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PLANT TRANSCRIPTIONAL REGULATORS OF DISEASE RESISTANCE

FIELD OF THE INVENTION
The present invention relates to compositions and methods for increasing the tolerance or

resistance of a plant to one or more pathogens.

BACKGROUND OF THE INVENTION

In the broadest sense, the definition of plant disease includes anything that damages plant health.
More commonly, plant disease refers to "biotic disease", that is, the adverse effects of infectious pathogens
that multiply on or within a plant and have the potential to spread to other plants. Plant pathogen injury
may affect any part of a plant, and include defoliation, chlorosis, stunting, lesions, loss of photosynthesis,
distortions, necrosis, and death. All of these symptoms ultimately result in yield loss in commercially
valuable species.

Plant disease management is a considerable expense in crop production worldwide. Despite this
expenditure, plant diseases significantly reduce worldwide crop productivity. Fungicides, insecticides, and
anti-bacterial treatments are expensive, and their application poses both environmental and health risks.

The use of genetic engineering technologies to enhance the natural ability of plants to tolerate or
resist pathogen attack holds great potential for enhancing yields while reducing chemical i‘nputs.
Manipulation of valuable traits such as disease tolerance or resistance may be achieved by altering the
expression of critical regulatory molecules that are often conserved between diverse plant species. Related
conserved regulatory molecules may be originally discovered in a model system (for example, in
Arabidopsis) and homologous, functional molecules then discovered in other plant species. Regulatory
molecules include transcription factors - proteins that increase or decrease (induce or repress) the rate of
transcription of a particular gene or sets of genes. These proteins modulate cellular processes, which
results in differential levels of gene expression at various developmental stages, in different tissues and
cell types, and in response to different exogenous (e.g., environmental) and endogenous stimuli
throughout the life cycle of the organism. Transformed and transgenic plants that comprise cells having
altered levels of at least one selected transcription factor, for example, may possess advantageous or
desirable traits. Strategies for manipulating traits by altering a plant cell's transcription factor content can
therefore result in plants and crops with new and/or improved commercially valuable properties, including
broad-spectrum resistance. Although enhanced disease resistance caused by the overexpression of defense
gene regulators or signal transduction components has been reported previoilsly (for example, see Cao and
Dong (1998) Proc. Natl. Acad. Sci. USA 95: 6531-6653; Century et al. (1997) Science 278: 1963-1965;
and Oldroyd and Staskawicz (1998) Proc. Natl. Acad. Sci. USA 95: 10300-10305), expression of these

regulatory genes did not result in broad spectrum resistance to both biotrophic and necrotrophic
1



10

15

20

25

30

35

WO 2004/108900 PCT/US2004/017768

pathogens.

The transcription factor G28 (GenBank accession number AB008103; SEQ ID NO: 2) is a
downstream component of an ethylene (ET) response pathway\ (Fujimoto et al. (2000) Plant Cell 12: 393-
404) and is a member of a family of structurally related transcription factors that contain ERF (ethylene
response factor) domains that activate target genes containing a so-called ethylene responsive element
(ERE; GCC box; Chao et al; (1997) Cell 89: 1133-1144; Ohme-Takagi et al. (1995) Plant Cell 7: 173-
182; Solano and Ecker et al. (1998) Curr. Opin. Plant Biol. 1, 393-398; Solano et al. (1998) Genes Dev.
12: 3703-3714; Stepanova et al. (2000) Curr. Opin. Plant Biol. 3: 353-360). The ERF domain that binds
the ERE is a novel DNA binding element found only in plants. In addition to G28, the tomato ERF
domain containing proteins Pti4, Pti5 and Pti6 have been implicated in a defense response pathway that
acts downstream of the tomato resistance gene PTO (Gu et al. (2000) Plant Cell 12: 771-786; Jia and
Martin (1999) Plant Mol. Biol. 40: 455-465; Thara et al. (1999) Plant J. 20: 475-483; Zhou et al. (1997)
EMBO J. 16: 3207-3218). Pti4, in particular, is a relatively close homolog of AtERF1 and may function
similarly to AtERF1. Indeed, recent work has shown that over-expression of Pti4 in transgenic
Arabidopsis plants leads to enhanced resistance to E. orontii, similar to the resistance observed in
Arabidopsis plants overexpressing G28 (Gu et al. (2002) Plant Cell 14, 817-831).

We have identified polynucleotides encoding transcription factors, including G28 and related
sequences such as G3430 (SEQ ID NO: 9), paralogs and orthologs, developed numerous transgenic plants
using these polynucleotides, and analyzed the plants for a disease resistance or tolerance. In so doing, we
have identified important polynucleotide and polypeptide sequences for producing commercially valuable
plants and crops as well as the methods for making them and using them. Other aspects and embodiments

of the invention are described below and can be derived from the teachings of this disclosure as a whole.

SUMMARY OF THE INVENTION

The present invention pertains to recombinant polynucleotides encoding AP2 transcription factor
polypeptides, specifically members of the G28 clade of transcription factor polypeptides. The sequences of
the invention include polynucleotides and polypeptides derived from both dicots and monocots. The
polypeptide sequences from monocots also contain a subsequence identified as Motif Y (exemplified by
SEQ ID NO: 55). Sequences of the invention are considered to be those that are related to the transcription
factor sequences of the invention and related sequences, produced artificially or found in plants, including,
for example, polypeptide sequences that are substantially identical with the sequences found in the
Sequence Listing, or polynucleotide sequences that hybridize over their full length to the polynucleotides
in the Sequence Listing under stringent conditions. This includes SEQ ID NO: 9, G3430, or the
complement of SEQ ID NO: 9. An example of stringent conditions given in this disclosure includes two

wash steps of 6x SSC at 65° C, each step being 10-30 minutes in duration
2



10

15

20

25

30

35

WO 2004/108900 PCT/US2004/017768

The invention also pertains to transgenic monocot plants that contain the recombinant
polynucleotide just described (that is, a polynucleotide encoding a member of the G28 clade of
transcription factors that contains a Motif Y). These transgenic monocot plants have enhanced tolerance to
fungal disease due to the expression of the recombinant polynucleotide.

The transgenic monocotyledonous plants of the invention may also have increased tolerance or
resistance, as compared to a control plant, to more than one pathogen. The pathogens may include, for
example, diverse fungal pathogens including Botrytis, Fusarium, Erysiphe, and Sclerotinia.

The invention also pertains to a method for increasing the tolerance or resistance of a monocot
plant to a pathogen. This is accomplished by providing an expression vector comprising:

(i) apolynucleotide sequence encoding a polypeptide comprising a Motif Y that is at least
82% identical to the Motif Y of SEQ ID NO: 55; and

(ii) regulatory elements flanking the polynucleotide sequence; these regulatory elements are
able to control expression of said polynucleotide sequence in a target monocot plant. .

The target monocot plant is then transformed with the expression vector to generate a transformed
monocot plant capable of expressing the polynucleotide sequence. These steps thus increase the tolerance
or resistance of the monocot plant to a pathogen, as compared to the tolerance or resistance level of a
control plant.

The invention also pertains to a method for reducing yield loss in a monocot plant due to plant
disease. The plant diseases may be caused by more than one type of pathogen, including fungal pathogens
such as Botrytis, Fusarium, Erysiphe, and Sclerotinia. Similar to the method for increasing the tolerance
or resistance of a monocot plant to a pathogen, noted above, the method steps include first providing an
expression vector comprising:

(i) a polynucleotide sequence encoding a polypeptide comprising a Motif Y that is at least
82% identical to the Motif Y of SEQ ID NO: 55; and
(i) regulatory elements flanking the polynucleotide sequence.

The target monocot plant is then transformed with the expression vector to generate a transformed
monocot plant capable of expressing the polynucleotide sequence, and the plant is then grown. These
steps increase the tolerance or resistance of the monocot plant to at least one pathogen, as compared to the
tolerance or resistance level of a control plant that has the same disease and is infected by the same
pathogen. This results in a smaller yield loss for the transformed monocot plant than the loss experienced
by the control plant, when the transformed and non-transformed monocot plants are challenged with the

same disease pathogen or pathogens.
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Brief Description of the Sequence Listing, Tables, and Drawings

The Sequence Listing provides exemplary polynucleotide and polypeptide sequences of the
invention. The traits associated with the use of the sequences are included in the Examples.

CD-ROM1 and CD-ROM? are identical read-only memory computer-readable compact discs, and
contain copies of the Sequence Listing in ASCII text format. The Sequence Listing is named
“MBI0052PCT.ST25.txt” and is 97 kilobytes in size. The copies of the Sequence Listing on the CD-ROM
discs are hereby incorporated by reference in their entirety.

Figure 1 shows a conservative estimate of phylogenetic relationships among the orders of
flowering plants (modified from Angiosperm Phylogeny Group (1998) Ann. Missouri Bot. Gard. 84: 1-
49). 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.

Arabidopsis is a rosid eudicot classified within the order Brassicales; rice is a member of the
monocot order Poales. Figure 1 was adapted from Daly et al. (2001) Plant Physiol. 127: 1328-1333.

Figure 2 shows a phylogenic dendogram depicting phylogenetic relationships of higher plant taxa,
including clades containing tomato and Arabidopsis; adapted from Ku et al. (2000) Proc. Natl. Acad. Sci.
USA 97: 9121-9126; and Chase et al. (1993) Ann. Missouri Bot. Gard. 80: 528-580.

Figures 3A - 3G show an alignment of the G28 clade of transcription factor polypeptides (SEQ ID
NO: 2) and polypeptide sequences encoded by polynucleotide sequences that are paralogous or
orthologous to G28. The alignment was produced using Clustal X 1.81. The AP2 domains are indicated by
the horizontal line at near the top of Figures 3D-3F. The monocot Motif Y subsequences appear in the
boxes in Figures 3A and 3B.

Figure 4 depicts a phylogenetic tree of several members of the G28 clade of transcription factor
polypeptides, identified through BLAST analysis of proprietary (using corn, soy and rice genes) and
public data sources (all plant species). This tree was generated as a Clustal X 1.81 alignment: MEGA2
tree, Maximum Parsimony, bootstrap consensus. Representative sequences of the G28 clade of
transcription factor polypeptides may within the large box. The smaller box denotes representative
members of the G3430 subclade.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
As used herein and in the appended claims, the singular forms "a", "an", and "the" include the
plura] 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 "an antibody" is a reference to one or more

antibodies and equivalents thereof known to those skilled in the art, and so forth
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Definitions

"TDR" (in uppercase letters) refers generally to a Transcriptional regulator of Disease Resistance
protein sequence of the present invention, including SEQ ID NOs: 2, 4, 8, 10, 12, 14, 16, 18, 20, 22, 24,
26, 28, 30, 32, 34, 36, 38, 40, 42, 60, paralogs, orthologs, equivalogs, and fragments thereof. The term
"tdr" (in lowercase letters) refers generally to a polynucleotide sequence of the present invention, and
includes SEQ ID NOs: 1,3, 7,9, 11, 13, 15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 59,
paralogs, orthologs, equivalogs, and fragments thereof.

"Tolerance" results from specific, heritable characteristics of a host plant that allow a pathogen to
develop and multiply in the host while the host, either by lacking receptor sites for, or by inactivating or
compensating for the irritant secretions of the pathogen, still manages to thrive or, in the case of crop
plants, produce a good crop. Tolerant plants are susceptible to the pathogen but are not killed by it and
generally show little damage from the pathogen (Agrios (1988) Plant Pathology, 3rd ed. Academic Press,
N.Y., p. 129).

"Resistance", also referred to as "true resistance", results when a plant contains one or more genes
that make the plant and a potential pathogen more or less incompatible with each other, either because of a
lack of chemical recognition between the host and the pathogen, or because the host plant can defend itself
against the pathogen by defense mechanisms already present or activated in response to infection (Agrios
(1988) supra p. 125).

"Biologically active" refers to a protein having structural, immunological, regulatory, or chemical
functions of a naturally occurring, recombinant or synthetic molecule.

"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' 2 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
nucleotides bond. The degree of complementarity between nucleic acid strands affects the efficiency and
strength of the hybridization and amplification reactions. "Fully complementary" 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.

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.

With respect to polynucleotides encoding presently disclosed transcription factors, a conserved
region is preferably at least 10 base pairs (bp) in length.

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
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between the distinct sequences. An AP2 domain that is present in a member of AP2 transcription factor
family is an example of a conserved domain. With respect to polynucleotides encoding presently disclosed
transcription factors, a conserved domain is preferably at least 10 base pairs (bp) in length. A “conserved
domain”, with respect to presently disclosed AP2 domains, refers to a domain within a transcription factor
family that exhibits a higher degree of sequence homology, such as at least 60% sequence identity
including conservative substitutions, and more preferably at least 75% sequence identity, and even more
preferably at least 83%, or at least about 84%, or at least about 86%, or at least about 89%, or at least
about 90%, or at least about 92%, or at least about 95%, or at least about 96% amino acid residue
sequence identity to the conserved domain. A “conserved domain”, with respect to presently disclosed
"Motif Y", refers to a domain within a monocot AP2 transcription factor sequence that exhibits a high
degree of sequence homology to the Motif Y found in SEQ ID NO: 55, having at least 82% sequence
identity with the Motif Y found in SEQ ID NO: 55.

A fragment or domain can be referred to as outside a conserved domain, a consensus sequence, or
a consensus DNA-binding site that is known to exist or that exists for a particular transcription factor
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.

As one of ordinary skill in the art recognizes, conserved domains of transcription factors may be
identified as regions or domains of identity to a specific consensus sequence (see, for example, Riechmann
et al. (2000) Science 290: 2105-2110). In the subject invention, the plant transcription factors belong to
the AP2 (APETALA2) domain transcription factor family (Riechmann and Meyerowitz (1998) Biol.
Chem. 379: 633-646).

The conserved domains for some of the transcription factor polypeptides in the Sequence Listing
are shown in Figures 3A-3B and 3D-3E. A comparison of the regions of the polypeptides in the Sequence
Listing, or of those in Figures 3A-3B and 3D-3E, allows one of skill in the art to identify conserved
domain(s) for any of the polypeptides listed or referred to in this disclosure.

"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.
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"Fragment" with respect to a polynucleotide refers to a clone or any part of a nucleic acid
molecule that retains a usable, functional characteristic. Fragments include oligonucleotides that may be
used in hybridization or amplification technologies or in regulation of replication, transcription or
translation.

"Fragment" with respect to polypeptide 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 that
performs at least one biological function of the intact polypeptide in substantially the same manner, or {0 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 bindsto a
DNA promoter region, an activation domain, or a domain for protein-protein interactions, and may initiate
transcription. Fragments can vary in size from as few as 3 amino acids to the fuil length of the intact
polypeptide, but are preferably at least about 30 amino acids in length and more preferably at least about
60 amino acids in length. Exemplary polypeptide fragments are the first twenty consecutive amino acids of
a mammalian protein encoded by the first twenty consecutive amino acids of the transcription factor
polypeptides listed in the Sequence Listing.

Exemplary fragments also include fragments that comprise a conserved domain of a transcription
factor. An example of such an exemplary fragment would include amino acid residues 45-61 of G3430
(SEQ ID NO: 10), as noted in Figures 3A-3B.

"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 polypeptide chain may be
subjected to subsequent processing to obtain a functional protein or polypeptide. A gene may be isolated,
partially isolated, or be 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.

Operationally, genes may be defined by the cis-trans test, a genetic test that determines whether
two mutations occur in the same gene and that may be used to determine the limits of the genetically

active unit (Rieger et al. (1976) Glossary of Genetics and Cytogenetics: Classical and Molecular, 4th ed.,

Springer Verlag. Berlin). A gene generally includes regions preceding (“leaders™; upstream) and following
(“trailers”; downstream) of the coding region. A gene may also include intervening, 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
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be regulated by enhancers, operators, and other regulatory elements.

"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.

