” refers to a physiological, morphological,
biochemical, or physical characteristic of a plant or particu-
lar plant material or cell. In some instances, this character-
istic is visible to the human eye, such as seed or plant size,
or can be measured by biochemical techniques, such as
detecting the protein, starch, or oil content of seed or leaves,
or by observation of a metabolic or physiological process,
e.g. by measuring tolerance to water deprivation or particu-
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lar salt or sugar concentrations, or by the observation of the
expression level of a gene or genes, e.g., by employing
Northern analysis, RT-PCR, microarray gene expression
assays, or reporter gene expression systems, or by agricul-
tural observations such as hyperosmotic stress tolerance or
yield. Any technique can be used to measure the amount of,
comparative level of; or difference in any selected chemical
compound or macromolecule in the transgenic plants, how-
ever.

[0084] “Trait modification” refers to a detectable differ-
ence in a characteristic in a plant ectopically expressing a
polynucleotide or polypeptide of the present invention rela-
tive to a plant not doing so, such as a wild-type plant. In
some cases, the trait modification can be evaluated quanti-
tatively. For example, the trait modification can entail at
least about a 2% increase or decrease, or an even greater
difference, in an observed trait as compared with a control or
wild-type plant. It is known that there can be a natural
variation in the modified trait. Therefore, the trait modifi-
cation observed entails a change of the normal distribution
and magnitude of the trait in the plants as compared to
control or wild-type plants.

[0085] When two or more plants have “similar morpholo-
gies”, “substantially similar morphologies”, “a morphology
that is substantially similar”, or are “morphologically simi-
lar”’, the plants have comparable forms or appearances,
including analogous features such as overall dimensions,
height, width, mass, root mass, shape, glossiness, color, stem
diameter, leaf size, leaf dimension, leaf density, internode
distance, branching, root branching, number and form of
inflorescences, and other macroscopic characteristics, and
the individual plants are not readily distinguishable based on
morphological characteristics alone.

[0086] “Modulates” refers to a change in activity (biologi-
cal, chemical, or immunological) or lifespan resulting from
specific binding between a molecule and either a nucleic
acid molecule or a protein.

[0087] The term “transcript profile” refers to the expres-
sion levels of a set of genes in a cell in a particular state,
particularly by comparison with the expression levels of that
same set of genes in a cell of the same type in a reference
state. For example, the transcript profile of a particular
polypeptide in a suspension cell is the expression levels of
a set of genes in a cell knocking out or overexpressing that
polypeptide compared with the expression levels of that
same set of genes in a suspension cell that has normal levels
of that polypeptide. The transcript profile can be presented
as a list of those genes whose expression level is signifi-
cantly different between the two treatments, and the differ-
ence ratios. Differences and similarities between expression
levels may also be evaluated and calculated using statistical
and clustering methods.

[0088] With regard to gene knockouts as used herein, the
term “knockout” refers to a plant or plant cell having a
disruption in at least one gene in the plant or cell, where the
disruption results in a reduced expression or activity of the
polypeptide encoded by that gene compared to a control cell.
The knockout can be the result of, for example, genomic
disruptions, including transposons, tilling, and homologous
recombination, antisense constructs, sense constructs, RNA
silencing constructs, or RNA interference. A T-DNA inser-
tion within a gene is an example of a genotypic alteration
that may abolish expression of that gene.
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[0089] “Ectopic expression or altered expression” in ref-
erence to a polynucleotide indicates that the pattern of
expression in, e.g., a transgenic plant or plant tissue, is
different from the expression pattern in a wild-type plant or
a reference plant of the same species. The pattern of expres-
sion may also be compared with a reference expression
pattern in a wild-type plant of the same species. For
example, the polynucleotide or polypeptide is expressed in
a cell or tissue type other than a cell or tissue type in which
the sequence is expressed in the wild-type plant, or by
expression at a time other than at the time the sequence is
expressed in the wild-type plant, or by a response to different
inducible agents, such as hormones or environmental sig-
nals, or at different expression levels (either higher or lower)
compared with those found in a wild-type plant. The term
also refers to altered expression patterns that are produced
by lowering the levels of expression to below the detection
level or completely abolishing expression. The resulting
expression pattern can be transient or stable, constitutive or
inducible. In reference to a polypeptide, the term “ectopic
expression or altered expression” further may relate to
altered activity levels resulting from the interactions of the
polypeptides with exogenous or endogenous modulators or
from interactions with factors or as a result of the chemical
modification of the polypeptides.

[0090] The term “overexpression” as used herein refers to
a greater expression level of a gene in a plant, plant cell or
plant tissue, compared to expression in a wild-type plant,
cell or tissue, at any developmental or temporal stage for the
gene. Overexpression can occur when, for example, the
genes encoding one or more polypeptides are under the
control of a strong promoter (e.g., the cauliflower mosaic
virus 35S transcription initiation region). Overexpression
may also under the control of an inducible or tissue specific
promoter. Thus, overexpression may occur throughout a
plant, in specific tissues of the plant, or in the presence or
absence of particular environmental signals, depending on
the promoter used.

[0091] Overexpression may take place in plant cells nor-
mally lacking expression of polypeptides functionally
equivalent or identical to the present polypeptides. Overex-
pression may also occur in plant cells where endogenous
expression of the present polypeptides or functionally
equivalent molecules normally occurs, but such normal
expression is at a lower level. Overexpression thus results in
a greater than normal production, or “overproduction” of the
polypeptide in the plant, cell or tissue.

[0092] The term “transcription regulating region” refers to
a DNA regulatory sequence that regulates expression of one
or more genes in a plant when a transcription factor having
one or more specific binding domains binds to the DNA
regulatory sequence. Transcription factors possess an con-
served domain. The transcription factors also comprise an
amino acid subsequence that forms a transcription activation
domain that regulates expression of one or more abiotic
stress tolerance genes in a plant when the transcription factor
binds to the regulating region.

[0093] “Yield” or “plant yield” refers to increased plant
growth, increased crop growth, increased biomass, and/or
increased plant product production, and is dependent to
some extent on temperature, plant size, organ size, planting
density, light, water and nutrient availability, and how the
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plant copes with various stresses, such as through tempera-
ture acclimation and water or nutrient use efficiency.

[0094] “Planting density” refers to the number of plants
that can be grown per acre. For crop species, planting or
population density varies from a crop to a crop, from one
growing region to another, and from year to year. Using corn
as an example, the average prevailing density in 2000 was
in the range of 20,000-25,000 plants per acre in Missouri,
USA. A desirable higher population density (a measure of
yield) would be at least 22,000 plants per acre, and a more
desirable higher population density would be at least 28,000
plants per acre, more preferably at least 34,000 plants per
acre, and most preferably at least 40,000 plants per acre. The
average prevailing densities per acre of a few other
examples of crop plants in the USA in the year 2000 were:
wheat 1,000,000-1,500,000; rice 650,000-900,000; soybean
150,000-200,000, canola 260,000-350,000, sunflower
17,000-23,000 and cotton 28,000-55,000 plants per acre
(Cheikh et al. (2003) U.S. Patent Application No.
20030101479). A desirable higher population density for
each of these examples, as well as other valuable species of
plants, would be at least 10% higher than the average
prevailing density or yield.

DESCRIPTION OF THE SPECIFIC
EMBODIMENTS

Transcription Factors Modify Expression of
Endogenous Genes

[0095] A transcription factor may include, but is not
limited to, any polypeptide that can activate or repress
transcription of a single gene or a number of genes. As one
of ordinary skill in the art recognizes, transcription factors
can be identified by the presence of a region or domain of
structural similarity or identity to a specific consensus
sequence or the presence of a specific consensus DNA-
binding motif (see, for example, Riechmann et al. (2000a)).
The plant transcription factors of the present invention
belong to the B-box zinc finger family (Putterill et al.
(1995)) and are putative transcription factors.

[0096] Generally, transcription factors are involved in cell
differentiation and proliferation and the regulation of
growth. Accordingly, one skilled in the art would recognize
that by expressing the present sequences in a plant, one may
change the expression of autologous genes or induce the
expression of introduced genes. By affecting the expression
of similar autologous sequences in a plant that have the
biological activity of the present sequences, or by introduc-
ing the present sequences into a plant, one may alter a plant’s
phenotype to one with improved traits related to osmotic
stresses. The sequences of the invention may also be used to
transform a plant and introduce desirable traits not found in
the wild-type cultivar or strain. Plants may then be selected
for those that produce the most desirable degree of over- or
under-expression of target genes of interest and coincident
trait improvement.

[0097] The sequences of the present invention may be
from any species, particularly plant species, in a naturally
occurring form or from any source whether natural, syn-
thetic, semi-synthetic or recombinant. The sequences of the
invention may also include fragments of the present amino
acid sequences. Where “amino acid sequence” is recited to



US 2008/0010703 Al

refer to an amino acid sequence of a naturally occurring
protein molecule, “amino acid sequence” and like terms are
not meant to limit the amino acid sequence to the complete
native amino acid sequence associated with the recited
protein molecule.

[0098] In addition to methods for modifying a plant phe-
notype by employing one or more polynucleotides and
polypeptides of the invention described herein, the poly-
nucleotides and polypeptides of the invention have a variety
of additional uses. These uses include their use in the
recombinant production (i.e., expression) of proteins; as
regulators of plant gene expression, as diagnostic probes for
the presence of complementary or partially complementary
nucleic acids (including for detection of natural coding
nucleic acids); as substrates for further reactions, e.g., muta-
tion reactions, PCR reactions, or the like; as substrates for
cloning e.g., including digestion or ligation reactions; and
for identifying exogenous or endogenous modulators of the
transcription factors. The polynucleotide can be, e.g.,
genomic DNA or RNA, a transcript (such as an mRNA), a
c¢DNA, a PCR product, a cloned DNA, a synthetic DNA or
RNA, or the like. The polynucleotide can comprise a
sequence in either sense or antisense orientations.

[0099] Expression of genes that encode polypeptides that
modify expression of endogenous genes, polynucleotides,
and proteins are well known in the art. In addition, trans-
genic plants comprising isolated polynucleotides encoding
transcription factors may also modify expression of endog-
enous genes, polynucleotides, and proteins. Examples
include Peng et al. (1997) and Peng et al. (1999). In addition,
many others have demonstrated that an Arabidopsis tran-
scription factor expressed in an exogenous plant species
elicits the same or very similar phenotypic response. See, for
example, Fu et al. (2001); Nandi et al. (2000); Coupland
(1995); and Weigel and Nilsson (1995)).

[0100] In another example, Mandel et al. (1992b), and
Suzuki et al. (2001), teach that a transcription factor
expressed in another plant species elicits the same or very
similar phenotypic response of the endogenous sequence, as
often predicted in earlier studies of Arabidopsis transcription
factors in Arabidopsis (see Mandel et al. (1992a); Suzuki et
al. (2001)). Other examples include Miiller et al. (2001);
Kim et al. (2001); Kyozuka and Shimamoto (2002); Boss
and Thomas (2002); He et al. (2000); and Robson et al.
(2001).

[0101] In yetanother example, Gilmour et al. (1998) teach
an Arabidopsis AP2 transcription factor, CBF1, which,
when overexpressed in transgenic plants, increases plant
freezing tolerance. Jaglo et al. (2001) further identified
sequences in Brassica napus which encode CBF-like genes
and that transcripts for these genes accumulated rapidly in
response to low temperature. Transcripts encoding CBF-like
proteins were also found to accumulate rapidly in response
to low temperature in wheat, as well as in tomato. An
alignment of the CBF proteins from Arabidopsis, B. napus,
wheat, rye, and tomato revealed the presence of conserved
consecutive amino acid residues, PKK/RPAGRxKFx-
ETRHP and DSAWR, which bracket the AP2/EREBP DNA
binding domains of the proteins and distinguish them from
other members of the AP2/EREBP protein family. (Jaglo et
al. (2001))

[0102] Transcription factors mediate cellular responses
and control traits through altered expression of genes con-
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taining cis-acting nucleotide sequences that are targets of the
introduced transcription factor. It is well appreciated in the
art that the effect of a transcription factor on cellular
responses or a cellular trait is determined by the particular
genes whose expression is either directly or indirectly (e.g.,
by a cascade of transcription factor binding events and
transcriptional changes) altered by transcription factor bind-
ing. In a global analysis of transcription comparing a stan-
dard condition with one in which a transcription factor is
overexpressed, the resulting transcript profile associated
with transcription factor overexpression is related to the trait
or cellular process controlled by that transcription factor. For
example, the PAP2 gene and other genes in the MYB family
have been shown to control anthocyanin biosynthesis
through regulation of the expression of genes known to be
involved in the anthocyanin biosynthetic pathway (Bruce et
al. (2000); and Borevitz et al. (2000)). Further, global
transcript profiles have been used successfully as diagnostic
tools for specific cellular states (e.g., cancerous vs. non-
cancerous; Bhattacharjee et al. (2001); and Xu et al. (2001)).
Consequently, it is evident to one skilled in the art that
similarity of transcript profile upon overexpression of dif-
ferent transcription factors would indicate similarity of
transcription factor function.

Polypeptides and Polynucleotides of the Invention

[0103] The present invention includes putative transcrip-
tion factors (TFs), and isolated or recombinant polynucle-
otides encoding the polypeptides, or novel sequence variant
polypeptides or polynucleotides encoding novel variants of
polypeptides derived from the specific sequences provided
in the Sequence Listing; the recombinant polynucleotides of
the invention may be incorporated in expression vectors for
the purpose of producing transformed plants. Also provided
are methods for modifying yield from a plant by modifying
the mass, size or number of plant organs or seed of a plant
by controlling a number of cellular processes, and for
increasing a plant’s resistance to abiotic stresses. These
methods are based on the ability to alter the expression of
critical regulatory molecules that may be conserved between
diverse plant species. Related conserved regulatory mol-
ecules may be originally discovered in a model system such
as Arabidopsis and homologous, functional molecules then
discovered in other plant species. The latter may then be
used to confer increased yield or abiotic stress tolerance in
diverse plant species.

[0104] Exemplary polynucleotides encoding the polypep-
tides of the invention were identified in the Arabidopsis
thaliana GenBank database using publicly available
sequence analysis programs and parameters. Sequences ini-
tially identified were then further characterized to identify
sequences comprising specified sequence strings corre-
sponding to sequence motifs present in families of known
polypeptides. In addition, further exemplary polynucleotides
encoding the polypeptides of the invention were identified in
the plant GenBank database using publicly available
sequence analysis programs and parameters. Sequences ini-
tially identified were then further characterized to identify
sequences comprising specified sequence strings corre-
sponding to sequence motifs present in families of known
polypeptides.

[0105] Additional polynucleotides of the invention were
identified by screening Arabidopsis thaliana and/or other
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plant cDNA libraries with probes corresponding to known
polypeptides under low stringency hybridization conditions.
Additional sequences, including full length coding
sequences, were subsequently recovered by the rapid ampli-
fication of cDNA ends (RACE) procedure using a commer-
cially available kit according to the manufacturer’s instruc-
tions. Where necessary, multiple rounds of RACE are
performed to isolate 5' and 3' ends. The full-length cDNA
was then recovered by a routine end-to-end polymerase
chain reaction (PCR) using primers specific to the isolated 5'
and 3' ends. Exemplary sequences are provided in the
Sequence Listing.

[0106] Many of the sequences in the Sequence Listing,
derived from diverse plant species, have been ectopically
expressed in overexpressor plants. The changes in the char-
acteristic(s) or trait(s) of the plants were then observed and
found to confer increased yield and/or increased abiotic
stress tolerance. Therefore, the polynucleotides and
polypeptides can be used to improve desirable characteris-
tics of plants.

[0107] The polynucleotides of the invention were also
ectopically expressed in overexpressor plant cells and the
changes in the expression levels of a number of genes,
polynucleotides, and/or proteins of the plant cells observed.
Therefore, the polynucleotides and polypeptides can be used
to change expression levels of genes, polynucleotides, and/
or proteins of plants or plant cells.

[0108] The data presented herein represent the results
obtained in experiments with polynucleotides and polypep-
tides that may be expressed in plants for the purpose of
reducing yield losses that arise from biotic and abiotic stress.

Background Information for G1988, the G1988 Clade, and
Related Sequences

[0109] G1988 belongs to the CONSTANS-like family of
zinc finger proteins, which was defined based on a Zn-finger
domain known as the B-box. The B-box has homology to a
protein-protein interaction domain found in animal tran-
scription factors (Robson et al., 2001; Borden, 1998; Torok
and Etkin, 2001) and the B-domain of G1988 and its close
homolog clade members functions in the same protein-
protein interaction capacity. The CONSTANS-like proteins
contain one or two N-terminal B-box motifs (the G1988
clade contains a single N-terminal B-box domain). G1988
and its homologs from other species share conserved C-ter-
minal motifs that define a clear clade that is distinct from
other B-box proteins, and generally contain the signature
residues identified by the triangles in FIGS. 4D and 4E, and
by SEQ ID NOs: 62, 57, and 58. G1988 is expressed in many
tissues. G1988 and its homologs are diurnally regulated

[0110] As disclosed below in the Examples, constitutive
expression of G1988 in Arabidopsis modulates diverse plant
growth processes, including elongation of hypocotyls,
extended petioles and upheld leaves, early flowering;
enhanced root and/or shoot growth in phosphate-limited
media; more secondary roots on control media, enhanced
growth and reduced anthocyanin in low nitrogen/high
sucrose media supplemented with glutamine, enhanced root
growth on salt-containing media, and enhanced root growth
on polyethylene glycol-containing media, as compared to
control plants. G1988 overexpression in soybean plants has
been shown to result in a statistically significant increase in
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yield in field trials (see FIG. 6 and Examples presented
below) as compared to parental line controls.

[0111] The G1988 clade includes a number of sequences
descended from a common ancestral sequence, as shown in
the phylogenetic tree seen in FIG. 3. The ancestral sequence
is represented by the node of the tree indicated by the arrow
in FIG. 3 having a bootstrap value of 74. Examples of clade
members include those sequences within the box and
bounded by G4011 and G4009 in FIG. 3. Polypeptide
members of the G1988 clade examined to date, including
(1988 and phylogenetically-related sequences from diverse
species, comprise several characteristic structural features,
including a highly conserved B-domain, indicated in FIGS.
4A and 4B, and several characteristic or signature residues
outside of and nearer to the C-terminus than the B-domain.
Signature residues are indicated by the small dark triangles
in FIGS. 4D and 4E. These residues comprise, in order from
N to C termini:

W-X;3-G (SEQ ID NO: 62, where X represents any amino acid;
seen in FIG. 4D)

R-X;3-A-X;3-W (SEQ ID NO: 57, where X represents any amino acid;
seen in FIG. 4D) followed by:

EGWXE (SEQ ID NO: 58; where X represents any amino acid;

seen in FIG. 4E).

[0112] Thus, a G1988 clade sequence may be defined as
having a highly conserved B-domain at least 56% identical
in its amino acid sequence to SEQ ID NO: 45. G1988 clade
members examined thus far may be further defined by
having amino acid residues characterized by a tryptophan
residue and a glycine residue at the positions corresponding
to the first and fifth residues shown in FIG. 4D nearer the
C-terminus than said B-domain, and/or by having SEQ ID
NO: 57 nearer the C-terminus than said tryptophan residue,
and/or by having SEQ ID NO: 58 nearer the C-terminus than
SEQ ID NO: 57.

[0113] It is likely that the ectopic expression of G1988
product can affect light signaling, or downstream hormonal
pathways. Based upon the observations described above,
(1988 appears to be involved in photomorphogenesis and
plant growth and development. Hence, its overexpression
may improve plant vigor, thus explaining the yield enhance-
ments seen in 35S::G1988 soybean plants as noted below.

[0114] A number of sequences have been found in other
plant species that are closely-related to G1988. Table 1
shows a number of polypeptides of the invention and
includes the SEQ ID NO: (Column 1), the species from
which the sequence was derived and the Gene Identifier
(“GID”; Column 2), the percent identity of the polypeptide
in Column 1 to the full length G1988 polypeptide, SEQ ID
NO: 1, as determined by a BLASTp analysis with a
wordlength (W) of 3, an expectation (E) of 10, and the
BLOSUMBG62 scoring matrix Henikoff & Henikoff (1989,
1991) (Column 3), the amino acid residue coordinates for
the conserved B-box ZF domains, in amino acid coordinates
beginning at the n-terminus, of each of the sequences
(Column 4), the conserved B-box ZF domain sequences of
the respective polypeptides (Column 5); the SEQ ID NO: of
each of the B-box ZF domains (Column 6), and the per-
centage identity of the conserved domain in Column 5 to the
conserved domain of the Arabidopsis G1988 sequence, SEQ
ID NO: 45 (Column 7).
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TABLE 1

Column 1

Polypeptide Column 2

SEQ ID
NO:

Species/
GID No.

Conserved domains of G1988 and closely related sequences

Column 3
Percent
identity of
polypeptide
in Column 1
to G1988

Column 4
B-box Z
domain in
amino acid
coordinates

Column 5
B-box ZF domain

Column 6
SEQ ID
NO: of
B-box

ZF domain

Column 7
Percent identity of
B-box ZF domain in

Column 5 to conserved

domain of G1988

18

24

16

20

14

66

10

22

12

At/G1988

Zm/G4297

Zm/G4001

Os/G4012

Os/G4298

Os/G4011

Zm/G4000

Ta/Tal988

Gm/G4004

Gm/G4005

Ct/G4007

Le/G4299

Pt/G4009

100%

30%

30%

32%

67%

33%

30%

33%

33%

32%

45%

36%

40%

5-50

14-55

20-61

15-56

15-55

20-61

13-54

6-51

5-50

6-51

CELCGAEADLHC
AADSAFLCRSCD
AKFHASNFLFAR
HFRRVICPNC
CELCGGAAAVH
CAADSAFLCPRC
DAKVHGANFLA
SRHVRRRL
CELCGGAAAVH
CAADSAFLCLRC
DAKVHGANFLA
SRHVRRRL
CELCGGVAAVH
CAADSAFLCLVC
DDKVHGANFLA
SRHRRRRL
CELCGGVAAVH
CAADSAFLCLVC
DDKVHGANFLA
SRHPRRR
CALCGAAAAVH
CEADAAFLCAA
CDAKVHGANFL
ASRHHRRRV
CELCGGAAAVH
CAADSAFLCLRC
DAKVHGANFLA
SRHVRRRL
CELCGGVAAVH
CAADSAFLCVPC
DAKVHGANFLA
SRHLRRRL
CELCHQLASLYC
PSDSAFLCFHCD
AAVHAANFLVA
RHLRRLLCSKC
CELCDQQASLYC
PSDSAFLCSDCD
AAVHAANFLVA
RHLRRLLCSKC
CELCSQEAALHC
ASDEAFLCFDCD
DRVHKANFLVA
RHVRQTLCSQC
CELCNDQAALFC
PSDSAFLCFHCD
AKVHQANFLVA
RHLRLTLCSHC
CELCKGEAGVY
CDSDAAYLCFDC
DSNVHNANFLV
ARHIRRVICSGC

45

53

56

52

54

51

48

68

46

a7

49

55

50

100%

70%

70%

67%

67%

65%

65%

61%

60%

60%

58%

58%

56%

Species abbreviations for Table 1: At—drabidopsis thaliana; Ct—Citrus sinensis; Gm—Glycine max; Le—Lycopersi-

con esculentum; Os—Oryza sativa; Pt—Populus trichocarpa; Ta—Triticum aestivum; Zm—Zea mays.
!phenotype observed in both Arabidopsis and soy plants

Jan. 10, 2008



US 2008/0010703 Al Jan. 10, 2008
13

[0115] Tables 2 and 3 list some of the morphological and
physiological traits that conferred to Arabidopsis, soy or
corn plants overexpressing (G1988 or orthologs from diverse
species of plants, including Arabidopsis, soy, may, rice, and
tomato, in experiments conducted to date. All observations
are made with respect to control plants that did not overex-
press a G1988 clade transcription factor.

TABLE 2

(1988 homologs and potentially valuable morphology-related traits

Col. 2 Col. 5
Col. 1 Reduced light response: Col. 4 Delayed
GID (SEQ elongated hypocotyls, Col. 3 Increased  development
ID No.) elongated petioles or Increased  secondary  and/or time
Species upright leaves yield* roots to flowering
G1988 (2) +! +3 +! 413
At
G4004 (4) +! n/d n/d +!
Gm
G4005 (6) +! n/d n/d +!
Gm
G4000 (8) +! n/d n/d +!
Zm
G4012 (16) +! n/d n/d +!
Os
G4299 (22) +! n/d n/d +!
Sl

*yield may be increased by morphological improvements and/or increased tolerance to
various physiological stresses

[0116]
TABLE 3

G1988 homologs and potentially valuable physiological traits
Col. 1 Col. 3
GID Col. 2 Increased Col. 4 Col. 6
(SEQ ID Better water Altered Col. 5 Increased
No.) germination in  deprivation = C/N sensing or  Increased low P hyperosmotic stress
Species cold conditions  tolerance low N tolerance tolerance (sucrose) tolerance
G1988 +3 413 +! +! +!
@
At
G4004 4123 n/d 412 -t
@
Gm
G4005 -t + -t
®
Gm
G4000 wd w/d wd wd wd
®)
Zm
G4012 wd w/d wd wd wd
(16)
Os
G4299 wd w/d wd wd wd
(22)
Sl

Species abbreviations for Tables 2 and 3: At—Arabidopsis thaliana; Gm—Glycine max; Os—Oryza
sativa; Sl—Solanum lycopersicum; Zm—Zea mays.

(+) indicates positive assay result/more tolerant or phenotype observed, relative to controls.
(-) indicates negative assay result/less tolerant or phenotype observed, relative to controls
empty cell—assay result similar to controls

!phenotype observed in Arabidopsis plants

2phenotype observed in maize plants

3phenotype observed in soy plants

n/d—assay not yet done or completed

N—Altered C/N sensing or low nitrogen tolerance

P—phosphorus
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[0117] Orthologs and Paralogs

[0118] Homologous sequences as described above can
comprise orthologous or paralogous sequences. Several dif-
ferent methods are known by those of skill in the art for
identifying and defining these functionally homologous
sequences. General methods for identitying orthologs and
paralogs, including phylogenetic methods, sequence simi-
larity and hybridization methods, are described herein; an
ortholog or paralog, including equivalogs, may be identified
by one or more of the methods described below.

[0119] As described by Eisen (1998) Genome Res. 8:
163-167, evolutionary information may be used to predict
gene function. It is common for groups of genes that are
homologous in sequence to have diverse, although usually
related, functions. However, in many cases, the identifica-
tion of homologs is not sufficient to make specific predic-
tions because not all homologs have the same function.
Thus, an initial analysis of functional relatedness based on
sequence similarity alone may not provide one with a means
to determine where similarity ends and functional related-
ness begins. Fortunately, it is well known in the art that
protein function can be classified using phylogenetic analy-
sis of gene trees combined with the corresponding species.
Functional predictions can be greatly improved by focusing
on how the genes became similar in sequence (i.e., by
evolutionary processes) rather than on the sequence simi-
larity itself (Eisen, supra). In fact, many specific examples
exist in which gene function has been shown to correlate
well with gene phylogeny (Eisen, supra). Thus, “[t]he first
step in making functional predictions is the generation of a
phylogenetic tree representing the evolutionary history of
the gene of interest and its homologs. Such trees are distinct
from clusters and other means of characterizing sequence
similarity because they are inferred by techniques that help
convert patterns of similarity into evolutionary relationships
. ... After the gene tree is inferred, biologically determined
functions of the various homologs are overlaid onto the tree.
Finally, the structure of the tree and the relative phylogenetic
positions of genes of different functions are used to trace the
history of functional changes, which is then used to predict
functions of [as yet] uncharacterized genes” (Eisen, supra).

[0120] Within a single plant species, gene duplication may
cause two copies of a particular gene, giving rise to two or
more genes with similar sequence and often similar function
known as paralogs. A paralog is therefore a similar gene
formed by duplication within the same species. Paralogs
typically cluster together or in the same clade (a group of
similar genes) when a gene family phylogeny is analyzed
using programs such as CLUSTAL (Thompson et al. (1994);
Higgins et al. (1996)). Groups of similar genes can also be
identified with pair-wise BLAST analysis (Feng and
Doolittle (1987)). For example, a clade of very similar
MADS domain transcription factors from Arabidopsis all
share a common function in flowering time (Ratcliffe et al.
(2001)), and a group of very similar AP2 domain transcrip-
tion factors from Arabidopsis are involved in tolerance of
plants to freezing (Gilmour et al. (1998)). Analysis of groups
of similar genes with similar function that fall within one
clade can yield sub-sequences that are particular to the clade.
These sub-sequences, known as consensus sequences, can
not only be used to define the sequences within each clade,
but define the functions of these genes; genes within a clade
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may contain paralogous sequences, or orthologous
sequences that share the same function (see also, for
example, Mount (2001))

[0121] Transcription factor gene sequences are conserved
across diverse eukaryotic species lines (Goodrich et al.
(1993); Lin et al. (1991); Sadowski et al. (1988)). Plants are
no exception to this observation; diverse plant species
possess transcription factors that have similar sequences and
functions. Speciation, the production of new species from a
parental species, gives rise to two or more genes with similar
sequence and similar function. These genes, termed
orthologs, often have an identical function within their host
plants and are often interchangeable between species with-
out losing function. Because plants have common ancestors,
many genes in any plant species will have a corresponding
orthologous gene in another plant species. Once a phylo-
genic tree for a gene family of one species has been
constructed using a program such as CLUSTAL (Thompson
et al. (1994); Higgins et al. (1996)) potential orthologous
sequences can be placed into the phylogenetic tree and their
relationship to genes from the species of interest can be
determined. Orthologous sequences can also be identified by
a reciprocal BLAST strategy. Once an orthologous sequence
has been identified, the function of the ortholog can be
deduced from the identified function of the reference
sequence.