"Tdentity" or "similarity" refers to sequence similarity 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 determined by any suitable method) between two or more
polynucleotide sequences. Two or more sequences can be anywhere 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 compared 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 or
matching nucleotides at positions shared by the polynucleotide sequences. A degree of identity of
polypeptide sequences is a function of the number of identical amino acids at positions shared by the
polypeptide sequences. A degree of homology or similarity of polypeptide sequences is a function of the
number of amino acids at positions shared by the polypeptide sequences.

With regard to polypeptides, the terms "substantial identity" or "substantially identical" refers to
sequences of sufficient structural similarity to the transcription factors in the Sequence Listing to produce
similar function when expressed or overexpressed in a plant. In the present invention, similar functions
confer increased tolerance or resistance to pathogens. Sequences that are at least 75% identical (e.g., in
their AP2 domains) or at least 82% identical (e.g., in their Motif Ys) have been discovered and many of
these are expected to have similar function as G28 and G3430 when expressed or overexpressed in plants.
Thus, these sequences are considered to have substantial identity with G28 and G3430. Sequences having
lesser degrees of identity but comparable biological activity are considered to be equivalents. The structure
required to maintain proper functionality is related to the tertiary structure of the polypeptide. There are
discreet domains and motifs within a transcription factor that must be present within the polypeptide to
confer function and specificity. These specific structures are required so that interactive sequences will be
properly oriented to retain the desired activity. "Substantial identity" may thus also be used with regard to
subsequences, for example, motifs, that are of sufficient structure and similarity, being at least 75%
identical or at least 82% identical to similar motifs in other related sequences so that each confers or is
required for increased tolerance or resistance to pathogens.

"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) may

be visually and readily identified. The fraction or percentage of components in common s related to the
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homology or identity between the sequences. Alignments such as those of Figure 3 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 MACVECTOR (Accelrys, Inc., San Diego, CA).
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 disclosed in detail by Kashima et al. (1985) Nature 313: 402-404, and
Sambrook et al. (1989) Molecular Cloning: A Laboratory Manual, 2nd Ed., Vol. 1-3, Cold Spring Harbor
Laboratory, Cold Spring Harbor, N.Y; and by Haymes et al. (1985) Nucleic Acid Hybridization: A

Practical Approach, IRL Press, Washington, D.C., which references are incorporated herein by reference.

In general, stringency is determined by the temperature, ionic strength, and concentration of
denaturing agents (e.g., formamide) used in a hybridization and washing procedure (for a more detailed
description of establishing and determining stringency, see 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 transcription factor sequences. Numerous
variations are possible in the conditions and means by which nucleic acid hybridization can be performed
to isolate transcription factor sequences having similarity to transcription factor 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 transcription factor
sequences, such as, for example, transcription factors having 60% identity, or more preferably greater than
about 70% identity, most preferably 72% or greater identity with disclosed transcription factors.

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) website, " tigr.org " under
the heading "Terms associated with TIGRFAMs".

The term "variant", as used herein, may refer to polynucleotides or polypeptides that differ from
the presently disclosed polynucleotides or polypeptides, respectively, in sequence from each other, and as
set forth below.

With regard to polynucleotide variants, differences between presently disclosed polynucleotides
9
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and their variants are limited so that the nucleotide sequences of the former and the latter are closely
similar overall and, in many regions, identical. The degeneracy of the genetic code dictates that many
different variant polynucleotides can encode identical and/or substantially similar polypeptides in addition
to those sequences illustrated in the Sequence Listing. Due to this degeneracy, differences between
presently disclosed polynucleotides and variant nucleotide sequences may be silent in any given region or
over the entire length of the polypeptide (i.e., the amino acids encoded by the polynucleotide are the same,
and the variant polynucleotide sequence thus encodes the same amino acid sequence in that region or
entire length of 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, insertions, truncations or fusions with respect to the similar disclosed polynucleotide
sequences. These variations result in polynucleotide variants encoding polypeptides that share at least one
functional characteristic (i.e., a presently disclosed transcription factor and a variant will confer at least
one of the same functions to a plant).

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 polynucleotide sequences in the Sequence
Listing, or a complementary 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.

"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 phenotypic polymorphism within populations. Gene mutations may be "silent" or may
encode polypeptides having altered amino acid sequences. "Allelic variant" and "polypeptide allelic
variant" may also be used with respect to polypeptides, and in this case the terms refer to a polypeptide
encoded by an allelic variant of a gene.

"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 messenger RNA (mRNA) transcribed from the same gene. Thus, splice
variants may encode polypeptides having different amino acid sequences, which, in the present context,
will have at least one similar function in the organism (splice variation may also give rise to distinct
polypeptides having different functions). "Splice variant" or "polypeptide splice variant" may also refer to
a polypeptide encoded by a splice variant of a transcribed mRNA.

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.
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"Modulates" refers to a change in activity (biological, chemical, or immunological) or lifespan
resulting from specific binding between a molecule and either a nucleic acid molecule or a protein.

"Nucleic acid molecule” refers to a oligonucleotide, polynucleotide or any fragment thereof. It
may be DNA or RNA of genomic or synthetic origin, double-stranded or single-stranded, and combined
with carbohydrate, lipids, protein, or other materials to perform a particular activity such as transformation
or form a useful composition such as a peptide nucleic acid (PNA).

"Polynucleotide" is a nucleic acid molecule comprising a plurality of polymerized nucleotides,
e.g., at least about 15 consecutive polymerized nucleotides, optionally at least about 30 consecutive
nucleotides, at least about 50 consecutive nucleotides. A polynucleotide 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 initiation site, 5' or 3' untranslated regions, a reporter gene, a selectable marker, or the like. The
polynucleotide can be single stranded or double stranded DNA or RNA. The polynucleotide optionally
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 such as transformation or form a useful composition such as a peptide nucleic
acid (PNA). The polynucleotide can comprise 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.

A "recombinant polynucleotide" is a polynucleotide 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.

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 polynucleotide is subject to one or more enrichment or purification procedures, e.g., cell lysis,
extraction, centrifugation, precipitation, or the like.

A "polypeptide" is an amino acid sequence comprising a plurality of consecutive polymerized
amino acid residues e.g., at least about 15 consecutive polymerized amino acid residues, optionally at least
about 30 consecutive polymerized amino acid residues, at least about 50 consecutive polymerized amino

acid residues. In many instances, a polypeptide comprises a polymerized amino acid residue sequence that
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is a transcription factor or a domain or portion or fragment thereof. A transcription factor can regulate
gene expression and may increase or decrease gene expression in a plant. Additionally, the polypeptide
may comprise 1) a localization domain, 2) an activation domain, 3) a repression domain, 4) an
oligomerization domain, or 5) a DNA-binding domain, or the like. The polypeptide optionally comprises
modified amino acid residues, naturally occurring amino acid residues not encoded by a codon, non-
naturally occurring amino acid residues.

A "recombinant polypeptide" is a polypeptide produced by translation of a recombinant
polynucleotide. A "synthetic polypeptide" is a polypeptide created by consecutive 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.

"Portion", as used herein, refers to any part of a polynucleotide or polypeptide used for any
purpose. This includes portions of polypeptides used in the screening of a library of molecules that
specifically bind to a portion of a polypeptide or for the production of antibodies.

"Protein" refers to an amino acid sequence, oligopeptide, peptide, polypeptide or portions thereof
whether naturally occurring or synthetic.

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 lower plants amenable to transformation
techniques, including angiosperms (monocotyledonous and dicotyledonous plants), gymnosperms, ferns,
horsetails, psilophytes, lycophytes, bryophytes, and multicellular algae. (See for éxample, Figure 1,
adapted from Daly et al. (2001) Plant Physiol. 127: 1328-1333; Figure 2, adapted from Ku et al. (2000)

* Proc. Natl. Acad. Sci. USA 97: 9121-9126; and see also Tudge, in The Variety of Life, Oxford University

Press, New York, NY (2000) pp. 547-606).
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
12



10

15

20

25

30

35

WO 2004/108900 PCT/US2004/017768

sequence, a mutated sequence, a homologous recombination event or a sequence modified by
chimeraplasty. 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.

A transgenic plant may contain an expression vector 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 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, including seedlings and mature plants, 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.

"Substrate" refers to any rigid or semi-rigid support to which nucleic acid molecules or proteins
are bound and includes membranes, filters, chips, slides, wafers, fibers, magnetic or nonmagnetic beads,
gels, capillaries or other tubing, plates, polymers, and microparticles with a variety of surface forms
including wells, trenches, pins, channels and pores.

A "trait" refers to a physiological, morphological, biochemical, or physical characteristic of a plant
or particular plant material or cell. In some instances, this characteristic 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, €.g. by
measuring uptake of carbon dioxide, or by the observation of the expression level of a gene or genes, e.g.,
by employing Northern analysis, RT-PCR, microatray gene expression assays, or reporter gene expression
systems, or by agricultural observations such as stress tolerance, yield, or pathogen tolerance. 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, however.

"Trait modification" refers to a detectable difference in a characteristic in a plant ectopically
expressing a polynucleotide or polypeptide of the present invention relative to a plant not doing so, such as
a wild-type plant. In some cases, the trait modification can be evaluated quantitatively. For example, the
trait modification can entail at least about a 2% increase or decrease in an observed trait (difference), at
least a 5% difference, at least about a 10% difference, at least about a 20% difference, at least about a
30%, at least about a 50%, at least about a 70%, or at least about a 100%, or an even greater difference
compared with a wild-type plant. It is known that there can be a natural variation in the modified trait.
Therefore, the trait modification observed entails a change of the normal distribution of the trait in the
plants compared with the distribution observed in wild-type plant.

"Transcript profile" refers to the expression 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
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a reference state. The transcript profile of a particular transcription factor in a suspension cell corresponds
to the expression levels of a set of genes in a cell overexpressing that transcription factor, compared with
the expression levels of that same set of genes in a suspension cell that has normal levels of that
transcription factor. The transcript profile can be presented as a list of those genes whose expression level
is significantly different between the two treatments, and the difference ratios. Differences and similarities
between expression levels may be evaluated and calculated using statistical and clustering methods.

"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 transcription factor expression is altered, e.g., in that it has been knocked out,
overexpressed, or ectopically expressed.

A "control plant" as used herein refers to a plant cell, seed, plant component, plant tissue, plant
organ or whole plant used to compare against transgenic 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.

Polypeptides and Polynucleotides of the Invention

The present invention provides, among other things, transcription factors, and transcription factor
homolog polypeptides, and isolated or recombinant polynucleotides encoding the polypeptides, or novel
sequence variant polypeptides or polynucleotides encoding novel variants of transcription factors derived
from the specific sequences provided in the Sequence Listing. Also provided are methods for increasing a
plant's tolerance to one or more pathogens or 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 molecules 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 tolerance to one or more pathogens or abiotic stresses in diverse plant species.

Exemplary polynucleotides encoding the polypeptides of the invention were identified in the
Arabidopsis thaliana GenBank database using publicly available sequence analysis programs and
parameters. Sequences initially identified were then further characterized to identify sequences comprising

specified sequence strings corresponding to sequence motifs present in families of known transcription
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factors. 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 initially identified were then further characterized to identify sequences comprising
specified sequence strings corresponding to sequence motifs present in families of known transcription
factors. Polynucleotide sequences meeting such criteria were confirmed as transcription factors.

Additional polynucleotides of the invention were identified by screening Arabidopsis thaliana
and/or other plant cDNA libraries with probes corresponding to known transcription factors under low
stringency hybridization conditions. Additional sequences, including full length coding sequences were
subsequently recovered by the rapid amplification of cDNA ends (RACE) procedure, using a
commercially available kit according to the manufacturer’s instructions. 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.

These sequences and others derived from diverse species and found in the Seqﬁence Listing have
been ectopically expressed in overexpressor or knockout plants. The changes in the characteristic(s) or
trait(s) of the plants were then observed and found to confer increased abiotic stress or disease tolerance.
Therefore, the polynucleotides and polypeptides can be used to improve desirable characteristics of plants.

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 a genes, polynucleotides, and/or proteins of plants.

The AP2 family. AP2 (APETALA?2) and EREBPs (Ethylene-Responsive Element Binding
Proteins) are the prototypic members of a family of transcription factors unique to plants, whose
distinguishing characteristic is that they contain the so-called AP2 DNA-binding domain (Riechmann and
Meyerowitz (1998) Biol. Chem. 379: 633-646) . The AP2 domain was first recognized as a repeated motif
within the Arabidopsis thaliana AP2 protein (Jofuku et al. (1994) Plant Cell 6: 1211-1225). Four DNA-
binding proteins from tobacco were identified that interact with a sequence that is essential for the
responsiveness of some promoters to the plant hormone ethylene, and were designated as ethylene-
responsive element binding proteins (EREBPs; Ohme-Takagi et al. (1995) supra). The DNA-binding
domain of EREBP-2 was mapped to a region that was common to all four proteins (Ohme-Takagi et al
(1995) supra), and that was found to be closely related to the AP2 domain (Weigel (1995) Plant Cell 7:
388-389) but that did not bear sequence similarity to previously known DNA-binding motifs.

AP2/EREBP genes form a large family, with many members known in several plant species
(Okamuro et al. (1997) Proc. Natl. Acad. Sci. USA 94: 7076-7081; Riechmann and Meyerowitz (1998)

supra). The number of AP2/EREBP genes in the Arabidopsis thaliana genome is approximately 145
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(Riechmann et al. (2000) Science 290: 2105-2110). The APETALA2 class contains 14 genes and is
characterized by the presence of two AP2 DNA binding domains. The AP2/ERF is the largest subfamily,
and includes 125 genes that are involved in abiotic (DREB subgroup) and biotic (ERF subgroup) stress
responses and the RAV subgroup includes six genes that all have a B3 DNA binding domain in addition
to the AP2 DNA binding domain (Kagaya et al. (1999) Nucleic Acids Res. 27: 470-478).

Arabidopsis AP2 is involved in the specification of sepal and petal identity through its activity as
a homeotic gene that forms part of the combinatorial genetic mechanism of floral organ identity
determination, and it is also required for normal ovule and seed development (Bowman et al. (1991)
Development 112: 1-20; Jofuku et al. (1994) supra). Arabidopsis ANT is required for ovule development
and it also plays a role in floral organ growth (Elliott et al. (1996) Plant Cell 8: 155-168; Klucher et al.
(1996) Plant Cell 8: 137-153). Finally, maize G115 regulates leaf epidermal cell identity (Moose et al.
(1996) Genes Dev. 10: 3018-3027).

The attack of a plant by a pathogen may induce defense responses that lead to resistance to the
invasion, and these responses are associated with transcriptional activation of defense-related genes,
among them those encoding pathogenesis-related (PR) proteins. The involvement of EREBP-like genes in
controlling the plant defense response is based on the observation that many PR gene promoters contain a
short cis-acting element that mediates their responsiveness to ethylene (ethylene appears to be one of
several signal molecules controlling the activation of defense responses). Tobacco EREBP-1, -2, -3, and -
4, and tomato Pti4, Pti5 and Pti6 proteins have been shown to recognize such cis-acting elements (Ohme-
Takagi (1995) supra; Zhou et al. (1997) EMBO J. 16: 3207-3218). In addition, Pti4, Pti5, and Pti6
proteins have been shown to interact directly with Pto, a protein kjnése that confers resistance against
Pseudomonas syringae pv tomato (Zhou et al. (1997) supra). Plants are also challenged by adverse
environmental conditions such as cold or drought, and EREBP-like proteins appear to be involved in the
responses to these abiotic stresses as well. COR (for cold-regulated) gene expression is induced during
cold acclimation, the process by which plants increase their resistance to freezing in response to low
temperatures. The Arabidopsis EREBP-like gene CBF1 (Stockinger et al. (1997) Proc. Natl. Acad. Sci.
USA 94: 1035-1040) is a regulator of the cold acclimation response, because ectopic expression of CBF1
in Arabidopsis transgenic plants induced COR gene expression in the absence of a cold stimulus, and the
plant freezing tolerance was increased (Jaglo-Ottosen et al. (1998) Science 280: 104-106).Another
Arabidopsis EREBP-like gene, ABI4, is involved in abscisic acid (ABA) signal transduction, because
abi4 mutants are insensitive to ABA (ABA is a plant hormone that regulates many agronomically
important aspects of plant development; Finkelstein et al. (1998) Plant Cell 10: 1043-1054).

Novel AP2 transcription factor genes and binding motifs in Arabidopsis and other diverse species.

G28 corresponds to AtERFI (GenBank accession number AB008103; Fujimoto et al. (2000) supra). G28

appears as gene AT4g17500 in the annotated sequence of Arabidopsis chromosome 4 (AL161546.2).
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AtERF1 has been shown to have GCC-box binding activity; some defense-related genes that are
induced by ethylene were found to contain a short cis-acting element known as the GCC-box: AGCCGCC
(Ohme-Takagi et al. (1995) supra; and Ohme-Takagi and Shinshi (1990) Plant Mol. Biol. 15: 941-946.
Using transient assays in Arabidopsis leaves, AtERF1 was found to be able to act as a GCC-box sequence
specific transactivator (Fujimoto et al. (2000) supra).

AtERF] expression has been described to be induced by ethylene (two- to three-fold increase in
AtERF1 transcript levels 12 hours after ethylene treatment; Fujimoto et al. (2000) supra). In the ein2
mutant, the expression of AtERFI was not induced by ethylene, suggesting that the ethylene induction of
AtERF1 is regulated under the ethylene signaling pathway (Fujimoto et al. (2000) supra). AtERFI
expression was also induced by wounding, but not by other abiotic stresses (such as cold, salinity, or
drought; Fujimoto et al. (2000) supra).

AtERF-type transcription factors respond to abiotic stress. While ERF-type transcription factors

are primarily recognized for responding to a variety of biotic stresses (such as pathogen infection), some
ERFs have been characterized as being responsive to abiotic stress. Fujimoto et. al. (Fujimoto et. al.
(2000) Plant Cell 12: 393-404 have shown that AtERF1, AtERF2, AtERF3, AtERF4, and AtERFS,
corresponding to G28, G1006, G1005, G6 and G1004 respectively, can respond to various abiotic
stresses, including cold, heat, drought, ABA, CHX, and wounding. Genes normally associated with the
plant defense response (PR1, PR2, PR5, and peroxidases) have also been shown to be regulated by water
stress (Zhu et. al. (1995) Plant Physiol. 108: 929-937; Ingram and Bartels (1996). Annu Rev. Plant
Physiol. Plant Mol. Biol. 47:377-403) suggesting some overlap between the two responses. A target
sequence for ERF-type transcription factors has been identified and extensively studied (Hao et al.(1998)
J. Biol. Chem. 273; 26857-26861). This target sequence consists of AGCCGCC and has been found in the
5' upstream regions of genes responding to disease and regulated by ERFs. However, several genes
(ARSK! and dehydrin) known to be induced by ABA, NaCl, cold and wounding, also possess a GCC box
regulatory element in their 5' upstream regions (Hwang and Goodman (1995) Plant J. 8: 37-43),
suggesting that ERF-type transcription factors may regulate also regulate abiotic stress associated genes.

ERF-type transcription factors in other species. ERF-type transcription factors have been

characterized in other species. Tsil, a tobacco AtERF ortholog has been shown to be responsive to NaCl,
drought, wounding, salicylic acid (SA), ethephon, ABA, and methyl jasmonate (MeJA; Park et. al. (2001)
Plant Cell 13: 1035-1046). Tsil is closely related to At4g27950 (G1750) in Arabidopsis. RT data suggest
that G1750 may also have a similar function, although overexpression of G1750 causes some deleterious
effects. In tobacco plants, however, overexpression of Tsil enhances resistance to both pathogen challenge
and osmotic stress (Park et. al. (2001) supra). Interestingly, Tsil has also been shown to interact
specifically with both GCC and DRE regulatory elements. Genes containing DRE elements are known to

be regulated in response to abiotic stresses; as such, it is possible that Tsil has the ability to regulate the
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transcription of genes involved in abiotic stresses such as drought.

ERF-type transcription factors are well known to be transcriptional activators of disease responses
(Fujimoto et. al. (2000) supra; Gu et al. (2000) Plant Cell 12: 771-786; Chen et al. (2002) Plant Cell 14:
559-574; Cheong et al. (2002) Plant Physiol. 129: 661-677; Onate-Sanchez and Singh (2002) Plant
Physiol. 128: 1313-1322; Brown et al. (2003) Plant Physiol. 132: 1020-1032; Lorenzo et al. (2003) Plant
Cell 15: 165-178) but have not been well characterized as being involved in response to abiotic stress
conditions such as drought. Another group of AP2 transcription factors (DREBs), which includes the CBF
class, are known to bind DRE elements in genes responding to abiotic stresses such as drought, high salt,
and cold (Haake et al. (2002) Plant Physiol. 130: 639-648; Thomashow (2001) Plant Physiol. 125: 89-93,
Liu et al. (1998) Plant Cell 10: 1391-1406; Gilmour et al. (2000) Plant Physiol. 124: 1854-1865; and
Shinozaki and Yamaguchi-Shinozaki (2000) Curr. Opin. Plant Biol. 3: 217-223). However, there is
growing evidence that ERF-type transcription factors can interact with not only the GCC-box, but also
with regulatory elements present in genes that are responsive to osmotic stresses. Thus, it is becoming
apparent from our studies as well as those of others that some ERF-type transcription factors may play a
role in response to drought-related stress.

The role of ERF-type transcription factors in disease responses. The first indication that members

of the ERF group might be involved in regulation of plant disease resistance pathways was the
identification of Pti4, Pti5 and Pti6 as interactors with the tomato disease resistance protein Pto in yeast 2~
hybrid assays (Zhou et al, (1997) EMBO J. 16: 3207-3218). Since that time, several ERF genes have been
shown to enhance disease resistance when overexpressed in 4rabidopsis or other species. These ERF
genes include ERF1 (G1266) of Arabidopsis (Berrocal-Lobo et al. (2002) Plant J. 29: 23-32), Ptid (Gu et
al. (2002) Plant Cell 14: 817-831), and Pti5 (He et al. (2001) Mol. Plant Microbe Interact. 14: 1453~
1457) of tomato, Tsil of tobacco (Park et. al. (2001) supra; Shin et al. (2002) Mol. Plant Microbe
Interact. 15: 983-989), and AtERF1 (G28) and TDR1 (G1792) of Arabidopsis.

Regulation of ERF transcription factors by pathogen and small molecule signaling. ERF genes

show a variety of stress-regulated expression patterns. Regulation by disease-related stimuli such as
ethylene (ET), jasmonic acid (JA), SA, and infection by virulent or avirulent pathogens has been shown
for a number of ERF genes (Fujimoto et. al. (2000) supra; Gu et al. (2000) supra; Chen et al. (2002)
supra; Cheong et al. (2002) supra; Onate-Sanchez and Singh (2002) supra; Brown et al. (2003) supra;
Lorenzo et al. (2003) supra). However, some ERF genes are also induced by wounding and abiotic
stresses (Fujimoto et. al. (2000) supra; Park et al. (2001) supra; Chen et al. (2002) supra; Tournier et al.
(2003) FEBS Lett. 550: 149-154). Currently, it is difficult to assess the overall picture of ERF regulation
in relation to phylogeny, since different studies have concentrated on different ERF genes, treatments and
time points. The advent of the Arabidopsis whole-genome microarray will result in more easily

comparable data.
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Significantly, several ERF transcription factors that confer enhanced disease resistance when
overexpressed, such as ERF1, Pti4, and AtERF1, are transcriptionally regulated by pathogens, ET, and JA
(Fujimoto et. al. (2000) supra; Onate-Sanchez and Singh (2002) supra; Brown et al. (2003) supra;
Lorenzo et al. (2003) supra). ERF1 is induced synergistically by ET and JA, and induction by either
hormone is dependent on an intact signal transduction pathway for both hormones, indicating that ERF1
may be a point of integration for ET and JA (Lorenzo et al. (2003) supra). At least four other ERF's are
also induced by JA and ET (Brown et al. (2003) supra), implying that other ERFs are probably also
important in ET/JA signal transduction. A number of the genes in subgroup 1, including AtERF3 and
AtERF4, are thought to act as transcriptional repressors (Fujimoto et. al. (2000) supra), and these two
genes were found to be induced by ET, JA, and an incompatible pathogen (Brown et al. (2003) supra).
The net transcriptional effect on these pathways may be balanced between activation and repression of
target genes.

The SA signal transduction pathway can act antagonistically to the ET/JA pathway. Interestingly,
Pti4 and AtERF1 are induced by SA as well as by JA and ET (Gu et al. (2000) supra; Onate-Sanchez and
Singh (2002) supra). Pti4, Pti5 and Pti6 have been implicated indirectly in regulation of the SA response,
perhaps through interaction with other transcription factors, since overexpression of these genes in
Arabidopsis induced SA-regulated genes without SA treatment and enhanced the induction seen after SA
treatment (Gu et al. (2002) supra).

Post-transcriptional regulation of ERF genes by phosphorylation may be a significant form of
regulation. Pti4 has been shown to be phosphorylated specifically by the Pto kinase, and this
phosphorylation enhances binding to its target sequence (Gu et al. (2000) supra). Recently, the
OsEREBP1 gene of rice has been shown to be phosphorylated by the pathogen-induced MAP kinase
BWMKI1, and this phosphorylation was shown to enhance its binding to the GCC box (Cheong et al.
(2003) Plant Physiol. 132: 1961-1972), suggesting that phosphorylation of ERF proteins may be a
common theme. A potential MAPK phosphorylation site has been noted in AtERFS5 (Fujimoto et. al.
(2000) supra).

Target genes resulated by ERF transcription factors. Binding of ERF transcription factors to the
target sequence AGCCGCC (the GCC box) has been extensively studied (Hao et al. (1998) supra). This

element is found in a number of promoters of pathogenesis-related and ET- or JA-induced genes.
However, it is unclear how much overlap there is in target genes for particular ERFs. Recent studies have
profiled genes induced in Arabidopsis plants overexpressing ERF1 (Lorenzo et al. (2003) supra) and Pti4
(Chakravarthy et al. (2003) Plant Cell 15: 3033-3050). However, these studies were done with different
technology (Affymetrix GeneChip vs. serial analysis of gene expression) and under different conditions,
and it is therefore difficult to compare the results directly. There is evidence that flanking sequences can

affect the binding of ERFs to the GCC box (Gu et al. (2002) supra; Tournier et al. (2003) supra), so itis
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likely that different ERFs will regulate somewhat different gene sets. Direct comparisons of transcript
profiles from plants overexpressing different ERFs, or of in vitro binding affinity of multiple ERFs to sites
with varied flanking sequences, will likely be necessary to confirm conclusions about the degree of
overlap in ERF target sets. Recent chromatin immunoprecipitation experiments with Pti4 suggest that it
may also bind non-GCC box promoters, either directly or through interaction with other transcription
factors (Chakravarthy et al. (2003) supra). This observation is particularly interesting in light of the
hypothesis advanced by Gu et al. ((2002) supra) that Pti4 may regulate SA-induced genes through
interaction with other transcription factors.

Identification of residues and motifs unique to G28 monocot orthologs.

A number of sequences evolutionarily related to G28 were aligned using Clustal X (version 1.81,
June 2000). Additional sequences were included in the alignment that were identified by BLASTP
analysis of proprietary and public databases with protein sequences with a high degree of sequence
relatedness to G28, particularly in the AP2 domain. A neighbor-joining algorithm comparing the AP2
domains of these sequences was then used to generate a phylogenetic tree , using Clustal X v1.81°s
phylogenetic capabilities. Based on comparisons of the sequences in the alignment and, in particular, the
phylogenetic analysis, the sequences with a common evolutionary history with reference to G28 were
found in a separate clade, herein referred to as the "G28 clade of transcription factor polypeptides”, or
simply the "G28 clade" (Figure 4 provides an example of a phylogenetic tree that distinguishes the G28
clade from sequences outside of the clade).

Two sequences in this clade, G28 and a tomato sequence, Pti4, have been shown to confer
enhanced disease tolerance when overexpressed in Arabidopsis (Heard (2004) USPN 6,664,446; and Gu
et al. (2002) Plant Cell 14, 817-831). One of the tobacco transcription factor genes has been shown
previously to control the expression of basic PR genes, which are known to be involved in disease
resistance responses (Kitajima et al. (2000) Plant Cell Physiol. 41: 817-824). Real time PCR experiments
have shown that G28 and orthologs in Brassica napus (canola; orthologs Bn bh594074, Bn bh454277),
Zea mays (G3661) and Oryza sativa (G3430) were induced by the disease-related hormone treatments
MeJA and SA in the plant species in which they are found, consistent with a role for these genes in disease
resistance. These observations support the premise that G28 clade sequences have conserved function
across monocot and dicot lineages, and that the G28 clade comprises a number of genes involved in the
control of disease resistance genes and the regulation of disease resistance.

After the G28 clade was identified, re-examination of the alignment of the sequences of the G28
clade of transcription factor polypeptides indicated a high degree of conservation of the AP2 DNA binding
domain in all members of the clade. This enabled the definition of those sequence elements that define,
structurally, the protein sequences comprising the G28 clade. There is also a high degree of conservation

in additional motifs in all members of the clade. For example, residues corresponding to positions 76-85 of
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(G238 (designated Motif X, SEQ ID NO: 56):

N/D D/Y A/S/T D/E/Q M/IL/V/F/A V/L/I/Q Y/F/N

are highly conserved in all members of the clade. The rest of Motif X, corresponding to positions
86-91 in G238, is less conserved, but is found in all members of the clade with the exception G3430:

XXLMXD/E A/G

Within the G28 clade, a further subclade can be seen that includes only monocot sequences, and
which share a common evolutionary history since the last common ancestor of monocots and dicots.
Alignment of these sequences enabled the definition of those sequence elements that define, structurally,
the sequences of the monocot subclade of the G28 clade. These monocot sequences were very similar in
their AP2 domains and were distinguished from the dicot sequences by the presence of a highly conserved
structural element or motif found just before (nearer the N-terminus) of Motif X. This sequence, herein
referred to as "Motif Y", may be represented by SEQ ID NO: 55 found in G3430, and corresponding to
positions 45-61 of G3430. Motif Y is generally found as the subsequence: ‘

SFG/WSALV AADQMWSD/E/GSLPFR.

This latter motif, shown in the monocot-derived sequences appearing in Tables 1 and 2, is
considered to comprise a conserved structural element involved in the function of these monocot proteins,
and provides a sequence element that is useful in the identification of other monocot transcription factor
genes capable of conferring disease resistance in plants.

The monocot sequences within the G28 clade thus form a subclade within the G28 clade, said
subgroup herein referred to as the "G3430 subclade of transcription factor polypeptides"”, or simply the
"G3430 subclade".

Relatedness and utilities of the polynucleotides and polypeptides of the invention. Table 1 shows
the polypeptides identified by polypeptide SEQ ID NO (first column); Gene ID (GID) No. ; (second

column); the species of plant from which the sequence is derived (third column); the amino acid

coordinates of the AP2 domain of the sequence (fourth column); the AP2 domain subsequences of the
respective polypeptides (fifth column); the percentage identity to the AP2 domain of G3430 (found within
SEQ ID NO: 10; sixth column); for monocot-derived sequences, the subsequence that is similar to Motif
Y (seventh column); and the identity in percentage terms of each Motif Y subsequence to the Motif Y of
SEQ ID NO: 55. These polypeptide sequences have AP2 domains with 75% or greater identity to the AP2
domain of G3430. Motif Ys in monocots are also highly conserved, and share 82% or greater identity with

SEQ ID NO: 55 in the sequences that have been examined (see also Table 2).
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SEQ
NO:

- GID
. No.