[0122] By using a phylogenetic analysis, one skilled in the
art would recognize that the ability to deduce similar func-
tions conferred by closely-related polypeptides is predict-
able. This predictability has been confirmed by our own
many studies in which we have found that a wide variety of
polypeptides have orthologous or closely-related homolo-
gous sequences that function as does the first, closely-related
reference sequence. For example, distinct transcription fac-
tors, including:

[0123] (i) AP2 family Arabidopsis G47 (found in U.S. Pat.
No. 7,135,616), a phylogenetically-related sequence from
soybean, and two phylogenetically-related homologs from
rice all can confer greater tolerance to drought, hyperos-
motic stress, or delayed flowering as compared to control
plants;

[0124] (ii) CAAT family Arabidopsis G481 (found in PCT
patent publication WO2004076638), and numerous phylo-
genetically-related sequences from eudicots and monocots
can confer greater tolerance to drought-related stress as
compared to control plants;

[0125] (iii) Myb-related Arabidopsis G682 (found in U.S.
Pat. Nos. 7,223,904 and 7,193,129) and numerous phyloge-
netically-related sequences from eudicots and monocots can
confer greater tolerance to heat, drought-related stress, cold,
and salt as compared to control plants;

[0126] (iv) WRKY family Arabidopsis G1274 (found in
U.S. Pat. No. 7,196,245) and numerous closely-related
sequences from eudicots and monocots have been shown to
confer increased water deprivation tolerance, and

[0127] (v) AT-hook family soy sequence G3456 (found in
US patent publication 20040128712A1) and numerous phy-
logenetically-related sequences from eudicots and mono-
cots, increased biomass compared to control plants when
these sequences are overexpressed in plants.
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[0128] The polypeptides sequences belong to distinct
clades of polypeptides that include members from diverse
species. In each case, most or all of the clade member
sequences derived from both eudicots and monocots have
been shown to confer increased yield or tolerance to one or
more abiotic stresses when the sequences were overex-
pressed. These studies each demonstrate that evolutionarily
conserved genes from diverse species are likely to function
similarly (i.e., by regulating similar target sequences and
controlling the same traits), and that polynucleotides from
one species may be transformed into closely-related or
distantly-related plant species to confer or improve traits.

[0129] As shown in Table 1, polypeptides that are phylo-
genetically related to the polypeptides of the invention may
have conserved domains that share at least 56%, 58%, 60%,
65%, 67%, or 70%, 75%, 80%, 85%, 90%, or 95% amino
acid sequence identity, and have similar functions in that the
polypeptides of the invention may, when overexpressed,
confer at least one regulatory activity selected from the
group consisting of greater yield, more rapid growth, greater
size, increased secondary rooting, greater cold tolerance,
greater tolerance to water deprivation, reduced stomatal
conductance, altered C/N sensing or increased low nitrogen
tolerance, increased low phosphorus tolerance, increased
tolerance to hyperosmotic stress, and/or reduced light sen-
sitivity as compared to a control plant.

[0130] At the nucleotide level, the sequences of the inven-
tion will typically share at least about 30% or 40% nucle-
otide sequence identity, preferably at least about 50%, about
60%, about 70% or about 80% sequence identity, and more
preferably about 85%, about 90%, about 95% or about 97%
or more sequence identity to one or more of the listed
full-length sequences, or to a listed sequence but excluding
or outside of the region(s) encoding a known consensus
sequence or consensus DNA-binding site, or outside of the
region(s) encoding one or all conserved domains. The
degeneracy of the genetic code enables major variations in
the nucleotide sequence of a polynucleotide while maintain-
ing the amino acid sequence of the encoded protein.

[0131] Percent identity can be determined electronically,
e.g., by using the MEGALIGN program (DNASTAR, Inc.
Madison, Wis.). The MEGALIGN program can create align-
ments between two or more sequences according to different
methods, for example, the clustal method (see, for example,
Higgins and Sharp (1988). The clustal algorithm groups
sequences into clusters by examining the distances between
all pairs. The clusters are aligned pairwise and then in
groups. Other alignment algorithms or programs may be
used, including FASTA, BLAST, or ENTREZ, FASTA and
BLAST, and which may be used to calculate percent simi-
larity. These are available as a part of the GCG sequence
analysis package (University of Wisconsin, Madison, Wis.),
and can be used with or without default settings. ENTREZ
is available through the National Center for Biotechnology
Information. In one embodiment, the percent identity of two
sequences can be determined by the GCG program with a
gap weight of 1, e.g., each amino acid gap is weighted as if
it were a single amino acid or nucleotide mismatch between
the two sequences (see U.S. Pat. No. 6,262,333).

[0132] Software for performing BLAST analyses is pub-
licly available, e.g., through the National Center for Bio-
technology Information (see internet website at http://ww-
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w.ncbi.nlm.nih.gov/). This algorithm involves first
identifying high scoring sequence pairs (HSPs) by identify-
ing short words of length W in the query sequence, which
either match or satisfy some positive-valued threshold score
T when aligned with a word of the same length in a database
sequence. T is referred to as the neighborhood word score
threshold (Altschul (1990); Altschul et al. (1993)). These
initial neighborhood word hits act as seeds for initiating
searches to find longer HSPs containing them. The word hits
are then extended in both directions along each sequence for
as far as the cumulative alignment score can be increased.
Cumulative scores are calculated using, for nucleotide
sequences, the parameters M (reward score for a pair of
matching residues; always >0) and N (penalty score for
mismatching residues; always <0). For amino acid
sequences, a scoring matrix is used to calculate the cumu-
lative score. Extension of the word hits in each direction are
halted when: the cumulative alignment score falls off by the
quantity X from its maximum achieved value; the cumula-
tive score goes to zero or below, due to the accumulation of
one or more negative-scoring residue alignments; or the end
of either sequence is reached. The BLAST algorithm param-
eters W, T, and X determine the sensitivity and speed of the
alignment. The BLASTN program (for nucleotide
sequences) uses as defaults a wordlength (W) of 11, an
expectation (E) of 10, a cutoff of 100, M=5, N=4, and a
comparison of both strands. For amino acid sequences, the
BLASTP program uses as defaults a wordlength (W) of 3, an
expectation (E) of 10, and the BLOSUMG62 scoring matrix
(see Henikoff & Henikoff (1989, 1991)). Unless otherwise
indicated for comparisons of predicted polynucleotides,
“sequence identity” refers to the % sequence identity gen-
erated from a tblastx using the NCBI version of the algo-
rithm at the default settings using gapped alignments with
the filter “off” (see, for example, internet website at http://
www.ncbi.nlm.nih.gov/).

[0133] Other techniques for alignment are described by
Doolittle (1996). Preferably, an alignment program that
permits gaps in the sequence is utilized to align the
sequences. The Smith-Waterman is one type of algorithm
that permits gaps in sequence alignments (see Shpaer
(1997). Also, the GAP program using the Needleman and
Wunsch alignment method can be utilized to align
sequences. An alternative search strategy uses MPSRCH
software, which runs on a MASPAR computer. MPSRCH
uses a Smith-Waterman algorithm to score sequences on a
massively parallel computer. This approach improves ability
to pick up distantly related matches, and is especially
tolerant of small gaps and nucleotide sequence errors.
Nucleic acid-encoded amino acid sequences can be used to
search both protein and DNA databases.

[0134] The percentage similarity between two polypeptide
sequences, e.g., sequence A and sequence B, is calculated by
dividing the length of sequence A, minus the number of gap
residues in sequence A, minus the number of gap residues in
sequence B, into the sum of the residue matches between
sequence A and sequence B, times one hundred. Gaps of low
or of no similarity between the two amino acid sequences are
not included in determining percentage similarity. Percent
identity between polynucleotide sequences can also be
counted or calculated by other methods known in the art,
e.g., the Jotun Hein method (see, for example, Hein (1990))
Identity between sequences can also be determined by other
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methods known in the art, e.g., by varying hybridization
conditions (see US Patent Application No. 20010010913).

[0135] Thus, the invention provides methods for identify-
ing a sequence similar or paralogous or orthologous or
homologous to one or more polynucleotides as noted herein,
or one or more target polypeptides encoded by the poly-
nucleotides, or otherwise noted herein and may include
linking or associating a given plant phenotype or gene
function with a sequence. In the methods, a sequence
database is provided (locally or across an internet or intra-
net) and a query is made against the sequence database using
the relevant sequences herein and associated plant pheno-
types or gene functions.

[0136] In addition, one or more polynucleotide sequences
or one or more polypeptides encoded by the polynucleotide
sequences may be used to search against a BLOCKS (Bai-
roch et al. (1997)), PFAM, and other databases which
contain previously identified and annotated motifs,
sequences and gene functions. Methods that search for
primary sequence patterns with secondary structure gap
penalties (Smith et al. (1992)) as well as algorithms such as
Basic Local Alignment Search Tool (BLAST; Altschul
(1990); Altschul et al. (1993)), BLOCKS (Henikoff and
Henikoff (1991)), Hidden Markov Models (HMM; Eddy
(1996); Sonnhammer et al. (1997)), and the like, can be used
to manipulate and analyze polynucleotide and polypeptide
sequences encoded by polynucleotides. These databases,
algorithms and other methods are well known in the art and
are described in Ausubel et al. (1997), and in Meyers (1995).

[0137] A further method for identifying or confirming that
specific homologous sequences control the same function is
by comparison of the transcript profile(s) obtained upon
overexpression or knockout of two or more related polypep-
tides. Since transcript profiles are diagnostic for specific
cellular states, one skilled in the art will appreciate that
genes that have a highly similar transcript profile (e.g., with
greater than 50% regulated transcripts in common, or with
greater than 70% regulated transcripts in common, or with
greater than 90% regulated transcripts in common) will have
highly similar functions. Fowler and Thomashow (2002),
have shown that three paralogous AP2 family genes (CBF1,
CBF2 and CBF3) are induced upon cold treatment, and each
of which can condition improved freezing tolerance, and all
have highly similar transcript profiles. Once a polypeptide
has been shown to provide a specific function, its transcript
profile becomes a diagnostic tool to determine whether
paralogs or orthologs have the same function.

[0138] Furthermore, methods using manual alignment of
sequences similar or homologous to one or more polynucle-
otide sequences or one or more polypeptides encoded by the
polynucleotide sequences may be used to identify regions of
similarity and B-box zinc finger domains. Such manual
methods are well-known of those of skill in the art and can
include, for example, comparisons of tertiary structure
between a polypeptide sequence encoded by a polynucle-
otide that comprises a known function and a polypeptide
sequence encoded by a polynucleotide sequence that has a
function not yet determined. Such examples of tertiary
structure may comprise predicted alpha helices, beta-sheets,
amphipathic helices, leucine zipper motifs, zinc finger
motifs, proline-rich regions, cysteine repeat motifs, and the
like.
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[0139] Orthologs and paralogs of presently disclosed
polypeptides may be cloned using compositions provided by
the present invention according to methods well known in
the art. cDNAs can be cloned using mRNA from a plant cell
or tissue that expresses one of the present sequences. Appro-
priate mRNA sources may be identified by interrogating
Northern blots with probes designed from the present
sequences, after which a library is prepared from the mRNA
obtained from a positive cell or tissue. Polypeptide-encoding
c¢DNA is then isolated using, for example, PCR, using
primers designed from a presently disclosed gene sequence,
or by probing with a partial or complete cDNA or with one
or more sets of degenerate probes based on the disclosed
sequences. The cDNA library may be used to transform
plant cells. Expression of the cDNAs of interest is detected
using, for example, microarrays, Northern blots, quantitative
PCR, or any other technique for monitoring changes in
expression. Genomic clones may be isolated using similar
techniques to those.

[0140] Examples of orthologs of the Arabidopsis polypep-
tide sequences and their functionally similar orthologs are
listed in Table 1 and the Sequence Listing. In addition to the
sequences in Table 1 and the Sequence Listing, the invention
encompasses isolated nucleotide sequences that are phylo-
genetically and structurally similar to sequences listed in the
Sequence Listing) and can function in a plant by increasing
yield and/or and abiotic stress tolerance when ectopically
expressed in a plant.

[0141] Since a significant number of these sequences are
phylogenetically and sequentially related to each other and
have been shown to increase yield from a plant and/or
abiotic stress tolerance, one skilled in the art would predict
that other similar, phylogenetically related sequences falling
within the present clades of polypeptides would also per-
form similar functions when ectopically expressed.

[0142] Identifying Polynucleotides or Nucleic Acids by
Hybridization

[0143] Polynucleotides homologous to the sequences
illustrated in the Sequence Listing and tables can be iden-
tified, e.g., by hybridization to each other under stringent or
under highly stringent conditions. Single stranded poly-
nucleotides hybridize when they associate based on a variety
of well characterized physical-chemical forces, such as
hydrogen bonding, solvent exclusion, base stacking and the
like. The stringency of a hybridization reflects the degree of
sequence identity of the nucleic acids involved, such that the
higher the stringency, the more similar are the two poly-
nucleotide strands. Stringency is influenced by a variety of
factors, including temperature, salt concentration and com-
position, organic and non-organic additives, solvents, etc.
present in both the hybridization and wash solutions and
incubations (and number thereof), as described in more
detail in the references cited below (e.g., Sambrook et al.
(1989); Berger and Kimmel (1987); and Anderson and
Young (1985)).

[0144] Encompassed by the invention are polynucleotide
sequences that are capable of hybridizing to the claimed
polynucleotide sequences, including any of the polynucle-
otides within the Sequence Listing, and fragments thereof
under various conditions of stringency (see, for example,
Wahl and Berger (1987); and Kimmel (1987)). In addition to
the nucleotide sequences listed in the Sequence Listing, full
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length cDNA, orthologs, and paralogs of the present nucle-
otide sequences may be identified and isolated using well-
known methods. The ¢cDNA libraries, orthologs, and paral-
ogs of the present nucleotide sequences may be screened
using hybridization methods to determine their utility as
hybridization target or amplification probes.

[0145] With regard to hybridization, conditions that are
highly stringent, and means for achieving them, are well
known in the art. See, for example, Sambrook et al. (1989);
Berger (1987), pages 467-469; and Anderson and Young
(1985).

[0146] Stability of DNA duplexes is affected by such
factors as base composition, length, and degree of base pair
mismatch. Hybridization conditions may be adjusted to
allow DNAs of different sequence relatedness to hybridize.
The melting temperature (T,,)) is defined as the temperature
when 50% of the duplex molecules have dissociated into
their constituent single strands. The melting temperature of
a perfectly matched duplex, where the hybridization buffer
contains formamide as a denaturing agent, may be estimated
by the following equations:

(I) DNA-DNA:

T(° C) = 81.5 + 16.6(log [Na+]) + 041(% G + C) -
0.62(% formamide) — 500/L
(II) DNA-RNA:

To(® C.) = 79.8 + 18.5(log [Na+]) + 0.58(% G + C) +
0.12(% G + C)? - 0.5(% formamide) - 820/L
(II) RNA-RNA:

To(® C.) = 79.8 + 18.5(log [Na+]) + 0.58(% G + C) +
0.12(% G + C)? = 0.35(% formamide) — 820/L

[0147] where L is the length of the duplex formed, [Na+]
is the molar concentration of the sodium ion in the hybrid-
ization or washing solution, and % G+C is the percentage of
(guanine+cytosine) bases in the hybrid. For imperfectly
matched hybrids, approximately 1° C. is required to reduce
the melting temperature for each 1% mismatch.

[0148] Hybridization experiments are generally conducted
in a buffer of pH between 6.8 to 7.4, although the rate of
hybridization is nearly independent of pH at ionic strengths
likely to be used in the hybridization buffer (Anderson and
Young (1985)). In addition, one or more of the following
may be used to reduce non-specific hybridization: sonicated
salmon sperm DNA or another non-complementary DNA,
bovine serum albumin, sodium pyrophosphate, sodium
dodecylsulfate (SDS), polyvinyl-pyrrolidone, ficoll and
Denhardt’s solution. Dextran sulfate and polyethylene gly-
col 6000 act to exclude DNA from solution, thus raising the
effective probe DNA concentration and the hybridization
signal within a given unit of time. In some instances,
conditions of even greater stringency may be desirable or
required to reduce non-specific and/or background hybrid-
ization. These conditions may be created with the use of
higher temperature, lower ionic strength and higher concen-
tration of a denaturing agent such as formamide.

[0149] Stringency conditions can be adjusted to screen for
moderately similar fragments such as homologous
sequences from distantly related organisms, or to highly
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similar fragments such as genes that duplicate functional
enzymes from closely related organisms. The stringency can
be adjusted either during the hybridization step or in the
post-hybridization washes. Salt concentration, formamide
concentration, hybridization temperature and probe lengths
are variables that can be used to alter stringency (as
described by the formula above). As a general guidelines
high stringency is typically performed at T, -5° C. to
T,,—-20° C., moderate stringency at T_-20° C.to T_-35° C.
and low stringency at T, -35° C. to T,-50° C. for
duplex>150 base pairs. Hybridization may be performed at
low to moderate stringency (25-50° C. below T,,), followed
by post-hybridization washes at increasing stringencies.
Maximum rates of hybridization in solution are determined
empirically to occur at T, -25° C. for DNA-DNA duplex
and T_-15° C. for RNA-DNA duplex. Optionally, the
degree of dissociation may be assessed after each wash step
to determine the need for subsequent, higher stringency
wash steps.

[0150] High stringency conditions may be used to select
for nucleic acid sequences with high degrees of identity to
the disclosed sequences. An example of stringent hybrid-
ization conditions obtained in a filter-based method such as
a Southern or Northern blot for hybridization of comple-
mentary nucleic acids that have more than 100 complemen-
tary residues is about 5° C. to 20° C. lower than the thermal
melting point (T,,) for the specific sequence at a defined
ionic strength and pH. Conditions used for hybridization
may include about 0.02 M to about 0.15 M sodium chloride,
about 0.5% to about 5% casein, about 0.02% SDS or about
0.1% N-laurylsarcosine, about 0.001 M to about 0.03 M
sodium citrate, at hybridization temperatures between about
50° C. and about 70° C. More preferably, high stringency
conditions are about 0.02 M sodium chloride, about 0.5%
casein, about 0.02% SDS, about 0.001 M sodium citrate, at
a temperature of about 50° C. Nucleic acid molecules that
hybridize under stringent conditions will typically hybridize
to a probe based on either the entire DNA molecule or
selected portions, e.g., to a unique subsequence, of the DNA.

[0151] Stringent salt concentration will ordinarily be less
than about 750 mM NaCl and 75 mM trisodium citrate.
Increasingly stringent conditions may be obtained with less
than about 500 mM NaCl and 50 mM trisodium citrate, to
even greater stringency with less than about 250 mM NaCl
and 25 mM trisodium citrate. Low stringency hybridization
can be obtained in the absence of organic solvent, e.g.,
formamide, whereas high stringency hybridization may be
obtained in the presence of at least about 35% formamide,
and more preferably at least about 50% formamide. Strin-
gent temperature conditions will ordinarily include tempera-
tures of at least about 30° C., more preferably of at least
about 37° C., and most preferably of at least about 42° C.
with formamide present. Varying additional parameters,
such as hybridization time, the concentration of detergent,
e.g., sodium dodecyl sulfate (SDS) and ionic strength, are
well known to those skilled in the art. Various levels of
stringency are accomplished by combining these various
conditions as needed.

[0152] The washing steps that follow hybridization may
also vary in stringency; the post-hybridization wash steps
primarily determine hybridization specificity, with the most
critical factors being temperature and the ionic strength of
the final wash solution. Wash stringency can be increased by
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decreasing salt concentration or by increasing temperature.
Stringent salt concentration for the wash steps will prefer-
ably be less than about 30 mM NaCl and 3 mM trisodium
citrate, and most preferably less than about 15 mM NaCl and
1.5 mM trisodium citrate.

[0153] Thus, hybridization and wash conditions that may
be used to bind and remove polynucleotides with less than
the desired homology to the nucleic acid sequences or their
complements that encode the present polypeptides include,
for example:

[0154] 6xSSC at 65° C.;
[0155] 50% formamide, 4xSSC at 42° C.; or
[0156] 0.5xSSC, 0.1% SDS at 65° C.;

[0157] with, for example, two wash steps of 10-30 minutes
each. Useful variations on these conditions will be readily
apparent to those skilled in the art.

[0158] A person of skill in the art would not expect
substantial variation among polynucleotide species encom-
passed within the scope of the present invention because the
highly stringent conditions set forth in the above formulae
yield structurally similar polynucleotides.

[0159] If desired, one may employ wash steps of even
greater stringency, including about 0.2xSSC, 0.1% SDS at
65° C. and washing twice, each wash step being about 30
minutes, or about 0.1xSSC, 0.1% SDS at 65° C. and
washing twice for 30 minutes. The temperature for the wash
solutions will ordinarily be at least about 25° C., and for
greater stringency at least about 42° C. Hybridization strin-
gency may be increased further by using the same conditions
as in the hybridization steps, with the wash temperature
raised about 3° C. to about 5° C., and stringency may be
increased even further by using the same conditions except
the wash temperature is raised about 6° C. to about 9° C. For
identification of less closely related homologs, wash steps
may be performed at a lower temperature, e.g., 50° C.

[0160] An example of a low stringency wash step employs
a solution and conditions of at least 25° C. in 30 mM NaCl,
3 mM trisodium citrate, and 0.1% SDS over 30 minutes.
Greater stringency may be obtained at 42° C. in 15 mM
NaCl, with 1.5 mM trisodium citrate, and 0.1% SDS over 30
minutes. Even higher stringency wash conditions are
obtained at 65° C.-68° C. in a solution of 15 mM NaCl, 1.5
mM trisodium citrate, and 0.1% SDS. Wash procedures will
generally employ at least two final wash steps. Additional
variations on these conditions will be readily apparent to
those skilled in the art (see, for example, US Patent Appli-
cation No. 20010010913).

[0161] Stringency conditions can be selected such that an
oligonucleotide that is perfectly complementary to the cod-
ing oligonucleotide hybridizes to the coding oligonucleotide
with at least about a 5-10x higher signal to noise ratio than
the ratio for hybridization of the perfectly complementary
oligonucleotide to a nucleic acid encoding a polypeptide
known as of the filing date of the application. It may be
desirable to select conditions for a particular assay such that
a higher signal to noise ratio, that is, about 15x or more, is
obtained. Accordingly, a subject nucleic acid will hybridize
to a unique coding oligonucleotide with at least a 2x or
greater signal to noise ratio as compared to hybridization of
the coding oligonucleotide to a nucleic acid encoding known
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polypeptide. The particular signal will depend on the label
used in the relevant assay, e.g., a fluorescent label, a colo-
rimetric label, a radioactive label, or the like. Labeled
hybridization or PCR probes for detecting related polynucle-
otide sequences may be produced by oligolabeling, nick
translation, end-labeling, or PCR amplification using a
labeled nucleotide.

[0162] Encompassed by the invention are polynucleotide
sequences that are capable of hybridizing to the claimed
polynucleotide sequences, including any of the polynucle-
otides within the Sequence Listing, and fragments thereof
under various conditions of stringency (see, for example,
Wahl and Berger (1987), pages 399407; and Kimmel
(1987)). In addition to the nucleotide sequences in the
Sequence Listing, full length cDNA, orthologs, and paralogs
of the present nucleotide sequences may be identified and
isolated using well-known methods. The ¢cDNA libraries,
orthologs, and paralogs of the present nucleotide sequences
may be screened using hybridization methods to determine
their utility as hybridization target or amplification probes.

EXAMPLES

[0163] It is to be understood that this invention is not
limited to the particular devices, machines, materials and
methods described. Although particular embodiments are
described, equivalent embodiments may be used to practice
the invention.

[0164] The invention, now being generally described, will
be more readily understood by reference to the following
examples, which are included merely for purposes of illus-
tration of certain aspects and embodiments of the present
invention and are not intended to limit the invention. It will
be recognized by one of skill in the art that a polypeptide that
is associated with a particular first trait may also be asso-
ciated with at least one other, unrelated and inherent second
trait which was not predicted by the first trait.

Example [

Project Types and Vector and Cloning Information

[0165] A number of constructs were used to modulate the
activity of sequences of the invention. An individual project
was defined as the analysis of lines for a particular construct
(for example, this might include G1988 lines that constitu-
tively overexpressed a sequence of the invention). In the
present study, a full-length wild-type version of a gene was
directly fused to a promoter that drove its expression in
transgenic plants. Such a promoter could be the native
promoter of that gene, or a constitutive promoter such as the
cauliflower mosaic virus 35S promoter. Alternatively, a
promoter that drives tissue specific or conditional expression
could be used in similar studies.

[0166] In the present study, expression of a given poly-
nucleotide from a particular promoter was achieved by a
direct-promoter fusion construct in which that sequence was
cloned directly behind the promoter of interest. A direct
fusion approach has the advantage of allowing for simple
genetic analysis if a given promoter-polynucleotide line is to
be crossed into different genetic backgrounds at a later date.

[0167] For analysis of G1988-overexpressing plants,
transgenic lines were created with the expression vector
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P2499 (SEQ ID NO: 59), which contained a G1988 cDNA
clone. This construct constituted a 35S::G 1988 direct pro-
moter-fusion carrying a kanamycin resistance marker and
was introduced into Arabidopsis plants.

[0168] G4004 (polynucleotide SEQ ID NO: 3 and
polypeptide SEQ ID NO: 4) is a sequence derived from
soybean. G4004 was identified as a closely-related homolog
of G1988 based on phylogenetic analysis described above.
P26748 (SEQ ID NO: 60) contained a G4004 cDNA clone,
and was a 35S::G4004 direct promoter-fusion construct
carrying a kanamycin resistance marker. This construct was
used to generate lines of transgenic Arabidopsis plants
constitutively overexpressing the G4004 polypeptide.

[0169] G4005 (polynucleotide SEQ ID NO: 5 and
polypeptide SEQ ID NO: 6) was also derived from soybean,
and was also identified as a closely-related homolog of
(1988 based on phylogenetic analysis described above.
P26749 (SEQ ID NO: 61) contained a G4005 cDNA clone,
and was a 35S::G4005 direct promoter-fusion construct
carrying a kanamycin resistance marker. This construct was
used to generate lines of transgenic Arabidopsis plants
constitutively overexpressing the G4005 polypeptide.

[0170] A list of constructs (these expression vectors are
identified by a “PID” designation provided in the second
column) used to created plants overexpressing G1988 clade
members found in this report is provided in Table 4 and in
the Sequence Listing.

TABLE 4

Expression constructs used to create plants
overexpressing G1988 clade members

Gene Construct  SEQ ID NO:

Identifier (PID) of PID Promoter Project type
G1988 (2) P2499 59 358 Direct

At promoter-fusion
G4004 (4) P26748 60 358 Direct

Gm promoter-fusion
G4005 (6) P26749 61 358 Direct

Gm promoter-fusion
G4000 (8) P27404 63 358 Direct

Zm promoter-fusion
G4012 (16) P27406 64 358 Direct

Os promoter-fusion
G4299 (22) P27428 65 358 Direct

Sl promoter-fusion

Species abbreviations for Table 4: At—drabidopsis thaliana; Gm—Gly-
cine max; Os—Oryza sativa; Sl—Solanum lycopersicum; Zm—LZea mays

Example 11

Transformation

[0171] Transformation of Arabidopsis was performed by
an Agrobacterium-mediated protocol based on the method
of' Bechtold and Pelletier (1998). Unless otherwise specified,
all experimental work was done using the Columbia

ecotype.

[0172] Plant preparation. Arabidopsis seeds were sown on
mesh covered pots. The seedlings were thinned so that 6-10
evenly spaced plants remained on each pot 10 days after
planting. The primary bolts were cut off a week before
transformation to break apical dominance and encourage

Jan. 10, 2008

auxiliary shoots to form. Transformation was typically per-
formed at 4-5 weeks after sowing.

[0173] Bacterial culture preparation. Agrobacterium
stocks were inoculated from single colony plates or from
glycerol stocks and grown with the appropriate antibiotics
and grown until saturation. On the morning of transforma-
tion, the saturated cultures were centrifuged and bacterial
pellets were re-suspended in Infiltration Media (0.5xMS, IX
B5 Vitamins, 5% sucrose, 1 mg/ml benzylaminopurine
riboside, 200 ul/L, Silwet 1.77) until an A600 reading of 0.8
was reached.

[0174] Transformation and seed harvest. The Agrobacte-
rium solution was poured into dipping containers. All flower
buds and rosette leaves of the plants were immersed in this
solution for 30 seconds. The plants were laid on their side
and wrapped to keep the humidity high. The plants were kept
this way overnight at 4° C. and then the pots were turned
upright, unwrapped, and moved to the growth racks.

[0175] The plants were maintained on the growth rack
under 24-hour light until seeds were ready to be harvested.
Seeds were harvested when 80% of the siliques of the
transformed plants were ripe (approximately 5 weeks after
the initial transformation). This seed was deemed TO seed,
since it was obtained from the TO generation, and was later
plated on selection plates (either kanamycin or sulfona-
mide). Resistant plants that were identified on such selection
plates comprised the T1 generation, from which transgenic
seed comprising an expression vector of interest could be
derived.

Example III

Morphology Analysis

[0176] Morphological analysis was performed to deter-
mine whether changes in polypeptide levels affect plant
growth and development. This was primarily carried out on
the T1 generation, when at least 10-20 independent lines
were examined. However, in cases where a phenotype
required confirmation or detailed characterization, plants
from subsequent generations were also analyzed.

[0177] Primary transformants were selected on MS
medium with 0.3% sucrose and 50 mg/l kanamycin. T2 and
later generation plants were selected in the same manner,
except that kanamycin was used at 35 mg/l. In cases where
lines carry a sulfonamide marker (as in all lines generated by
super-transformation), seeds were selected on MS medium
with 0.3% sucrose and 1.5 mg/1 sulfonamide. KO lines were
usually germinated on plates without a selection. Seeds were
cold-treated (stratified) on plates for three days in the dark
(in order to increase germination efficiency) prior to transfer
to growth cabinets. Initially, plates were incubated at 22° C.
under a light intensity of approximately 100 microEinsteins
for 7 days. At this stage, transformants were green, pos-
sessed the first two true leaves, and were easily distinguished
from bleached kanamycin or sulfonamide-susceptible seed-
lings. Resistant seedlings were then transferred onto soil
(Sunshine potting mix). Following transfer to soil, trays of
seedlings were covered with plastic lids for 2-3 days to
maintain humidity while they became established. Plants
were grown on soil under fluorescent light at an intensity of
70-95 microEinsteins and a temperature of 18-23° C. Light
conditions consisted of a 24-hour photoperiod unless other-
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wise stated. In instances where alterations in flowering time
were apparent, flowering time was re-examined under both
12-hour and 24-hour light to assess whether the phenotype
was photoperiod dependent. Under our 24-hour light growth
conditions, the typical generation time (seed to seed) was
approximately 14 weeks.

[0178] Because many aspects of Arabidopsis development
are dependent on localized environmental conditions, in all
cases plants were evaluated in comparison to controls in the
same flat. As noted below, controls for transgenic lines were
wild-type plants or transgenic plants harboring an empty
transformation vector selected on kanamycin or sulfona-
mide. Careful examination was made at the following
stages: seedling (1 week), rosette (2-3 weeks), flowering
(4-7 weeks), and late seed set (8-12 weeks). Seed was also
inspected. Seedling morphology was assessed on selection
plates. At all other stages, plants were macroscopically
evaluated while growing on soil. All significant differences
(including alterations in growth rate, size, leaf and flower
morphology, coloration, and flowering time) were recorded,
but routine measurements were not taken if no differences
were apparent. In certain cases, stem sections were stained
to reveal lignin distribution. In these instances, hand-sec-
tioned stems were mounted in phloroglucinol saturated 2M
HCI (which stains lignin pink) and viewed immediately
under a dissection microscope.

[0179] Note that for a given project (gene-promoter com-
bination, GAL4 fusion lines, RNAI lines etc.), ten lines were
typically examined in subsequent plate based physiology
assays.

Example IV

Physiology Experimental Methods

[0180] Insubsequent Examples, unless otherwise indicted,
morphological and physiological traits are disclosed in com-
parison to wild-type control plants. That is, a transformed
plant that is described as large and/or drought tolerant was
large and more tolerant to drought with respect to a control
plant, the latter including wild-type plants, parental lines and
lines transformed with a vector that does not contain a
sequence of interest. When a plant is said to have a better
performance than controls, it generally was larger, had
greater yield, and/or showed less stress symptoms than
control plants. The better performing lines may, for example,
have produced less anthocyanin, or were larger, greener, or
more vigorous in response to a particular stress, as noted
below. Better performance generally implies greater size or
yield, or tolerance to a particular biotic or abiotic stress, less
sensitivity to ABA, or better recovery from a stress (as in the
case of a soil-based drought treatment) than controls.

[0181] Plate Assays. Different plate-based physiological
assays (shown below), representing a variety of abiotic and
water-deprivation-stress related conditions, were used as a
pre-screen to identify top performing lines (i.e. lines from
transformation with a particular construct), that were gen-
erally then tested in subsequent soil based assays. Typically,
ten lines were subjected to plate assays, from which the best
three lines were selected for subsequent soil based assays.
However, in projects where significant stress tolerance was
not obtained in plate based assays, lines were not submitted
for soil assays.
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[0182] In addition, some projects were subjected to nutri-
ent limitation studies. A nutrient limitation assay was
intended to find genes that allowed more plant growth upon
deprivation of nitrogen. Nitrogen is a major nutrient affect-
ing plant growth and development that ultimately impacts
yield and stress tolerance. These assays monitored primarily
root but also rosette growth on nitrogen deficient media. In
all higher plants, inorganic nitrogen is first assimilated into
glutamate, glutamine, aspartate and asparagine, the four
amino acids used to transport assimilated nitrogen from
sources (e.g. leaves) to sinks (e.g. developing seeds). This
process may be regulated by light, as well as by C/N
metabolic status of the plant. A C/N sensing assay was thus
used to look for alterations in the mechanisms plants use to
sense internal levels of carbon and nitrogen metabolites
which could activate signal transduction cascades that regu-
late the transcription of N-assimilatory genes. To determine
whether these mechanisms are altered, we exploited the
observation that wild-type plants grown on media containing
high levels of sucrose (3%) without a nitrogen source
accumulate high levels of anthocyanins. This sucrose
induced anthocyanin accumulation can be relieved by the
addition of either inorganic or organic nitrogen. We used
glutamine as a nitrogen source since it also serves as a
compound used to transport N in plants.

[0183] Germination assays. The following germination
assays were conducted with Arabidopsis overexpressors of
G1988 and closely-related sequences: NaCl (150 mM),
mannitol (300 mM), sucrose (9.4%), ABA (0.3 uM), cold (8°
C.), polyethylene glycol (10%, with Phytogel as gelling
agent), or C/N sensing or low nitrogen medium. In the text
below, —N refers to basal media minus nitrogen plus 3%
sucrose and —N/+Gln is basal media minus nitrogen plus 3%
sucrose and 1 mM glutamine.

[0184] All germination assays were performed in tissue
culture. Growing the plants under controlled temperature
and humidity on sterile medium produces uniform plant
material that has not been exposed to additional stresses
(such as water stress) which could cause variability in the
results obtained. All assays were designed to detect plants
that were more tolerant or less tolerant to the particular stress
condition and were developed with reference to the follow-
ing publications: Jang et al. (1997), Smeekens (1998), Liu
and Zhu (1997), Saleki et al. (1993), Wu et al. (1996), Zhu
et al. (1998), Alia et al. (1998), Xin and Browse, (1998),
Leon-Kloosterziel et al. (1996). Where possible, assay con-
ditions were originally tested in a blind experiment with
controls that had phenotypes related to the condition tested.

[0185] Prior to plating, seed for all experiments were
surface sterilized in the following manner: (1) 5 minute
incubation with mixing in 70% ethanol, (2) 20 minute
incubation with mixing in 30% bleach, 0.01% triton-X 100,
(3) 5x rinses with sterile water, (4) Seeds were re-suspended
in 0.1% sterile agarose and stratified at 4° C. for 34 days.

[0186] All germination assays follow modifications of the
same basic protocol. Sterile seeds were sown on the condi-
tional media that has a basal composition of 80% MS+Vi-
tamins. Plates were incubated at 22° C. under 24-hour light
(120-130 um™ s7') in a growth chamber. Evaluation of
germination and seedling vigor was performed five days
after planting.

[0187] Growth assays. The following growth assays were
conducted with Arabidopsis overexpressors of G1988 and
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closely-related sequences: severe desiccation (a type of
water deprivation assay), growth in cold conditions at 8° C.,
root development (visual assessment of lateral and primary
roots, root hairs and overall growth), and phosphate limita-
tion. For the nitrogen limitation assay, plants were grown in
80% Murashige and Skoog (MS) medium in which the
nitrogen source was reduced to 20 mg/L of NH,NO;.

[0188] Note that 80% MS normally has 1.32 g/I. NH,NO,
and 1.52 g/I. KNO,. For phosphate limitation assays, seven
day old seedlings were germinated on phosphate-free
medium in MS medium in which KH,PO, was replaced by
K,SO,.

[0189] Unless otherwise stated, all experiments were per-
formed with the Arabidopsis thaliana ecotype Columbia
(c0l-0), soybean or maize plants. Assays were usually con-
ducted on non-selected segregating T2 populations (in order
to avoid the extra stress of selection). Control plants for
assays on lines containing direct promoter-fusion constructs
were Col-0 plants transformed an empty transformation
vector (pMENG65). Controls for 2-component lines (gener-
ated by supertransformation) were the background pro-
moter-driver lines (i.e. promoter::LexA-GAL4TA lines),
into which the supertransformations were initially per-
formed.

Procedures

[0190] For chilling growth assays, seeds were germinated
and grown for seven days on MS+Vitamins+1% sucrose at
22° C. and then transferred to chilling conditions at 8° C. and
evaluated after another 10 days and 17 days.

[0191] For severe desiccation (plate-based water depriva-
tion) assays, seedlings were grown for 14 days on MS+Vi-
tamins+1% Sucrose at 22° C. Plates were opened in the
sterile hood for 3 hr for hardening and then seedlings were
removed from the media and let dry for two hours in the
hood. After this time the plants were transferred back to
plates and incubated at 22° C. for recovery. The plants were
then evaluated after five days.

[0192] For the polyethylene glycol (PEG) hyperosmotic
stress tolerance screen, plant seeds were gas sterilized with
chlorine gas for 2 hrs. The seeds were plated on each plate
containing 3% PEG, %2xMS salts, 1% phytagel, and 10
png/ml  glufosinate-ammonium (BASTA). Two replicate
plates per seed line were planted. The plates were placed at
4° C. for 3 days to stratify seeds. The plates were held
vertically for 11 additional days at temperatures of 22° C.
(day) and 20° C. (night). The photoperiod was 16 hrs. with
an average light intensity of about 120 umol/m2/s. The racks
holding the plates were rotated daily within the shelves of
the growth chamber carts. At 11 days, root length measure-
ments are made. At 14 days, seedling status was determined,
root length was measured, growth stage was recorded, the
visual color was assessed, pooled seedling fresh weight was
measured, and a whole plate photograph was taken.

[0193] Wilt screen assay. Transgenic and wild-type soy-
bean plants were grown in 5" pots in growth chambers. After
the seedlings reached the VI stage (the VI stage occurs when
the plants have one trifoliolate, and the unifoliolate and first
trifoliolate leaves are unrolled), water was withheld and the
drought treatment thus started. A drought injury phenotype
score was recorded, in increasing severity of effect, as 1 to
4, with 1 designated no obvious effect and 4 indicating a
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dead plant. Drought scoring was initiated as soon as one
plant in one growth chamber had a drought score of 1.5.
Scoring continued every day until at least 90% of the wild
type plants had achieved scores of 3.5 or more. At the end
of the experiment the scores for both transgenic and wild
type soybean seedlings were statistically analyzed using
Risk Score and Survival analysis methods (Glantz (2001);
Hosmer and Lemeshow (1999)).

[0194] Water use efficiency (WUE). WUE was estimated
by exploiting the observation that elements can exist in both
stable and unstable (radioactive) forms. Most elements of
biological interest (including C, H, O, N, and S) have two or
more stable isotopes, with the lightest of these present in
much greater abundance than the others. For example, '>C
is more abundant than '*C in nature (**C=98.89%, **C=
1.11%, *C=<10-10%). Because °C is slightly larger than
12C, fractionation of CO, during photosynthesis occurs at
two steps:

[0195] 1.'2CO, diffuses through air and into the leaf more
easily;

[0196] 2.'2CO, is preferred by the enzyme in the first step
of photosynthesis, ribulose bisphosphate carboxylase/oxy-
genase.

[0197] WUE has been shown to be negatively correlated
with carbon isotope discrimination during photosynthesis in
several C3 crop species. Carbon isotope discrimination has
also been linked to drought tolerance and yield stability in
drought-prone environments and has been successfully used
to identify genotypes with better drought tolerance. *C/**C
content was measured after combustion of plant material and
conversion to CO,, and analysis by mass spectroscopy. With
comparison to a known standard, **C content was altered in
such a way as to suggest that overexpression of G1988 or
related sequences improves water use efficiency.

[0198] Another potential indicator of WUE was stomatal
conductance, that is, the extent to which stomata were open.

Data Interpretation

[0199] At the time of evaluation, plants were given one of
the following scores:

[0200] (++) Substantially enhanced performance com-
pared to controls. The phenotype was very consistent and
growth was significantly above the normal levels of
variability observed for that assay.

[0201] (+) Enhanced performance compared to controls.
The response was consistent but was only moderately
above the normal levels of variability observed for that
assay.

[0202] (wt) No detectable difference from wild-type con-
trols.

[0203] (-) Impaired performance compared to controls.
The response was consistent but was only moderately
above the normal levels of variability observed for that
assay.

[0204] (--) Substantially impaired performance compared
to controls. The phenotype was consistent and growth was
significantly above the normal levels of variability
observed for that assay.
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[0205] (n/d) Experiment failed, data not obtained, or assay
not performed.

Example V
Soil Drought

Clay Pot

[0206] The soil drought assay (performed in clay pots)
was based on that described by Haake et al. (2002).

Experimental Procedure.

[0207] Previously, we have performed clay-pot assays on
segregating T2 populations, sown directly to soil. However,
in the current procedure, seedlings were first germinated on
selection plates containing either kanamycin or sulfonamide.

[0208] Seeds were sterilized by a 2 minute ethanol treat-
ment followed by 20 minutes in 30% bleach/0.01% Tween
and five washes in distilled water. Seeds were sown to MS
agar in 0.1% agarose and stratified for three days at 4° C.,
before transfer to growth cabinets with a temperature of 22°
C. After seven days of growth on selection plates, seedlings
were transplanted to 3.5 inch diameter clay pots containing
80 g of a 50:50 mix of vermiculite:perlite topped with 80 g
of ProMix. Typically, each pot contained 14 seedlings, and
plants of the transgenic line being tested were in separate
pots to the wild-type controls. Pots containing the transgenic
line versus control pots were interspersed in the growth
room, maintained under 24-hour light conditions (18-23° C.,
and 90-100 uE m~2 s™*) and watered for a period of 14 days.
Water was then withheld and pots were placed on absorbent
paper for a period of 8-10 days to apply a drought treatment.
After this period, a visual qualitative “drought score” from
0-6 was assigned to record the extent of visible drought
stress symptoms. A score of “6” corresponded to no visible
symptoms whereas a score of “0” corresponded to extreme
wilting and the leaves having a “crispy” texture. At the end
of the drought period, pots were re-watered and scored after
5-6 days; the number of surviving plants in each pot was
counted, and the proportion of the total plants in the pot that
survived was calculated.

[0209] Analysis of results. In a given experiment, we
typically compared 6 or more pots of a transgenic line with
6 or more pots of the appropriate control. The mean drought
score and mean proportion of plants surviving (survival rate)
were calculated for both the transgenic line and the wild-
type pots. In each case a p-value* was calculated, which
indicated the significance of the difference between the two
mean values. The results for each transgenic line across each
planting for a particular project were then presented in a
results table.

[0210] Calculation of p-values. For the assays where con-
trol and experimental plants were in separate pots, survival
was analyzed with a logistic regression to account for the
fact that the random variable is a proportion between 0 and
1. The reported p-value was the significance of the experi-
mental proportion contrasted to the control, based upon
regressing the logit-transformed data.

[0211] Drought score, being an ordered factor with no real
numeric meaning, was analyzed with a non-parametric test
between the experimental and control groups. The p-value
was calculated with a Mann-Whitney rank-sum test.
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Example VI

Soil Drought Physiological and Biochemical
Measurements

[0212] These experiments determined the physiological
basis for the drought tolerance conferred by each lead and
were typically performed under soil grown conditions. Usu-
ally, the experiment was performed under photoperiodic
conditions of 10-hr or 12-hr light. Where possible, a given
project (gene/promoter combination or protein variant) was
represented by three independent lines. Plants were usually
at late vegetative/early reproductive stage at the time mea-
surements were taken. Typically we assayed three different
states: a well-watered state, a mild-drought state and a
moderately severe drought state. In each case, we made
comparisons to wild-type plants with the same degree of
physical stress symptoms (wilting). To achieve this, stag-
gered samplings were often required. Typically, for a given
line, ten individual plants were assayed for each state.

[0213] The following physiological parameters were rou-
tinely measured: relative water content, ABA content, pro-
line content, and photosynthesis rate. In some cases, mea-
surements of chlorophyll levels, starch levels, carotenoid
levels, and chlorophyll fluorescence were also made.

[0214] Analysis of results. In a given experiment, for a
particular parameter, we typically compared about 10
samples from a given transgenic line with about 10 samples
of the appropriate wild-type control at each drought state.
The mean values for each physiological parameter were
calculated for both the transgenic line and the wild-type
pots. In each case, a p-value (calculated via a simple t-test)
was determined, which indicated the significance of the
difference between the two mean values.

[0215] A typical procedure is described below; this cor-
responds to method used for the drought time-course experi-
ment which we performed on wild-type plants during our
baseline studies at the outset of the drought program.

[0216] Procedure. Seeds were stratified for three days at 4°
C. in 0.1% agarose and sown on Metromix 200 in 2.25 inch
pots (square or round). Plants were maintained in individual
pots within flats grown under short days (10 hours light, 14
hours dark). Seedlings were watered as needed to maintain
healthy plant growth and development. At 7 to 8 weeks after
planting, plants were used in drought experiments.

[0217] Plants matched for equivalent growth development
(rosette size) were removed from plastic flats and placed on
absorbent paper. Pots containing plants used as well-watered
controls were placed within a weigh boat and the dish placed
on the diaper paper. The purpose of the weigh boat was to
retain any water that might leak from well-watered pots and
affect pots containing plants undergoing the drought stress
treatment.

[0218] On each day of sampling, up to 18 plants subjected
to drought conditions and 6 well-watered controls (from
each transgenic line) were picked from a randomly gener-
ated pool (given that they passed quality control standards).
Biochemical analysis for photosynthesis, ABA, and proline
was performed on the next three youngest, most fully
expanded leaves. Relative water content was analyzed using
the remaining rosette tissue.
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[0219] Measurement of Photosynthesis. Photosynthesis
was measured using a LICOR LI-6400 (Li-Cor Biosciences,
Lincoln, Nebr.). The LI-6400 used infrared gas analyzers to
measure carbon dioxide to generate a photosynthesis mea-
surement. It was based upon the difference of the CO,
reference (the amount put into the chamber) and the CO,
sample (the amount that leaves the chamber). Since photo-
synthesis is the process of converting CO, to carbohydrates,
we expected to see a decrease in the amount of CO, sample.
From this difference, a photosynthesis rate could be gener-
ated. In some cases, respiration may occur and an increase
in CO, detected. To perform measurements, the [.I-6400 as
set-up and calibrated as per LI-6400 standard directions.
Photosynthesis was measured in the youngest, most fully
expanded leaf at 300 and 1000 ppm CO, using a metal halide
light source. This light source provided about 700 uE m™>
S—l

[0220] Fluorescence was measured in dark and light
adapted leaves using either a LI-6400 (LICOR) with a leaf
chamber fluorometer attachment or an OS-1 (Opti-Sciences,
Hudson, N.H.) as described in the manufacturer’s literature.
When the LI1-6400 was used, all manipulations were per-
formed under a dark shade cloth. Plants were dark adapted
by placing in a box under this shade cloth until used. The
08-30 utilized small clips to create dark adapted leaves.

[0221] Measurement of Abscisic Acid and Proline. The
purpose of this experiment was to measure ABA and proline
in plant tissue. ABA is a plant hormone believed to be
involved in stress responses and proline is an osmopro-
tectant.

[0222] Three of the youngest, most fully expanded mature
leaves were harvested, frozen in liquid nitrogen, lyophilized,
and a dry weight measurement taken. Plant tissue was then
homogenized in methanol to which 500 ng of d6-ABA has
been added to act as an internal standard. The homogenate
was filtered to removed plant material and the filtrate
evaporated to a small volume. To this crude extract, approxi-
mately 3 ml of 1% acetic acid was added and the extract was
further evaporated to remove any remaining methanol. The
volume of the remaining aqueous extract was measured and
a small aliquot (usually 200 to 500 pl) removed for proline
analysis (Protocol described below). The remaining extract
was then partitioned twice against ether, the ether removed
by evaporation and the residue methylated using ethereal
diazomethane. Following removal of any unreacted diaz-
omethane, the residue was dissolved in 100 to 200 ul ethyl
acetate and analyzed by gas chromatography-mass spec-
trometry. Analysis was performed using an HP 6890 GC
coupled to an HP 5973 MSD using a DB-5 ms gas capillary
column. Column pressure was 20 psi. Initially, the oven
temperature was 150° C. Following injection, the oven was
heated at 5° C./min to a final temperature of 250° C. ABA
levels was estimated using an isotope dilution equation and
normalized to tissue dry weight.

[0223] Free proline content was measured according to
Bates (Bates et al., 1973). The crude aqueous extract
obtained above was brought up to a final volume of 500 pl
using distilled water. Subsequently, 500 pl of glacial acetic
was added followed by 500 pl of Chinard’s Ninhydrin.
Chinard’s Ninhydrin was prepared by dissolving 2.5 g
ninhydrin (triketohydrindene hydrate) in 60 ml glacial acetic
acid at 70° C. to which 40 ml of 6 M phosphoric acid was
added.
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[0224] The samples were then heated at 95° to 100° C. for
one hour. After this incubation period, samples were cooled
and 1.5 ml of toluene were added. The upper toluene phase
was removed and absorbance measured at 515 nm. Amounts
of proline were estimated using a standard curve generated
using L-proline and normalized to tissue dry weight.

[0225] Measurement of Relative Water Content. Relative
Water Content (RWC) indicated the amount of water that is
stored within the plant tissue at any given time. It was
obtained by taking the field weight of the rosette minus the
dry weight of the plant material and dividing by the weight
of the rosette saturated with water minus the dry weight of
the plant material. The resulting RWC value could be
compared from plant to plant, regardless of plant size.

Field Weight— Dry Weight

100
Turgid Weight— Dry Weight

Relative Water Content =

[0226] After tissue had been removed for array and ABA/
proline analysis, the rosette was cut from the roots using a
small pair of scissors. The field weight was obtained by
weighing the rosette. The rosette was then immersed in cold
water and placed in an ice water bath in the dark. The
purpose of this was to allow the plant tissue to take up water
while preventing any metabolism which could alter the level
of small molecules within the cell. The next day, the rosette
was carefully removed, blotted dry with tissue paper, and
weighed to obtain the turgid weight. Tissue was then frozen,
lyophilized, and weighed to obtain the dry weight.

[0227] Starch determination. Starch was estimated using a
simple iodine based staining procedure. Young, fully
expanded leaves were harvested either at the end or begin-
ning of a 12 hour light period and placed in tubes containing
80% ethanol or 100% methanol. Leaves were decolorized by
incubating tubes in a 70° to 80° C. water bath until chloro-
phyll had been removed from leaf tissue. Leaves were then
immersed in water to displace any residual methanol which
may be present in the tissue. Starch was then stained by
incubating leaves in an iodine stain (2 g KI, 1 g 12 in 100
ml water) for one min and then washing with copious
amounts of water. Tissue containing large amounts of starch
stained dark blue or black; tissues depleted in starch were
colorless.

[0228] Chlorophyll/carotenoid determination. For some
experiments, chlorophyll was estimated in methanolic
extracts using the method of Porra et al. (1989). Carotenoids
were estimated in the same extract at 450 nm using an
A(1%) of 2500. We measured chlorophyll using a Minolta
SPAD-502 (Konica Minolta Sensing Americas, Inc., Ram-
sey, N.J.). When the SPAD-502 was used to measure chlo-
rophyll, both carotenoid and chlorophyll content and amount
could also be determined via HPLC. Pigments were
extracted from leave tissue by homogenizing leaves in
acetone:ethyl acetate (3:2). Water was added, the mixture
centrifuged, and the upper phase removed for HPLC analy-
sis. Samples were analyzed using a Zorbax (Agilent Tech-
nologies, Palo Alto, Calif.) C18 (non-endcapped) column
(250x4.6) with a gradient of acetonitrile:water (85:15) to
acetonitrile:methanol (85:15) in 12.5 minutes. After holding
at these conditions for two minutes, solvent conditions were
changed to methanol:ethyl acetate (68:32) in two minutes.
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[0229] Carotenoids and chlorophylls were quantified
using peak areas and response factors calculated using lutein
and beta-carotene as standards.

[0230] Nuclear and cytoplasmically-enriched fractions.
We developed a platform to prepare nuclear and cytoplasmic
protein extracts in a 96-well format using a tungsten carbide
beads for cell disruption in a mild detergent and a sucrose
cushion to separate cytoplasmic from nuclear fractions. We
used histone antibodies to demonstrate that this method
effectively separates cytoplasmic from nuclear-enriched
fractions. An alternate method (spun only) used the same
disruption procedure, but simply pelleted the nuclei to
separate them from the cytoplasm without the added puri-
fication of a sucrose cushion.

[0231] Quantification of mRNA level. Three shoot and
three root biological replicates were typically harvested for
each line, as described above in the protein quantification
methods section. RNA was prepared using a 96-well format
protocol, and cDNA synthesized from each sample. These
preparations were used as templates for RT-PCR experi-
ments. We measured the levels of transcript for a gene of
interest relative to 18S RNA transcript for each sample using
an ABI 7900 Real-Time RT-PCR machine with SYBR®
Green technology (Applied Biosystems, Foster City, Calif.).

[0232] Phenotypic Analysis: Flowering time. Plants were
grown in soil. Flowering time was determined based on
either or both of (i) number to days after planting to the first
visible flower bud. (ii) the total number of leaves (rosette or
rosette plus cauline) produced by the primary shoot mer-
istem.

[0233] Phenotypic Analysis: Heat stress. In preliminary
experiments described in this report, plants were germinated
growth chamber at 30° C. with 24 hour light for 11 days.
Plants were allowed to recover in 22° C. with 24 hour light
for three days, and photographs were taken to record health
after the treatment. In a second experiment, seedlings were
grown at 22° C. for four days on selective media, and the
plates transferred to 32° C. for one week. They were then
allowed to recover at 22° C. for three days. Forty plants from
two separate plates were harvested for each line, and both
fresh weight and chlorophyll content measured.

[0234] Phenotypic Analysis: dark-induced senescence. In
preliminary experiments described in this report, plants were
grown on soil for 27-30 days in 12 h light at 22° C. They
were moved to a dark chamber at 22° C., and visually
evaluated for senescence after 10-13 days. In some cases we
used Fv/Fm as a measure of chlorophyll (Pourtau et al.,
2004) on the youngest most fully-expanded leaf on each
plant. The Fv/Fm mean for the 12 plants from each line was
normalized to the Fv/Fm mean for the 12 matched controls.

[0235] Microscopy. Light microscopy, electron and con-
focal microscopy were performed.

Various Definitions/ Abbreviations Used:

RWC=Relative water content (field wt.—dry weight)/(turgid
wt.—dry wt.)x100

ABA=Abscisic acid, pg/gdw
Proline=Proline, umole/gdw

Chl SPAD=Chlorophyll estimated by a Minolta SPAD-502,
ratio of 650 nm to 940 nm
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A 300=net assimilation rate, pmole CO,/m?*/s at 300 ppm
CO,

A 1000=net assimilation rate, pmole CO,/m?/s at 1000 ppm
CO,

Total Chl=mg/gfw, estimated by HPL.C
Carot=mg/gfw, estimated by HPL.C

Fo=minimal fluorescence of a dark adapted leaf
Fm=maximal fluorescence of a dark adapted leaf
Fo'=minimal fluorescence of a light adapted leaf
Fm'=maximal fluorescence of a light adapted leaf
Fs=steady state fluorescence of a light adapted leaf
Psi If=water potential (Mpa) of a leaf

Psi p=turgor potential (Mpa) of a leaf

Psi pi=osmotic potential (Mpa) of a leaf
Fv/Fm=(Fm-Fo)/Fm; maximum quantum yield of PSII

Fv/Fm'=(Fm'-Fo')/Fm"; efficiency of energy harvesting by
open PSII reaction centers

PhiPS2=(Fm'-Fs)/Fm', actual quantum yield of PSII

ETR=PhiPS2xlight intensity absorbedx0.5; we use 100
uE/m?/s for an average light intensity and 85% as the
amount of light absorbed

qP=(Fm'-Fs)/(Fm'-Fo'); photochemical quenching
(includes photosynthesis and photorespiration); proportion
of open PSII

gN=(Fm-Fm')/(Fm-Fo'); non-photochemical quenching
(includes mechanisms like heat dissipation)
NPQ=(Fm-Fm"/Fm';  non-photochemical  quenching

(includes mechanisms like heat dissipation)
Screening for Water Use Efficiency

[0236] An aspect of this invention provides transgenic
plants with enhanced yield resulting from enhanced water
use efficiency and/or water deprivation tolerance.

[0237] This example describes a high-throughput method
for greenhouse selection of transgenic plants to wild type
plants (tested as inbreds or hybrids) for water use efficiency.
This selection process imposed three drought/re-water
cycles on the plants over a total period of 15 days after an
initial stress free growth period of 11 days. Each cycle
consisted of five days, with no water being applied for the
first four days and a water quenching on the fifth day of the
cycle. The primary phenotypes analyzed by the selection
method were the changes in plant growth rate as determined
by height and biomass during a vegetative drought treat-
ment. The hydration status of the shoot tissues following the
drought was also measured. The plant heights were mea-
sured at three time points. The first was taken just prior to the
onset drought when the plant was 11 days old, which was the
shoot initial height (SIH). The plant height was also mea-
sured halfway throughout the drought/re-water regimen, on
day 18 after planting, to give rise to the shoot mid-drought
height (SMH). Upon the completion of the final drought
cycle on day 26 after planting, the shoot portion of the plant
was harvested and measured for a final height, which was
the shoot wilt height (SWH) and also measured for shoot
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wilted biomass (SWM). The shoot was placed in water at
40° C. in the dark. Three days later, the weight of the shoot
was determined to provide the shoot turgid weight (STM).
After drying in an oven for four days, the weights of the
shoots were determined to provide shoot dry biomass
(SDM). The shoot average height (SAH) was the mean plant
height across the three height measurements. If desired, the
procedure described above may be adjusted for +/—~one day
for each step. To correct for slight differences between
plants, a size corrected growth value was derived from SIH
and SWH. This was the Relative Growth Rate (RGR).
Relative Growth Rate (RGR) was calculated for each shoot
using the formula [RGR %=(SWH-SHI)/((SWH+SIH)/
2)*100]. Relative water content (RWC) is a measurement of
how much (%) of the plant was water at harvest. Water
Content (RWC) was calculated for each shoot using the
formula [RWC/=(SWM-SDM)/(STM-SDM)*100]. For
example, fully watered corn plants of this stage of devel-
opment have around 98% RWC.

Example VII

Morphological Observations with (G1988 and
Related Sequence Overexpressors in Arabidopsis

[0238] In our earlier studies, overexpression of G1988 in
Arabidopsis produced a small number of lines that flowered
early, and in several overexpressing lines seedlings grew
faster than control seedlings. We also demonstrated that,
when grown on phosphate-free media, all lines of Arabi-
dopsis seedlings constitutively overexpressing (G1988 under
the regulatory control of the 35S promoter appeared larger
and had more root growth than controls. 35S::G1988 plants
with high levels of G1988 expression produced long hypo-
cotyls, long petioles, and upright leaves, phenotypes that
suggest a role for this gene in light signaling, which may be
one of the factors responsible for conferring increased yield
in crop plants. 35S::G1988 lines showed additional striking
phenotypes when grown under long days (16 hr light) or
continuous light; the plants were stunted and displayed
premature chlorosis and delayed development. In addition,
occasional water-soaking of leaves was noted.

[0239] For the present study, fifty-one new 35S::G1988
direct promoter fusion lines were generated. Nine of these
lines showed a long hypocotyl phenotype in the T1 genera-
tion. Ten lines that had not shown long hypocotyls in the T1
were examined in the T2 generation, and six of these lines
showed at least some plants with long hypocotyls and long
petioles, suggesting that the penetrance of the phenotype
may be influenced by gene dosage or environmental condi-
tions. The majority of T1 lines examined exhibited upraised
leaves. Effects on flowering were inconsistent; some T1
lines were again noted to flower early, but careful charac-
terization of two 35S::(G1988 lines with high G1988 expres-
sion levels revealed either no difference in flowering or a
slight delay, depending on the day length in which the plants
were grown.