. Species

AP2

+ | Coordinates|

- APZdoiﬁaian\

Tto AP2:

“Motif Y
subsequence’
(in monocots)

% ID to -

Motif' Y,

SEQ ID

NO: 55

10

G3430

Oryza sativa

109-173

RGKHYRGVRQRPWG
KFAAEIRDPAKNGAR
VWLGTFDSAEEAAVA
YDRAAYRMRGSRALL
NFPLRI

SFGSLVADQ
WSESLPFR

100%

30

G3864

Triticum
aestivum

127-191

RGKHFRGVRQRPWG
KFAAEIRDPAKNGAR
VWLGTFDSAEDAAVA
YDRAAYRMRGSRALL
NFPLRI

SFGSLVADQ
WSESLPFR

100%

32

G3865

Triticum
aestivum

125-189

RGKHFRGVRQRPWG
KFAAEIRDPAKNGAR
VWLGTFDSAEDAAVA
YDRAAYRMRGSRALL
NFPLRI

SFGSLVADQ
WSESLPFR

100%

34

G3856

Zea mays

140-204

RGKHYRGVRQRPWG
KFAAFIRDPAKNGAR
VWLGTYDSAEDAAV
AYDRAAYRMRGSRA
LLNFPLRI

SFGSLVADQ
WSESLPFR

100%

36

(3848

Oryza sativa

149-213

RGKHYRGVRQRPWG
KFAAEIRDPAKNGAR
VWLGTFDTAEDAALA
YDRAAYRMRGSRALL
NFPLRI

SFGSLVAD
MWSDSLPF
R

88%

12

G3661

Zea mays

126-190

RGKHYRGVRQRPWG
KFAAEIRDPARNGAR
VWLGTYDTAEDAAL
AYDRAAYRMRGSRA
LLNFPLRI

SFGSLVADQ
WSGSLPFR

94%

26

G3718

Glycine max

139-203

KGKHYRGVRQRPWG
KFAAFEIRDPAKNGAR
VWLGTFETAEDAALA
YDRAAYRMRGSRALL
NFPLRI

G3717

Glycine max

130-194

KGKHYRGVRQRPWG
KFAAEIRDPAKNGAR
VWLGTFETAEDAALA
YDRAAYRMRGSRALL
NFPLRV

24

G3844

Medicago
truncatula

141-205

KGKHYRGVRQRPWG
KFAAEIRDPAKNGAR
VWLGTFETAEDAALA
YDRAAYRMRGSRALL

NFPLRV
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G28

Arabidopsis
thaliana

144-208

KGKHYRGVRQRPWG
KFAAEIRDPAKNGAR

VWLGTFETAEDAALA
YDRAAFRMRGSRALL
NFPLRV

89%

20

G3659

Brassica
oleracea

130-194

KGKHYRGVRQRPWG

KFAAEIRDPAKNGAR

VWLGTFETAEDAALA
YDRAAFRMRGSRALL
NFPLRV

89%

G1006

Arabidopsis
thaliana

113-177

KAKHYRGVRQRPWG

KFAAEIRDPAKNGAR

VWLGTFETAEDAALA
YDIAAFRMRGSRALL

NFPLRV

86%

22

G3660

Brassica
oleracea

119-183

KGKHYRGVRQRPWG

KFAAEIRDPAKKGAR

EWLGTFETAEDAALA
YDRAAFRMRGSRALL
NFPLRV

86%

16

G3846

Nicotiana
tabacum

95-159

KGRHYRGVRQRPWG
KFAAEIRDPAKNGAR
VWLGTYETAEEAALA
YDKAAYRMRGSKAL
LNFPHRI

86%

28

G3843

Lycopersicon
esculentum

130-194

KAKHYRGVRVRPWG
KFAAEIRDPAKNGAR
VWLGTYETAEDAALA
YDKAAFRMRGSRALL
NFPLRI

84%

18

G3841
Pti4

Lycopersicon
esculentum

102-166

KGRHYRGVRQRPWG
KFAAEIRDPAKNGAR
VWLGTYETAEEAAIA
YDKAAYRMRGSKAH
LNFPHRI

84%

42

G3858

Solanum
tuberosum

108-172

KGRHYRGVRQRPWG

KFAAEIRDPAKNGAR

VWLGTYESAEEAALA
YDIAAFRMRGTKALL

NFPHRI

84%

38

G3857

Solanum
tuberosum

98-162

KGRHYRGVRQRPWG
KFAAEIRDPAKNGAR
VWLGTYETAEEAAIA
YDKAAYRMRGSKAH
LNFPHRI

84%

40

G3852

Lycopersicon
esculentum

103-167

KGRHYRGVRQRPWG
KFAAEIRDPAKNGAR
VWLGTYESAEEAALA
YGKAAFRMRGTKALL
NFPHRI

83%
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14 |G3845 |Nicotiana 101-165 |RGRHYRGVRRRPWG | 83%
tabacum KFAAEIRDPAKNGAR
VWLGTYETDEEAAIA
YDKAAYRMRGSKAH
LNFPHRI

60 | G22 |Arabidopsis 88-152 |KGMQYRGVRRRPWG | 75%
thaliana KFAAEIRDPKKNGAR
VWLGTYETPEDAAVA
YDRAAFQLRGSKAKL
NFPHLI

The transcription factors of the invention each possess an AP2 domain, and include paralogs and
orthologs of G28 and G3430 found by BLAST analysis, as described below. The transcription factors of
the invention that are derived from monocot plants also contain a Motif Y.

TDR polypeptides share several potential protein kinase phosphorylation sites, in particular those
phosphorylation sites in regions homologo{ls to that of the Arabidopsis phosphorylation sites at amino acid
residues S67, S100, S101, $102, S111, $220, $223, S224, S227 of SEQ ID NO: 2 (G28) and at amino
acid residues S73, T188, S189, S192, 193, S194, $204 of SEQ ID NO: 4 (G1006). The potential protein
kinase phosphorylation sites are sites that may be modified by a protein kinase selected from, but not
limited to, an isoform of protein kinase C, protein kinase A, protein kinase G, casein kinase II, or Pto
kinase.

Eleven TDR polypeptide sequences share at least three conserved regions distinct from the AP2
domain. One region, amino acid consensus sequence 1 motif, is exemplified by contiguous amino acid
residues L71 through F91 of SEQ ID NO: 2 and has the consensus sequence Leu-Pro-Leu/Phe-Lys/Arg-
Glu/Pro/Thr/Ser/Gly/Asp-Asn/Asp-Asp-Ser/Ala-Glu/Asp-Asp-Met-Leu-Val-Val/Leu/lle-Tyr/Phe-
Gly/Thr-Ile/Leu/Val/Ala-Leu-Xaa-Asp-Ala-Phe/Leu/Val, where Xaa is any amino acid residue. A second
region, amino acid consensus sequence 2 motif, is exemplified by contiguous amino acid residues K235
through R238 of SEQ ID NO: 2, and comprises basic residues with the consensus sequence Lys-Lys/Arg-
Arg/Lys-Arg/Lys. A third region, amino acid consensus sequence 3 motif, is exemplified by contiguous
amino acid residues G262 through 1.268 of SEQ ID NO: 2, and has the consensus sequence Gly/Val/Arg-
Asp/Glu/His-Arg/Glu/Gln-Leu-Leu/Val-Val. A fourth region, exemplified by contiguous amino acid
residues P213 through R238 of SEQ ID NO: 2, has at least one phosphorylation site flanked by the
consensus sequences Pro-Asp/Glu-Pro and Lys-Lys/Arg-Arg/Lys-Lys/Arg and the phosphorylation site is
potentially phosphorylated by at least one isozyme of protein kinase C, protein kinase A, protein kinase G,
casein kinase II, or Pto kinase.

The AP2 domains of eleven TDR polypeptide sequences comprise a consensus sequence of Gly-
Lys-His—Tyr-Arg—Gly—Val—Arg—Ghl/Arg-Arg-Pro-T1p-Gly—Lys/Glu-Phe-Ala-Ala—Glu-Ile-Arg-Asp-Pro-Ala-
Lys/Arg-Asn-Gly-Ala-Arg-Val-Trp-Leu/His-Gly-Thr-Phe/Tyr-Asp/Glu-Thr/ Ser-Ala/Asp-Glu-Asp/Glu-
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Ala-Ala-Leu/Val/lle-Ala-Tyr-Asp-Arg/Lys/Ile-Ala-Ala-Phe/Tyr-Arg-Met/Arg-Arg-Gly-ser-Arg/Lys-Ala-
Leuw/His-Leu-Asn-Phe-Pro-Leu/His-Arg-Val/lle-Asn/Gly-Ser/Leu-Gly/Glu/Asn-Glu/Asp/Ile-Pro.

The G28 clade is distinguished by, for example, an AP2 domain, an arginine residue at a position
corresponding to position 222 of SEQ ID NO: 2, and the ability to confer disease tolerance or resistance in
plants. In this context, "corresponding position" refers to a similar or the same position in an alignment of
two similar or identical subsequences of distinct G28 clade polypeptides. The sequences that appear in an
alignment of polypeptides such as that found in Figures 3A-3G (for the present discussion, R222 of G28
and residues in the same clade and column in Figure 3D) may be used to determine corresponding
residues. It will be recognized by those skilled in the art that similar substitutions, such as those identified
in Table 5, may be made to corresponding residues in polypeptides that retain the function of the
unsubstituted molecule.

The G3430 subclade of the G28 clade of transcription factors includes the monocot-derived
sequences within the G28 clade. The G3430 subclade may be distinguished by the presence of a Motif Y,
a 17 amino acid residue that is substantially identical to SEQ ID NO: 55.

Therefore, the invention provides tdr polynucleotides comprising SEQ ID NO: 1, paralogs,
orthologs, and/or equivalog sequences and encoding TDR polypeptides that are members of the G28 clade
of transcription factor polypeptides. The polynucleotides are shown to have strong differential expression
associated with response to plant pathogen exposure. The invention also encompasses a complement of the
polynucleotides. The polynucleotides are useful for screening libraries of molecules or compounds for
specific binding and for creating transgenic plants having increased tolerance to pathogens.

Additional polynucleotides of the invention were identified by screening 4rabidopsis thaliana
and/or other plant cDNA libraries with probes corresponding to known transcription factors under Jow
stringency hybridization conditions. Additional sequences, including full length coding sequences, were
subsequently recovered by the rapid amplification of cDNA ends (RACE) procedure, using a
commercially available kit according to the manufacturer's instructions. Where necessary, multiple rounds
of RACE were 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.

The polynucleotides are particularly useful when they are hybridizable array elements ina
microarray. Such a microarray can be employed to monitor the expression of genes that are differentially
expressed in normal, diseased, or callous tissues. The microarray can be used in large scale genetic or gene
expression analysis of a large number of polynucleotides; in the diagnosis of plant diseases or disorders
before phenotypic symptoms are evident. Furthermore, the microarray can be employed to investigate
cellular responses, such as cell proliferation, transformation, and the like. The array elements may be

organized in an ordered fashion so that each element is present at a specified location on the substrate.
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Because the array elements are at specified locations on the substrate, the hybridization patterns and
intensities (that together create a unique expression profile) can be interpreted in terms of expression
levels of particular genes and can be correlated with a particular disease, pathology, or treatment.

The invention also entails an agronomic composition comprising a polynucleotide of the invention
in conjunction with a suitable carrier and a method for altering a plant's trait using the composition.

The invention also encompasses transcription factor polypeptides that comprise SEQ ID NO: 55,
or a motif that is substantially identical to SEQ ID NO: 55, and have substantially similar activity with that
of SEQ ID NO: 2. For example, SEQ ID NO: 10 and SEQ ID NO: 12 include the subsequence:

Ser Phe Gly Ser Leu Val Ala Asp Gln Trp Ser Xaa Ser Leu Pro Phe Arg

where Xaa represents any naturally occurring amino acid residue.

Transcription factor polypeptides that comprise SEQ ID NO: 55 or a motif that is substantially
identical to SEQ ID NO: 55, and that have substantially similar functions as G28 or G3430 in conferring
disease tolerance or resistance in plants when overexpressed, are intended to fall within the scope of the
invention.

Additional monocot ortholog sequences identified using conservation to motif Y. As a conserved

motif found in two monocot orthologs of SEQ ID NO: 2, motif Y was used to identify additional monocot
orthologs of SEQ ID G28. Motif Y was used in a TBLASTN search against all plant nucleotide sequences
in GenBank. A significant number of monocot sequences were found that had a minimum of 14 identical
residues to the 17 residue Motif Y of SEQ ID NO: 55 (Table 2). Monocot sequences were the only
sequences found in this analysis; no dicot Motif Y-like sequences were identified, even allowing for three
mismatches to SEQ ID NO: 55. Upon translation of these nucleotide sequences in a frame that provided
the identified conserved motif, all the resulting protein sequences were found to have a conserved AP2
binding domain in the expected location. The protein sequences having a conserved AP2 binding domain
in the expected location were aligned with the previously aligned set of AP2 sequences, and a neighbor-
joining algorithm was used to generate a phylogenetic tree, as described above. In this tree, the additional
sequences identified through Motif Y all were found within the G28 clade identified previously, indicating
that Motif Y was successfully used to identify new monocot orthologs of G28, listed in Table 2.

Table 2. Published Sequences that Comprise Subsequences Highly Similar to Motif Y, SEQ ID NO: 55

GenBank Species - Motif Y Sequence Percent Identity!
Accession No. A to SEQ ID NO:
‘ 55
AU057740 Oryza sativa | SFGSLVADQWSESLPFR 100%
AX573798 Oryza sativa SFGSLVADQWSESLPFR 100%
AX653155 Oryza sativa SFGSLVADQWSESLPFR 100%
AK105940 Oryza sativa SFGSLVADQWSESLPFR 100%
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AKO073812 Oryza sativa SFGSLVADQWSESLPFR 100%
AJ307662 Oryza sativa SFGSLVADQWSESLPFR 100%
CB653231 Oryza sativa SFGSLVADQWSESLPFR 100%
AP004676 Oryza sativa (japonica cultivar-group) |SFGSLVADQWSESLPFR 100%
AAAA01012531|0ryza sativa (indica cultivar-group)  |SFGSLVADQWSESLPFR 100%
CL163362 Sorghum bicolor SFGSLVADQWSESLPFR 100%
CD211509 Sorghum bicolor SFGSLVADQWSESLPFR 100%
CN130468 Sorghum bicolor SFGSLVADQWSESLPFR 100%
BE705208 Sorghum propinquum SFGSLVADQWSESLPFR 100%
AJ1.821943 Triticum aestivum SFGSLVADQWSESLPFR 100%
CK195316 Triticum aestivum SFGSLVADQWSESLPEFR 100%
CNO012725 Triticum aestivum SFGSLVADQWSESLPFR 100%
CNO011872 Triticum aestivum SFGSLVADQWSESLPFR 100%
CNO010562 Triticum aestivum SFGSLVADQWSESLPFR 100%
CA741180 Triticum aestivum SFGSLVADQWSESLPFR 100%
BE427897 Triticum turgidum subsp. Durum SFGSLVADQWSESLPFR 100%
CA004558 Hordeum vulgare subsp. vulgare SFGSLVADQWSESLPFR 100%
BQ467769 Hordeum vulgare subsp. vulgare SFGSLVADQWSESLPFR 100%
CG333070 Zea mays SFGSLVADQWSESLPFR 100%
CF626193 Zea mays SFGSLVADQWSESLPFR 100%
CG355473 Zea mays SFGSLVADQWSESLPFR 100%
CC702573 Zea mays SFGSLVADQWSESLPFR 100%
CA121404 Saccharum officinarum SFGSLVADQWSGSLPFR 94%
CA141374 Saccharum officinarum SFGSLVADQWSGSLPFR 94%
BQ537427 Saccharum officinarum SFGSLVADQWSGSLPFR 94%
CA121403 Saccharum officinarum SFGSLVADQWSGSLPFR 94%
AW680814 Sorghum bicolor SFGSLVADQWSGSLPFR 94%
BG357344 Sorghum bicolor SFGSLVADQWSGSLPFR 94%
BG948711 Sorghum bicolor SFGSLVADQWSGSLPFR 94%
CG283767 Zea mays SFGSLVADQWSGSLPFR 94%