Morphological Similarities Conferred by G1988 and
Orthologs

[0240] 35S::G4000 (maize SEQ ID NOs: 7 and 8).
358::G4012 (rice SEQ ID NOs: 15 and 16). 358::G4299
(tomato SEQ ID NOs: 21 and 22). 35S::G4004 (soy SEQ ID
NOs: 3 and 4) and 358::G4005 (soy SEQ ID NOs: 5 and 6)
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lines showed similar morphology to 35S::(G1988 lines. A
number of 35S::G4012, 35S::G4004 and 35S::G4005 T1
seedlings had extended petioles on cotyledons, and
358::G4000, 35S::G4012, 35S::G4299, and 35S::G4004
seedlings also had longer hypocotyls than controls under
continuous light. Adult 358::G4004 and 35S::G4005 plants
also appeared very similar to high-expressing 35S::G1988
plants when grown under continuous light. When constitu-
tively overexpressed, all of these sequences produced plants
that had upright leaves, similar to the continuous light grown
358::G1988 plants. The observations of upheld leaves, long
hypocotyls and long petioles suggest that G4004 and G4005
function similarly to G1988 in light signaling, which may be
a factor that can contribute to improved yield in G1988
clade-overexpressing plants. A number of 355::G4004 lines
were late in their development relative to the controls.

[0241] Of the twenty transgenic lines examined, one of the
358::G4005 lines was larger in size than controls at the
seedling stage, another line was wild-type in size, and all
other lines were smaller in size than controls at this stage.

Effect of Ectopic Expression of G1988 on Early Season
Growth

[0242] Constitutive overexpression of G1988 in soybean
plants resulted in consistent increases in early season growth
relative to control plants. This effect was particularly evident
when the seeds of the overexpressors and controls were
planted in late as opposed to early spring. In particular, lines
of G1988 overexpressors that were associated with high
yield, such as lines 178, 189, 200, 209, 213 and 218 (see, for
example, Table 12) generally exhibited greater early season
growth than controls.

Effect of Ectopic Expression of G1988 on Stem Diameter in
Soy Plants

[0243] When grown in controlled short day conditions (10
hours of light), lines of soybean plants overexpressing
(1988 did not appear to show increased stem diameters
relative to control plants to any significant extent. However,
at long day lengths (20 hours of light), G1988 overexpres-
sors generally produced significantly greater stem diameter
than controls. Increased stem diameters of G1988 overex-
pressors were confirmed in soybean plants grown in field
conditions. Increased stem diameter can positively impact
biomass as well as contribute to increased resistance to
lodging.

TABLE 5

Soybean stem diameters of various G1988 overexpressors
and controls grown at short and long day lengths

Difference from
controls,

Day Average stem average stem
Line length diameter (mm) diameter (mm)  P-value
206%* Short day 4.35 -0.47 0.025
178 Short day 4.43 -0.39 0.049
218 Short day 4.60 -0.22 0.250
A3244 Short day 4.82 —
(control)
209 Short day 4.89 +0.07 0.338
213 Short day 4.89 +0.07 0.268
A3244 Long day 15.75 —
(control)
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TABLE 5-continued

Soybean stem diameters of various G1988 overexpressors
and controls grown at short and long day lengths

Difference from
controls,

Day Average stem average stem
Line length diameter (mm) diameter (mm)  P-value
178 Long day 16.83 +1.08 0.071
213 Long day 16.92 +1.07* 0.021
218 Long day 17.46 +1.71% 0.004
206%* Long day 16.29 +0.54 0.104
209 Long day 17.17 +1.42% 0.027

*line showed a greater stem diameter relative to controls (significant at p
< 0.05)
**did not express G1988 to a significant level

Effect of Ectopic Expression of G1988 on Internode Length
in Soy Plants

[0244] In short day experiments (10 hours of light per
day), soybean internode length increased, relative to con-
trols. This effect was generally noticeable for almost all of
the plants’ internodes, but was particularly conspicuous for
internodes 8-12 which formed relatively late in the plants’
development (FIG. 10). However, internode length was
generally greater at virtually all stages of growth, including
during early season growth as seen with the early internodes
(for example, internodes 1-5) compared in FIG. 10.

Effect of Ectopic Expression of G1988 on Canopy Coverage

[0245] Constitutive overexpression of G1988 in soybean
plants resulted in consistent increases in late season canopy
coverage relative to control plants. Increased canopy cov-
erage was positively associated with lines that produced
increased yield. Line 217, which did not overexpress as
(1988 to the same extend as did the high-yielding lines (line

26
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Example VIII

Plate-Based Experimental Results

[0246] This report provides experimental observations for
transgenic  seedlings  overexpressing  (G1988-related
polypeptides in plate-based assays, testing for tolerance to
abiotic stresses including water deprivation, cold, and low
nitrogen or altered C/N sensing.

G1988 (SEQ ID NO: 1 and 2; Arabidopsis thaliana)—
Constitutive 35S Promoter

Plate-Based Physiology Assay Results in Arabidopsis

[0247] 1In our earlier studies, we demonstrated that seed-
lings germinated on plates that contained limited nitrogen
(supplemented with glutamine) appeared less stressed than
controls.

[0248] 35S::G1988 plants were found to have altered
performance in an assay measuring response to altered
carbon/nitrogen ratios (C/N sensing assay). Nine out of ten
358::G4004 lines also showed a significantly different
response compared to control seedlings in a C/N sensing
assay, consistent with the phenotype observed for
358::G1988 plants.

[0249] Ten 35S::G1988 Arabidopsis plant lines were
examined in physiological assays. In addition to the C/N
sensing phenotype observed in previous analyses, enhanced
performance on low nitrogen in a root growth assay was also
observed. Three out of ten lines also showed dehydration
tolerance in a plate-based severe desiccation assay, a type of
water deprivation assay. Tolerance to sucrose (hyperosmotic
stress in 9.4% sucrose) in a germination assay was also
observed in six lines. These latter results suggested that the
overexpressors would be more tolerant to other forms of
water deprivation, such as drought and other related stresses.
This supposition was confirmed by the results of a soil-based
drought assay as noted below.

TABLE 6

G1988 (SEQ ID NO: 1 and 2 from Arabidopsis thaliana
col) - Constitutive 35S Direct Promoter Fusion

Germ. in  Low N
Sucrose ABA Cold Growth Severe Low N low N + root

Line germ. germ. germ. incold desiccation — germ. gln growth
321 + + +
322 + + + +
323 + + +
324 +
325 + +
326 + + +
327 + + +
328 + + + +
329 + + + +
330 + + + +

germ. = germination, gln = glutamine
(+) indicates positive assay result/more tolerant or phenotype observed, relative to con-

trols

(empty cell) indicates plants overexpressing G1988 in the line in the first column were
wild-type in their performance

217 ectopically expressed about 60% of the level of G1988
as generally found in high-yielding lines), did not exhibit
significantly greater canopy coverage relative to controls.

[0250] In addition to the experimental results shown in
Table 6, 35S::G1988 seedlings were also found to be more
tolerant to growth on 3% polyethylene glycol in a PEG-



US 2008/0010703 Al

based hyperosmotic stress tolerance screen than control
seedlings. 35S::G1988 seedlings showed more extensive
root growth than controls on 3% polyethylene glycol.

[0251] Although G1988, SEQ ID NO: 1 and 2, did not
confer increased cold tolerance in Arabidopsis in this set of
experiments, G1988 was able to confer greater tolerance to
cold, relative to controls, in germinating soybean plants
overexpressing the Arabidopsis G1988 protein.

G4004 (SEQ ID NO: 3 and 4 from Glycine max)—Over-
expressed with the Constitutive CaMV 35S Promoter

[0252] Based on the results conducted to date, 35S::G4004
overexpressors were more tolerant to low nitrogen condi-
tions and demonstrated a C/N sensing phenotype In addi-
tion, seven of the 35S::G4004 lines performed better than
control seedlings in a germination assay under cold condi-
tions, as evidenced by less anthocyanin accumulation occur-
ring in the transgenic plants, suggesting that this gene may
also have utility in conferring improved cold germination
(Table 7). Seedlings on control germination plates were
noted to have long hypocotyls for seven out of ten lines
examined. Seedlings were also noted to be small and stunted
on control growth plates; given that these assays were
performed under continuous light, this phenotype was con-
sistent with the stunting noted in morphological assays.
These transgenic plants were also more tolerant to cold
during their germination than controls, as evidenced by less
anthocyanin accumulation occurring in the transgenic
plants. (Table 7).

TABLE 7

G4004 (SEQ ID NO: 3 and 4 from Glycine max) -
Constitutive 358 Direct Promoter Fusion
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TABLE 7-continued

G4004 (SEQ ID NO: 3 and 4 from Glycine max) -
Constitutive 358 Direct Promoter Fusion

Sucrose Cold Severe Germ. in low N +
Line germ. germ. desiccation Low N germ. gln
310 +
311 + + +

germ. = germination

(+) indicates positive assay result/more tolerant or phenotype observed,
relative to controls

(empty cell) indicates plants overexpressing G1988 in the line in the first
column were wild-type in their performance

(-) indicates a more sensitive phenotype was observed relative to controls

Example IX

Drought Assay Results in Arabidopsis and Soybean
[0253] Water is a major limiting factor for crop yield. In
water-limited environments, crop yield is a function of water
use, water use efficiency (WUE; defined as aerial biomass
yield/water use) and the harvest index (HI; the ratio of yield
biomass to the total aerial biomass at harvest). WUE is a trait
that has been proposed as a criterion for yield improvement
under drought.

[0254] Inasoil drought assay (a form of water deprivation
assay that can be used to compare WUE), three well-
characterized 35S::G1988 Arabidopsis lines were examined.
Two of these lines, lines 10-6-3 and 12-2-2, had high levels
of G1988 expression and exhibited long hypocotyls,
upraised leaves, and elongated petioles. These lines each
showed enhanced recovery from drought in one out of two
assays performed. The third line, line 8-5-1, had lower levels
of G1988 and did not exhibit the characteristic morphology

Sucrose Cold Severe Germ. in low N +
Line  germ. germ. desiccation Low N germ. gln of the other two lines. This line showed no improvement in
301 ~ . . survival, and, in fact, performed worse in one replicate of the
302 + + + assay (not shown in Table 8). Nonetheless, two individual
303 + + + lines were identified that did show significantly improved
304 + + +
305 + + + drought performance, and thus could be selected on that
306 + + + basis for further development and use as a product.
308 + + +
309 + + [0255] Soil Drought—Clay Pot-Based Physiology Sum-
mary.
TABLE 8
358::G1988 drought assay results:
Mean Mean Mean
drought drought  p-value for Mean survival p-value for
Project  score score  drought score survival for difference
PID Line Type line control difference for line control  in survival
P2499  10-6-3 DPF 3.1 2.2 0.29 0.55 0.41 0.015%
P2499  10-6-3 DPF 1.9 2.4 0.28 0.39 0.37 0.81
P2499  12-2-2 DPF 2.4 2.8 0.58 0.41 0.48 0.28
P2499  12-2-2 DPF 2.8 2.1 0.17 0.49 0.36 0.022%*

DPF = direct promoter fusion project

Survival = proportion of plants in each pot that survived
Drought scale: 6 (highest score) = no stress symptoms, 0 (lowest score; most severe effect) =
extreme stress symptoms
*line performed better than control (significant at p < 0.11)
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[0256] In addition to Arabidopsis plants, soybean plants
overexpressing also performed better than controls in a
water use efficiency (WUE) screen. Tissue was harvested
from dry locations and *C/**C content was measured after
combustion of plant material and conversion to CO,, and
analysis by mass spectroscopy. With comparison to a known
standard, 1*C content was altered in such a way as to indicate
that overexpression of G1988 improved water use efficiency.

[0257] Stomatal conductance was also measured. In the
first field trial, three independent transgenic lines were found
to have statistically significant lower conductance. Other
35S::G1988 soybean lines tested also had lower stomatal
conductance, but the data obtained with these lines were not
statistically significant. Significant differences in stomatal
conductance was not observed in a subsequent field trial.

[0258] Taken together, the isotope discrimination and sto-
matal conductance analysis suggest that plants overexpress-
ing G1988 have increased transpiration efficiency, which
indicates enhanced water use efficiency by said plants.

[0259] A survival analysis of soybean plants overexpress-
ing G1988 was performed using a wilt screen assay. When
analyzed against wild-type control plants some of the lines
of' the transgenic lines tested showed significant (p<0.1) high
risk score and prolonged time reaching wilting. Almost all of
the eleven lines of overexpressors tested showed prolonged
time to wilting, and the differences in time to wilting for
three lines as compared to controls were statistically sig-
nificant (Table 9, data presented in order of decreasing
statistical significance). The only two lines that appeared to
show more advanced wilting than controls (results not
significant) did not express G1988 to a significant degree.

[0260] Taken together, these data clearly indicated that
overexpression of G1988, SEQ ID NOs: 1 and 2, in soybean
can significantly improve tolerance to water deficit condi-
tions.

TABLE 9

Time to wilting of 35S::G1988 soy plants and controls

Mean time Mean time
to wilting, to wilting, Difference,
OVerexpressors controls time to

Line (days) (days) wilting (days)  p value
651%* 8.867 6.308 2.559 0.0008
200* 7.933 6.308 1.625 0.0718
652* 8.615 7.333 1.282 0.0834
189 8.714 8.200 0.514 0.1491
213 5.800 4.714 1.086 0.1619
217%* 6.067 4.714 1.353 0.2022
198%* 6.938 8.200 -1.262 0.2174
206%** 5.933 6.308 -0.375 0.3105
209 7.200 6.308 0.892 0.4200
178 8.000 7.083 0.917 0.6613
218 7.600 7.083 0.517 0.9039

*line showed a significant prolonged time to wilting relative to controls
(significant at p < 0.10)

**did not express G1988 to a significant level

*ktexpressed G1988 to a lower degree than high yielding transgenic lines

Example X

Results for Cold Tolerance in Soybean

[0261] FIG. 7 displays experimental data obtained with a
wild-type control line and numerous 35S::G1988 overex-
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pressing lines showing that G1988 overexpression results in
improved cold germination. The overall germination of the
control seed from this field trial conducted in Winters, Calif.,
represented by the dotted line in FIG. 7, was poor and it was
noted that a high percentage of the seed were “hard seed”,
a stress-induced phenomenon that results in seeds that resist
imbibition under standard conditions. A significantly greater
percentage of G1988 overexpressing seed germinated at
various time points in this field trial and with seed obtained
in trials conducted in Illinois and Kansas. These data indi-
cate a role for G1988 in overcoming stress responses and
enhancing cell growth.

[0262] G4004 (SEQ ID NO: 4), a soy homolog of G1988
that is phylogenetically related to G1988 (FIG. 3 and FIGS.
4A-4F) was transformed into corn plants. The germination
index of the corn plants overexpressing G4004 was then
determined. The germination index is a function of percent-
age germination and rate of germination, and can be defined
by the formula:

Germination — index=[(7-T1+1)xP1+(T-T2+1)x(P2-
PUOHI=T3+D)x(P3-PD)+ . . . +(T-TT+1)x(PT-PT-
nyr

[0263] where T is the number of days for which germi-
nation was tested.

[0264] P1,P2,P3,...and PT are the percentage of seeds
germinated on day T1, T2, T3, .. . and T.

[0265] As shown in Table 10, germination of some of the
G4004-overexpressing corn lines demonstrated the greater
tolerance to cold of the overexpressors as compared to
control plants.

TABLE 10

Phenotypic data from cold germination experiments
of corn plants overexpressing G4004

Germination index

Trial 1 Trial 2

Line % change p value % change p value
609 -14 0.145 -20 0.073
610 -1 0.889 -8 0.465
612 14 0.131 13 0.242
616 25% 0.010* 41%* 0.000*
619 7 0.436 38 0.001
710 28* 0.004* 45 0.000*
711 30% 0.002* 33 0.003*
117 -35 0.000%** -30 0.008**

The data are presented as the percentage change over wild type controls.
*Germination index significantly greater than controls (p < 0.05)
**Germination index significantly less than controls (p < 0.05)

[0266] The present invention thus demonstrates that trans-
formation of plants, including monocots, with a member of
the G1988 clade of polypeptides can confer to the trans-
formed plants greater tolerance to cold conditions than the
level of cold tolerance exhibited by control plants.

Example XI

Field Trial Results for Nitrogen Use Efficiency in
Corn

[0267] A number of corn plants overexpressing the soy-
bean G4004 polypeptide sequence (SEQ ID NO: 4) were
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efficient in their use of nitrogen than control plants, as
measured by increased chlorophyll and fresh shoot mass
when grown in a greenhouse in low nitrogen media con-
taining 2.0 mM ammonium nitrate as the nitrogen source
(Table 11).

TABLE 11

Phenotypic data from low nitrogen screen
of corn plants overexpressing G4004

Ieaf chlorophvyll Shoot fresh mass
Line Trial 1 Trial 2 Trial 1 Trial 2
609 4.4 2.9 0.2 -2.8
610 6.1% 5.8% 0.5 1.1
612 0.9 3.1 —-9.4%* —-6.2%%
616 10.8% 3.6 2.0 -1.2
619 9.5% 6.0% 15.8% 4.9%
710 1.6 5.6% 3.1 -0.3
711 6.8% 12.4% 7.9% 5.0
117 7.0% 12.6* 9.9% 3.5

The data are presented as the percentage change over wild type controls.
*Value significantly greater than controls at p < 0.05
**Value significantly less than controls at p < 0.10

[0268] The present invention thus demonstrates that trans-
genic plants, including monocots, transformed with a mem-
ber of the G1988 clade of polypeptides can confer greater
tolerance to low nitrogen conditions and increased nitrogen
use efficiency to said transgenic plants, relative to the
tolerance to low nitrogen conditions and nitrogen use effi-
ciency of control plants.

Example XII

Improved Yield in Soybean Field Trials

[0269] Arabidopsis thaliana sequence G1988 (SEQ ID
NOs: 1 and 2), a putative transcription factor, was shown to
increase yield potential in Glycine max (soybean). In con-
secutive years of broad acre yield trials, transgenic plants
constitutively expressing G1988 outperformed control cul-
tivars, with a construct average of greater than 6% yield
increase. Field observations of G1988 transgenic soybean
identified several yield-related traits that were modulated by
the transgene, including increased height, improved early
season vigor and increased estimated stand count. G1988-
overexpressing soy plants were slightly early flowering (less
than one day as a construct average), slightly delayed in
maturity (approximately one day as a construct average),
and produced additional mainstream pod-containing nodes
late at the end of the season (FIG. 9).

[0270] Table 12 shows results obtained with nine
35S::G1988 soybean lines tested for broad acre yield in
2004 at ten locations in the U.S., with two replicates per
location. Each replicate was planted at a density of nine
seeds per foot in two twelve foot rows divided by a three foot
alley. Yield was recorded as bushels per acre and compared
by spatial analysis to a non-transformed parental control
line. The G1988 overexpressors showed increased yield in
six of seven lines that showed significant expression of the
transgene (Table 12). In addition to increased in yield,
several of the lines showed early flowering, delayed matu-
rity, and early stand count.
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TABLE 12

Yield of 35S::G1988 overexpressing soy plants relative
to control plants in a 2004 field trial

mRNA expression

Yield (normalized
Line (bushels/acre) p value average)
206%** -5.86 0.000 19044
198%* -2.88 0.043 63330
217%* -2.69 0.047 1412864
200* 0.35 0.798 1972981
178% 2.4 0.077 2155338
189% 2.63 0.052 2197454
213* 3.21 0.018 2088695
209* 3.63 0.007 2175037
218* 4.13 0.002 2158073

*showed significant increase in yield over controls
**did not express G1988 to a significant level
***texpressed G1988 to a lower degree than high yielding transgenic lines

[0271] Various lines of transgenic soybean plants overex-
pressing G1988 (35S::(G1988) were also grown in field trials
in 2005. In both 2004 and 2005, on average, G1988 over-
expressing soybean plants were somewhat taller than control
plants. When yield data were averaged across multiple
locations, a consistent increase in yield in bushels per acre,
as compared with parental line, was observed for both years
(FIG. 6). In the 2005 field trial, G1988 overexpression
significantly increased yield in 17 of 19 locations tested. If
the line shown as line 4 in FIG. 6, which unlike other lines
presented in FIG. 6 graph showed little or no expression of
G1988 in leaf tissue, was removed from the statistical
analysis, the average yield increase in 2005 was about 6.7%.

[0272] Analysis of soybean yield across three years of
field trials showed that (G1988, when overexpressed in
numerous transgenic lines, was able to confer increased
yield relative to controls (Table 13).

TABLE 13

Across year analysis of soybean yield of
transgenic lines overexpressing G1988

Plant Yield Difference relative to

Line (bushels/acre)  control (bushels/acre) % Difference P value
178% 63.8 +3.9 6.5 0.000
189* 63.6 +3.7 6.1 0.000
209* 63.0 +3.1 5.2 0.001
218* 62.8 +2.9 49 0.001
213* 62.6 +2.7 4.5 0.001
200* 62.2 +2.3 3.9 0.007
217%** 39.8 -0.2 -0.3 0.827
206%** 58.1 -1.8 -3.1 0.031

*showed significant increase in yield over controls
**did not express G1988 to a significant level
***texpressed G1988 to a lower degree than high yielding transgenic lines

[0273] Table 14 demonstrates yet another means by which
(1988 overexpression may increase yield in soy plants. In
this table, the final stand count of transgenic and control
plants from both early and late planting dates were com-
pared. High yielding lines demonstrated a significantly
greater final stand count than the control line tested under the
same conditions. In numerous instances, these results were
significant at p<0.05.



US 2008/0010703 Al

TABLE 14

Across year analysis of soybean yield of
transgenic lines overexpressing G1988

Final Stand Emer-  Difference from
Planting (plants gence control plants P
time Line per plot) (%) (# plants) value
Early 178 151 70 16 0.05%*
Early 189 147 68 11 0.15
Early 200 146 67 7 0.40
Early 206** 141 65 4 0.65
Early 209 139 64 2 0.84
Early 213 150 69 16 0.05%*
Early 217+ 142 66 6 0.45
Early 218 157 73 28 0.001*
Early Control 134 62 0
Late 178 168 78 19 0.009*
Late 189 161 74 14 0.04*
Late 200 162 75 17 0.01*
Late 206** 152 71 5 0.42
Late 209 157 73 12 0.08%*
Late 213 164 76 18 0.01*
Late 217+ 153 71 4 0.56
Late 218 162 75 19 0.008*
Late Control 153 71 0

*significant at p < 0.05
**did not express G1988 to a significant level
*ktexpressed G1988 to a lower degree than high yielding transgenic lines

[0274] FIG. 11 shows the results of a plant density field
trial. The soybean plants represented in this figure that
overexpressed G1988 demonstrated an observable yield
increase across a wide range of plant densities, relative to
control plants that either did not overexpress G1988 (shown
as the unfilled circles), or control transgenic plants that did
not express G1988 to a significant degree (shown as the
filled circles).

[0275] Five lines of overexpressors are represented by the
unfilled triangles, filled triangles, unfilled squares, filled
squares, and asterisks. As shown in this figure, each of the
five lines expressing (G1988 to a significant degree provided
a greater yield than the controls at all densities tested, and
thus, the plant stand count did not have large contribution on
harvestable yield.

[0276] One possible explanation for the increase in soy
yield is an increase in pod-containing mainstem nodes
relative to control plants that do not overexpress the G1988
polypeptide. As shown in FIG. 9, when various lines of
soybean plants overexpressing a number of sequences were
compared, a considerable range of the mean number of
pod-containing mainstem nodes relative to the parental
control line was observed (the observed difference for the
control line was “0”, and hence is represented in FIG. 9 by
the “0” ordinate line). The shaded bars denote G1988
overexpressing lines, all of which produced more nodes than
the control, with four of the five lines producing the highest
positive difference in nodes observed.

[0277] The present invention thus demonstrates that trans-
genic plants, including legumes, and particularly including
soybeans, transformed with a member of the G1988 clade of
polypeptides can show increased yield relative to the yield
exhibited by control plants.

30
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Example XIII
Utilities of G1988 and its Phylogenetically-Related
Sequences for Improving Yield
[0278] Increased Abiotic Stress Tolerance May Improve
Yield.

[0279] G1988 also improved stress tolerance in Arabidop-
sis, and early experiments have shown that G1988 closely
related homologs also confer improved abiotic stress toler-
ance, relative to controls, to conditions such as cold or low
nitrogen. Improved abiotic stress tolerance may have a
significant impact on yield, including during periods of mild,
moderate, and considerable stress.

[0280]

[0281] Increased stem diameter can positively impact bio-
mass of a plant, and also provide increased resistance to
lodging.

Increased Stem Diameter May Improve Yield.

[0282] More Secondary Rooting May Improve Yield.

[0283] Providing greater secondary rooting by transform-
ing plants with G1988 clade member sequences can confer
better anchorage relative to control plants. Transformed
plants may also be produced that have the capacity to thrive
in otherwise unproductive soils, such as in low nutrient
environments, or in regions or periods of low water avail-
ability. Osmotic stress tolerance may also be mediated by
increased root growth. These factors increase the effective
planting range of the crop and/or increase survival and yield.

[0284] Increasing Numbers of Mainstem Nodes May
Improve Yield.

[0285] The number of mainstem nodes of a variety of
crops is related to the yield produced by the plant. For
example, soybean and other seed-bearing crops produce
seed-bearing pods from their mainstem nodes, and thus,
increasing the number of mainstem nodes has a positive
impact on seed number produced by the plant. Greater
mainstem node number can also increase biomass or the
yield of other crops such as cotton, where boll set is related
to mainstem node number.

[0286] Reduced Light Sensitivity May Improve Yield.

[0287] Light exerts its influence on many aspects of plant
growth and development, including germination, greening,
and flowering time. Light triggers inhibition of hypocotyl
elongation along with greening in young seedlings. Thus,
differences in hypocotyl length are a good measure of
responsiveness to light. Seedlings overexpressing G1988
exhibited elongated hypocotyls in light due to reduced
inhibition of hypocotyl elongation. The G1988 overexpres-
sors were also hyposensitive to blue, red and far-red wave-
lengths, indicating that G1988 acts downstream of the
photoreceptors responsible for perceiving the different col-
ors of light. This finding indicated that adult plants overex-
pressing G1988 had reduced sensitivity to the incumbent
light.

[0288] Closely-related homologs of G1988 from corn
(G4000, SEQ ID NO: 8), soybean (G4004, SEQ ID NO: 4),
rice (G4012), and tomato (G4299, SEQ ID NO: 22), also
conferred long hypocotyls when overexpressed in Arabi-
dopsis. In experiments conducted thus far, overexpression of
the soybean-derived homolog G4005, (SEQ ID NO: 6) did
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not cause long hypocotyls in the lines to be produced, but
G4005 did confer other indications of an altered light
response such as upright petioles and leaves. Thus, there is
a strong correlation between G1988 and its orthologs from
corn, soybean, rice and tomato in their ability to reduce light
sensitivity, and these data indicate that G1988 and its closely
related homologs function similarly in signaling pathways
involved in light sensitivity. It is thus predicted that, like
(1988, closely-related G1988 clade member homologs may
also improve traits that can be affected by reduced light
sensitivity. Reduced light sensitivity may contribute to
improvements in yield relative to control plants.

[0289] Greater Early Season Growth May Improve Yield.

[0290] For almost all commercial crops, it is desirable to
use plants that establish 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 and
young plant vigor allows for crops to be planted earlier in the
season with less concern for losses due to environmental
factors.

[0291] Greater Late Season Vigor May Improve Yield.

[0292] Constitutive expression of G1988 significantly
improved late season growth and vigor in soybeans. G1988
overexpressors had an increase in pod-containing mainstem
nodes, greater plant height, and consistent increases in late
season canopy coverage. These differences relative to con-
trol or untransformed plants may have had a significant
positive impact on yield.

[0293] Because of the observed morphological, physi-
ological and stress tolerance similarities between G1988 and
its close-related homologs, the polypeptide members of the
(1988 clade, including the sequences presented in Table 1
and the Sequence Listing, are expected to increase yield,
crop quality, and/or growth range, and decrease fertilizer
and/or water usage in a variety of crop plants, ornamental
plants, and woody plants used in the food, ornamental,
paper, pulp, lumber or other industries.

Example XIV

Transformation of Eudicots to Produce Increased
Yield and/or Abiotic Stress Tolerance

[0294] Crop species that overexpress polypeptides of the
invention may produce plants with increased water depri-
vation, cold and/or nutrient tolerance and/or yield in both
stressed and non-stressed conditions. Thus, polynucleotide
sequences listed in the Sequence Listing recombined into,
for example, one of the expression vectors of the invention,
or another suitable expression vector, may be transformed
into a plant for the purpose of modifying plant traits for the
purpose of improving yield and/or quality. The expression
vector may contain a constitutive, tissue-specific or induc-
ible promoter operably linked to the polynucleotide. The
cloning vector may be introduced into a variety of plants by
means well known in the art such as, for example, direct
DNA transfer or Agrobacterium tumefaciens-mediated
transformation. It is now routine to produce transgenic
plants using most eudicot plants (see Weissbach and Weiss-
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bach (1989); Gelvin et al. (1990); Herrera-Estrella et al.
(1983); Bevan (1984); and Klee (1985)). Methods for analy-
sis of traits are routine in the art and examples are disclosed
above.

[0295] Numerous protocols for the transformation of
tomato and soy plants have been previously described, and
are well known in the art. Gruber et al. (1993), in Glick and
Thompson (1993) describe several expression vectors and
culture methods that may be used for cell or tissue trans-
formation and subsequent regeneration. For soybean trans-
formation, methods are described by Miki et al. (1993); and
U.S. Pat. No. 5,563,055, (Townsend and Thomas), issued
Oct. 8, 1996.

[0296] There are a substantial number of alternatives to
Agrobacterium-mediated transformation protocols, other
methods for the purpose of transferring exogenous genes
into soybeans or tomatoes. One such method is microprojec-
tile-mediated transformation, in which DNA on the surface
of microprojectile particles is driven into plant tissues with
a biolistic device (see, for example, Sanford et al. (1987);
Christou et al. (1992); Sanford (1993); Klein et al. (1987);
U.S. Pat. No. 5,015,580 (Christou et al), issued May 14,
1991; and U.S. Pat. No. 5,322,783 (Tomes et al.), issued Jun.
21, 1994).