CG239914 Zea mays SFGSLVADQWSGSLPFR 94%
CB661210 Oryza sativa SFGSLVADMWSDSLPFR 88%
CB670319 Oryza sativa SFGSLVADMWSDSLPFR 88%
CB670372 Oryza sativa SFGSLVADMWSDSLPFR 88%
CB641135 Oryza sativa SFGSLVADMW SDSLPFR 88%
AL607006 Oryza sativa (japonica cultivar-group) [SFGSLVADMWSDSLPFR 88%
AU197778 Oryza sativa (japonica cultivar-group) |SFGSLVADMWSDSLPFR 88%
AX654311 Oryza sativa SFGSLVADMWSDSLPEFR 88%
CB666299 Oryza sativa SFGSLVADMWSDSLPFR 88%
CB675534 Oryza sativa SFGSLVADMWSDSLPFR 88%
CB660138 Oryza sativa SFGSLVADMWSDSLPFR 88%
D23520 Oryza sativa (japonica cultivar-group) [SFGSLVADMWSDSLPFR 88%
AAAA01003158|Oryza sativa (indica cultivar-group) |SFGSLVADMWSDSLPFR 88%
C25163 Oryza sativa (japonica cultivar-group) |[SFGSLVADMWSXSLPFR 88%
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CN145823 Sorghum bicolor SFGSLAADQWSGSLPFR 88%
CG261750 Zea mays SFGILVADQWSDSLPFR 88%
CG230966 Zea mays SFGILVADQWSDSLPFR 88%
CG230975 Zea mays SFGILVADQWSDSLPFR 88%
CG233760 Zea mays SFGILVADQWSDSLPFR 88%
CB673022 Oryza sativa SFWSLVADMWSDSLPFR 82%

The correlation between the conserved structural element Motif Y and disease resistance-
conferring transcription factors in monocots is striking and, as determined thus far, absolute; Motif Y was
always present in monocots nearer the N-terminus than the AP2 domain, but never found in dicots. Motif
Y is associated with transcription factors that are part of a clade of AP2 transcription factors known to
confer disease resistance, and is thus highly likely to be involved in the disease resistance function of these
transcription factors in monocots. Table 2, which shows a number of sequences found to contain a Motif
Y, includes sequences discovered in cDNA libraries from wheat plants challenged with Fusarium
graminearum (Kruger et al. (2004) NCBI accession numbers CN011872, CN010562 and CN012725).
These libraries contained genes of both fungal and plant origin. The authors of these reports appear to
have discovered, without identifying a specific function, AP2 transcription factors that contain a Motif Y.
The function of these sequences that are apparently produced during fungal challenge is likely attributable
to an inducible disease tolerance mechanism. Because of the correlation of Motif Y and disease tolerance-
associated transcription factors in monocots, Motif Y is likely to be required for, or to enhance, the up-
regulation of pathways involved in conferring disease tolerance or resistance in monocots, a hypothesis
that may readily be tested for each monocot plant in which Motif Y is found.

Producing Polypeptides. The polynucleotides of the invention include sequences that encode

transcription factors and transcription factor homolog polypeptides and sequences complementary thereto,
as well as unique fragments of coding sequence, or sequence complementary thereto. Such
polynucleotides can be, e.g., DNA or RNA, e.g., mRNA, cRNA, synthetic RNA, genomic DNA, cDNA
synthetic DNA, oligonucleotides, etc. The polynucleotides are either double-stranded or single-stranded,
and include either, or both sense (i.e., coding) sequences and antisense (i.e., non-coding, complementary)
sequences. The polynucleotides include the coding sequence of a transcription factor, or transcription
factor homolog polypeptide, in isolation, in combination with additional coding sequences (e.g., a
purification tag, a localization signal, as a fusion-protein, as a pre-protein, or the like), in combination with
non-coding sequences (e.g., introns or inteins, regulatory elements such as promoters, enhancers,
terminators, and the like), and/or in a vector or host environment in which the polynucleotide encoding a
transcription factor or transcription factor homolog polypeptide is an endogenous or €x0genous gene.

A variety of methods exist for producing the polynucleotides of the invention. Procedures for
identifying and isolating DNA clones are well known to those of skill in the art, and are described in, €.g.,
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Berger and Kimmel (1987) Guide to Molecular Cloning Techniques, Methods in Enzymology, vol. 152
Academic Press, Inc., San Diego, CA; Sambrook et al. (1989) supra, and Ausubel et al. editors,
(supplemented through 2000) Current Protocols in Molecular Biology, Current Protocols, a joint venture

between Greene Publishing Associates, Inc. and John Wiley & Sons, Inc.

Alternatively, polynucleotides of the invention, can be produced by a variety of in vitro
amplification methods adapted to the present invention by appropriate selection of specific or degenerate
primers. Examples of protocols sufficient to direct persons of skill through in vitro amplification methods,
including the polymerase chain reaction (PCR) the ligase chain reaction (LCR), Q-replicase
amplification and other RNA polymerase mediated techniques (e.g., NASBA), e.g., for the production of
the homologous nucleic acids of the invention are found in Berger (1987) supra, Sambrook et al. (1989)
supra), and Ausubel (2000) supra), as well as Mullis et al. (1990) PCR Protocols A Guide to Methods and
Applications (Innis et al. eds) Academic Press Inc. San Diego, CA. Improved methods for cloning in vitro

amplified nucleic acids are described in Wallace et al. U.S. Pat. No. 5,426,039. Improved methods for
amplifying large nucleic acids by PCR are summarized in Cheng et al. (1994) Nature 369: 684-685 and
the references cited therein, in which PCR amplicons of up to 40kb are generated. One of skill will
appreciate that essentially any RNA can be converted into a double stranded DNA suitable for restriction
digestion, PCR expansion and sequencing using reverse transcriptase and a polymerase. Seg, €.g., Ausubel
(2000) supra, Sambrook et al. (1989) supra, and Berger (1987) supra.

Alternatively, polynucleotides and oligonucleotides of the invention can be assembled from
fragments produced by solid-phase synthesis methods. Typically, fragments of up to approximately 100
bases are individually synthesized and then enzymatically or chemically ligated to produce a desired
sequence, e.g:, a polynudleotide encoding all or part of a transcription factor. For example, chemical
synthesis using the phosphoramidite method is described (e.g., by Beaucage et al. (1981) Tetrahedron
Letters 22: 1859-1869; and Matthes et al. (1984) EMBO J. 3: 801-805). According to such methods,
oligonucleotides are synthesized, purified, annealed to their complementary strand, ligated and then
optionally cloned into suitable vectors. And if so desired, the polynucleotides and polypeptides of the
invention can be custom ordered from any of a number of commercial suppliers.

Homologous Sequences. Sequences homologous to those provided in the Sequence Listing,

derived from Arabidopsis thaliana or from other plants of choice, are also an aspect of the invention.
Homologous sequences can be derived from any plant including monocots and dicots and in particular
agriculturally important plant species, including but not limited to, crops such as soybean, wheat, corn
(maize), potato, cotton, rice, rape, oilseed rape (including canola), sunflower, alfalfa, clover, sugarcane,
and turf; or fruits and vegetables, such as banana, blackberry, blueberry, strawberry, and raspberry,
cantaloupe, carrot, cauliflower, coffee, cucumber, eggplant, grapes, honeydew, lettuce, mango, melon,

onion, papaya, peas, peppers, pineapple, pumpkin, spinach, squash, sweet corn, tobacco, tomato,
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tomatillo, watermelon, rosaceous fruits (such as apple, peach, pear, cherry and plum) and vegetable
brassicas (such as broccoli, cabbage, cauliflower, Brussels sprouts, and kohlrabi). Other crops, including
fruits and vegetables, whose phenotype can be changed and that comprise homologous sequences include
barley; rye; millet; sorghum; currant; avocado; citrus fruits such as oranges, lemons, grapefruit and
tangerines, artichoke, cherries; nuts such as the walnut and peanut; endive; leek; roots such as arrowroot,
beet, cassava, turnip, radish, yam, and sweet potato; and beans. The homologous sequences may also be
derived from woody species, such pine, poplar and eucalyptus, or mint or other labiates. In addition,
homologous sequences may be derived from plants that are evolutionarily-related to crop plants, but which
may not have yet been used as crop plants. Examples include deadly nightshade (dtropa belladona),
related to tomato; jimson weed (Datura strommium), related to peyote; and teosinte (Zea species), related
to corn (maize).

Orthologs and Paralogs. Homologous sequences as described above can comprise orthologous or

paralogous sequences. Several different methods are known by those of skill in the art for identifying and
defining these functionally homologous sequences. Three general methods for defining orthologs and
paralogs are described. Orthologs, paralogs, or equivalogs may be identified by one or more of the
methods described below.

Orthologs and paralogs are evolutionarily related genes that have similar sequence and similar
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.

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) Nucleic Acids Res. 22: 4673-4680; Higgins et al. (1996)
Methods Enzymol. 266: 383-402). Groups of similar genes can also be identified with pair-wise BLAST
analysis (Feng and Doolittle (1987) J. Mol. Evol. 25: 351-360). 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) Plant Physiol. 126: 122-132), and a group of very similar AP2 domain
transcription factors from Arabidopsis are involved in tolerance of plants to freezing (Gilmour et al.
(1998) Plant J. 16: 433-442). 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 may contain paralogous sequences, or orthologous sequences that share

the same function (see also, for example, Mount (2001), in Bioinformatics: Sequence and Genome
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Analysis, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York, page 543).

Speciation, the appearance of new species from a parental species, can also give 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 without 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 phylogenic tree for a gene family of one
species has been constructed using a program such as CLUSTAL (Thompson et al. (1994) Nucleic Acids
Res. 22: 4673-4680; Higgins et al. (1996) supra) 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.

Transcription factor gene sequences are conserved across diverse eukaryotic species lines
(Goodrich et al. (1993) Cell 75: 519-530; Lin et al. (1991) Nature 353: 569-571; Sadowski et al. (1988)
Nature 335: 563-564). Plants are no exception to this observation; diverse plant species possess
transcription factors that have similar sequences and functions.

Orthologous genes from different organisms have highly conserved functions, and very often
essentially identical functions (Lee et al. (2002) Genome Res. 12: 493-502; Remm et al. (2001) J. Mol.
Biol. 314: 1041-1052). Paralogous genes, which have diverged through gene duplication, may retain
similar functions of the encoded proteins. In such cases, paralogs can be used interchangeably with respect
to certain embodiments of the instant invention (for example, transgenic expression of a coding sequence).
An example of such highly related paralogs is the CBF family, with three well-defined members in
Arabidopsis and at least one ortholog in Brassica napus (SEQ ID NOs: 46, 48, 50, or 52, respectively), all
of which control pathways involved in both freezing and drought stress (Gilmour et al. (1998) Plant J. 16:
433-442; Jaglo et al. (1998) Plant Physiol. 127: 910-917).

The following references represent a small sampling of the many studies that demonstrate that
conserved transcription factor genes from diverse species are likely to function similarly (i.e., regulate
similar target sequences and control the same traits), and that transcription factors may be transformed into
diverse species to confer or improve traits.

(1) The Arabidopsis NPR1 gene regulates systemic acquired resistance (SAR); over-expression of

NPR1 leads to enhanced resistance in Arabidopsis. When either Arabidopsis NPR1 or the rice

NPR1 ortholog was overexpressed in rice (which, as a monocot, is diverse from Arabidopsis),

challenge with the rice bacterial blight pathogen Xanthomonas oryzae pv. oryzae, the transgenic

plants displayed enhanced resistance (Chern et al. (2001) Plant J. 27: 101-113). NPR1 acts

through activation of expression of transcription factor genes, such as TGA2 (Fan and Dong
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(2002) Plant Cell 14: 1377-1389).

(2) E2F genes are involved in transcription of plant genes for proliferating cell nuclear antigen
(PCNA). Plant E2Fs share a high degree of similarity in amino acid sequence between monocots
and dicots, and are even similar to the conserved domains of the animal E2Fs. Such conservation
indicates a functional similarity between plant and animal E2Fs. E2F transcription factors that
regulate meristem development act through common cis-elements, and regulate related (PCNA)
genes (Kosugi and Ohashi, (2002) Plant J. 29: 45-59).

(3) The ABIS5 gene (ABA Insensitive 5) encodes a basic leucine zipper factor required for ABA
response in the seed and vegetative tissues. Co-transformation experiments with ABI5 cDNA
constructs in rice protoplasts resulted in specific transactivation of the ABA-inducible wheat,
Arabidopsis, bean, and barley promoters. These results demonstrate that sequentially similar ABI5
transcription factors are key targets of a conserved ABA signaling pathway in diverse plants
(Gampala et al. (2001) J. Biol. Chem. 277: 1689-1694).

(4) Sequences of three Arabidopsis GAMYB-like genes were obtained on the basis of sequence
similarity to GAMYB genes from barley, rice, and L. temulentum. These three Arabadopsis genes
were determined to encode transcription factors (AtMYB33, AtMYB65, and AtMYB101) and
could substitute for a barley GAMYB and control alpha-amylase expression (Gocal et al. (2001)
Plant Physiol. 127: 1682-1693).

(5) The floral control gene LEAFY from Arabidopsis can dramatically accelerate flowering in
numerous dictoyledonous plants. Constitutive expression of Arabidopsis LEAFY also caused
early flowering in transgenic rice (a monocot), with a heading date that was 26-34 days earlier
than that of wild-type plants. These observations indicate that floral regulatory genes from
Arabidopsis are useful tools for heading date improvement in cereal crops (He et al. (2000)
Transgenic Res. 9: 223-227).

(6) Bioactive gibberellins (GAs) are essential endogenous regulators of plant growth. GA signaling
tends to be conserved across the plant kingdom. GA signaling is mediated via GAI a nuclear
member of the GRAS family of plant transcription factors. Arabidopsis GAI has been shown to
function in rice to inhibit gibberellin response pathways (Fu et al. (2001) Plant Cell 13: 1791-
1802).

(7) The Arabidopsis gene SUPERMAN (SUP), encodes a putative transcription factor that maintains
the boundary between stamens and carpels. By over-expressing Arabidopsis SUP in rice, the
effect of the gene's presence on whorl boundaries was shown to be conserved. This demonstrated
that SUP is a conserved regulator of floral whorl boundaries and affects cell proliferation (Nandi
et al. (2000) Curr. Biol. 10: 215-218).

(8) Maize, petunia and Arabidopsis myb transcription factors that regulate flavonoid biosynthesis are
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very genetically similar and affect the same trait in their native species, therefore sequence and
function of these myb transcription factors correlate with each other in these diverse species
(Borevitz et al. (2000) Plant Cell 12: 2383-2394).

(9) Wheat reduced height-1 (Rht-B1/Rht-D1) and maize dwarf-8 (d8) genes are orthologs of the
Arabidopsis gibberellin insensitive (GAI) gene. Both of these genes have been used to produce
dwarf grain varieties that have improved grain yield. These genes encode proteins that resemble
nuclear transcription factors and contain an SH2-like domain, indicating that phosphotyrosine may
participate in gibberellin signaling. Transgenic rice plants containing a mutant GAI allele from
Arabidopsis have been shown to produce reduced responses to gibberellin and are dwarfed,
indicating that mutant GAI orthologs could be used to increase yield in a wide range of crop
species (Peng et al. (1999) Nature 400: 256-261).

Transcription factors that are homologous to the listed sequences will typically share, in at least
one conserved domain, at least about 75% amino acid sequence identity. At the nucleotide level, the
sequences will typically share at least about 50% nucleotide sequence identity or more sequence identity to
one or more of the listed sequences. The degeneracy of the genetic code enables major variations in the
nucleotide sequence of a polynucleotide while maintaining the amino acid sequence of the encoded
protein.

Percent identity can be determined electronically, e.g., by using the MEGALIGN program
(DNASTAR, Inc. Madison, Wis.). The MEGALIGN program can create alignments between two or more
sequences according to different methods, for example, the clustal method. (See, for example, Higgins and
Sharp (1988) Gene 73: 237-244.) 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
that may be used to calculate percent similarity. 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 USPN 6,262,333).

Other techniques for alignment are described in Doolittle, R. F. (1996) Methods in Enzymology:

Computer Methods for Macromolecular Sequence Analysis, vol. 266, Academic Press, Orlando, FL, USA.