[0297] Alternatively, sonication methods (see, for
example, Zhang et al. (1991)); direct uptake of DNA into
protoplasts using CaCl, precipitation, polyvinyl alcohol or
poly-L-ornithine (see, for example, Hain et al. (1985);
Draper et al. (1982)); liposome or spheroplast fusion (see,
for example, Deshayes et al. (1985); Christou et al. (1987));
and electroporation of protoplasts and whole cells and
tissues (see, for example, Donn et al. (1990); D’Halluin et al.
(1992); and Spencer et al. (1994)) have been used to
introduce foreign DNA and expression vectors into plants.

[0298] After a plant or plant cell is transformed (and the
transformed host plant cell then regenerated into a plant), the
transformed plant may be crossed with itself or a plant from
the same line, a non-transformed or wild-type plant, or
another transformed plant from a different transgenic line of
plants. Crossing provides the advantages of producing new
and often stable transgenic varieties. Genes and the traits
they confer that have been introduced into a tomato or
soybean line may be moved into distinct line of plants using
traditional backcrossing techniques well known in the art.
Transformation of tomato plants may be conducted using the
protocols of Koornneef et al (1986), and in U.S. Pat. No.
6,613,962, the latter method described in brief here. Eight
day old cotyledon explants are precultured for 24 hours in
Petri dishes containing a feeder layer of Petunia hybrida
suspension cells plated on MS medium with 2% (w/v)
sucrose and 0.8% agar supplemented with 10 uM a-naph-
thalene acetic acid and 4.4 pM 6-benzylaminopurine. The
explants are then infected with a diluted overnight culture of
Agrobacterium tumefaciens containing an expression vector
comprising a polynucleotide of the invention for 5-10 min-
utes, blotted dry on sterile filter paper and cocultured for 48
hours on the original feeder layer plates. Culture conditions
are as described above. Overnight cultures of Agrobacterium
tumefaciens are diluted in liquid MS medium with 2% (w/v/)
sucrose, pH 5.7) to an ODy, of 0.8.

[0299] Following cocultivation, the cotyledon explants are
transferred to Petri dishes with selective medium comprising
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MS medium with 4.56 uM zeatin, 67.3 pM vancomycin,
418.9 uM cefotaxime and 171.6 uM kanamycin sulfate, and
cultured under the culture conditions described above. The
explants are subcultured every three weeks onto fresh
medium. Emerging shoots are dissected from the underlying
callus and transferred to glass jars with selective medium
without zeatin to form roots. The formation of roots in a
kanamycin sulfate-containing medium is a positive indica-
tion of a successful transformation.

[0300] Transformation of soybean plants may be con-
ducted using the methods found in, for example, U.S. Pat.
No. 5,563,055 (Townsend et al., issued Oct. 8, 1996),
described in brief here. In this method soybean seed is
surface sterilized by exposure to chlorine gas evolved in a
glass bell jar. Seeds are germinated by plating on Vio
strength agar solidified medium without plant growth regu-
lators and culturing at 28° C. with a 16 hour day length.
After three or four days, seed may be prepared for coculti-
vation. The seedcoat is removed and the elongating radicle
removed 34 mm below the cotyledons.

[0301] Overnight cultures of Agrobacterium tumefaciens
harboring the expression vector comprising a polynucleotide
of the invention are grown to log phase, pooled, and con-
centrated by centrifugation. Inoculations are conducted in
batches such that each plate of seed was treated with a newly
resuspended pellet of Agrobacterium. The pellets are resus-
pended in 20 ml inoculation medium. The inoculum is
poured into a Petri dish containing prepared seed and the
cotyledonary nodes are macerated with a surgical blade.
After 30 minutes the explants are transferred to plates of the
same medium that has been solidified. Explants are embed-
ded with the adaxial side up and level with the surface of the
medium and cultured at 22° C. for three days under white
fluorescent light. These plants may then be regenerated
according to methods well established in the art, such as by
moving the explants after three days to a liquid counter-
selection medium (see U.S. Pat. No. 5,563,055).

[0302] The explants may then be picked, embedded and
cultured in solidified selection medium. After one month on
selective media transformed tissue becomes visible as green
sectors of regenerating tissue against a background of
bleached, less healthy tissue. Explants with green sectors are
transferred to an elongation medium. Culture is continued
on this medium with transfers to fresh plates every two
weeks. When shoots are 0.5 cm in length they may be
excised at the base and placed in a rooting medium.

Example XV

Transformation of Monocots to Produce Increased
Yield or Abiotic Stress Tolerance

[0303] Cereal plants such as, but not limited to, corn,
wheat, rice, sorghum, or barley, may be transformed with the
present polynucleotide sequences, including monocot or
eudicot-derived sequences such as those presented in the
present Tables, cloned into a vector such as pGA643 and
containing a kanamycin-resistance marker, and expressed
constitutively under, for example, the CaMV 35S or COR15
promoters, or with tissue-specific or inducible promoters.
The expression vectors may be one found in the Sequence
Listing, or any other suitable expression vector may be
similarly used. For example, pMENO020 may be modified to
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replace the Nptll coding region with the BAR gene of
Streptomyces hygroscopicus that confers resistance to phos-
phinothricin. The Kpnl and Bglll sites of the Bar gene are
removed by site-directed mutagenesis with silent codon
changes.

[0304] The cloning vector may be introduced into a vari-
ety of cereal plants by means well known in the art including
direct DNA transfer or Agrobacterium tumefaciens-medi-
ated transformation. The latter approach may be accom-
plished by a variety of means, including, for example, that
of U.S. Pat. No. 5,591,616, in which monocotyledon callus
is transformed by contacting dedifferentiating tissue with the
Agrobacterium containing the cloning vector.

[0305] The sample tissues are immersed in a suspension of
3x1077 cells of Agrobacterium containing the cloning vector
for 3-10 minutes. The callus material is cultured on solid
medium at 25° C. in the dark for several days. The calli
grown on this medium are transferred to Regeneration
medium. Transfers are continued every 2-3 weeks (2 or 3
times) until shoots develop. Shoots are then transferred to
Shoot-Elongation medium every 2-3 weeks. Healthy look-
ing shoots are transferred to rooting medium and after roots
have developed, the plants are placed into moist potting soil.

[0306] The transformed plants are then analyzed for the
presence of the NPTII gene/kanamycin resistance by
ELISA, using the ELISA NPTII kit from SPrime-3Prime
Inc. (Boulder, Colo.).

[0307] It is also routine to use other methods to produce
transgenic plants of most cereal crops (Vasil (1994)) such as
corn, wheat, rice, sorghum (Cassas et al. (1993)), and barley
(Wan and Lemeaux (1994)). DNA transfer methods such as
the microprojectile method can be used for corn (Fromm et
al. (1990); Gordon-Kamm et al. (1990); Ishida (1990)),
wheat (Vasil et al. (1992); Vasil et al. (1993); Weeks et al.
(1993)), and rice (Christou (1991); Hiei et al. (1994);
Aldemita and Hodges (1996); and Hiei et al. (1997)). For
most cereal plants, embryogenic cells derived from imma-
ture scutellum tissues are the preferred cellular targets for
transformation (Hiei et al. (1997); Vasil (1994)). For trans-
forming corn embryogenic cells derived from immature
scutellar tissue using microprojectile bombardment, the
A188XB73 genotype is the preferred genotype (Fromm et
al. (1990); Gordon-Kamm et al. (1990)). After microprojec-
tile bombardment the tissues are selected on phosphinothri-
cin to identify the transgenic embryogenic cells (Gordon-
Kamm et al. (1990)). Transgenic plants from transformed
host plant cells may be regenerated by standard corn regen-
eration techniques (Fromm et al. (1990); Gordon-Kamm et
al. (1990)).

Example XVI

Expression and Analysis of Increased Yield or
Abiotic Stress Tolerance in Non-Arabidopsis
Species

[0308] Since G1988 closely-related homologs, derived
from various diverse plant species, that have been overex-
pressed in plants have the same functions of conferring
increased yield, similar morphologies, reducing light sensi-
tivity, and increasing abiotic stress tolerance, including
tolerance to cold during germination and low nitrogen
conditions, it is expected that structurally similar orthologs
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of the G1988 clade of polypeptide sequences, including
those found in the Sequence Listing, can confer increased
yield, and/or increased tolerance to a number of abiotic
stresses, including water deprivation, cold, and low nitrogen
conditions, relative to control plants. As sequences of the
invention have been shown to increase yield or improve
stress tolerance in a variety of plant species, it is also
expected that these sequences will increase yield of crop or
other commercially important plant species.

[0309] Northern blot analysis, RT-PCR or microarray
analysis of the regenerated, transformed plants may be used
to show expression of a polypeptide or the invention and
related genes that are capable of inducing abiotic stress
tolerance, and/or larger size.

[0310] After a eudicot plant, monocot plant or plant cell
has been transformed (and the latter plant host cell regen-
erated into a plant) and shown to have greater size, improved
planting density, that is, able to tolerate greater planting
density with a coincident increase in yield, improved late
season vigor, or improved tolerance to abiotic stress, or
produce greater yield relative to a control plant under the
stress conditions, the transformed monocot plant may be
crossed with itself or a plant from the same line, a non-
transformed or wild-type monocot plant, or another trans-
formed monocot plant from a different transgenic line of
plants.

[0311] The function of specific polypeptides of the inven-
tion, including closely-related orthologs, have been ana-
lyzed and may be further characterized and incorporated into
crop plants. The ectopic overexpression of these sequences
may be regulated using constitutive, inducible, or tissue
specific regulatory elements. Genes that have been exam-
ined and have been shown to modity plant traits (including
increasing yield and/or abiotic stress tolerance) encode
polypeptides found in the Sequence Listing. In addition to
these sequences, it is expected that newly discovered poly-
nucleotide and polypeptide sequences closely related to
polynucleotide and polypeptide sequences found in the
Sequence Listing can also confer alteration of traits in a
similar manner to the sequences found in the Sequence
Listing, when transformed into any of a considerable variety
of plants of different species, and including dicots and
monocots. The polynucleotide and polypeptide sequences
derived from monocots (e.g., the rice sequences) may be
used to transform both monocot and dicot plants, and those
derived from dicots (e.g., the Arabidopsis and soy genes)
may be used to transform either group, although it is
expected that some of these sequences will function best if
the gene is transformed into a plant from the same group as
that from which the sequence is derived.

[0312] As an example of a first step to determine water
deprivation-related tolerance, seeds of these transgenic
plants may be subjected to germination assays to measure
sucrose sensing, severe desiccation or drought. The methods
for sucrose sensing, severe desiccation or drought assays are
described above. Plants overexpressing sequences of the
invention may be found to be more tolerant to high sucrose
by having better germination, longer radicles, and more
cotyledon expansion.

[0313] Sequences of the invention, that is, members of the
(1988 clade, may also be used to generate transgenic plants
that are more tolerant to low nitrogen conditions or cold than
control plants.
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[0314] All of these abiotic stress tolerances conferred by
(1988 may contribute to increased yield of commercially
available plants. However, G1988 overexpressors have been
shown to increase yield of plants in the apparent absence of
significant of obvious abiotic stress, as evidenced by includ-
ing increased height, increased early season vigor and esti-
mated stand count, and decreased early season canopy
coverage observed in soy plants overexpressing G1988.
Thus, it is thus expected that members of the G1988 clade
will improve yield in plants relative to control plants,
including in leguminous species, even in the absence of
overt abiotic stresses.

[0315] Plants that are more tolerant than controls to water
deprivation assays, low nitrogen conditions or cold are
greener, more vigorous will have better survival rates than
controls, or will recover better from these treatments than
control plants.

[0316] It is expected that the same methods may be
applied to identify other useful and valuable sequences of
the present polypeptide clades, and the sequences may be
derived from a diverse range of species.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 71

<210> SEQ ID NO 1

<211> LENGTH: 678

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G1988

<400> SEQUENCE: 1

atggtgagct tttgcgagct ttgtggtgcc gaagctgatc tccattgtge cgcggactcet 60

gccttectet gecegttettg tgacgctaag ttccatgecct caaattttet cttegetegt 120



US 2008/0010703 Al Jan. 10, 2008
36

-continued
catttccgge gtgtcatctg cccaaattge aaatctctta ctcaaaattt cgtttctggt 180
cctecttette cttggcctec acgaacaaca tgttgttcag aatcgtcecgte ttecttettge 240
tgctecgtete ttgactgtgt ctcaagctcce gagctatcgt caacgacgcg tgacgtaaac 300

agagcgcgag ggagggaaaa cagagtgaat gccaaggccg ttgcggttac ggtggcggat 360

ggcatttttg taaattggtg tggtaagtta ggactaaaca gggatttaac aaacgctgtc 420
gtttcatatg cgtctttgge tttggctgtg gagacgaggc caagagcgac gaagagagtg 480
ttcttagegg cggegttttg gttcggegtt aagaacacga cgacgtggca gaatttaaag 540
aaagtagaag atgtgactgg agtttcagct gggatgattc gagcggttga aagcaaattg 600

gcgcgtgcaa tgacgcagca gcttagacgg tggcgcgtgg attcggagga aggatggget 660

gaaaacgaca acgtttga 678

<210> SEQ ID NO 2

<211> LENGTH: 225

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G1988 polypeptide

<400> SEQUENCE: 2

Met Val Ser Phe Cys Glu Leu Cys Gly Ala Glu Ala Asp Leu His Cys
1 5 10 15

Ala Ala Asp Ser Ala Phe Leu Cys Arg Ser Cys Asp Ala Lys Phe His
20 25 30

Ala Ser Asn Phe Leu Phe Ala Arg His Phe Arg Arg Val Ile Cys Pro
Asn Cys Lys Ser Leu Thr Gln Asn Phe Val Ser Gly Pro Leu Leu Pro
50 55 60

Trp Pro Pro Arg Thr Thr Cys Cys Ser Glu Ser Ser Ser Ser Ser Cys
65 70 75 80

Cys Ser Ser Leu Asp Cys Val Ser Ser Ser Glu Leu Ser Ser Thr Thr
85 90 95

Arg Asp Val Asn Arg Ala Arg Gly Arg Glu Asn Arg Val Asn Ala Lys
100 105 110

Ala Val Ala Val Thr Val Ala Asp Gly Ile Phe Val Asn Trp Cys Gly
115 120 125

Lys Leu Gly Leu Asn Arg Asp Leu Thr Asn Ala Val Val Ser Tyr Ala
130 135 140

Ser Leu Ala Leu Ala Val Glu Thr Arg Pro Arg Ala Thr Lys Arg Val
145 150 155 160

Phe Leu Ala Ala Ala Phe Trp Phe Gly Val Lys Asn Thr Thr Thr Trp
165 170 175

Gln Asn Leu Lys Lys Val Glu Asp Val Thr Gly Val Ser Ala Gly Met
180 185 190

Ile Arg Ala Val Glu Ser Lys Leu Ala Arg Ala Met Thr Gln Gln Leu
195 200 205

Arg Arg Trp Arg Val Asp Ser Glu Glu Gly Trp Ala Glu Asn Asp Asn
210 215 220

Val
225
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-continued
<210> SEQ ID NO 3
<211> LENGTH: 732
<212> TYPE: DNA
<213> ORGANISM: Glycine max
<220> FEATURE:
<223> OTHER INFORMATION: G4004
<400> SEQUENCE: 3
atgaagccca agacttgcga gctttgtcat caactagectt ctetctattg tccctcecgat 60
tcegeattte tectgettecca ctgcgacgece geccgtccacg ccgccaactt cctegtaget 120
cgccacctce gccecgectecct ctgctccaaa tgcaaccgtt tcgeccgcaat tcacatctcee 180
ggtgctatat cccgccacct ctcctccacce tgcacctett gectceccctgga gattecttee 240
gccgactceccg attctcectecce ttecctettet acctgegtet ccagttccga gtecttgetet 300
acgaatcaga ttaaggcgga gaagaagagg aggaggagga ggaggagttt ctcgagttcc 360
tcecgtgaccg acgacgcatc tccggecggeg aagaagcggce ggagaaatgg cggatcggtg 420
gcggaggtgt ttgagaaatg gagcagagag atagggttag ggttaggggt gaacggaaat 480
cgcgtggegt cgaacgctct gagtgtgtge ctcggaaagt ggaggtcgct tccgttcagg 540
gtggctgctg cgacgtcgtt ttggttgggg ctgagatttt gtggggacag aggcctcgcece 600
acgtgtcaga atctggcgag gttggaggca atatctggag tgccagcaaa gctgattctg 660
ggcgcacatg ccaacctcge acgtgtcttc acgcaccgcce gcgaattgca ggaaggatgg 720
ggcgagtcct ag 732

<210> SEQ ID NO 4
<211> LENGTH: 243

<212> TYPE:

PRT

<213> ORGANISM: Glycine max
<220> FEATURE:
<223> OTHER INFORMATION: G4004 polypeptide

<400> SEQUENCE: 4

Met Lys Pro
1

Cys Pro Ser
His Ala Ala
35

Ser Lys Cys
50

Arg His Leu
65

Ala Asp Ser
Glu Ser Cys
Arg Arg Arg

115

Ala Ala Lys
130

Glu Lys Trp
145

Arg Val Ala

Lys Thr Cys Glu Leu

5

Asp Ser Al
20

a Phe Leu

Asn Phe Leu Val Ala

40

Asn Arg Phe Ala Ala

55

Ser Ser Thr Cys Thr

70

Asp Ser Leu Pro Ser

Ser Thr As
100

n Gln Ile

Ser Phe Ser Ser Ser

120

Lys Arg Arg Arg Asn

Ser Arg Gl
15

Ser Asn Al

135

u Ile Gly
0

a Leu Ser

Cys His Gln
10

Cys Phe His
25

Arg His Leu

Ile His Ile

Ser Cys Ser
75

Ser Ser Thr

Lys Ala Glu

105

Ser Val Thr
Gly Gly Ser
Leu Gly Leu

155

Val Cys Leu

Leu Ala Ser

Cys Asp Ala

Arg Arg Leu

45

Ser Gly Ala
60

Leu Glu Ile

Cys Val Ser

Lys Lys Arg

110

Asp Asp Ala
125

Val Ala Glu
140

Gly Val Asn

Gly Lys Trp

Leu Tyr

15

Ala Val

Leu Cys

Ile Ser

Pro Ser

80

Ser Ser

Arg Arg

Ser Pro

Val Phe

Gly Asn

160

Arg Ser
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165 170 175

Leu Pro Phe Arg Val Ala Ala Ala Thr Ser Phe Trp Leu Gly Leu Arg
180 185 190

Phe Cys Gly Asp Arg Gly Leu Ala Thr Cys Gln Asn Leu Ala Arg Leu
195 200 205

Glu Ala Ile Ser Gly Val Pro Ala Lys Leu Ile Leu Gly Ala His Ala
210 215 220

Asn Leu Ala Arg Val Phe Thr His Arg Arg Glu Leu Gln Glu Gly Trp
225 230 235 240

Gly Glu Ser

<210> SEQ ID NO 5

<211> LENGTH: 726

<212> TYPE: DNA

<213> ORGANISM: Glycine max
<220> FEATURE:

<223> OTHER INFORMATION: G4005

<400> SEQUENCE: 5

atgaagggta agacttgcga gctttgtgat caacaagctt ctctctattg tccctcecgat 60
tcegeattte tectgectccga ctgcgacgecce gccgtgcacg ccgccaactt tcectcgtaget 120
cgtcacctce gtcgecctecet ctgectccaaa tgcaaccgtt tcgeccggatt tcacatctcee 180
tcecggegeta tatcccgeca cctectegtee acctgcaget cttgetccece ggagaatcct 240
tccgetgact actccgatte tctcccttee tettctacct gegtetccag tteccgagtcet 300
tgctccacga agcagattaa ggcggagaag aagaggagtt ggtcgggttc ctccgtgacce 360

gacgacgcat ctccggcgge gaagaagcgg cagaggagtg gaggatcgga ggaggtgttt 420

gagaaatgga gcagagagat agggttaggg ttagggttag gggtaaacgg aaatcgcgtg 480
gcgtcgaacg ctctgagtgt gtgcctggga aagtggaggt ggcettccecgtt cagggtgget 540
gctgcgacgt cgttttggtt ggggctgaga ttttgtgggg acagagggct ggcctcgtgt 600
cagaatctgg cgaggttgga ggcaatatcc ggagtgccag ttaagctgat tctggccgca 660
catggcgacc tggcacgtgt cttcacgcac cgccgcgaat tgcaggaagg atggggcgag 720
tcctag 726

<210> SEQ ID NO 6

<211> LENGTH: 241

<212> TYPE: PRT

<213> ORGANISM: Glycine max

<220> FEATURE:

<223> OTHER INFORMATION: G4005 polypeptide

<400> SEQUENCE: 6

Met Lys Gly Lys Thr Cys Glu Leu Cys Asp Gln Gln Ala Ser Leu Tyr
1 5 10 15

Cys Pro Ser Asp Ser Ala Phe Leu Cys Ser Asp Cys Asp Ala Ala Val
20 25 30

His Ala Ala Asn Phe Leu Val Ala Arg His Leu Arg Arg Leu Leu Cys
35 40 45

Ser Lys Cys Asn Arg Phe Ala Gly Phe His Ile Ser Ser Gly Ala Ile
50 55 60

Ser Arg His Leu Ser Ser Thr Cys Ser Ser Cys Ser Pro Glu Asn Pro
65 70 75 80
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Ser Ala Asp Tyr Ser Asp Ser Leu Pro Ser Ser Ser Thr Cys Val Ser
85 90 95

Ser Ser Glu Ser Cys Ser Thr Lys Gln Ile Lys Ala Glu Lys Lys Arg
100 105 110

Ser Trp Ser Gly Ser Ser Val Thr Asp Asp Ala Ser Pro Ala Ala Lys
115 120 125

Lys Arg Gln Arg Ser Gly Gly Ser Glu Glu Val Phe Glu Lys Trp Ser
130 135 140

Arg Glu Ile Gly Leu Gly Leu Gly Leu Gly Val Asn Gly Asn Arg Val
145 150 155 160

Ala Ser Asn Ala Leu Ser Val Cys Leu Gly Lys Trp Arg Trp Leu Pro
165 170 175

Phe Arg Val Ala Ala Ala Thr Ser Phe Trp Leu Gly Leu Arg Phe Cys
180 185 190

Gly Asp Arg Gly Leu Ala Ser Cys Gln Asn Leu Ala Arg Leu Glu Ala
195 200 205

Ile Ser Gly Val Pro Val Lys Leu Ile Leu Ala Ala His Gly Asp Leu
210 215 220

Ala Arg Val Phe Thr His Arg Arg Glu Leu Gln Glu Gly Trp Gly Glu
225 230 235 240

Ser

<210> SEQ ID NO 7

<211> LENGTH: 709

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<220> FEATURE:

<223> OTHER INFORMATION: G4000

<400> SEQUENCE: 7

gacgtcggga atgggcgctg ctcgtgactc cgcggcggcg ggccagaagc acggcaccgg 60
cacgcggtge gagctctgcg ggggcgcgge ggccgtgcac tgcgccgegg actcggegtt 120
cctctgectg cgectgcgacg ccaaggtgca cggcgccaac ttcctggegt ccaggcacgt 180
gaggcggcgce ctggtgccge gccgggccecgce cgaccccgag gegtcecgtcecgg ccgegtccag 240
cggctcctece tgecgtgtcca cggeccgacte cgcggagtcg gccgccacgg caccggctcece 300
gtgcccttcg aggacggcgg ggaggagggc tccggctegt gcgeggcecgge cgcgcgcgga 360
ggcggtcctg gaggggtggg ccaageggat ggggttegeg geggggcegg cgcgecggeg 420
cgccgeggeg gcggecgecg cgctceceggge gctecggecgg ggcegtggecg ctgcccgegt 480
gcecgetecge gtcgggatgg ccggcegeget ctggtcggag gtcecgeccgecg ggtgcecgagg 540
caatggaggg gaggaggcct cgctgctcca gcggctggag gccgccgcege acgtgccgge 600
gcggetggtg ctgaccgeccg cgtcgtggat ggcgcgceccgg ccggacgccc ggcaggagga 660
ccacgaggag ggatgggccg agtgctcctg agttcctgat ccagacggg 709
<210> SEQ ID NO 8

<211> LENGTH: 226

<212> TYPE: PRT

<213> ORGANISM: Zea mays

<220> FEATURE:

<223> OTHER INFORMATION: G4000 polypeptide

<400> SEQUENCE: 8
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Met Gly Ala Ala Arg Asp Ser Ala Ala Ala Gly Gln Lys His Gly Thr
1 5 10 15

Gly Thr Arg Cys Glu Leu Cys Gly Gly Ala Ala Ala Val His Cys Ala
20 25 30

Ala Asp Ser Ala Phe Leu Cys Leu Arg Cys Asp Ala Lys Val His Gly
35 40 45

Ala Asn Phe Leu Ala Ser Arg His Val Arg Arg Arg Leu Val Pro Arg
50 55 60

Arg Ala Ala Asp Pro Glu Ala Ser Ser Ala Ala Ser Ser Gly Ser Ser

Cys Val Ser Thr Ala Asp Ser Ala Glu Ser Ala Ala Thr Ala Pro Ala
85 90 95

Pro Cys Pro Ser Arg Thr Ala Gly Arg Arg Ala Pro Ala Arg Ala Arg
100 105 110

Arg Pro Arg Ala Glu Ala Val Leu Glu Gly Trp Ala Lys Arg Met Gly
115 120 125

Phe Ala Ala Gly Pro Ala Arg Arg Arg Ala Ala Ala Ala Ala Ala Ala
130 135 140

Leu Arg Ala Leu Gly Arg Gly Val Ala Ala Ala Arg Val Pro Leu Arg
145 150 155 160

Val Gly Met Ala Gly Ala Leu Trp Ser Glu Val Ala Ala Gly Cys Arg
165 170 175

Gly Asn Gly Gly Glu Glu Ala Ser Leu Leu Gln Arg Leu Glu Ala Ala
180 185 190

Ala His Val Pro Ala Arg Leu Val Leu Thr Ala Ala Ser Trp Met Ala
195 200 205

Arg Arg Pro Asp Ala Arg Gln Glu Asp His Glu Glu Gly Trp Ala Glu
210 215 220

Cys Ser
225

<210> SEQ ID NO 9

<211> LENGTH: 732

<212> TYPE: DNA

<213> ORGANISM: Citrus sinensis
<220> FEATURE:

<223> OTHER INFORMATION: G4007

<400> SEQUENCE: 9

atgaaacgag cttgcgagct ttgcagccaa gaagcggccc tccactgcge ttccgacgaa 60
gccttecttt gtttcgactg cgacgatagg gttcataagg ccaactttct cgtggctcegt 120
cacgttcgtc aaactctgtg ctctcagtgc aaatctttga ccggaaagtt catctccggt 180
gaacgttcat cgtcatcgct ggtacccatt tgcccgtctt gttgttcttce tactactteg 240
acgtcgtctg attgtatttc ttcaactgaa agctccgctg cggagaaaat gggcagagaa 300
cgtaaaaggg ttcgtgcatg ttcgagttct gtgtcggata tttccggcga aaaggcggceg 360
gctgtgacgg attccaaggc ggagggtatt tttgcgattt ggtgtaggag gctggggcetg 420
aatggtaata atagtaattg taattcggtt gttgttgtct ctttggcgag tcgggcgetg 480
gggttgtgtt tggaaaggac gacggcgttg cccttacggg cttgcttgge ggcgtegttt 540

tggtttggtc tgagaatgtg cggggacaaa acggtcgcca cgtggccgaa tctgagaagg 600
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cttgaggcga tatcaggagt gccggcgaag ttgatcgtgg ccgttgaggg gaagatcgceg 660
cgtgtgatgg cggtgagaag gagaagaccc aggcaggtct tggaggaagg atgggctgag 720

tgcaacgtat ga 732

<210> SEQ ID NO 10

<211> LENGTH: 243

<212> TYPE: PRT

<213> ORGANISM: Citrus sinensis

<220> FEATURE:

<223> OTHER INFORMATION: G4007 polypeptide

<400> SEQUENCE: 10

Met Lys Arg Ala Cys Glu Leu Cys Ser Gln Glu Ala Ala Leu His Cys
1 5 10 15

Ala Ser Asp Glu Ala Phe Leu Cys Phe Asp Cys Asp Asp Arg Val His
20 25 30

Lys Ala Asn Phe Leu Val Ala Arg His Val Arg Gln Thr Leu Cys Ser
35 40 45

Gln Cys Lys Ser Leu Thr Gly Lys Phe Ile Ser Gly Glu Arg Ser Ser
50 55 60

Ser Ser Leu Val Pro Ile Cys Pro Ser Cys Cys Ser Ser Thr Thr Ser
65 70 75 80

Thr Ser Ser Asp Cys Ile Ser Ser Thr Glu Ser Ser Ala Ala Glu Lys
85 90 95

Met Gly Arg Glu Arg Lys Arg Val Arg Ala Cys Ser Ser Ser Val Ser
100 105 110

Asp Ile Ser Gly Glu Lys Ala Ala Ala Val Thr Asp Ser Lys Ala Glu
115 120 125

Gly Ile Phe Ala Ile Trp Cys Arg Arg Leu Gly Leu Asn Gly Asn Asn
130 135 140

Ser Asn Cys Asn Ser Val Val Val Val Ser Leu Ala Ser Arg Ala Leu
145 150 155 160

Gly Leu Cys Leu Glu Arg Thr Thr Ala Leu Pro Leu Arg Ala Cys Leu
165 170 175

Ala Ala Ser Phe Trp Phe Gly Leu Arg Met Cys Gly Asp Lys Thr Val
180 185 190

Ala Thr Trp Pro Asn Leu Arg Arg Leu Glu Ala Ile Ser Gly Val Pro
195 200 205

Ala Lys Leu Ile Val Ala Val Glu Gly Lys Ile Ala Arg Val Met Ala
210 215 220

Val Arg Arg Arg Arg Pro Arg Gln Val Leu Glu Glu Gly Trp Ala Glu
225 230 235 240

Cys Asn Val

<210> SEQ ID NO 11

<211> LENGTH: 750

<212> TYPE: DNA

<213> ORGANISM: Populus trichocarpa

<220> FEATURE:

<223> OTHER INFORMATION: G4009

<400> SEQUENCE: 11

atggctgtta aggtctgcga gctttgcaaa ggagaagctg gtgtctactg cgattcagat 60

gctgcgtatce tttgttttga ctgtgattct aacgtccata atgctaactt ccttgttget 120



US 2008/0010703 Al Jan. 10, 2008
42

-continued
cgccatattc gccgtgtaat ctgectceccggt tgcggttcta tcacaggaaa tccgttctee 180
ggcgacaccce catctcttag ccgtgtcacc tgttcctett gectcecgccagg aaacaaagaa 240
ctggactcca tctcctgete ctecctctagt actttatcect ctgettgcat ttcaagcacce 300
gaaacgacgc gctttgagaa cacaagaaaa ggagtcaaga ccacgtcatc ttccagctcg 360
gtgaggaata ttccgggtag atccttgagg gataggttga agaggtcgag gaatctgagg 420
tcagagggtg ttttcgtgaa ttggtgcaaa aggctggggc tcaatggtag tttggtggta 480
cagagagcca ctcgggcgat ggcgctgtgt tttgggagat tggctttgcc gttcagagtg 540
agcttagcgg cgtegttttg gttcgggete aggttatgtg gggacaagtc ggttacgacg 600
tgggagaatc tgaggagatt agaggaggta tctggggttc ccaataagct gatcgttacc 660
gttgaaatga agatagaaca ggcgttgcga agcaagagac tgcagctgca gaaagaaatg 720
gaagaagggt gggctgagtg ctctgtgtga 750

<210> SEQ ID NO 12

<211> LENGTH: 249

<212> TYPE: PRT

<213> ORGANISM: Populus trichocarpa

<220> FEATURE:

<223> OTHER INFORMATION: G4009 polypeptide

<400> SEQUENCE: 12

Met Ala Val Lys Val Cys Glu Leu Cys Lys Gly Glu Ala Gly Val Tyr
1 5 10 15

Cys Asp Ser Asp Ala Ala Tyr Leu Cys Phe Asp Cys Asp Ser Asn Val
20 25 30

His Asn Ala Asn Phe Leu Val Ala Arg His Ile Arg Arg Val Ile Cys
35 40 45

Ser Gly Cys Gly Ser Ile Thr Gly Asn Pro Phe Ser Gly Asp Thr Pro
50 55 60

Ser Leu Ser Arg Val Thr Cys Ser Ser Cys Ser Pro Gly Asn Lys Glu
65 70 75 80

Leu Asp Ser Ile Ser Cys Ser Ser Ser Ser Thr Leu Ser Ser Ala Cys
Ile Ser Ser Thr Glu Thr Thr Arg Phe Glu Asn Thr Arg Lys Gly Val
100 105 110

Lys Thr Thr Ser Ser Ser Ser Ser Val Arg Asn Ile Pro Gly Arg Ser
115 120 125

Leu Arg Asp Arg Leu Lys Arg Ser Arg Asn Leu Arg Ser Glu Gly Val
130 135 140

Phe Val Asn Trp Cys Lys Arg Leu Gly Leu Asn Gly Ser Leu Val Val
145 150 155 160

Gln Arg Ala Thr Arg Ala Met Ala Leu Cys Phe Gly Arg Leu Ala Leu
165 170 175

Pro Phe Arg Val Ser Leu Ala Ala Ser Phe Trp Phe Gly Leu Arg Leu
180 185 190

Cys Gly Asp Lys Ser Val Thr Thr Trp Glu Asn Leu Arg Arg Leu Glu
195 200 205

Glu Val Ser Gly Val Pro Asn Lys Leu Ile Val Thr Val Glu Met Lys
210 215 220

Ile Glu Gln Ala Leu Arg Ser Lys Arg Leu Gln Leu Gln Lys Glu Met
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225 230 235 240
Glu Glu Gly Trp Ala Glu Cys Ser Val

245
<210> SEQ ID NO 13
<211> LENGTH: 726
<212> TYPE: DNA
<213> ORGANISM: Oryza sativa
<220> FEATURE:
<223> OTHER INFORMATION: G4011
<400> SEQUENCE: 13
atgggtggcg aggcggagceg gtgcgegcote tgtggegegyg cggeggeggt gcactgegag 60
gcggacgcgg cgttcectgtg cgecggegtge gacgccaagg tgcacggggce gaacttccte 120
gcgtegegge accaccggag gcgggtggeg gecggggegyg tggtggtggt ggaggtggag 180
gaggaggagg ggtatgagtc cggggcgtcg gcggcgtcga gcacgtcgtg cgtgtcgacg 240
gccgacteeg acgtggegge gteggeggeg gegaggcggy ggaggaggag gaggccgagg 300
gcagcggcgce ggccccgcege ggaggtggtt ctcgaggggt ggggcaagcg gatgggccte 360
gcggeggggyg cggegeggeg gegcgcegeg geggeceggge gegegetecg ggegtgegge 420
ggggacgtcg ccgccgegeg cgtcccgete cgegtcecgeca tggeggceccecge getgtggtgg 480
gaggtggcgg cccaccgcgt ctccggcgte tccggecgecg geccatgccga cgcgetgegg 540
cggctggagg cgtgcgcgca cgtgccggeg aggctgctca cggeggtgge gtcgtcgatg 600
gcccogegege gcogcaaggceg gcgcogocgec goggacaacg aggagggcotg ggacgagtge 660
tcgtgttetg aagcgcccaa cgccttgggt ggcccacatg tcagtgacac agctcgtcag 720
aaatga 726
<210> SEQ ID NO 14
<211> LENGTH: 241
<212> TYPE: PRT
<213> ORGANISM: Oryza sativa
<220> FEATURE:
<223> OTHER INFORMATION: G4011 polypeptide
<400> SEQUENCE: 14
Met Gly Gly Glu Ala Glu Arg Cys Ala Leu Cys Gly Ala Ala Ala Ala
1 5 10 15
Val His Cys Glu Ala Asp Ala Ala Phe Leu Cys Ala Ala Cys Asp Ala

20 25 30
Lys Val His Gly Ala Asn Phe Leu Ala Ser Arg His His Arg Arg Arg
35 40 45
Val Ala Ala Gly Ala Val Val Val Val Glu Val Glu Glu Glu Glu Gly
50 55 60

Tyr Glu Ser Gly Ala Ser Ala Ala Ser Ser Thr Ser Cys Val Ser Thr
65 70 75 80
Ala Asp Ser Asp Val Ala Ala Ser Ala Ala Ala Arg Arg Gly Arg Arg

85 90 95
Arg Arg Pro Arg Ala Ala Ala Arg Pro Arg Ala Glu Val Val Leu Glu

100 105 110
Gly Trp Gly Lys Arg Met Gly Leu Ala Ala Gly Ala Ala Arg Arg Arg
115 120 125

Ala Ala Ala Ala Gly Arg Ala Leu Arg Ala Cys Gly Gly Asp Val Ala
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130 135 140

Ala Ala Arg Val Pro Leu Arg Val Ala Met Ala Ala Ala Leu Trp Trp
145 150 155 160

Glu Val Ala Ala His Arg Val Ser Gly Val Ser Gly Ala Gly His Ala
165 170 175

Asp Ala Leu Arg Arg Leu Glu Ala Cys Ala His Val Pro Ala Arg Leu
180 185 190

Leu Thr Ala Val Ala Ser Ser Met Ala Arg Ala Arg Ala Arg Arg Arg
195 200 205

Ala Ala Ala Asp Asn Glu Glu Gly Trp Asp Glu Cys Ser Cys Ser Glu
210 215 220

Ala Pro Asn Ala Leu Gly Gly Pro His Val Ser Asp Thr Ala Arg Gln
225 230 235 240

Lys

<210> SEQ ID NO 15

<211> LENGTH: 666

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa
<220> FEATURE:

<223> OTHER INFORMATION: G4012

<400> SEQUENCE: 15

atggaggtcg gcaacggcaa gtgcggeggt ggtggegecg ggtgegaget gtgeggggge 60
gtggccgegg tgcactgcge cgctgactcec gegtttettt gettggtatg tgacgacaag 120
gtgcacggcg ccaacttcct cgcgtccagg caccgccgcece geccggttggg ggttgaggtg 180

gtggatgagg aggatgacgc ccggtccacg gcgtcgagect cgtgcgtgtc gacggcggac 240
tcecgegtegt ccacggecgge ggceggectgeg ctggagagceg aggacgtcag gaggaggggg 300
cggcegeggge ggegtgecce gegcgeggag geggttetgg aggggtggge gaageggatg 360

gggttgtcgt cgggcgcgge gcgcaggcgce gccgccgcegg ccggggcgge gctccgegeg 420

gtgggccegtg gcgtcgeccge ctcccegegte ccgatccegeg tcgegatgge cgccgegete 480
tggtcggagg tcgcctcete ctecctececgt cgececgeccgec gecccecggecge cggacaggcce 540
gcgctgetee tgcggectgga ggccagcgceg cacgtgcecgg cgaggctget cctgacggtg 600

gcgtcecgtgga tggcgcgege gtcgacgccg cccgccgecg aggagggctg ggccgagtge 660

tcctga 666

<210> SEQ ID NO 16

<211> LENGTH: 221

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<220> FEATURE:

<223> OTHER INFORMATION: G4012 polypeptide

<400> SEQUENCE: 16

Met Glu Val Gly Asn Gly Lys Cys Gly Gly Gly Gly Ala Gly Cys Glu
1 5 10 15

Leu Cys Gly Gly Val Ala Ala Val His Cys Ala Ala Asp Ser Ala Phe
20 25 30

Leu Cys Leu Val Cys Asp Asp Lys Val His Gly Ala Asn Phe Leu Ala
35 40 45

Ser Arg His Arg Arg Arg Arg Leu Gly Val Glu Val Val Asp Glu Glu
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50 55 60
Asp Asp Ala Arg Ser Thr Ala Ser Ser Ser Cys Val Ser Thr Ala Asp
Ser Ala Ser Ser Thr Ala Ala Ala Ala Ala Leu Glu Ser Glu Asp Val
85 90 95

Arg Arg Arg Gly Arg Arg Gly Arg Arg Ala Pro Arg Ala Glu Ala Val
100 105 110

Leu Glu Gly Trp Ala Lys Arg Met Gly Leu Ser Ser Gly Ala Ala Arg
115 120 125

Arg Arg Ala Ala Ala Ala Gly Ala Ala Leu Arg Ala Val Gly Arg Gly
130 135 140

Val Ala Ala Ser Arg Val Pro Ile Arg Val Ala Met Ala Ala Ala Leu
145 150 155 160

Trp Ser Glu Val Ala Ser Ser Ser Ser Arg Arg Arg Arg Arg Pro Gly
165 170 175

Ala Gly Gln Ala Ala Leu Leu Leu Arg Leu Glu Ala Ser Ala His Val
180 185 190

Pro Ala Arg Leu Leu Leu Thr Val Ala Ser Trp Met Ala Arg Ala Ser
195 200 205

Thr Pro Pro Ala Ala Glu Glu Gly Trp Ala Glu Cys Ser
210 215 220

<210> SEQ ID NO 17

<211> LENGTH: 893

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<220> FEATURE:

<223> OTHER INFORMATION: G4297

<400> SEQUENCE: 17

cggacgegtg ggcggacgcg tgggcggacg cgtgggcctg gagggtgcaa gggagggagyg 60
cggtcggact agttctaggg cggtcgaatc cgccagcgca tccgctgage accgccagcece 120
ccgcacgcegg aggtcggagg gctacgctcc ggagtccgag gggaaggcag aggaggcaag 180
caggcaggat gggtgccgct ggtgacgccg cggcagcggg cacgcggtgce gagctctgceg 240
ggggcgcggce ggccgtgcac tgcgccgegg actcggegtt cctetgecccg cgectgcgacg 300
ccaaggtgca cggcgccaac ttcctggegt ccaggcacgt gaggcgccge ctgccgcgceg 360
ggggcgccga ctceggggeg tccgegtcecca gcecggectectg cectgtccacg gecgactceg 420
tgcagtcgag ggcggcgcecg ccgccaggga gaggcagagg gaggagggceg ccgecgcegeg 480
cggaggcggt getggagggg tgggccagga ggaagggggt cgcggegggg cccgegtgece 540
gtcgtegegt cccgectecege gtcgegatgg ccgccgegeg ctggtcggag gtcagcgecg 600
gcggtggage ggaggctgeg gtgctcgcag ttgcggegtg gtggatgacg cgcgcggcga 660

gagcgagacc cccggcggceg ggcgctccecgg acctggagga gggatgggcce gagtgctcte 720

ctgaattcgt ggtccggcag ggcccacatc cgtctgcaac aacatgtggg cgacgttagt 780
ttgtcctttt cctcecctaat tattttagta attaacgaga tcgatcgtgt ggtggtggtg 840
tcgttggett cctcectegteg tccgattaac aaaagccggt tcgatttgat tac 893

<210> SEQ ID NO 18
<211> LENGTH: 196
<212> TYPE: PRT
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<213> ORGANISM: Zea mays
<220> FEATURE:
<223> OTHER INFORMATION: G4297 polypeptide

<400> SEQUENCE: 18

Met Gly Ala Ala Gly Asp Ala Ala Ala Ala Gly Thr Arg Cys Glu Leu
1 5 10 15

Cys Gly Gly Ala Ala Ala Val His Cys Ala Ala Asp Ser Ala Phe Leu
20 25 30

Cys Pro Arg Cys Asp Ala Lys Val His Gly Ala Asn Phe Leu Ala Ser
35 40 45

Arg His Val Arg Arg Arg Leu Pro Arg Gly Gly Ala Asp Ser Gly Ala
50 55 60

Ser Ala Ser Ser Gly Ser Cys Leu Ser Thr Ala Asp Ser Val Gln Ser
65 70 75 80

Arg Ala Ala Pro Pro Pro Gly Arg Gly Arg Gly Arg Arg Ala Pro Pro
85 90 95

Arg Ala Glu Ala Val Leu Glu Gly Trp Ala Arg Arg Lys Gly Val Ala
100 105 110

Ala Gly Pro Ala Cys Arg Arg Arg Val Pro Leu Arg Val Ala Met Ala
115 120 125

Ala Ala Arg Trp Ser Glu Val Ser Ala Gly Gly Gly Ala Glu Ala Ala
130 135 140

Val Leu Ala Val Ala Ala Trp Trp Met Thr Arg Ala Ala Arg Ala Arg
145 150 155 160

Pro Pro Ala Ala Gly Ala Pro Asp Leu Glu Glu Gly Trp Ala Glu Cys
165 170 175

Ser Pro Glu Phe Val Val Arg Gln Gly Pro His Pro Ser Ala Thr Thr
180 185 190

Cys Gly Arg Arg
195

<210> SEQ ID NO 19

<211> LENGTH: 1094

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa
<220> FEATURE:

<223> OTHER INFORMATION: G4298

<400> SEQUENCE: 19

gcacgaggcc tcgtgccgaa ttcgggacgg cgccagcegtce tcgctcccaa gccagaccte 60
ccececctegee gtcecegegege gegeccgegg tttcccceege tcgecgecegg tttcecccccge 120
tcgeecgeegg tttcecccgaa gcgecgeccegeg cccgegectg cgcccecgecgg tcegccatege 180
catctcgecce tcgegecggag actggtgtcee ctgttttget ctgtagtata aagccacgca 240
aaccccecgec aggtgttcga ccgagtgaca caagagtcca gcctcttgca acctgtaatg 300

gaggtcggca acggcaagtg cggcggtggt ggcgeccgggt gegagetgtg cgggggegtg 360
gccgeggtge actgcgccge tgactccgeg tttetttget tggtatgtga cgacaaggtg 420
cacggcgcca acttcctecge gtccaggcac ccccgceccgcece ggtggggegt tgagetggtg 480
gatgatgggg ggcgcgcccg gcgccgcccc ccgccccecegg ggggggctgg gecgagtget 540
cctgatccge cgccgeccgec ggccaccgca cgacgaatct tccggccgec tgagatagaa 600

agtactaaaa atgcgaaact tgtgggcaat gattgtttgt ttgcttcctc cctaattaat 660
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taaattaatc tcaaattctt aatcaccatc aaggacccaa aaatcttgtg gtttaggaag 720
gcctectettg tggttaacat caaatcacaa gtctaaatcc aatggatggg actctaattt 780
ttctgtgtag tattagtata ccatgatgat agtacatttg atttgttatt aattggttat 840
taattaaagg tgatttgatc aactagactt tatgtggtca aaaatgtctc cctgtattgt 900
atgagtgacc actaccactc gatatttttt tccttccatc ttggectgagt cctgtcttgt 960

gtttgtttat tggtatctca atgtactggg cttaccactt gtatggacag tattgttaca 1020
ctaacacagt gtgtaccccc cagtcgtgtt agcttgaatg ggaagaccat gatcaaaaaa 1080

aaaaaaaaaa aaaa 1094

<210> SEQ ID NO 20

<211> LENGTH: 121

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<220> FEATURE:

<223> OTHER INFORMATION: G4298 polypeptide

<400> SEQUENCE: 20

Met Glu Val Gly Asn Gly Lys Cys Gly Gly Gly Gly Ala Gly Cys Glu
1 5 10 15

Leu Cys Gly Gly Val Ala Ala Val His Cys Ala Ala Asp Ser Ala Phe
20 25 30

Leu Cys Leu Val Cys Asp Asp Lys Val His Gly Ala Asn Phe Leu Ala
35 40 45

Ser Arg His Pro Arg Arg Arg Trp Gly Val Glu Leu Val Asp Asp Gly

Gly Arg Ala Arg Arg Arg Pro Pro Pro Pro Gly Gly Ala Gly Pro Ser
65 70 75 80

Ala Pro Asp Pro Pro Pro Pro Pro Ala Thr Ala Arg Arg Ile Phe Arg
85 90 95

Pro Pro Glu Ile Glu Ser Thr Lys Asn Ala Lys Leu Val Gly Asn Asp
100 105 110

Cys Leu Phe Ala Ser Ser Leu Ile Asn
115 120

<210> SEQ ID NO 21

<211> LENGTH: 1662

<212> TYPE: DNA

<213> ORGANISM: Solanum lycopersicum
<220> FEATURE:

<223> OTHER INFORMATION: G4299

<400> SEQUENCE: 21

ttattaaata ataacaaact agtcaaatat tacatctacc atgtaataca gtataatata 60
aatacaatat gaatcaatgg ataacaaatg atccaaatgt aaatctaaat gaagataaaa 120
gagtgaattt cgcacttttt atatatagag tggttaactt ttgagtccac actccacaat 180
atggtaaatg catttatggt taatacaaag tccacaacca caacacttgg ctttccttca 240
atctctcctt tctttcecttt actcaataat attactggac actcctcact ttttctttta 300
aaccacatat ataaattcaa tcaataatac acttcacaaa tcattctaaa gtctaaattc 360
tcattacgta gcactctttg ctatctcacc ttactcattc ctcttcctec tatatctttt 420

ctctcegece cattttcact atcacaaatc aaagcttcca aaatttagaa attgtataca 480
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aaaatggaac ttctgtcctc taaactctgt gagctttgca atgatcaagec tgctectgttt 540
tgtccatctg attcagecttt tctctgtttt cactgtgatg ctaaagttca tcaggctaat 600
ttcettgttg ctcgeccacct tcegtcttact ctttgectecte actgtaactc ccttacgaaa 660
aaacgttttt cccecttgttc accgccgect cctgectettt gteccttecectg ttcececggaat 720
tcgtetggtg attccgatet cecgttetgtt tcaacgacgt cgtcgtecgte ttcegtcgact 780
tgtgtttcca gcacgcagtc cagtgctatt actcaaaaaa ttaacataat ctcttcaaat 840
cgaaagcaat ttccggacag cgactctaac ggtgaagtca attctggcag atgtaattta 900
gtacgatcca gaagtgtgaa attgcgagat ccaagagcgg cgacttgtgt gttcatgcat 960

tggtgcacaa agcttcaaat gaaccgcgag gaacgtgtgg tgcaaacggce ttgtagtgtg 1020
ttgggtattt gttttagtcg gtttaggggt ctgcctctac gggttgccet ggecggectgt 1080
ttttggtttg gtttgaaaac taccgaagac aaatcaaaga cgtcgcaatc tttgaagaaa 1140
ttagaggaga tctcgggtgt gccggcgaag ataatattag caacagaatt aaagcttcga 1200
aaaataatga aaaccaacca cggccaacct caagcaatgg aagaaagctg ggctgaatcc 1260
tcgcecctaat ttteotttgtt tttggagaat attcccacac ctecttttgat tttcatttte 1320
tatttttcta tcttctaaat ttgtgaaaaa cattagaaaa atggaaaagt ttgaactgga 1380
aaatccattt taccacagta ttttcctttt gtttttcgtt ttttctacat ttttatcaag 1440

ctgttgaaac cataaagtcc gtgtcggacc accggaaaaa atgaaaaaaa aattggagga 1500

agaatcttct caaaggacaa actaaaagtt agacccacac tatataatac atgggttcaa 1560
attcaacaaa aaataatcca gggttggccc cccactatta ataaacttgg tcaaaaatta 1620
agttttttaa aatctggggt attcacacca aatttttata ta 1662

<210> SEQ ID NO 22

<211> LENGTH: 261

<212> TYPE: PRT

<213> ORGANISM: Solanum lycopersicum

<220> FEATURE:

<223> OTHER INFORMATION: G4299 polypeptide

<400> SEQUENCE: 22

Met Glu Leu Leu Ser Ser Lys Leu Cys Glu Leu Cys Asn Asp Gln Ala
1 5 10 15

Ala Leu Phe Cys Pro Ser Asp Ser Ala Phe Leu Cys Phe His Cys Asp
20 25 30

Ala Lys Val His Gln Ala Asn Phe Leu Val Ala Arg His Leu Arg Leu
35 40 45

Thr Leu Cys Ser His Cys Asn Ser Leu Thr Lys Lys Arg Phe Ser Pro
50 55 60

Cys Ser Pro Pro Pro Pro Ala Leu Cys Pro Ser Cys Ser Arg Asn Ser
65 70 75 80

Ser Gly Asp Ser Asp Leu Arg Ser Val Ser Thr Thr Ser Ser Ser Ser
85 90 95

Ser Ser Thr Cys Val Ser Ser Thr Gln Ser Ser Ala Ile Thr Gln Lys
100 105 110

Ile Asn Ile Ile Ser Ser Asn Arg Lys Gln Phe Pro Asp Ser Asp Ser
115 120 125

Asn Gly Glu Val Asn Ser Gly Arg Cys Asn Leu Val Arg Ser Arg Ser
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130 135 140

Val Lys Leu Arg Asp Pro Arg Ala Ala Thr Cys Val Phe Met His Trp
145 150 155 160

Cys Thr Lys Leu Gln Met Asn Arg Glu Glu Arg Val Val Gln Thr Ala
165 170 175

Cys Ser Val Leu Gly Ile Cys Phe Ser Arg Phe Arg Gly Leu Pro Leu
180 185 190

Arg Val Ala Leu Ala Ala Cys Phe Trp Phe Gly Leu Lys Thr Thr Glu
195 200 205

Asp Lys Ser Lys Thr Ser Gln Ser Leu Lys Lys Leu Glu Glu Ile Ser
210 215 220

Gly Val Pro Ala Lys Ile Ile Leu Ala Thr Glu Leu Lys Leu Arg Lys
225 230 235 240

Ile Met Lys Thr Asn His Gly Gln Pro Gln Ala Met Glu Glu Ser Trp
245 250 255

Ala Glu Ser Ser Pro
260

<210> SEQ ID NO 23

<211> LENGTH: 522

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<220> FEATURE:

<223> OTHER INFORMATION: G4001

<400> SEQUENCE: 23

atgggcgectg ctcecgtgactec cacggcggeg ggccagaagc gcggcaccgg cacgcggtge 60
gagctctgecg ggggcgcgge ggccgtgcac tgcgccgegg actcecggegtt cctetgectg 120
cgctgcgacg ccaaggtgca cggcgccaac ttcctggegt ccaggcacgt gaggcggcge 180
ctggtgccge gccgggecge cgaccccgag gcgtcgtcegg ccgegtceccag cggetectee 240
tgcgtgtceca cggeccgacte cgcggagtcg gccgccacgg caccggctcece gtgccctteg 300

aggacggcgg ggaggagggce tcecggctcgg gegeggegge cgcgegegga ggcggtectg 360
gaggggtggg ccaagcggat ggggttcgeg geggggccgyg cgcgecggeg cgcacgtgece 420
ggcgceggetg gtgectgaccg ccgegtegtg gatggcgege cggeccggacqg cccggcagga 480
ggaccactag gagggatggg ccgagtgctc ctgagttcct ga 522
<210> SEQ ID NO 24

<211> LENGTH: 173

<212> TYPE: PRT

<213> ORGANISM: Zea mays

<220> FEATURE:

<223> OTHER INFORMATION: G4001 polypeptide

<400> SEQUENCE: 24

Met Gly Ala Ala Arg Asp Ser Thr Ala Ala Gly Gln Lys Arg Gly Thr
1 5 10 15

Gly Thr Arg Cys Glu Leu Cys Gly Gly Ala Ala Ala Val His Cys Ala
20 25 30

Ala Asp Ser Ala Phe Leu Cys Leu Arg Cys Asp Ala Lys Val His Gly
35 40 45

Ala Asn Phe Leu Ala Ser Arg His Val Arg Arg Arg Leu Val Pro Arg
50 55 60
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Arg Ala Ala Asp Pro Glu Ala Ser Ser Ala Ala Ser Ser Gly Ser Ser

Cys Val Ser Thr Ala Asp Ser Ala Glu Ser Ala Ala Thr Ala Pro Ala
85 90 95

Pro Cys Pro Ser Arg Thr Ala Gly Arg Arg Ala Pro Ala Arg Ala Arg
100 105 110

Arg Pro Arg Ala Glu Ala Val Leu Glu Gly Trp Ala Lys Arg Met Gly
115 120 125

Phe Ala Ala Gly Pro Ala Arg Arg Arg Ala Arg Ala Gly Ala Ala Gly
130 135 140

Ala Asp Arg Arg Val Val Asp Gly Ala Pro Ala Gly Arg Pro Ala Gly
145 150 155 160

Gly Pro Leu Gly Gly Met Gly Arg Val Leu Leu Ser Ser
165 170

<210> SEQ ID NO 25

<211> LENGTH: 648

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G900

<400> SEQUENCE: 25

atggggaaga agaagtgcga gttatgttgt ggtgtagcga gaatgtattg tgagtcagat 60
caagcgagtt tatgttggga ttgtgacggt aaagttcacg gagctaattt tctggtggcg 120
aaacacatgc gttgtcttct atgtagcgcg tgtcagtcac acacgccttg gaaagcttet 180
gggctgaatc ttggcccaac tgtttctatc tgtgagtctt gtttagctcg taagaagaat 240
aacaacagct ccctcgeccgg gagggatcag aatcttaacc aagaagaaga gatcattggt 300
tgtaacgacg gagctgagtc ttatgatgag gaaagcgatg aggatgaaga agaagaagaa 360
gtggagaatc aggttgttcc ggctgcggtg gagcaagaac ttccggtggt gagttcgtceg 420
tctteggtta gtagtggtga aggagatcag gtggtgaaaa ggacgagact tgatttggat 480
cttaacctct ccgatgagga gaaccaatct agaccattga aaagattatc gagagacgaa 540
ggtttgtcaa gatcaactgt tgtgatgaat agctcaatcg tgaaattaca cggagggagg 600
agaaaagcag agggatgtga tacatcatcg tcgtcttcgt tttattga 648

<210> SEQ ID NO 26

<211> LENGTH: 215

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G900 polypeptide

<400> SEQUENCE: 26

Met Gly Lys Lys Lys Cys Glu Leu Cys Cys Gly Val Ala Arg Met Tyr
1 5 10 15

Cys Glu Ser Asp Gln Ala Ser Leu Cys Trp Asp Cys Asp Gly Lys Val
20 25 30

His Gly Ala Asn Phe Leu Val Ala Lys His Met Arg Cys Leu Leu Cys

Ser Ala Cys Gln Ser His Thr Pro Trp Lys Ala Ser Gly Leu Asn Leu
50 55 60

Gly Pro Thr Val Ser Ile Cys Glu Ser Cys Leu Ala Arg Lys Lys Asn
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65 70 75 80

Asn Asn Ser Ser Leu Ala Gly Arg Asp Gln Asn Leu Asn Gln Glu Glu

Glu Ile Ile Gly Cys Asn Asp Gly Ala Glu Ser Tyr Asp Glu Glu Ser
100 105 110

Asp Glu Asp Glu Glu Glu Glu Glu Val Glu Asn Gln Val Val Pro Ala
115 120 125

Ala Val Glu Gln Glu Leu Pro Val Val Ser Ser Ser Ser Ser Val Ser
130 135 140

Ser Gly Glu Gly Asp Gln Val Val Lys Arg Thr Arg Leu Asp Leu Asp
145 150 155 160

Leu Asn Leu Ser Asp Glu Glu Asn Gln Ser Arg Pro Leu Lys Arg Leu
165 170 175

Ser Arg Asp Glu Gly Leu Ser Arg Ser Thr Val Val Met Asn Ser Ser
180 185 190

Ile Val Lys Leu His Gly Gly Arg Arg Lys Ala Glu Gly Cys Asp Thr
195 200 205

Ser Ser Ser Ser Ser Phe Tyr
210 215

<210> SEQ ID NO 27

<211> LENGTH: 1071

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G910

<400> SEQUENCE: 27

atgttatgta taataataat tgagaatatg gaaagagtat gtgagttttg taaagcgtat 60
agagcagtgg tttattgtat agctgataca gcaaatcttt gtttaacatg tgatgcaaag 120
gttcattcag ctaattcact ctcgggacgg catttacgta cggttttatg tgattctggt 180
aagaatcagc cttgtgttgt ccgatgtttt gaccataaaa tgtttctttg ccatggatgt 240
aatgataagt ttcatggtgg tggctcttct gagcatcgta gaagggattt gaggtgttat 300
acgggttgtc ctcctgctaa agatttcgeg gttatgtggg gttttcgagt tatggatgac 360
gatgatgatg tttcgttaga gcaatctttt cgaatggtta aacctaaggt gcaaagagaa 420
ggtggtttta tcttggaaca gattcttgaa ttggagaagg ttcagctcag ggaagagaat 480
ggtagttctt ccttgacaga acgaggtgat ccatctccat tggagcttcc taagaaaccce 540
gaagaacagt taatcgatct tccgcagacc ggaaaagagc tggttgttga tttttcacac 600
ttgtcctcat cttccacact tggtgattcc ttttgggaat gcaaaagtcc atacaataag 660
aacaatcagt tgtggcatca aaatatacaa gacattggag tatgtgaaga tacaatctgc 720
agtgacgatg acttccaaat acctgacatt gatctcactt tccggaactt tgaagagcaa 780
tttggagctg atcctgagcc aattgcagat agtaacaacg tgttctttgt ttecttccett 840
gacaaatcac atgagatgaa gacattttct tcttcattca ataatcccat atttgcacct 900
aaaccagctt catcaactat ctcattctca agcagtgaaa ccgataaccc ttatagtcac 960

tcagaggaag taatctcatt ttgtccctcc ctctctaaca atacacgtca aaaggtcatc 1020

acaaggctca aggagaagaa gagagcaaga gtggaggaga aaaaagctta a 1071
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<210> SEQ ID NO 28