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)

Methods Mol. Biol. 70: 173-187). Also, the GAP program using the Needleman and Wunsch alignment
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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.

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) Methods Enzymol. 183: 626-645.) Identity between sequences can
also be determined by other methods known in the art, .g., by varying hybridization conditions (see US
Patent Application No. 20010010913).

Thus, the invention provides methods for identifying 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 polynucleotides, 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 intranet) and a query is made against the sequence database
using the relevant sequences herein and associated plant phenotypes or gene functions.

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 (Bairoch et al. (1997) Nucleic Acids
Res. 25: 217-221), PFAM, and other databases that 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) Protein Engineering 5: 35-51) as well as algorithms such as Basic Local
Alignment Search Tool (BLAST; Altschul (1993) J. Mol. Evol. 36: 290-300; Altschul et al. (1990) J. Mol.
Biol. 215: 403-410), BLOCKS (Henikoff and Henikoff (1991) Nucleic Acids Res. 19: 6565-6572),
Hidden Markov Models (HMM; Eddy (1996) Curr. Opin. Str. Biol. 6: 361-365; Sonnhammer et al. (1997)
Proteins 28: 405-420), 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; Short Protocols in Molecular Biology,
John Wiley & Sons, New York, NY, unit 7.7) and in Meyers (1995; Molecular Biology and
Biotechnology, Wiley VCH, New York, NY, p 856-853).

Furthermore, methods using manual alignment of sequences similar or homologous to one or

more polynucleotide sequences or one or more polypeptides encoded by the polynucleotide sequences may
34



10

15

20

25

30

35

WO 2004/108900 PCT/US2004/017768

be used to identify regions of similarity and conserved 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 polynucleotide that comprises a known function with 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.

Orthologs and paralogs of presently disclosed transcription factors may be cloned using
compositions provided by the present invention according to methods well known in the art. cDNAs may
be cloned using mRNA from a plant cell or tissue that expresses one of the present transcription factors.
Appropriate mRNA sources may be identified by interrogating Northern blots with probes designed from
the present transcription factor sequences, after which a library is prepared from the mRNA obtained from
a positive cell or tissue. Transcription factor-encoding cDNA is then isolated by, for example, PCR, using
primers designed from a presently disclosed transcription factor 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
¢DNA library may be used to transform plant cells. Expression of the cDNAs of interest is detected using,
for example, methods disclosed herein such as microarrays, Northern blots, quantitative PCR, or any other
technique for monitoring changes in expression. Genomic clones may be isolated using similar techniques.

Examples of orthologs encoded by the Arabidopsis tdr polynucleotide sequences (SEQ ID NOs: 1
and 3) and TDR polypeptide sequences (SEQ ID NOs: 2 and 4) include, but are not limited to, SEQ ID
NOs: 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42.

Identifying Polynucleotides or Nucleic Acids by Hybridization. Polynucleotides homologous to

the sequences illustrated in the Sequence Listing and tables can be identified, e.g., by hybridization to
each other under stringent or under highly stringent conditions. Single stranded polynucleotides 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 polynucleotide strands. Stringency is influenced by a variety of factors, including
temperature, salt concentration and composition, 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 above.

The invention encompasses polynucleotide sequences capable of hybridizing to the claimed
polynucleotide sequences, including any of the transcription factor polynucleotides within the Sequence
Listing, or fragments thereof under various conditions of stringency (Wahl and Berger (1987) Methods
Enzymol. 152: 399-407; and Kimmel (1987) Methods Enzymol. 152: 507-511). In addition to the

nucleotide sequences listed in the Sequence Listing and Tables, full length cDNA, orthologs, and paralogs
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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.

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) supra; Berger (1987) supra, pages
467-469; and Anderson and Young (1985) "Quantitative Filter Hybridisation." In: Hames and Higgins,
ed., Nucleic Acid Hybridisation, A Practical Approach. Oxford, IRL Press, 73-111.

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:
To(® C)=81.5+16.6(log [Na+])+0.41(% G+C)- 0.62(% formamide)-500/L

(1) DNA-RNA:
Ty (® C)=79.8+18.5(log [Na+])+0.58(% GH+C)+ 0.12(%G+C)* — 0.5(% formamide) — 820/L

(L) RNA-RNA:
T° C)=79.8+18.5(log [Na+])+0.58(% G+C)t+ 0.12(%G+C)2— 0.35(% formamide) — 820/L

where L is the length of the duplex formed, [Na+] is the molar concentration of the sodium ion in
the hybridization 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.

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 et al. (1985) supra). 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 glycol 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-
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specific and/or background hybridization. These conditions may be created with the use of higher
temperature, lower ionic strength and higher concentration of a denaturing agent such as formamide.

Stringency conditions can be adjusted to screen for moderately similar fragments such as
homologous sequences from distantly related organisms, or to highly 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 guideline, high stringency is typically performed at T,;-5° C to Tj,-20°
C, moderate stringency at T,,;-20° C to Tp,-35° C and low stringency at Ty-35° C to Ti-50° C for duplex
>150 base pairs. Hybridization may be performed at low to moderate stringency (25 -50° C below Ty),
followed by post-hybridization washes at increasing stringencies. Maximum rates of hybridization in
solution are determined empirically to occur at T;y-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.

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 hybridization conditions obtained in a filter-
based method such as a Southern or northern blot for hybridization of complementary nucleic acids that
have more than 100 complementary residues is about 5°C to 20°C lower than the thermal melting point
(T,») for the specific sequence at a defined jonic 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.

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. Stringent temperature conditions will ordinarily
include temperatures 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
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those skilled in the art. Various levels of stringency are accomplished by combining these various
conditions as needed.

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 decreasing salt
concentration or by increasing temperature. Stringent salt concentration for the wash steps will preferably
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.

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 transcription factors include, for example:

6X SSC at 65° C;

50% formamide, 4X SSC at 42° C; or

0.5X SSC, 0.1% SDS at 65° C;

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.

A person of skill in the art would not expect substantial variation among polynucleotide species
encompassed within the scope of the present invention because the stringent conditions set forth in the
above formulae yield structurally similar polynucleotides.

If desired, one may employ wash steps of even greater stringency, including about 0.2x SSC,
0.1% SDS at 65° C and washing twice, each wash step being about 30 minutes, or about 0.1 x SSC, 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 stringency 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, €.g., 50°C.

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 Application No. 20010010913).

Stringency conditions can be selected such that an oligonucleotide that is fully complementary to
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the coding 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 transcription factor 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 polypeptide. The particular signal will depend
on the label used in the relevant assay, e.g., a fluorescent label, a colorimetric label, a radioactive label, or
the like. Labeled hybridization or PCR probes for detecting related polynucleotide sequences may be
produced by oligolabeling, nick translation, end-labeling, or PCR amplification using a labeled nucleotide.

Encompassed by the invention are polynucleotide sequences that are capable of hybridizing to the
claimed polynucleotide sequences, including, for example, SEQ ID NO: 9 (G3430), the complement of
SEQ ID NO: 9, and fragments thereof under stringent conditions (see, e.g., Wahl and Berger (1987
Methods Enzymol. 152: 399-407; Kimmel (1987) Methods Enzymol. 152: 507-511). Estimates of
homology are provided by either DNA-DNA or DNA-RNA hybridization under conditions of stringency
as is well understood by those skilled in the art (Hames and Higgins, Eds. (1985) Nucleic Acid
Hybridisation, IRL Press, Oxford, U.K.). Stringency conditions can be adjusted to screen for moderately
similar fragments, such as homologous sequences from distantly related organisms, to highly similar
fragments, such as genes that duplicate functional enzymes from closely related organisms. Post-
hybridization washes determine stringency conditions.

Identifying Polynucleotides or Nucleic Acids with Expression Libraries. In addition to

hybridization methods, transcription factor homolog polypeptides can be obtained by screening an
expression library using antibodies specific for one or more transcription factors. With the provision
herein of the disclosed transcription factor, and transcription factor homolog nucleic acid sequences, the
encoded polypeptide(s) can be expressed and purified in a heterologous expression system (for example,
E. coli) and used to raise antibodies (monoclonal or polyclonal) specific for the polypeptide(s) in question.
Antibodies can also be raised against synthetic peptides derived from transcription factor, or transcription
factor homolog, amino acid sequences. Methods of raising antibodies are well known in the art and are

described in Harlow and Lane (1988), Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory,

New York. Such antibodies can then be used to screen an expression library produced from the plant from
which it is desired to clone additional transcription factor homologs, using the methods described above.
The selected cDNAs can be confirmed by sequencing and enzymatic activity.

Sequence Variations. It will readily be appreciated by those of skill in the art, that any of a variety

of polynucleotide sequences are capable of encoding the transcription factors and transcription factor

homolog polypeptides of the invention. Due to the degeneracy of the genetic code, many different
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polynucleotides can encode identical and/or substantially similar polypeptides in addition to those
sequences illustrated in the Sequence Listing. Nucleic acids having a sequence that differs from the
sequences shown in the Sequence Listing, or complementary sequences, that encode functionally
equivalent peptides (i.e., peptides having some degree of equivalent or similar biological activity) but
differ in sequence from the sequence shown in the Sequence Listing due to degeneracy in the genetic
code, are also within the scope of the invention.

Altered polynucleotide sequences encoding polypeptides include those sequences with deletions,
insertions, or substitutions of different nucleotides, resulting in a polynucleotide encoding a polypeptide
with at least one functional characteristic of the instant polypeptides. Included within this definition are
polymorphisms that may or may not be readily detectable using a particular oligonucleotide probe of the
polynucleotide encoding the instant polypeptides, and improper or unexpected hybridization to allelic
variants, with a locus other than the normal chromosomal locus for the polynucleotide sequence encoding
the instant polypeptides.

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 phenotypic
polymorphism within populations. Gene mutations can be silent (i.e., no change in the encoded
polypeptide) or may encode polypeptides having altered amino acid sequence. The term allelic variant is
also used herein to denote a protein encoded by an allelic variant of a gene. Splice variant refers to
alternative forms of RNA transcribed from a gene. Splice variation arises naturaily through use of
alternative splicing sites within a transcribed RNA molecule, or less commonly between separately
transcribed RNA molecules, and may result in several nRNAs transcribed from the same gene. Splice
variants may encode polypeptides having altered amino acid sequence. The term splice variant is also used
herein to denote a protein encoded by a splice variant of an mRNA transcribed from a gene.

Those skilled in the art would recognize that, for example, G3430, SEQ ID NO: 10, represents a
single transcription factor; allelic variation and alternative splicing may be expected to occur. Allelic
variants of SEQ ID NO: 9 can be cloned by probing cDNA or genomic libraries from different individual
organisms according to standard procedures. Allelic variants of the DNA sequence shown in SEQ ID NO:
9, including those containing silent mutations and those in which mutations result in amino acid sequence
changes, are within the scope of the present invention, as are proteins that are allelic variants of SEQ ID
NO: 10. cDNAs generated from alternatively spliced mRNAs, which retain the properties of the
transcription factor are included within the scope of the present invention, as are polypeptides encoded by
such cDNAs and mRNAs. Allelic variants and splice variants of these sequences can be cloned by probing
¢DNA or genomic libraries from different individual organisms or tissues according to standard
procedures known in the art (see USPN 6,388,064).

Thus, in addition to the sequences set forth in the Sequence Listing (except CBF sequences), the
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invention also encompasses related nucleic acid molecules that include allelic or splice variants of SEQ ID
NOs: 1,3,7,9, 11, 13, 15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 59, and include sequences
that are complementary to any of the above nucleotide sequences. Related nucleic acid molecules also
include nucleotide sequences encoding a polypeptide comprising a substitution, modification, addition
and/or deletion of one or more amino acid residues compared to the polypeptide as set forth in any of SEQ
ID NOs: 2, 4, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42 and 60. Such 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.

For example, Table 3 illustrates, for example, that the codons AGC, AGT, TCA, TCC, TCG, and
TCT all encode the same amino acid: serine. Accordingly, at each position in the sequence where there is
a codon encoding serine, any of the above trinucleotide sequences can be used without altering the

encoded polypeptide.

Table 3. Codons encoding amino acids

Amino acid Possible Codons

Alanine Ala A | GCA GCC GCG GCU

Cysteine Cys C |TGC TGT

Asparticacid Asp D | GAC GAT

Glutamicacid Glu E | GAA GAG

Phenylalanine Phe F |TIC TTT

Glycine Gly G |GGA GGC GGG GGT

Histidine His H |CAC CAT

Isoleucine Ile I ATA ATC ATT

Lysine Lys K |AAA AAG

Leucine Len L |TTA TIG CTA CTC CTIG CIT
Methionine Met M | ATG

Asparagine Asn N |AAC AAT

Proline Pro P |CCA CCC CCG CCT

Glutamine Gln Q |CAA CAG

Arginine Arg R | AGA AGG CGA CGC CGG CGT
Serine Ser S |AGC AGT TCA TCC TCG TCT
Threonine Thr T |ACA ACC ACG ACT

Valine Val V |GTA GTC GTG GTT

Tryptophan Trp W | TGG

Tyrosine Tyr Y |TAC TAT

Sequence alterations that do not change the amino acid sequence encoded by the polynucleotide
are termed "silent" variations. With the exception of the codons ATG and TGG, encoding methionine and

tryptophan, respectively, any of the possible codons for the same amino acid can be substituted by a
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variety of techniques, e.g., site-directed mutagenesis, available in the art. Accordingly, any and all such
variations of a sequence selected from the above table are a feature of the invention.

In addition to silent variations, other conservative variations that alter one, or a few amino acids in
the encoded polypeptide, can be made without altering the function of the polypeptide, these conservative
variants are, likewise, a feature of the invention.

For example, substitutions, deletions and insertions introduced into the sequences provided in the
Sequence Listing, are also envisioned by the invention. Such sequence modifications can be engineered
into a sequence by site-directed mutagenesis (Wu, editor; Methods Enzymol. (1993) vol. 217, Academic
Press) or the other methods noted below. Amino acid substitutions are typically of single residues;
insertions usually will be on the order of about from 1 to 10 amino acid residues; and deletions will range
about from 1 to 30 residues. In preferred embodiments, deletions or insertions are made in adjacent pairs,
e.g., a deletion of two residues or insertion of two residues. Substitutions, deletions, insertions or any
combination thereof can be combined to arrive at a sequence. The mutations that are made in the
polynucleotide encoding the transcription factor should not place the sequence out of reading frame and
should not create complementary regions that could produce secondary mRNA structure. Preferably, the
polypeptide encoded by the DNA performs the desired function.

Conservative substitutions are those in which at least one residue in the amino acid sequeriée has
been removed and a different residue inserted in its place. Such substitutions generally are made in
accordance with the Table 4 when it is desired to maintain the activity of the protein. In one embodiment,
a transcription factors listed in the Sequence Listing may have up to ten conservative substitutions and
retain their function. In another embodiment, transcription factors listed in the Sequence Listing may have

more than ten conservative substitutions and still retain their function.

Table 4. Conservative substitutions of amino acids

Residue Conservative
Substitutions
Ala Ser
Arg Lys
Asn Gln; His
Asp Glu
Gln Asn
Cys Ser
Glu Asp
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Gly Pro
His Asn; Gln
Ile Leu, Val
Leu Ile; Val
Lys Arg; Gln
Met Leu; Ile
Phe Met; Leu; Tyr
Ser Thr; Gly
Thr Ser; Val
Trp Tyr
Tyr Trp; Phe
Val Ile; Leu

Similar substitutions are those in which at Jeast one residue in the amino acid sequence has been
removed and a different residue inserted in its place. Such substitutions may be made in accordance with
the Table 5 when it is desired to maintain the activity of the protein. Table 5 shows amino acids that can
be substituted for an amino acid in a protein and that are typically regarded as structural and functional
substitutions. For example, a residue in column 1 of Table 5 may be substituted with a residue in column

2; in addition, a residue in column 2 of Table 5 may be substituted with the residue of column 1.