<211> LENGTH: 356

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G910 polypeptide

<400> SEQUENCE: 28

Met Leu Cys Ile Ile Ile Ile Glu Asn Met Glu Arg Val Cys Glu Phe
1 5 10 15

Cys Lys Ala Tyr Arg Ala Val Val Tyr Cys Ile Ala Asp Thr Ala Asn
20 25 30

Leu Cys Leu Thr Cys Asp Ala Lys Val His Ser Ala Asn Ser Leu Ser
35 40 45

Gly Arg His Leu Arg Thr Val Leu Cys Asp Ser Gly Lys Asn Gln Pro
50 55 60

Cys Val Val Arg Cys Phe Asp His Lys Met Phe Leu Cys His Gly Cys
65 70 75 80

Asn Asp Lys Phe His Gly Gly Gly Ser Ser Glu His Arg Arg Arg Asp
85 90 95

Leu Arg Cys Tyr Thr Gly Cys Pro Pro Ala Lys Asp Phe Ala Val Met
100 105 110

Trp Gly Phe Arg Val Met Asp Asp Asp Asp Asp Val Ser Leu Glu Gln
115 120 125

Ser Phe Arg Met Val Lys Pro Lys Val Gln Arg Glu Gly Gly Phe Ile
130 135 140

Leu Glu Gln Ile Leu Glu Leu Glu Lys Val Gln Leu Arg Glu Glu Asn
145 150 155 160

Gly Ser Ser Ser Leu Thr Glu Arg Gly Asp Pro Ser Pro Leu Glu Leu
165 170 175

Pro Lys Lys Pro Glu Glu Gln Leu Ile Asp Leu Pro Gln Thr Gly Lys
180 185 190

Glu Leu Val Val Asp Phe Ser His Leu Ser Ser Ser Ser Thr Leu Gly
195 200 205

Asp Ser Phe Trp Glu Cys Lys Ser Pro Tyr Asn Lys Asn Asn Gln Leu
210 215 220

Trp His Gln Asn Ile Gln Asp Ile Gly Val Cys Glu Asp Thr Ile Cys
225 230 235 240

Ser Asp Asp Asp Phe Gln Ile Pro Asp Ile Asp Leu Thr Phe Arg Asn
245 250 255

Phe Glu Glu Gln Phe Gly Ala Asp Pro Glu Pro Ile Ala Asp Ser Asn
260 265 270

Asn Val Phe Phe Val Ser Ser Leu Asp Lys Ser His Glu Met Lys Thr
275 280 285

Phe Ser Ser Ser Phe Asn Asn Pro Ile Phe Ala Pro Lys Pro Ala Ser
290 295 300

Ser Thr Ile Ser Phe Ser Ser Ser Glu Thr Asp Asn Pro Tyr Ser His
305 310 315 320

Ser Glu Glu Val Ile Ser Phe Cys Pro Ser Leu Ser Asn Asn Thr Arg
325 330 335

Gln Lys Val Ile Thr Arg Leu Lys Glu Lys Lys Arg Ala Arg Val Glu
340 345 350

Glu Lys Lys Ala
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355
<210> SEQ ID NO 29
<211> LENGTH: 1215
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G1261
<400> SEQUENCE: 29
gaaaagatca acttcttctt cttaccaaaa ctgtcggcgt cgtctcctect aagctcectcee 60
catggaagca gaagaaggtc atcagcgtga ccgcctctge gactattgcg actcctccgt 120
ggctcttgtce tactgcaaag ctgactccgc caagctctge ctcgecctgeg acaagcaagt 180
ccacgtcgecc aaccaactct tcgccaaaca cttcaggtca cttctctgeg actcctgcaa 240
cgaatctcce tctteccettt tetgcgagac tgaaaggtcect gttetttgec agaactgcga 300
ctggcaacac cacaccgcct cttcctcecct tcatageccge agaccctttg aaggatttac 360
cggctgtcece tcecgtgectg agttgetgge catcgttgge ctcgatgacce tcactctcga 420
ttcecggattg ctttgggagt cacctgagat cgttagcctc aacgacctta ttgtttcggg 480
cgggtcgggt actcataact tccgggccac ggatgttcct cctetgeccta agaatcgtca 540
cgccacctge gggaaataca aagatgagat gatccgacag ctccgtggac tatccagatce 600
tgagcctggt tgtctgaaat ttgaaacccc agatgctgag atcgatgccg ggttccaatt 660
cctagcgecg gatttgtttt ctacatgcga gctggagagt ggactgaaat ggttcgatca 720
gcaagatcat gaggactttc catattgctc tctgctaaag aacttgtcgg agtcagatga 780
gaaacctgag aatgtagacc gagagtcatc ggtgatggtt cccgtttccg gectgcttaaa 840
ccgatgtgag gaagagactg tgatggttcc ggttatcact agtacaaggt cgatgacaca 900
tgagatcaac agtcttgaga ggaactctgc tctctctcge tacaaagaaa agaagaagtc 960
tcgaaggtac gagaaacaca tcaggtatga atcacgcaag gttcgtgcag aaagcaggac 1020
aagaatcagg ggacgtttcg ccaaggcagc agatccatga atgatgatga ggttactttg 1080
ataatcaaaa atcttttgta ttaatcgaat catatagtgt gtatgatcag ataagttttt 1140
gtattctaag cttaggagtt atcactgtat atcgaccaca ctctcaaaat tgtcacttaa 1200
gaatagtttt tttaa 1215

<210> SEQ ID NO 30
<211> LENGTH: 332

<212> TYPE:

PRT

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G1261 polypeptide

<400> SEQUENCE: 30

Met Glu Ala Glu

1

Asp Ser Ser Val

Cys Leu Ala Cys

35

Lys His Phe Arg

50

5

20

Glu Gly His Gln

Ala Leu Val Tyr

Asp Lys Gln Val

Ser Leu Leu Cys

55

Arg Asp Arg

10

Cys Lys Ala
25

His Val Ala

Asp Ser Cys

Leu Cys Asp

Asp Ser Ala
30
Asn Gln Leu

Asn Glu Ser
60

Tyr Cys
15
Lys Leu

Phe Ala

Pro Ser
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Ser Leu Phe Cys Glu Thr Glu Arg Ser Val Leu Cys Gln Asn Cys Asp

Trp Gln His His Thr Ala Ser Ser Ser Leu His Ser Arg Arg Pro Phe
85 90 95

Glu Gly Phe Thr Gly Cys Pro Ser Val Pro Glu Leu Leu Ala Ile Val
100 105 110

Gly Leu Asp Asp Leu Thr Leu Asp Ser Gly Leu Leu Trp Glu Ser Pro
115 120 125

Glu Ile Val Ser Leu Asn Asp Leu Ile Val Ser Gly Gly Ser Gly Thr
130 135 140

His Asn Phe Arg Ala Thr Asp Val Pro Pro Leu Pro Lys Asn Arg His
145 150 155 160

Ala Thr Cys Gly Lys Tyr Lys Asp Glu Met Ile Arg Gln Leu Arg Gly
165 170 175

Leu Ser Arg Ser Glu Pro Gly Cys Leu Lys Phe Glu Thr Pro Asp Ala
180 185 190

Glu Ile Asp Ala Gly Phe Gln Phe Leu Ala Pro Asp Leu Phe Ser Thr
195 200 205

Cys Glu Leu Glu Ser Gly Leu Lys Trp Phe Asp Gln Gln Asp His Glu
210 215 220

Asp Phe Pro Tyr Cys Ser Leu Leu Lys Asn Leu Ser Glu Ser Asp Glu
225 230 235 240

Lys Pro Glu Asn Val Asp Arg Glu Ser Ser Val Met Val Pro Val Ser
245 250 255

Gly Cys Leu Asn Arg Cys Glu Glu Glu Thr Val Met Val Pro Val Ile
260 265 270

Thr Ser Thr Arg Ser Met Thr His Glu Ile Asn Ser Leu Glu Arg Asn
275 280 285

Ser Ala Leu Ser Arg Tyr Lys Glu Lys Lys Lys Ser Arg Arg Tyr Glu
290 295 300

Lys His Ile Arg Tyr Glu Ser Arg Lys Val Arg Ala Glu Ser Arg Thr
305 310 315 320

Arg Ile Arg Gly Arg Phe Ala Lys Ala Ala Asp Pro
325 330

<210> SEQ ID NO 31

<211> LENGTH: 354

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G1478

<400> SEQUENCE: 31

atgtgtagag ggtttgagaa agaagaagag agaagaagcg acaatggagg atgccaaaga 60
ctatgcacgg agagtcacaa agctccggta agctgtgagc tttgcggcga gaacgccacce 120
gtgtattgtg aggcagacgc agctttcctt tgtaggaaat gcgatcgatg ggtccattet 180
gctaattttc tagctcggag acatctccgg cgcgtgatct gcacgacctg tcggaagcta 240
actcgtcgat gtcttgtcgg tgataatttt aatgttgttt taccggagat aaggatgata 300
gcaaggattg aagaacatag tagtgatcac aaaattccct ttgtgtttct ctga 354

<210> SEQ ID NO 32
<211> LENGTH: 117
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<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G1478 polypeptide

<400> SEQUENCE: 32

Met Cys Arg Gly Phe Glu Lys Glu Glu Glu Arg Arg Ser Asp Asn Gly
1 5 10 15

Gly Cys Gln Arg Leu Cys Thr Glu Ser His Lys Ala Pro Val Ser Cys
20 25 30

Glu Leu Cys Gly Glu Asn Ala Thr Val Tyr Cys Glu Ala Asp Ala Ala
35 40 45

Phe Leu Cys Arg Lys Cys Asp Arg Trp Val His Ser Ala Asn Phe Leu
50 55 60

Ala Arg Arg His Leu Arg Arg Val Ile Cys Thr Thr Cys Arg Lys Leu
65 70 75 80

Thr Arg Arg Cys Leu Val Gly Asp Asn Phe Asn Val Val Leu Pro Glu
85 90 95

Ile Arg Met Ile Ala Arg Ile Glu Glu His Ser Ser Asp His Lys Ile
100 105 110

Pro Phe Val Phe Leu
115

<210> SEQ ID NO 33

<211> LENGTH: 396

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G1481

<400> SEQUENCE: 33

atggggaaga agtgtgattt atgtaacggt gttgcaagaa tgtattgcga gtcagatcaa 60
gctagtttat gttgggattg cgacggtaaa gttcacggcg ctaatttctt ggtagctaaa 120
cacacgcgtt gtcttctectg tagecgettgt cagtctetta cgcecgtggaa agctactggg 180
cttcgtettg gcccaacttt ctcecgtectge gagtcatgecg tcgctcttaa aaacgccgge 240
ggtggccgtg gaaacagagt tttatcggag aatcgtggtc aggaggaggt taatagtctce 300
tgctccgatg atgagatcgg aagctcttca gctcaagggt caaactattc tcggeccgttg 360
aagcgatcgg cgtttaaatc aacggttgtt gtttaa 396

<210> SEQ ID NO 34

<211> LENGTH: 131

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G1481 polypeptide

<400> SEQUENCE: 34

Met Gly Lys Lys Cys Asp Leu Cys Asn Gly Val Ala Arg Met Tyr Cys
1 5 10 15

Glu Ser Asp Gln Ala Ser Leu Cys Trp Asp Cys Asp Gly Lys Val His
20 25 30

Gly Ala Asn Phe Leu Val Ala Lys His Thr Arg Cys Leu Leu Cys Ser
35 40 45

Ala Cys Gln Ser Leu Thr Pro Trp Lys Ala Thr Gly Leu Arg Leu Gly
50 55 60
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Pro Thr Phe Ser Val Cys Glu Ser Cys Val Ala Leu Lys Asn Ala Gly
65 70 75 80

Gly Gly Arg Gly Asn Arg Val Leu Ser Glu Asn Arg Gly Gln Glu Glu
85 90 95

Val Asn Ser Leu Cys Ser Asp Asp Glu Ile Gly Ser Ser Ser Ala Gln
100 105 110

Gly Ser Asn Tyr Ser Arg Pro Leu Lys Arg Ser Ala Phe Lys Ser Thr
115 120 125

Val Val Val
130

<210> SEQ ID NO 35

<211> LENGTH: 366

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G1929

<400> SEQUENCE: 35

atgtgtagag gcttgaataa tgaagagagc agaagaagtg acggaggagg ttgccggagt 60
ctctgcacga gaccgagtgt tccggtaagg tgtgagcttt gcgacggaga cgcctccgtg 120
ttctgtgaag cggactcgge gttcctetgt agaaaatgtg accggtgggt tcatggageg 180
aattttctag cttggagaca cgtaaggcgc gtgctatgca cttcttgtca gaaactcacg 240
cgccggtgee tcgtcggaga tcatgacttc cacgttgttt taccgtcggt gacgacggte 300
ggagaaacca ccgtggagaa tagaagtgaa caagataatc atgaggttcc gtttgttttt 360
ctctga 366

<210> SEQ ID NO 36

<211> LENGTH: 121

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G1929 polypeptide

<400> SEQUENCE: 36

Met Cys Arg Gly Leu Asn Asn Glu Glu Ser Arg Arg Ser Asp Gly Gly
1 5 10 15

Gly Cys Arg Ser Leu Cys Thr Arg Pro Ser Val Pro Val Arg Cys Glu
20 25 30

Leu Cys Asp Gly Asp Ala Ser Val Phe Cys Glu Ala Asp Ser Ala Phe
35 40 45

Leu Cys Arg Lys Cys Asp Arg Trp Val His Gly Ala Asn Phe Leu Ala
50 55 60

Trp Arg His Val Arg Arg Val Leu Cys Thr Ser Cys Gln Lys Leu Thr
65 70 75 80

Arg Arg Cys Leu Val Gly Asp His Asp Phe His Val Val Leu Pro Ser
85 90 95

Val Thr Thr Val Gly Glu Thr Thr Val Glu Asn Arg Ser Glu Gln Asp
100 105 110

Asn His Glu Val Pro Phe Val Phe Leu
115 120

<210> SEQ ID NO 37



US 2008/0010703 Al

57

Jan. 10, 2008

-continued
<211> LENGTH: 465
<212> TYPE: DNA
<213> ORGANISM: Glycine max
<220> FEATURE:
<223> OTHER INFORMATION: G4014
<400> SEQUENCE: 37
atgaggaagt gtgagctctg taacagtccc gcgaagttgt tctgcgaatc agatcaagcce 60
agcctctgtt ggaaatgcga tgctaaggtt cacagtgcaa acttcctcgt caccaaacat 120
cccaggattce ttctctgcca tgtttgtcaa tcactaacag cgtggcacgg cacaggaccce 180
aagtttgtac ccaccatgtc agtttgcaac acttgtgtca acaacaatag tactgagacc 240
tgcagccaac agaatcatga agacgatgat gatgatggta cgggagagga tcatgcagaa 300
aacgacgatg gtggtgtggc tgaagatgat gatgatgatg atgatgaaga aaatcaagtg 360
gttccatgga catctacacc accaccccca gcttccactt cttcaaatag tgttacaact 420
agttctacca ggttctctga tgttgaagaa ggtggctccg attaa 465
<210> SEQ ID NO 38
<211> LENGTH: 154
<212> TYPE: PRT
<213> ORGANISM: Glycine max
<220> FEATURE:
<223> OTHER INFORMATION: G4014 polypeptide
<400> SEQUENCE: 38
Met Arg Lys Cys Glu Leu Cys Asn Ser Pro Ala Lys Leu Phe Cys Glu
1 5 10 15
Ser Asp Gln Ala Ser Leu Cys Trp Lys Cys Asp Ala Lys Val His Ser
20 25 30
Ala Asn Phe Leu Val Thr Lys His Pro Arg Ile Leu Leu Cys His Val
35 40 45
Cys Gln Ser Leu Thr Ala Trp His Gly Thr Gly Pro Lys Phe Val Pro
50 55 60
Thr Met Ser Val Cys Asn Thr Cys Val Asn Asn Asn Ser Thr Glu Thr
65 70 75 80
Cys Ser Gln Gln Asn His Glu Asp Asp Asp Asp Asp Gly Thr Gly Glu
85 90 95
Asp His Ala Glu Asn Asp Asp Gly Gly Val Ala Glu Asp Asp Asp Asp
100 105 110
Asp Asp Asp Glu Glu Asn Gln Val Val Pro Trp Thr Ser Thr Pro Pro
115 120 125
Pro Pro Ala Ser Thr Ser Ser Asn Ser Val Thr Thr Ser Ser Thr Arg
130 135 140
Phe Ser Asp Val Glu Glu Gly Gly Ser Asp
145 150
<210> SEQ ID NO 39
<211> LENGTH: 1236
<212> TYPE: DNA
<213> ORGANISM: Glycine max
<220> FEATURE:
<223> OTHER INFORMATION: G4015
<400> SEQUENCE: 39
atggaggaat catcaacaac atgcgtgttg tgcgagaaga gggcaatgat gctctgcgac 60
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tcggaccagg ctaagctatg ctgggaatgc gacgagaaag tccacagcgc caatttecttg 120
gtcgcgaaac attctagggt tcttttatgt cgtttgtgtc actccccgac tccgtggaag 180
gcttcgggga tgaaactcac gcccactgtg tcgttttgta accgctgegt tgcggaacgg 240
aacgcgaggt ggaaccgatt ggtgaataat gaaaatgaac atcaacaaca gcaacaacaa 300
caacaacaga gtgattttgt ggtggatgat gggagggaat atggttctga tcatgttttt 360
gatgatgacg atggtgatta tagtgatgat agtggtgaag aagaagaaga ggacgaggat 420
gatgaagagg agaatgagaa tcaagtggtt ccaatgtctt ctggttctgc cacgtcacca 480
cctaaggttg cctgtttage gttgaagcga ttgagaaaca actcttttct gtcgattcett 540
cacatgatga gacagcgtgc tcttcatctg agatgcttag ttctacattg cctagtggtg 600
atgaatcacc ctctttgaat ggaggaatca tcaacaacat gcgtgttgtg cgagaagagg 660
gcaatgatgc tctgcgactc ggaccaggct aagctatgct gggaatgcga cgagaaagtc 720
cacagcgcca atttcttggt cgcgaaacat tctagggttc ttttatgtcg tttgtgtcac 780
tccececgacte cgtggaagge ttcocggggatg aaactcacge ccactgtgtce gttttgtaac 840
cgctgegttg cggaacggaa cgcgaggtgg aaccgattgg tgaataatga aaatgaacat 900
caacaacagc aacaacaaca acaacagagt gattttgtgg tggatgatgg gagggaatat 960

ggttctgatc atgtttttga tgatgacgat ggtgattata gtgatgatag tggtgaagaa 1020
gaagaagagg acgaggatga tgaagaggag aatgagaatc aagtggttcc aatgtcttcet 1080
ggttctgcca cgtcaccacc taaggttgcc tgtttagecgt tgaagcgatt gagaaacaac 1140
tcttttetgt cgattcttca catgatgaga cagcgtgectc ttcatctgag atgcttagtt 1200
ctacattgcc tagtggtgat gaatcaccct ctttga 1236
<210> SEQ ID NO 40

<211> LENGTH: 205

<212> TYPE: PRT

<213> ORGANISM: Glycine max

<220> FEATURE:

<223> OTHER INFORMATION: G4015 polypeptide

<400> SEQUENCE: 40

Met Glu Glu Ser Ser Thr Thr Cys Val Leu Cys Glu Lys Arg Ala Met
1 5 10 15

Met Leu Cys Asp Ser Asp Gln Ala Lys Leu Cys Trp Glu Cys Asp Glu
20 25 30

Lys Val His Ser Ala Asn Phe Leu Val Ala Lys His Ser Arg Val Leu
35 40 45

Leu Cys Arg Leu Cys His Ser Pro Thr Pro Trp Lys Ala Ser Gly Met
50 55 60

Lys Leu Thr Pro Thr Val Ser Phe Cys Asn Arg Cys Val Ala Glu Arg
65 70 75 80

Asn Ala Arg Trp Asn Arg Leu Val Asn Asn Glu Asn Glu His Gln Gln
85 90 95

Gln Gln Gln Gln Gln Gln Gln Ser Asp Phe Val Val Asp Asp Gly Arg
100 105 110

Glu Tyr Gly Ser Asp His Val Phe Asp Asp Asp Asp Gly Asp Tyr Ser
115 120 125

Asp Asp Ser Gly Glu Glu Glu Glu Glu Asp Glu Asp Asp Glu Glu Glu
130 135 140
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Asn Glu Asn
145

Pro Lys Val

Leu Ser Ile

Leu Val Leu
195

Gln Val Val Pro Met

15

0

Ala Cys Leu Ala Leu

165

Leu His Met Met Arg

180

His Cys Leu Val Val

<210> SEQ ID NO 41
<211> LENGTH: 666

<212> TYPE:

DNA

200

<213> ORGANISM: Glycine max
<220> FEATURE:
<223> OTHER INFORMATION: G4016

<400> SEQUENCE: 41

atgaagaact
agcttatgcect
acgcgcacgce
gccctcggaa
caagagagcc
gatgactacg
gttgtccctt
tcggttagece
gaggacaatg
gagagaggag
caacggagtg

gtttga

gcgagttgtg
gggactgcga
tcctetgeca
acaccgtcte
aaggaggcaa
atgagagcga
ggtcctccga
ggtgcaacaa
attttcaggg
gttggttggt

ctagagcggce

<210> SEQ ID NO 42
<211> LENGTH: 221

<212> TYPE:

PRT

caagcttccg
cgccaaggtt
cgcgtgccag
gctgtgegag
tgacgacgac
ggacgaggtt
gccgecgeca
cgtggacgag
ttggaattcg
teggttgegg

gtctccagac

<213> ORGANISM: Glycine max
<220> FEATURE:
<223> OTHER INFORMATION: G4016

<400> SEQUENCE: 42

Met Lys Asn
1

Ser Asp Gln
Ala Asn Phe
35

Cys Gln Ser
50

Thr Val Ser
65

Gln Glu Ser

Thr Asp Asp

Cys Glu Leu Cys Lys

5

Ala Ser Leu Cys Trp

20

Leu Val GL

u Arg His
40

Pro Thr Pro Trp Lys

Leu Cys Gl

Gln Gly GL
85

Glu Asp As

55

u Arg Cys

y Asn Asp

p Tyr Asp

Ser Ser Gly
155

Lys Arg Leu
170

Gln Arg Ala
185

Met Asn His

gctcggactt
catggagcca
tcgceccacge
agatgcgccg
atagacaccg
gccgecgacyg
ccagccccga
gtttcgacca
aataattggg
cggagaaccyg

ggttgctgtg

Leu Pro Ala

10

Asp Cys Asp

Thr Arg Thr

Ala Ser Gly

Ala Gly Gly

Asp Asp Ile

90

Glu Ser Glu

Ser Ala Thr

Arg Asn Asn

Leu His Leu

190

Pro Leu
205

tctgcgagte
acttcctegt
cgtggaaggc
gcggaaccac
acatagacac
aggaggacgg
gctctteccag
cattgaaacg
gatgtgaacg
ccgatgatgt

gtgatagagc

Arg Thr Phe

Ala Lys Val

Leu Leu Cys

45
Ala Ala Leu
60
Thr Thr Glu

Asp Thr Asp

Asp Glu Val

Ser Pro
160

Ser Phe
175

Arg Cys

ggaccaggct
ggaaagacac
ctcecggegece
cgaacaaggt
cgacgatgag
agacaaccag
cagcgaagag
ccgtcegecag
gagcgaagtg
ggcggttgag

atctgaagac

Cys Glu
15

His Gly
His Ala
Gly Asn
Gln Gly
Ile Asp

95

Ala Ala

60

120

180

240

300

360

420

480

540

600

660

666
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100 105 110

Asp Glu Glu Asp Gly Asp Asn Gln Val Val Pro Trp Ser Ser Glu Pro
115 120 125

Pro Pro Pro Ala Pro Ser Ser Ser Ser Ser Glu Glu Ser Val Ser Arg
130 135 140

Cys Asn Asn Val Asp Glu Val Ser Thr Thr Leu Lys Arg Arg Arg Gln
145 150 155 160

Glu Asp Asn Asp Phe Gln Gly Trp Asn Ser Asn Asn Trp Gly Cys Glu
165 170 175

Arg Ser Glu Val Glu Arg Gly Gly Trp Leu Val Arg Leu Arg Arg Arg
180 185 190

Thr Ala Asp Asp Val Ala Val Glu Gln Arg Ser Ala Arg Ala Ala Ser
195 200 205

Pro Asp Gly Cys Cys Gly Asp Arg Ala Ser Glu Asp Val
210 215 220

<210> SEQ ID NO 43

<211> LENGTH: 375

<212> TYPE: DNA

<213> ORGANISM: Glycine max
<220> FEATURE:

<223> OTHER INFORMATION: G4019

<400> SEQUENCE: 43

atgtgcaaag gtgcagaagg agaaaagcaa catggtttct gcagcagctt tctacataaa 60
gaatgtgcaa ccagaagtgc tacatgttgt gagctatgtg ggttacaggc ttcattgtat 120
tgtcaagctg atgatgcata cttgtgtaga aaatgtgata aaagggttca tgaagctaat 180
tttttggcce ttaggcacat taggtgcttt ctgtgcaaca catgtcaaaa ccttacgcga 240
agatatctca ttggagcatc aatagaggtg gttcttccag ccaacattaa ctggaccatt 300
ggaaatctcc ctagcaacag aggaatccac agaaagtgct caagaatgca taacaacctt 360
tcecctettgt tataa 375

<210> SEQ ID NO 44

<211> LENGTH: 124

<212> TYPE: PRT

<213> ORGANISM: Glycine max
<220> FEATURE:

<223> OTHER INFORMATION: G4019

<400> SEQUENCE: 44

Met Cys Lys Gly Ala Glu Gly Glu Lys Gln His Gly Phe Cys Ser Ser
1 5 10 15

Phe Leu His Lys Glu Cys Ala Thr Arg Ser Ala Thr Cys Cys Glu Leu
20 25 30

Cys Gly Leu Gln Ala Ser Leu Tyr Cys Gln Ala Asp Asp Ala Tyr Leu
35 40 45

Cys Arg Lys Cys Asp Lys Arg Val His Glu Ala Asn Phe Leu Ala Leu
50 55 60

Arg His Ile Arg Cys Phe Leu Cys Asn Thr Cys Gln Asn Leu Thr Arg

Arg Tyr Leu Ile Gly Ala Ser Ile Glu Val Val Leu Pro Ala Asn Ile
85 90 95

Asn Trp Thr Ile Gly Asn Leu Pro Ser Asn Arg Gly Ile His Arg Lys
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100 105 110

Cys Ser Arg Met His Asn Asn Leu Ser Leu Leu Leu
115 120

<210> SEQ ID NO 45

<211> LENGTH: 46

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G1988 conserved B-box zinc-finger (ZF) domain

<400> SEQUENCE: 45

Cys Glu Leu Cys Gly Ala Glu Ala Asp Leu His Cys Ala Ala Asp Ser
1 5 10 15

Ala Phe Leu Cys Arg Ser Cys Asp Ala Lys Phe His Ala Ser Asn Phe
20 25 30

Leu Phe Ala Arg His Phe Arg Arg Val Ile Cys Pro Asn Cys
35 40 45

<210> SEQ ID NO 46

<211> LENGTH: 42

<212> TYPE: PRT

<213> ORGANISM: Glycine max

<220> FEATURE:

<223> OTHER INFORMATION: G4004 conserved B-box zinc-finger (ZF) domain

<400> SEQUENCE: 46

Cys Glu Leu Cys Gly Gly Ala Ala Ala Val His Cys Ala Ala Asp Ser
1 5 10 15

Ala Phe Leu Cys Pro Arg Cys Asp Ala Lys Val His Gly Ala Asn Phe
20 25 30

Leu Ala Ser Arg His Val Arg Arg Arg Leu
35 40

<210> SEQ ID NO 47

<211> LENGTH: 42

<212> TYPE: PRT

<213> ORGANISM: Glycine max

<220> FEATURE:

<223> OTHER INFORMATION: G4005 conserved B-box zinc-finger (ZF) domain

<400> SEQUENCE: 47

Cys Glu Leu Cys Gly Gly Val Ala Ala Val His Cys Ala Ala Asp Ser
1 5 10 15

Ala Phe Leu Cys Leu Val Cys Asp Asp Lys Val His Gly Ala Asn Phe
20 25 30

Leu Ala Ser Arg His Arg Arg Arg Arg Leu
35 40

<210> SEQ ID NO 48

<211> LENGTH: 42

<212> TYPE: PRT

<213> ORGANISM: Zea mays

<220> FEATURE:

<223> OTHER INFORMATION: G4000 conserved B-box zinc-finger (ZF) domain

<400> SEQUENCE: 48

Cys Glu Leu Cys Gly Gly Ala Ala Ala Val His Cys Ala Ala Asp Ser
1 5 10 15

Ala Phe Leu Cys Leu Arg Cys Asp Ala Lys Val His Gly Ala Asn Phe
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20 25 30

Leu Ala Ser Arg His Val Arg Arg Arg Leu
35 40

<210> SEQ ID NO 49

<211> LENGTH: 46

<212> TYPE: PRT

<213> ORGANISM: Citrus sinensis

<220> FEATURE:

<223> OTHER INFORMATION: G4007 conserved B-box zinc-finger (ZF) domain

<400> SEQUENCE: 49

Cys Glu Leu Cys Ser Gln Glu Ala Ala Leu His Cys Ala Ser Asp Glu
1 5 10 15

Ala Phe Leu Cys Phe Asp Cys Asp Asp Arg Val His Lys Ala Asn Phe
20 25 30

Leu Val Ala Arg His Val Arg Gln Thr Leu Cys Ser Gln Cys
35 40 45

<210> SEQ ID NO 50

<211> LENGTH: 46

<212> TYPE: PRT

<213> ORGANISM: Populus trichocarpa

<220> FEATURE:

<223> OTHER INFORMATION: G4009 conserved B-box zinc-finger (ZF) domain

<400> SEQUENCE: 50

Cys Glu Leu Cys Lys Gly Glu Ala Gly Val Tyr Cys Asp Ser Asp Ala
1 5 10 15

Ala Tyr Leu Cys Phe Asp Cys Asp Ser Asn Val His Asn Ala Asn Phe
20 25 30

Leu Val Ala Arg His Ile Arg Arg Val Ile Cys Ser Gly Cys
35 40 45

<210> SEQ ID NO 51

<211> LENGTH: 42

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<220> FEATURE:

<223> OTHER INFORMATION: G4011 conserved B-box zinc-finger (ZF) domain

<400> SEQUENCE: 51

Cys Ala Leu Cys Gly Ala Ala Ala Ala Val His Cys Glu Ala Asp Ala
1 5 10 15

Ala Phe Leu Cys Ala Ala Cys Asp Ala Lys Val His Gly Ala Asn Phe
20 25 30

Leu Ala Ser Arg His His Arg Arg Arg Val
35 40

<210> SEQ ID NO 52

<211> LENGTH: 42

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<220> FEATURE:

<223> OTHER INFORMATION: G4012 conserved B-box zinc-finger (ZF) domain

<400> SEQUENCE: 52

Cys Glu Leu Cys Gly Gly Val Ala Ala Val His Cys Ala Ala Asp Ser
1 5 10 15

Ala Phe Leu Cys Leu Val Cys Asp Asp Lys Val His Gly Ala Asn Phe
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20 25 30

Leu Ala Ser Arg His Arg Arg Arg Arg Leu
35 40

<210> SEQ ID NO 53

<211> LENGTH: 42

<212> TYPE: PRT

<213> ORGANISM: Zea mays

<220> FEATURE:

<223> OTHER INFORMATION: G4297 conserved B-box zinc-finger (ZF) domain

<400> SEQUENCE: 53

Cys Glu Leu Cys Gly Gly Ala Ala Ala Val His Cys Ala Ala Asp Ser
1 5 10 15

Ala Phe Leu Cys Pro Arg Cys Asp Ala Lys Val His Gly Ala Asn Phe
20 25 30

Leu Ala Ser Arg His Val Arg Arg Arg Leu
35 40

<210> SEQ ID NO 54

<211> LENGTH: 41

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<220> FEATURE:

<223> OTHER INFORMATION: G4298 conserved B-box zinc-finger (ZF) domain

<400> SEQUENCE: 54

Cys Glu Leu Cys Gly Gly Val Ala Ala Val His Cys Ala Ala Asp Ser
1 5 10 15

Ala Phe Leu Cys Leu Val Cys Asp Asp Lys Val His Gly Ala Asn Phe
20 25 30

Leu Ala Ser Arg His Pro Arg Arg Arg
35 40

<210> SEQ ID NO 55

<211> LENGTH: 46

<212> TYPE: PRT

<213> ORGANISM: Solanum lycopersicum

<220> FEATURE:

<223> OTHER INFORMATION: G4299 conserved B-box zinc-finger (ZF) domain

<400> SEQUENCE: 55

Cys Glu Leu Cys Asn Asp Gln Ala Ala Leu Phe Cys Pro Ser Asp Ser
1 5 10 15

Ala Phe Leu Cys Phe His Cys Asp Ala Lys Val His Gln Ala Asn Phe
20 25 30

Leu Val Ala Arg His Leu Arg Leu Thr Leu Cys Ser His Cys
35 40 45

<210> SEQ ID NO 56

<211> LENGTH: 42

<212> TYPE: PRT

<213> ORGANISM: Zea mays

<220> FEATURE:

<223> OTHER INFORMATION: G4001 conserved B-box zinc-finger (ZF) domain

<400> SEQUENCE: 56

Cys Glu Leu Cys Gly Gly Ala Ala Ala Val His Cys Ala Ala Asp Ser
1 5 10 15

Ala Phe Leu Cys Leu Arg Cys Asp Ala Lys Val His Gly Ala Asn Phe
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20 25 30

Leu Ala Ser Arg His Val Arg Arg Arg Leu
35 40

<210> SEQ ID NO 57

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: G1988 clade C-terminal signature residues
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (2)..(8)

<223> OTHER INFORMATION: Xaa = any amino acid

<400> SEQUENCE: 57

Arg Xaa Xaa Xaa Ala Xaa Xaa Xaa Trp
1 5

<210> SEQ ID NO 58

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: G1988 clade C-terminal signature residues
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: Xaa = any amino acid

<400> SEQUENCE: 58

Glu Gly Trp Xaa Glu
1 5

<210> SEQ ID NO 59

<211> LENGTH: 780

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: expression vector P2499, cauliflower mosaic
virus 358::G1988 direct promoter-fusion construct carrying a
kanamycin resistance marker

<400> SEQUENCE: 59

caccatcatc attccaaacc aattctctct cacttctttce tggtgatcag agagatcgac 60
tcaatggtga gcttttgcga gectttgtggt gccgaagctg atctccattg tgccgcggac 120
tctgeccttee teotgeegtte ttgtgacget aagttccatg cctcaaattt tctetteget 180
cgtcatttcc ggcgtgtcat ctgcccaaat tgcaaatctc ttactcaaaa tttcgtttet 240
ggtcctectte ttcettggee tccacgaaca acatgttgtt cagaatcgtc gtcttettet 300
tgctgectegt ctecttgactg tgtctcaage tccgagectat cgtcaacgac gcgtgacgta 360
aacagagcgc gagggaggga aaacagagtg aatgccaagg ccgttgcggt tacggtggceg 420
gatggcattt ttgtaaattg gtgtggtaag ttaggactaa acagggattt aacaaacgct 480
gtcgtttcat atgcgtcttt ggectttgget gtggagacga ggccaagagc gacgaagaga 540
gtgttcttag cggcggegtt ttggttcgge gttaagaaca cgacgacgtg gcagaattta 600
aagaaagtag aagatgtgac tggagtttca gctgggatga ttcgagcggt tgaaagcaaa 660

ttggcgecgtg caatgacgca gcagcttaga cggtggcgeg tggattcgga ggaaggatgg 720

gctgaaaacg acaacgtttg agaaatatta ttgacatggg tcccgcatta tgcaaattag 780
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<210> SEQ ID NO 60

<211> LENGTH: 752

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: expression vector P26748, cauliflower mosaic
virus 35S5::G4004
direct promoter-fusion construct carrying a kanamycin
resistance marker

<400> SEQUENCE: 60

atgaagccca agacttgcga gctttgtcat caactagectt ctetctattg tccctcecgat 60
tcegeattte tectgettecca ctgcgacgece geccgtccacg ccgccaactt cctegtaget 120
cgccacctce gccecgectecct ctgctccaaa tgcaaccgtt tcgeccgcaat tcacatctcee 180
ggtgctatat cccgccacct ctcctccacce tgcacctett gectceccctgga gattecttee 240
gccgactceccg attctcectecce ttecctettet acctgegtet ccagttccga gtecttgetet 300
acgaatcaga ttaaggcgga gaagaagagg aggaggagga ggaggagttt ctcgagttcc 360
tcecgtgaccg acgacgcatc tccggecggeg aagaagcggce ggagaaatgg cggatcggtg 420

gcggaggtgt ttgagaaatg gagcagagag atagggttag ggttaggggt gaacggaaat 480

cgcgtggegt cgaacgctct gagtgtgtge ctcggaaagt ggaggtcgct tccgttcagg 540
gtggctgctg cgacgtcgtt ttggttgggg ctgagatttt gtggggacag aggcctcgcece 600
acgtgtcaga atctggcgag gttggaggca atatctggag tgccagcaaa gctgattctg 660
ggcgcacatg ccaacctcge acgtgtcttc acgcaccgcce gcgaattgca ggaaggatgg 720
ggcgagtcct agctgatgat agctatacca at 752

<210> SEQ ID NO 61

<211> LENGTH: 756

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: expression vector P26749, cauliflower mosaic
virus 35S8::G4005
direct promoter-fusion construct carrying a kanamycin
resistance marker

<400> SEQUENCE: 61

aggcgaagat gaagggtaag acttgcgagc tttgtgatca acaagcttct ctctattgte 60
cctcecgatte cgcatttcete tgctccgact gcgacgccge cgtgcacgcc gccaacttte 120
tcgtagecteg tcacctcecge cgcctectet gectceccaaatg caaccgttte geccggattte 180
acatctccte cggegectata tcccgcecacce tctegtecac ctgcagetet tgctccccegg 240
agaatccttc cgctgactac tccgattcte tcccttecte ttectacctge gtctecagtt 300
ccgagtcttg ctccacgaag cagattaagg tggagaagaa gaggagttgg tcgggttcet 360

ccgtgaccga cgacgcatct ccggcggcga agaagcggca gaggagtgga ggatcggagg 420
aggtgtttga gaaatggagc agagagatag ggttagggtt agggttaggg gtaaacggaa 480
atcgcgtgge gtcgaacgect ctgagtgtgt gcctgggaaa gtggaggtgg cttccgttca 540
gggtggctge tgcgacgtcg ttttggttgg ggctgagatt ttgtggggac agagggctgg 600
cctcgtgtca gaatctggeg aggttggagg caatatccgg agtgccagtt aagctgattce 660

tggccgcaca tggcgacctg gcacgtgtct tcacgcaccg ccgcgaattg caggaaggat 720
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ggggcgagtc ctagctagct ccaatgtgta atcgtce

<210> SEQ ID NO 62
<211> LENGTH: 6

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: MOD_RES

<222> LOCATION:

(2)..(3)

<223> OTHER INFORMATION: Xaa = any amino acid

<400> SEQUENCE: 62

Trp Xaa Xaa Xaa Xaa Gly

1

5

<210> SEQ ID NO 63
<211> LENGTH: 709

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: expression vector P27404, cauliflower mosaic
virus 35S8::G4000

G1988 clade C-terminal signature residues

direct promoter-fusion construct carrying a kanamycin
resistance marker

<400> SEQUENCE: 63

gacgtcggga
cacgcggtge
cctctgectg
gaggcggcge
cggctectece
gtgccecttceg
ggcggtectg
cgcecgeggeg
gcecgctecge
caatggaggg
gcggetggtg

ccacgaggag

atgggcgcetg
gagctctgcg
cgctgcgacg
ctggtgccge
tgcgtgtcca
aggacggcgg
gaggggtggy
gcggecgecg
gtcgggatgg
gaggaggcct
ctgaccgccg

ggatgggceg

<210> SEQ ID NO 64
<211> LENGTH: 676

<212> TYPE:

DNA

ctcgtgacte
ggggcgeggce
ccaaggtgca
gccgggecge
cggccgacte
ggaggagggc
ccaagcggat
cgctccggge
ccggegegcet
cgctgctcca
cgtcgtggat

agtgctcctg

cgcggcggeg
ggccgtgcac
cggcgccaac
cgaccccgag
cgcggagtcg
tccggetegt
ggggttegeg
gctcggecgg
ctggtcggag
gcggctggag
ggcgegecgg

agttcctgat

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: expression vector P27406, cauliflower mosaic
virus 35S8::G4012

ggccagaagc
tgcgececgegg
ttcetggegt
gcgtegtegg
gccgeccacgg
gcgceggegge
gcggggccgyg
ggcgtggcecg
gtcgccgecg
gccgecgege
ccggacgecc

ccagacggg

acggcaccgg
actcggegtt
ccaggcacgt
ccgegtecag
caccggctcce
cgcgegegga
cgcgeccggeg
ctgcccegegt
ggtgccgagg
acgtgccggce

ggcaggagga

direct promoter-fusion construct carrying a kanamycin
resistance marker

<400> SEQUENCE: 64

tgtaatggag gtcggcaacg gcaagtgcgg cggtggtggc gccgggtgeg agctgtgegg

gggcgtggcce gcggtgcact gcgccgectga ctcecgegttt ctttgecttgg tatgtgacga

caaggtgcac ggcgccaact tcctcecgecgte caggcaccge cgceccgccggt tgggggttga

756

60

120

180

240

300

360

420

480

540

600

660

709

60

120

180
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ggtggtggat gaggaggatg acgcccggtc cacggcgtcg agctcgtgceg tgtcgacgge 240
ggactccgeg tcgtccacgg cggcggcgge ggcggceggtg gagagcgagqg acgtcaggag 300
gagggggcgg cgcgggcgge gtgcccegeg cgcggaggeyg gttetggagg ggtgggcgaa 360

gcggatgggg ttgtcgtegg gecgecggegeg caggecgegee gecgeggecyg gggcggeget 420

ccgegeggtg ggcecegtggeg tcegeccgecte ccecgegteccg atcecgegteg cgatggccge 480
cgcgetetgg tcggaggteg cctectcete ctecececgtege cgececgeccgec ccocggcegeccgg 540
acaggccgcg ctgctcecgge ggctggaggce cagcgcgcac gtgceccggcga ggctgctcet 600

gacggtggcg tcgtggatgg cgcgcgcgtc gacgccgccce gccgceccgagqg agggctggge 660

cgagtgctcc tgatcc 676

<210> SEQ ID NO 65

<211> LENGTH: 787

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: expression vector P27428, cauliflower mosaic
virus 35S5::G4299
direct promoter-fusion construct carrying a kanamycin
resistance marker

<400> SEQUENCE: 65

aatggaactt ctgtcctcta aactctgtga gctttgcaat gatcaagctg ctctgttttg 60
tccatctgat tcagecttttc tcotgttttca ctgtgatget aaagttcatc aggctaattt 120
ccttgttget cgccacctte gtcttactet ttgctctcac tgtaactcce ttacgaaaaa 180
acgtttttcce ccttgttcac cgccgectce tgctetttgt cecttecctgtt ccecggaattce 240
gtctggtgat tccgatctce gttctgtttc aacgacgtcg tcgtecgtett cgtcgacttg 300
tgtttccage acgcagtcca gtgctattac tcaaaaaatt aacataatct cttcaaatcg 360
aaagcaattt ccggacagcg actctaacgg tgaagtcaat tctggcagat gtaatttagt 420
acgatccaga agtgtgaaat tgcgagatcc aagagcggcg acttgtgtgt tcatgcattg 480
gtgcacaaag cttcaaatga accgcgagga acgtgtggtg caaacggctt gtagtgtgtt 540
gggtatttgt tttagtcggt ttaggggtct gcctctacgg gttgeccctgg cggectgttt 600
ttggtttggt ttgaaaacta ccgaagacaa atcaaagacg tcgcaatctt tgaagaaatt 660
agaggagatc tcgggtgtgc cggcgaagat aatattagca acagaattaa agcttcgaaa 720
aataatgaaa accaaccacg gccaacctca agcaatggaa gaaagctggg ctgaatcctce 780
gccctaa 787

<210> SEQ ID NO 66

<211> LENGTH: 1073

<212> TYPE: DNA

<213> ORGANISM: Triticum aestivum

<220> FEATURE:

<221> NAME/KEY: modified base

<222> LOCATION: (1005)..(1017)

<223> OTHER INFORMATION: n =g, a, ¢ or t
<220> FEATURE:

<223> OTHER INFORMATION: Tal988

<400> SEQUENCE: 66
atggcgggeg acaggtgcaa gggcgcgatc gceggggtgeg agetgtgegg gggcgtegeg 60

gcggtgcact gcgcggcgga ctcggegtte ctetgegtge cctgcgacge caaggtgcac 120
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ggcgccaact tcctcgecte caggcacctg cgccgccgece tcgtccacge ggccgceggac 180
gaggacgccg gatccgecggg ctcgggctceg ggctcggagt cgtcectccag ctecctectge 240

gtgtccaccg ccgactcgtg cgcggecgec tccgcggcega cgcgggcggce ggggaggagg 300
agggccgggt gcaagcaccg gcgagcgcgqg gcggaggtcg tcctcgaggg gtgggccaag 360
cggatgggce tcgeggeggg aacggcacgce cggcgggegg ccagggceege gggegegetce 420
cgggcgctag gcecgtggegt ctcecgectec cgegtceccege tccgegtcecge gatggecgece 480
gcgctetggt cggaggtcge cggatccgge tgcgcggagg ccgcegctget ccgceccggetg 540

gaggcaagct cgcacgtgcc ggcgaggctg gtggtcacgg tggcgtcgtg gatggcgcege 600

accgcggtca gggcccccge ccccgcecccec gccgaggagg gctgggceccga gtgctectga 660
gccacggcca cggcccggge ccatctececct ceccgatgacg agccgaacaa ggaaggaagce 720
gagcccgaga tagaattaca cgtagaatgt aacatgtgaa gcaaagttcg tttgtttaat 780
ttccececcgee ttattctaag cacgattata catattgtta ttaatattcc ttcatcataa 840
aaaaaaaaaa aaaatgctcc aaaacagagt ttccgccgtg gttcaaactt cccccegece 900
tttggaggcg aggggcgctg cattctceget ggggtattgg agagatcacc ctcgcccaga 960

ccctctaaaa agttaaggcc tgtactctct ctcccatget gcagnggggg gecccgtntcc 1020

acttttccce ctctacgggg cgtttttgge cgccctectgg cccctcattg tat 1073

<210> SEQ ID NO 67

<211> LENGTH: 219

<212> TYPE: PRT

<213> ORGANISM: Triticum aestivum

<220> FEATURE:

<223> OTHER INFORMATION: Tal988 polypeptide

<400> SEQUENCE: 67

Met Ala Gly Asp Arg Cys Lys Gly Ala Ile Ala Gly Cys Glu Leu Cys
1 5 10 15

Gly Gly val Ala Ala Val His Cys Ala Ala Asp Ser Ala Phe Leu Cys
20 25 30

Val Pro Cys Asp Ala Lys Val His Gly Ala Asn Phe Leu Ala Ser Arg
35 40 45

His Leu Arg Arg Arg Leu Val His Ala Ala Ala Asp Glu Asp Ala Gly
50 55 60

Ser Ala Gly Ser Gly Ser Gly Ser Glu Ser Ser Ser Ser Ser Ser Cys
65 70 75 80

Val Ser Thr Ala Asp Ser Cys Ala Ala Ala Ser Ala Ala Thr Arg Ala
Ala Gly Arg Arg Arg Ala Gly Cys Lys His Arg Arg Ala Arg Ala Glu
100 105 110

Val Val Leu Glu Gly Trp Ala Lys Arg Met Gly Leu Ala Ala Gly Thr
115 120 125

Ala Arg Arg Arg Ala Ala Arg Ala Ala Gly Ala Leu Arg Ala Leu Gly
130 135 140

Arg Gly Val Ser Ala Ser Arg Val Pro Leu Arg Val Ala Met Ala Ala
145 150 155 160

Ala Leu Trp Ser Glu Val Ala Gly Ser Gly Cys Ala Glu Ala Ala Leu
165 170 175
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Leu Arg Arg Leu Glu Ala Ser Ser His Val Pro Ala Arg Leu Val Val
180 185 190

Thr Val Ala Ser Trp Met Ala Arg Thr Ala Val Arg Ala Pro Ala Pro
195 200 205

Ala Pro Ala Glu Glu Gly Trp Ala Glu Cys Ser
210 215

<210> SEQ ID NO 68

<211> LENGTH: 42

<212> TYPE: PRT

<213> ORGANISM: Triticum aestivum

<220> FEATURE:

<223> OTHER INFORMATION: Tal988 conserved B-box zinc-finger (ZF) domain

<400> SEQUENCE: 68

Cys Glu Leu Cys Gly Gly Val Ala Ala Val His Cys Ala Ala Asp Ser
1 5 10 15

Ala Phe Leu Cys Val Pro Cys Asp Ala Lys Val His Gly Ala Asn Phe
20 25 30

Leu Ala Ser Arg His Leu Arg Arg Arg Leu
35 40

<210> SEQ ID NO 69

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CBF protein conserved residues which bracket
the AP2/EREBP DNA binding domains

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: Xaa = Lys or Arg

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (8)..(1l1)

<223> OTHER INFORMATION: Xaa = any amino acid

<400> SEQUENCE: 69

Pro Lys Xaa Pro Ala Gly Arg Xaa Lys Phe Xaa Glu Thr Arg His Pro
1 5 10 15

<210> SEQ ID NO 70

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CBF protein conserved residues which bracket the
AP2/EREBP DNA binding domains

<400> SEQUENCE: 70

Asp Ser Ala Trp Arg
1 5
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-continued

<210> SEQ ID NO 71

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: WRKY family transcription factor conserved

sequence
<400> SEQUENCE: 71

Trp Arg Lys Tyr
1

What is claimed is:

1. An expression vector encoding a polypeptide compris-
ing a B-box zinc-finger conserved domain sharing an amino
acid identity with any of SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14,
16, 18, 20, 22, 24, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,
or 56;

wherein when the polypeptide is overexpressed in a plant,
the polypeptide regulates transcription and confers at
least one regulatory activity resulting in an altered trait
in the plant as compared to a control plant;

wherein the percent amino acid identity is selected from
the group consisting of at least about 56%, at least
about 58%, at least about 60% sequence identity, at
least about 65%, at least about 67%, at least about 70%,
at least about 75%, at least about 76%, at least about
77%, at least about 78%, at least about 79%, at least
about 80%, at least about 81%, at least about 82%, at
least about 83%, at least about 84%, at least about 85%,
at least about 86%, at least about 87%, at least about
88%, at least about 89%, at least about 90%, at least
about 91%, at least about 92%, at least about 93%, at
least about 94%, at least about 95%, at least about 96%,
at least about 97%, at least about 98%, at least about
99%, and about 100%;

wherein the altered trait is selected from the group con-
sisting of increased yield, reduced sensitivity to light,
greater early season growth, greater height, greater
stem diameter, increased resistance to lodging,
increased internode length, increased secondary root-
ing, greater cold tolerance, greater tolerance to water
deprivation, reduced stomatal conductance, altered C/N
sensing, increased low nitrogen tolerance, increased
low phosphorus tolerance, increased tolerance to
hyperosmotic stress, greater early season vigor, greater
late season growth and vigor, increased number of
mainstem nodes, and greater canopy coverage, as com-
pared to the control plant.

2. The expression vector of claim 1, wherein the polypep-
tide further comprises SEQ ID NO: 62, SEQ ID NO: 57
and/or SEQ ID NO: 58.

3. The expression vector of claim 1, wherein the expres-
sion vector encodes any of SEQ ID NO: 2, 4, 6, 8, 10, 12,
14, 16, 18, 20, 22, 24, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54,
55, 56 or 66.

4. The expression vector of claim 1, wherein the expres-
sion vector further comprises a constitutive, inducible, or
tissue-specific promoter that regulates expression of the
polypeptide.

5. The expression vector of claim 4, wherein the tissue-
specific promoter or inducible promoter is an emergent leaf
primordia-tissue specific promoter, an epidermal tissue-
specific promoter, a floral meristem tissue-specific promoter,
a photosynthetic tissue-specific promoter, a root tissue-
specific promoter, a root meristem-tissue specific promoter,
a root vascular-tissue specific promoter, a vascular tissue-
specific promoter, a shoot apical meristem-specific pro-
moter, an epidermal tissue-specific promoter, a flower pri-
mordia or flower-specific promoter, a meristem-specific
promoter, a primordia-tissue specific promoter, a young
organ-specific promoter, or a stress-inducible promoter.

6. A recombinant host plant cell comprising the expres-
sion vector of claim 1.

7. A transgenic plant comprising an expression vector
encoding a polypeptide comprising a B-box zinc-finger
conserved domain sharing an amino acid identity with any
of SEQID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 45,
46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56 or 66;

wherein when the polypeptide is overexpressed in a plant,
the polypeptide regulates transcription and confers at
least one regulatory activity resulting in an altered trait
in the plant as compared to a control plant;

wherein the percent amino acid identity is selected from
the group consisting of at least about 56%, at least
about 58%, at least about 60% sequence identity, at
least about 65%, at least about 67%, at least about 70%,
at least about 75%, at least about 76%, at least about
77%, at least about 78%, at least about 79%, at least
about 80%, at least about 81%, at least about 82%, at
least about 83%, at least about 84%, at least about 85%,
at least about 86%, at least about 87%, at least about
88%, at least about 89%, at least about 90%, at least
about 91%, at least about 92%, at least about 93%, at
least about 94%, at least about 95%, at least about 96%,
at least about 97%, at least about 98%, at least about
99%, and about 100%:;

wherein the altered trait is selected from the group con-
sisting of increased yield, reduced sensitivity to light,
greater early season growth, greater height, greater
stem diameter, increased resistance to lodging,
increased internode length, increased secondary root-
ing, greater cold tolerance, greater tolerance to water
deprivation, reduced stomatal conductance, altered C/N
sensing, increased low nitrogen tolerance, increased
low phosphorus tolerance, increased tolerance to
hyperosmotic stress, greater early season vigor, greater
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late season growth and vigor, increased number of
mainstem nodes, and greater canopy coverage, as com-
pared to the control plant.

8. The transgenic plant of claim 7, wherein the polypep-
tide further comprises SEQ ID NO: 62, SEQ ID NO: 57
and/or SEQ ID NO: 58.

9. The transgenic plant of claim 7, wherein the transgenic
plant is a legume.

10. The transgenic plant of claim 7, wherein the plant has
longer hypocotyls, longer petioles or more upright leaves
than the control plant or is more tolerant than the control
plant to 8° C. during germination or growth, to MS medium
in which KH,PO, is replaced by K,S0,, to MS medium
with 20 mg/l of NH,NO; as the nitrogen source, to 9.4%
sucrose, to 3% polyethylene glycol, or removal from growth
medium and drying for two hours at the seedling stage, or to
drought conditions in soil-based assays.

11. A transgenic seed produced from the transgenic plant
of claim 7, wherein the transgenic seed comprises the
expression vector of claim 7.

12. A method for increasing yield of a plant as compared
to a yield of a control plant, the method comprising:

(a) providing an expression vector encoding a polypeptide
comprising a B-box zinc-finger conserved domain
sharing an amino acid identity with any of SEQ ID
NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 45, 46,
47, 48, 49, 50, 51, 52, 53, 54, 55, 56 or 66;

wherein when the polypeptide is overexpressed in the
plant, the polypeptide regulates transcription and con-
fers at least one regulatory activity resulting in greater
yield of the plant as compared to the yield of the control
plant;

wherein the percent amino acid identity is selected from
the group consisting of at least about 56%, at least
about 58%, at least about 60% sequence identity, at
least about 65%, at least about 67%, at least about 70%,
at least about 75%, at least about 76%, at least about
77%, at least about 78%, at least about 79%, at least
about 80%, at least about 81%, at least about 82%, at
least about 83%, at least about 84%, at least about 85%,
at least about 86%, at least about 87%, at least about
88%, at least about 89%, at least about 90%, at least
about 91%, at least about 92%, at least about 93%, at
least about 94%, at least about 95%, at least about 96%,
at least about 97%, at least about 98%, at least about
99%, and about 100%; and

(b) introducing the expression vector into a target plant to
produce a transformed plant;

wherein the transformed plant produces greater yield than
the yield of the control plant.
13. The method of claim 12, wherein the method further
comprises the step of:

(c) selecting a transgenic plant that ectopically expresses
the polypeptide or has increased yield, reduced sensi-
tivity to light, greater early season growth, greater
height, greater stem diameter, increased resistance to
lodging, increased internode length, increased second-
ary rooting, greater cold tolerance, greater tolerance to
water deprivation, reduced stomatal conductance,
altered C/N sensing, increased low nitrogen tolerance,
increased low phosphorus tolerance, increased toler-
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ance to hyperosmotic stress, greater late season growth
and vigor, increased number of mainstem nodes, and
greater canopy coverage, as compared to the control
plant.

14. The method of claim 12, wherein the polypeptide
further comprises SEQ ID NO: 62, SEQ ID NO: 57 and/or
SEQ ID NO: 58.

15. The method of claim 12, wherein the method steps
further comprise selfing or crossing the transgenic plant with
itself or another plant, respectively, to produce a transgenic
seed.

16. A transgenic plant having an altered trait relative to a
control plant, wherein the transgenic plant comprises an
expression vector comprising a recombinant polynucleotide
encoding a polypeptide comprising a B-box zinc-finger
conserved domain;

wherein the recombinant polynucleotide hybridizes under
stringent conditions to any of SEQ ID NOs: 1, 3, 5, 7,
9, 11, 13, 15, 17, 19, 21, 23, or 65, and wherein the
stringent conditions are at least as stringent as hybrid-
ization conditions comprising at least two wash steps of
6xSSC and 65° C. for 10 to 30 minutes per wash step;

wherein when the polypeptide is overexpressed in a plant,
the polypeptide regulates transcription and confers at
least one regulatory activity resulting in the altered trait
relative to a control plant;

wherein the altered trait is selected from the group con-
sisting of increased yield, reduced sensitivity to light,
greater early season growth, greater height, greater
stem diameter, increased resistance to lodging,
increased internode length, increased secondary root-
ing, greater cold tolerance, greater tolerance to water
deprivation, reduced stomatal conductance, altered C/N
sensing, increased low nitrogen tolerance, increased
low phosphorus tolerance, increased tolerance to
hyperosmotic stress, greater late season growth and
vigor, increased number of mainstem nodes, and
greater canopy coverage.

17. The transgenic plant of claim 16, wherein the trans-
genic plant is a legume.

18. The transgenic plant of claim 16, wherein the hybrid-
ization conditions comprise at least two wash steps of
0.5xSSC, 0.1% SDS at 65° C. for 10 to 30 minutes per wash
step.

19. The transgenic plant of claim 16, wherein the expres-
sion vector further comprises a constitutive, inducible, or
tissue-specific promoter that regulates expression of the
polypeptide.

20. The transgenic plant of claim 19, wherein the tissue-
specific promoter or inducible promoter is an emergent leaf
primordia-tissue specific promoter, an epidermal tissue-
specific promoter, a floral meristem tissue-specific promoter,
a photosynthetic tissue-specific promoter, a root tissue-
specific promoter, a root meristem-tissue specific promoter,
a root vascular-tissue specific promoter, a vascular tissue-
specific promoter, a shoot apical meristem-specific pro-
moter, an epidermal tissue-specific promoter, a flower pri-
mordia or flower-specific promoter, a meristem-specific
promoter, a primordia-tissue specific promoter, a young
organ-specific promoter, or a stress-inducible promoter.
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