Table 5. Similar substitutions of amino acids

Residue Similar Substitutions
Ala Ser; Thr; Gly; Val; Leu; Ile
Arg Lys; His; Gly
Asn Gln; His; Gly; Ser; Thr
Asp Glu, Ser; Thr
Gln Asn; Ala
Cys Ser; Gly
Glu Asp
Gly Pro; Arg
His Asn; Gln; Tyr, Phe; Lys; Arg
Ile Ala; Leu; Val; Gly; Met

43



10

15

20

25

WO 2004/108900 PCT/US2004/017768

Leu Ala; Ile; Val; Gly; Met

Lys Arg; His; Gln; Gly; Pro

Met Leu; Ile; Phe

Phe Met; Leu; Tyr; Trp; His; Val; Ala
Ser Thr; Gly; Asp; Ala; Val; Ile; His
Thr Ser; Val; Ala; Gly

Trp Tyr; Phe; His

Tyr Trp; Phe; His

Val Ala; le; Leu; Gly; Thr; Ser; Glu

Substitutions that are less conservative than those in Table 5 can be selected by picking residues
that differ more significantly in their effect on maintaining (a) the structure of the polypeptide backbone in
the area of the substitution, for example, as a sheet or helical conformation, (b) the charge or
hydrophobicity of the molecule at the target site, or (c) the bulk of the side chain. The substitutions that in
general are expected to produce the greatest changes in protein properties will be those in which (2) a
hydrophilic residue, e.g., seryl or threonyl, is substituted for (or by) a hydrophobic residue, e.g., leucyl,
isoleucyl, phenylalanyl, valyl or alanyl; (b) a cysteine or proline is substituted for (or by) any other residue;
(c) a residue having an electropositive side chain, e.g., lysyl, arginyl, or histidyl, is substituted for (or by)
an electronegative residue, e.g., glutamyl or aspartyl; or (d) a residue having a bulky side chain, e.g.,
phenylalanine, is substituted for (or by) one not having a side chain, e.g., glycine.

Further Modifying Sequences of the Invention ~ Mutation/Forced Evolution. In addition to

generating silent or conservative substitutions as noted, above, the present invention optionally includes
methods of modifying the sequences of the Sequence Listing. In the methods, nucleic acid or protein
modification methods are used to alter the given sequences to produce new sequences and/or to chemically
or enzymatically modify given sequences to change the properties of the nucleic acids or proteins.

Thus, in one embodiment, given nucleic acid sequences are modified, e.g., according to standard
mutagenesis or artificial evolution methods to produce modified sequences. The modified sequences may
be created using purified natural polynucleotides isolated from any organism or may be synthesized from
purified compositions and chemicals using chemical means well know to those of skill in the art. For
example, Ausubel (2000) supra, provides additional details on mutagenesis methods. Artificial forced
evolution methods are described, for example, by Stemmer (1994; Nature 370: 389-391), Stemmer (1994;
Proc. Natl. Acad. Sci. USA 91: 10747-10751), and U.S. Patents 5,811,238, 5,837,500, and 6,242,568.
Methods for engineering synthetic transcription factors and other polypeptides are described, for example,
by Zhang et al. (2000) J. Biol. Chem. 275: 33850-33860, Liu et al. (2001) J. Biol. Chem. 276: 11323~
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11334, and Isalan et al. (2001) Nature Biotechnol. 19: 656-660. Many other mutation and evolution
methods are also available and expected to be within the skill of the practitioner.

Similarly, chemical or enzymatic alteration of expressed nucleic acids and polypeptides can be
performed by standard methods. For example, sequence can be modified by addition of lipids, sugars,
peptides, organic or inorganic compounds, by the inclusion of modified nucleotides or amino acids, or the
like. For example, protein modification techniques are illustrated in Ausubel (2000) supra. F urther details
on chemical and enzymatic modifications can be found herein. These modification methods can be used to
modify any given sequence, or to modify any sequence produced by the various mutation and artificial
evolution modification methods noted herein.

Accordingly, the invention provides for modification of any given nucleic acid by mutation,
evolution, chemical or enzymatic modification, or other available methods, as well as for the products
produced by practicing such methods, e.g., using the sequences herein as a starting substrate for the
various modification approaches.

For example, optimized coding sequence containing codons preferred by a particular prokaryotic
or eukaryotic host can be used e.g., to increase the rate of translation or to produce recombinant RNA
transcripts having desirable properties, such as a longer half-life, as compared with transcripts produced
using a non-optimized sequence. Translation stop codons can also be modified to reflect host preference.
For example, preferred stop codons for Saccharomyces cerevisiae and mammals are TAA and TGA,
respectively. The preferred stop codon for monocotyledonous plants is TGA, whereas insects and E. coli
prefer to use TAA as the stop codon.

The polynucleotide sequences of the present invention can also be engineered in order to alter a
coding sequence for a variety of reasons, including but not limited to, alterations that modify the sequence
to facilitate cloning, processing and/or expression of the gene product. For example, alterations are
optionally introduced using techniques that are well known in the art, e.g., site-directed mutagenesis, to
insert new restriction sites, to alter glycosylation patterns, to change codon preference, to introduce splice
sites, etc.

Furthermore, a fragment or domain derived from any of the polypeptides of the invention can be
combined with domains derived from other transcription factors or synthetic domains to modify the
biological activity of a transcription factor. For instance, a DNA-binding domain derived from a
transcription factor of the invention can be combined with the activation domain of another transcription
factor or with a synthetic activation domain. A transcription activation domain assists in initiating
transcription from a DNA-binding site. Examples include the transcription activation region of VP16 or
GAL4 (Moore et al. (1998) Proc. Natl. Acad. Sci. USA 95: 376-381; Aoyama et al. (1995) Plant Cell 7.
1773-1785), peptides derived from bacterial sequences (Ma and Ptashne (1987) Cell 51: 113-119) and

synthetic peptides (Giniger and Ptashne (1987) Nature 330: 670-672).
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Expression and Modification of Polypeptides. Typically, polynucleotide sequences of the

invention are incorporated into recombinant DNA (or RNA) molecules that direct expression of
polypeptides of the invention in appropriate host cells, transgenic plants, in vitro translation systems, or
the like. Due to the inherent degeneracy of the genetic code, nucleic acid sequences that encode
substantially the same or a functionally equivalent amino acid sequence can be substituted for any listed
sequence to provide for cloning and expressing the relevant homolog.

The transgenic plants of the present invention comprising recombinant polynucleotide sequences
are generally derived from parental plants, which may themselves be non-transformed (or non-transgenic)
plants. These transgenic plants may either have a transcription factor gene "knocked out" (for example,
with a genomic insertion by homologous recombination, an antisense or ribozyme construct) or expressed
to a normal or wild-type extent. However, overexpressing transgenic "progeny" plants will exhibit greater
mRNA levels, wherein the mRNA encodes a transcription factor, that is, a DNA-binding protein that is
capable of binding to a DNA regulatory sequence and inducing transcription, and preferably, expression
of a plant trait gene. Preferably, the mRNA expression level will be at least three-fold greater than that of
the parental plant, or more preferably at least ten-fold greater mRNA levels compared. to said parental
plant, and most preferably at least fifty-fold greater compared to said parental plant.

Vectors, Promoters, and Expression Systems. The present invention includes recombinant

constructs comprising one or more of the nucleic acid sequences herein. The constructs typically comprise
a vector, such as a plasmid, a cosmid, a phage, a virus (e.g., a plant virus), a bacterial artificial
chromosome (BAC), a yeast artificial chromosome (YAC), or the like, into which a nucleic acid sequence
of the invention has been inserted, in a forward or reverse orientation. In a preferred aspect of this
embodiment, the construct further comprises regulatory sequences, including, for example, a promoter,
operably linked to the sequence. Large numbers of suitable vectors and promoters are known to those of
skill in the art, and are commercially available.

General texts that describe molecular biological techniques useful herein, including the use and
production of vectors, promoters and many other relevant topics, include Berger (1987) supra, Sambrook
et al. (1989) supra, and Ausubel (2000) supra. Any of the identified sequences can be incorporated into a
cassette or vector, e.g., for expression in plants. A number of expression vectors suitable for stable
transformation of plant cells or for the establishment of transgenic plants have been described including
those described in Weissbach and Weissbach (1989) Methods for Plant Molecular Biology, Academic
Press, and Gelvin et al. (1990) Plant Molecular Biology Manual, Kluwer Academic Publishers. Specific

examples include those derived from a Ti plasmid of Agrobacterium tumefaciens, as well as those
disclosed by Herrera-Estrella et al. (1983) Nature 303: 209, Bevan (1984) Nucleic Acids Res. 12: 8711-
8721, Klee (1985) Bio/Technology 3: 637-642, for dicotyledonous plants.

Alternatively, non-Ti vectors can be used to transfer the DNA into monocotyledonous plants and
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cells by using free DNA delivery techniques. Such methods can involve, for example, the use of
liposomes, electroporation, microprojectile bombardment, silicon carbide whiskers, and viruses. By using
these methods transgenic plants such as wheat, rice (Christou (1991) Bio/Technology 9: 957-962) and
corn (Gordon-Kamm (1990) Plant Cell 2: 603-618) can be produced. An immature embryo can also be a
good target tissue for monocots for direct DNA delivery techniques by using the particle gun (Weeks et al.
(1993) Plant Physiol. 102: 1077-1084; Vasil (1993) Bio/Technology 10: 667-674; Wan and Lemeaux
(1994) Plant Physiol. 104: 37-48, and for Agrobacterium-mediated DNA transfer (Ishida et al. (1996)
Nature Biotechnol. 14: T45-750).

Typically, plant transformation vectors include one or more cloned plant coding sequence
(genomic or cDNA) under the transcriptional control of 5' and 3' regulatory sequences and a dominant
selectable marker. Such plant transformation vectors typically also contain a promoter (e.g., a regulatory
region controlling inducible or constitutive, environmentally-or developmentally-regulated, or cell- or
tissue-specific expression), a transcription initiation start site, an RNA processing signal (such as intron
splice sites), a transcription termination site, and/or a polyadenylation signal.

A potential utility for the transcription factor polynucleotides disclosed herein is the isolation of
promoter elements from these genes that can be used to program expression in plants of any genes. Each
transcription factor gene disclosed herein is expressed in a unique fashion, as determined by promoter
elements located upstream of the start of translation, and additionally within an intron of the transcription
factor gene or downstream of the termination codon of the gene. As is well known in the art, fora
significant portion of genes, the promoter sequences are located entirely in the region directly upstream of
the start of translation. In such cases, typically the promoter sequences are located within 2.0 kb of the
start of translation, or within 1.5 kb of the start of translation, frequently within 1.0 kb of the start of
translation, and sometimes within 0.5 kb of the start of translation.

The promoter sequences can be isolated according to methods known to one skilled in the art.

Examples of constitutive plant promoters that can be useful for expressing the transcription factor
sequence include: the cauliflower mosaic virus (CaMV) 35S promoter, which confers constitutive, high-
level expression in most plant tissues (see, for example, Odell et al. (1985) Nature 313: 810-812); the
nopaline synthase promoter (An et al. (1988) Plant Physiol. 83: 547-552); and the octopine synthase
promoter (Fromm et al. (1989) Plant Cell 1: 977-984).

A variety of plant gene promoters that regulate gene expression in response to environmental,
hormonal, chemical, developmental signals, and in a tissue-active manner can be used for expression of a
transcription factor sequence in plants. Choice of a promoter is based largely on the phenotype of interest
and is determined by such factors as tissue (e.g., seed, fruit, root, pollen, vascular tissue, flower, carpel,
etc.), inducibility (e.g., in response to wounding, heat, cold, drought, light, pathogens, etc.), timing,

developmental stage, and the like. Numerous known promoters have been characterized and can favorably
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be employed to promote expression of a polynucleotide of the invention in a transgenic plant or cell of
interest. For example, tissue specific promoters include: seed-specific promoters (such as the napin,
phaseolin or DC3 promoter described in US Pat. No. 5,773,697), fruit-specific promoters that are active
during fruit ripening (such as the dru I promoter (US Pat. No. 5,783,393), or the 2411 promoter (US Pat.
No. 4,943,674) and the tomato polygalacturonase promoter (Bird et al. (1988) Plant Mol. Biol. 11: 651~
662), root-specific promoters, such as those disclosed in US Patent Nos. 5,61 8,988, 5,837,848 and
5,905,186, pollen-active promoters such as PTA29, PTA26 and PTA13 (US Pat. No. 5,792,929),
promoters active in vascular tissue (Ringli and Keller (1998) Plant Mol. Biol. 37: 977-988), flower-
specific (Kaiser et al. (1995) Plant Mol. Biol. 28: 231-243), pollen (Baerson et al. (1994) Plant Mol. Biol.
26: 1947-1959), carpels (Ohl et al. (1990) Plant Cell 2: 837-848), pollen and ovules (Baerson et al. (1993)
Plant Mol. Biol. 22: 255-267), auxin-inducible promoters (such as that described in van der Kop et al.
(1999) Plant Mol. Biol. 39: 979-990 or Baumann et al. (1999) Plant Cell 11: 323-334), cytokinin-
inducible promoter (Guevara-Garcia (1998) Plant Mol. Biol. 38: 743-753), promoters responsive to
gibberellin (Shi et al. (1998) Plant Mol. Biol. 38: 1053-1060, Willmott et al. (1998) Plant Mol. Biol. 38:
817-825) and the like. Additional promoters are those that elicit expression in response to heat (Ainley et
al. (1993) Plant Mol. Biol. 22: 13-23), light (e.g., the pea rbcS-3A promoter, Kuhlemeier et al. (1989)
Plant Cell 1: 471-478, and the maize rbcS promoter, Schaffner and Sheen (1991) Plant Cell 3: 997-1012);
wounding (e.g., wunl, Siebertz et al. (1989) Plant Cell 1: 961-968); pathogens (such as the PR-1 promoter
described in Buchel et al. (1999) Plant Mol. Biol. 40: 387-396, and the PDF1.2 promoter described in
Manners et al. (1998) Plant Mol. Biol. 38: 1071-1080), and chemicals such as methyl jasmonate or
salicylic acid (Gatz (1997) Annu. Rev. Plant Physiol. Plant Mol. Biol. 48: 89-108). In addition, the timing
of the expression can be controlled by using promoters such as those acting at senescence (Gan and
Amasino (1995) Science 270: 1986-1988); or late seed development (Odell et al. (1994) Plant Physiol.
106: 447-458).

Plant expression vectors can also include RNA processing signals that can be positioned within,
upstream or downstream of the coding sequence. In addition, the expression vectors can include additional
regulatory sequences from the 3'-untranslated region of plant genes, e.g.,a 3' terminator region to increase
mRNA stability of the mRNA, such as the PI-II terminator region of potato or the octopine or nopaline
synthase 3' terminator regions.

Additional Expression Elements. Specific initiation signals can aid in efficient translation of

coding sequences. These signals can include, e.g., the ATG initiation codon and adjacent sequences. In
cases where a coding sequence, its initiation codon and upstream sequences are inserted into the
appropriate expression vector, no additional translational control signals may be needed. However, in
cases where only coding sequence (e.g., a mature protein coding sequence), or a portion thereof, is

inserted, exogenous transcriptional control signals including the ATG initiation codon can be separately
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provided. The initiation codon is provided in the correct reading frame to facilitate transcription.
Exogenous transcriptional elements and initiation codons can be of various origins, both natural and
synthetic. The efficiency of expression can be enhanced by the inclusion of enhancers appropriate to the
cell system in use.

Expression Hosts. The present invention also relates to host cells that are transduced with vectors

of the invention, and the production of polypeptides of the invention (including fragments thereof) by
recombinant techniques. Host cells are genetically engineered (i.e., nucleic acids are introduced, e.g.,
transduced, transformed or transfected) with the vectors of this invention, which may be, for example, a
cloning vector or an expression vector comprising the relevant nucleic acids herein. The vector is
optionally a plasmid, a viral particle, a phage, a naked nucleic acid, etc. The engineered host cells can be
cultured in conventional nutrient media modified as appropriate for activating promoters, selecting
transformants, or amplifying the relevant gene. The culture conditions, such as temperature, pH and the
like, are those previously used with the host cell selected for expression, and will be apparent to those
skilled in the art and in the references cited herein, including, Sambrook et al. (1989) supra and Ausubel
(2000) supra.

The host cell can be a eukaryotic cell, such as a yeast cell, or a plant cell, or the host cell can be a
prokaryotic cell, such as a bacterial cell. Plant protoplasts are also suitable for some applications. For
example, the DNA fragments are introduced into plant tissues, cultured plant cells or plant protoplasts by
standard methods including electroporation (Fromm et al. (1985) Proc. Natl. Acad. Sci. USA 82: 5824-
5828, infection by viral vectors such as cauliflower mosaic virus (Hohn et al. (1982) Molecular Biology of

Plant Tumors, Academic Press, New York, NY, pp. 549-560; US 4,407,956), high velocity ballistic

penetration by small particles with the nucleic acid either within the matrix of small beads or particles, or
on the surface (Klein et al. (1987) Nature 327: 70-73), use of pollen as vector (WO 85/01856), or use of
Agrobacterium tumefaciens or A. thizogenes carrying a T-DNA plasmid in which DNA fragments are
cloned. The T-DNA plasmid is transmitted to plant cells upon infection by Agrobacterium tumefaciens,
and a portion is stably integrated into the plant genome (Horsch et al. (1984) Science 233: 496-498; Fraley
et al. (1983) Proc. Natl. Acad. Sci. USA 80: 4803-4807).

The cell can include a nucleic acid of the invention that encodes a polypeptide, wherein the cell
expresses a polypeptide of the invention. The cell can also include vector sequences, or the like.
Furthermore, cells and transgenic plants that include any polypeptide or nucleic acid above or throughout
this specification, e.g., produced by transduction of a vector of the invention, are an additional feature of
the invention.

For long-term, high-yield production of recombinant proteins, stable expression can be used. Host
cells transformed with a nucleotide sequence encoding a polypeptide of the invention are optionally

cultured under conditions suitable for the expression and recovery of the encoded protein from cell
49



10

15

20

25

30

35

WO 2004/108900 PCT/US2004/017768

culture. The protein or fragment thereof produced by a recombinant cell may be secreted, membrane-
bound, or contained intracellularly, depending on the sequence and/or the vector used. As will be
understood by those of skill in the art, expression vectors containing polynucleotides encoding mature
proteins of the invention can be designed with signal sequences that direct secretion of the mature
polypeptides through a prokaryotic or eukaryotic cell membrane.

Modified Amino Acid Residues. Polypeptides of the invention may contain one or more modified
amino acid residues. The presence of modified amino acids may be advantageous in, for example,
increasing polypeptide half-life, reducing polypeptide antigenicity or toxicity, increasing polypeptide
storage stability, or the like. Amino acid residue(s) are modified, for example, co-translationally or post-
translationally during recombinant production or modified by synthetic or chemical means.

Non-limiting examples of a modified amino acid residue include incorporation or other use of
acetylated amino acids, glycosylated amino acids, sulfated amino acids, prenylated (e.g., farnesylated,
geranylgeranylated) amino acids, PEG modified (for example, "PEGylated") amino acids, biotinylated
amino acids, carboxylated amino acids, phosphorylated amino acids, etc. References adequate to guide
one of skill in the modification of amino acid residues are replete throughout the literature.

The modified amino acid residues may prevent or increase affinity of the polypeptide for another
molecule, including, but not limited to, polynucleotide, proteins, carbohydrates, lipids and lipid
derivatives, and other organic or synthetic compounds.

Identification of Additional Factors. A transcription factor provided by the present invention can

also be used to identify additional endogenous or exogenous molecules that can affect a phentoype or trait
of interest. On the one hand, such molecules include organic (small or large molecules) and/or inorganic
compounds that modulate expression of (i.e., regulate) a particular transcription factor. Alternatively, such
molecules include endogenous molecules that are acted upon either at a transcriptional level by a
transcription factor of the invention 'to modify a phenotype as desired. For example, the transcription
factors can be employed to identify one or more downstream genes that are subject to a regulatory effect of
the transcription factor. In one approach, a transcription factor or transcription factor homolog of the
invention is expressed in a host cell, e.g., a transgenic plant cell, tissue or explant, and expression
products, either RNA or protein, of likely or random targets are monitored, e.g., by hybridization to a
microarray of nucleic acid probes corresponding to genes expressed in a tissue or cell type of interest, by
two-dimensional gel electrophoresis of protein products, or by any other method known in the art for
assessing expression of gene products at the level of RNA or protein. Alternatively, a transcription factor
of the invention can be used to identify promoter sequences (such as binding sites on DNA sequences)
involved in the regulation of a downstream target. After identifying a promoter sequence, interactions
between the transcription factor and the promoter sequence can be modified by changing specific

nucleotides in the promoter sequence or specific amino acids in the transcription factor that interact with
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the promoter sequence to alter a plant trait. Typically, transcription. factor DNA- binding sites are
identified by gel shift assays. After identifying the promoter regions, the promoter region sequences can be
employed in double-stranded DNA arrays to identify molecules that affect the interactions of the
transcription factors with their promoters (Bulyk et al. (1999) Nature Biotechnol. 17: 573-577).

The identified transcription factors are also useful to identify proteins that modify the activity of
the transcription factor. Such modification can occur by covalent modification, such as by
phosphorylation, or by protein-protein (homo or-heteropolymer) interactions. Any method suitable for
detecting protein-protein interactions can be employed. Among the methods that can be employed are co-
immunoprecipitation, cross-linking and co-purification through gradients or chromatographic columns,
and the two-hybrid yeast system.

The two-hybrid system detects protein interactions in vivo and is described in Chien et al. (1991)
Proc. Natl. Acad. Sci. USA 88: 9578-9582, and is commercially available from Clontech (Palo Alto,
Calif.). In such a system, plasmids are constructed that encode two hybrid proteins: one consists of the
DNA-binding domain of a transcription activator protein fused to the transcription factor polypeptide and
the other consists of the transcription activator protein's activation domain fused to an unknown protein
that is encoded by a cDNA that has been recombined into the plasmid as part of a cDNA library. The
DNA-binding domain fusion plasmid and the cDNA library are transformed into a strain of the yeast
Saccharomyces cerevisiae that contains a reporter gene (e.g., lacZ) whose regulatory region contains the
transcription activator's binding site. Either hybrid protein alone cannot activate transcription of the
reporter gene. Interaction of the two hybrid proteins reconstitutes the functional activator protein and
results in expression of the reporter gene, which is detected by an assay for the reporter gene product.
Then, the library plasmids responsible for reporter gene expression are isolated and sequenced to identify
the proteins encoded by the library plasmids. After identifying proteins that interact with the transcription
factors, assays for compounds that interfere with the transcription factor protein-protein interactions can be
performed.

Subsequences. Also contemplated are uses of polynucleotides, also referred to herein as
oligonucleotides, typically having at least 12 bases, preferably at least 15, more preferably at least 20, 30,
or 50 bases, which hybridize under stringent conditions to a polynucleotide sequence described above.
The polynucleotides may be used as probes, primers, sense and antisense agents, and the like, according to
methods as noted supra.

Subsequences of the polynucleotides of the invention, including polynucleotide fragments and
oligonucleotides are useful as nucleic acid probes and primers. An oligonucleotide suitable for use as a
probe or primer is at least about 15 nucleotides in length, more often at least about 18 nucleotides, often at
least about 21 nucleotides, frequently at least about 30 nucleotides, or about 40 nucleotides, or more in

length. A nucleic acid probe is useful in hybridization protocols, for example, to identify additional
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polypeptide homologs of the invention, including protocols for microarray experiments. Primers can be
annealed to a complementary target DNA strand by nucleic acid hybridization to form a hybrid between
the primer and the target DNA strand, and then extended along the target DNA strand by a DNA
polymerase enzyme. Primer pairs can be used for amplification of a nucleic acid sequence, e.g., by the
polymerase chain reaction (PCR) or other nucleic-acid amplification methods. See Sambrook et al. (1989)
supra, and Ausubel (2000) supra.

In addition, the invention includes an isolated or recombinant polypeptide including a
subsequence of at least about 15 contiguous amino acids encoded by the recombinant or isolated
polynucleotides of the invention. For example, such polypeptides, or domains or fragments thereof, can be
psed as immunogens, e.g., to produce antibodies specific for the polypeptide sequence, or as probes for
detecting a sequence of interest. A subsequence can range in size from about 15 amino acids in length up
to and including the full length of the polypeptide.

To be encompassed by the present invention, an expressed polypeptide that comprises such a
polypeptide subsequence performs at least one biological function of the intact polypeptide in substantially
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
domain that activates transcription, for example, by binding to a specific DNA promoter region an
activation domain, or a domain for protein-protein interactions.

Traits That May Be Modified in Overexpressing or Knock-out Plants. Presently disclosed

transcription factor genes, including G28, G3430 and their equivalogs, have been shown to or are likely to
affect a plant's response to various plant diseases, pathogens and pests, and may increase the tolerance or
resistance of a plant to more than one pathogen. The pathogenic organisms include, for example, fungal
pathogens Fusarium oxysporum, Botrytis cinerea, Sclerotinia sclerotiorum, and Erysiphe orontii.
Bacterial pathogens to which resistance may be conferred include Pseudomonas syringae. Other problem
organisms may potentially include nematodes, mollicutes, parasites, or herbivorous arthropods. In each
case, overexpression of one or more of the transcription factor sequences of the invention may provide
benefit to the plant to help prevent or overcome infestation, or be used to manipulate any of the various
plant responses to disease. These mechanisms by which the transcription factors work could include
increasing surface waxes or oils, surface thickness, or the activation of signal transduction pathways that
regulate plant defense in response to attacks by herbivorous pests (including, for example, protease
inhibitors). Another means to combat fungal and other pathogens is by accelerating local cell death or
senescence, mechanisms used to impair the spread of pathogenic microorganisms throughout a plant. For
instance, the best known example of accelerated cell death is the resistance gene-mediated hypersensitive
response, which causes localized cell death at an infection site and initiates a systemic defense response.

Because many defenses, signaling molecules, and signal transduction pathways are common to defense
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against different pathogens and pests, such as fungal, bacterial, oomycete, nematode, and insect,
transcription factors that are implicated in defense responses against the fungal pathogens tested may also
function in defense against other pathogens and pests. For example, the transcription factor from tobacco,
Tsil (Shin et al. (2002) Mol. Plant-Microbe Interactions 15: 939-989) provides improved resistance in
pepper plants to a fungal pathogen (Phtyophthora capsici), a bacterial pathogen (Xanthomonas

campestris) and a viral pathogen (cucumber mosaic virus).

Production of Transgenic Plants

Modification of Traits. The polynucleotides of the invention are favorably employed to produce

transgenic plants with various traits, or characteristics, that have been modified in a desirable manner, e.g.,
to improve the seed characteristics of a plant. For example, alteration of expression levels or patterns (e.g.,
spatial or temporal expression patterns) of one or more of the transcription factors (or transcription factor
homologs) of the invention, as compared with the levels of the same protein found in a wild-type plant,
can be used to modify a plant's traits. An illustrative example of trait modification, improved
characteristics, by altering expression levels of a particular transcription factor is described further in the
Examples and the Sequence Listing.

Arabidopsis as a model system. Arabidopsis thaliana is the object of rapidly growing attention as

a model for genetics and metabolism in plants. Arabidopsis has a small genome, and well-documented
studies are available. It is easy to grow in large numbers and mutants defining important genetically
controlled mechanisms are either available, or can readily be obtained. Various methods to introduce and

express isolated homologous genes are available (see Koncz et al., editors, Methods in Arabidopsis

Research (1992) World Scientific, New Jersey, in "Preface"). Because of its small size, short life cycle,
obligate autogamy and high fertility, Arabidopsis is also a choice organism for the isolation of mutants and
studies in morphogenetic and development pathways, and control of these pathways by transcription
factors (Koncz (1992) supra, p. 72). A number of studies introducing transcription factors into 4. thaliana
have demonstrated the utility of this plant for understanding the mechanisms of gene regulation and trait
alteration in plants. (See, for example, Koncz supra, and U.S. Patent Number 6,417,428).

Arabidopsis genes in transgenic plants. Expression of genes that encode transcription factors
modify expression of endogenous genes, polynucleotides, and proteins are well known in the art. In
addition, transgenic plants comprising isolated polynucleotides encoding transcription factors may also
modify expression of endogenous genes, polynucleotides, and proteins. Examples include Peng et al.
(1997) et al. Genes and Development 11: 3194-3205, and Peng et al. (1999) Nature 400: 256-261. In
addition, many others have demonstrated that an Arabidopsis transcription factor expressed in an
exogenous plant species elicits the same or very similar phenotypic response. See, for example, Fu et al.

(2001) Plant Cell 13: 1791-1802; Nandi et al. (2000) Curr. Biol. 10: 215-218; Coupland (1995) Nature
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377: 482-483; and Weigel and Nilsson (1995) Nature 377: 482-500.

Homologous genes introduced into transgenic plants. Homologous genes that may be derived

from any plant, or from any source whether natural, synthetic, semi-synthetic or recombinant, and that
share significant sequence identity or similarity to those provided by the present invention, may be
introduced into plants, for example, crop plants, to confer desirable or improved traits. Consequently,
transgenic plants may be produced that comprise a recombinant expression vector or cassette with a
promoter operably linked to one or more sequences homologous to presently disclosed sequences. The
promoter may be, for example, a plant or viral promoter.

The invention thus provides for methods for preparing transgenic plants, and for modifying plant
traits. These methods include introducing into a plant a recombinant expression vector or cassette
comprising a functional promoter operably linked to one or more sequences homologous to presently
disclosed sequences. Plants and kits for producing these plants that result from the application of these
methods are also encompassed by the present invention.

Transcription factors of interest for the modification of plant traits. Currently, the existence of a

series of maturity groups for different latitudes represents a major barrier to the introduction of new
valuable traits. Any trait (e.g. disease resistance) has to be bred into each of the different maturity groups
separately, a laborious and costly exercise. The availability of a single strain that could be grown at any
latitude would therefore greatly increase the potential for introducing new traits to crop species such as
soybean and cotton.

More than one transcription factor gene may be introduced into a plant, either by transforming the
plant with one or more vectors comprising two or more transcription factors, or by selective breeding of
plants to yield hybrid crosses that comprise more than one introduced transcription factor.

Many of the transcription factors listed in the Sequence Listing may be operably linked with a
specific promofer that causes the transcription factor to be expressed in response to environmental, tissue-
specific or temporal signals. For examples of flower specific promoters, see Kaiser et al. (supra). For
examples of other tissue-specific, temporal-specific or inducible promoters, see the above discussion under
the heading "Vectors, Promoters, and Expression Systems".

Antisense and co-suppression. In addition to expression of the nucleic acids of the invention as

gene replacement or plant phenotype modification nucleic acids, the nucleic acids are also useful for sense
and anti-sense suppression of expression, e.g., to down-regulate expression of a nucleic acid of the
invention, e.g., as a further mechanism for modulating plant phenotype. That is, the nucleic acids of the
invention, or subsequences or anti-sense sequences thereof, can be used to block expression of naturally
occurring homologous nucleic acids. A variety of sense and anti-sense technologies are known in the art,
e.g., as set forth in Lichtenstein and Nellen (1997) Antisense Technology: A Practical Approach IRL Press

at Oxford University Press, Oxford, UK. Antisense regulation is also described in Crowley et al. (1985)
54




10

15

20

25

30

35

WO 2004/108900 PCT/US2004/017768

Cell 43: 633-641; Rosenberg et al. (1985) Nature 313: 703-706; Preiss et al. (1985) Nature 313: 27-32;
Melton (1985) Proc. Natl. Acad. Sci. USA 82: 144-148; Izant and Weintraub (1985) Science 229: 345-
352; and Kim and Wold (1985) Cell 42: 129-138. Additional methods for antisense regulation are known
in the art. Antisense regulation has been used to reduce or inhibit expression of plant genes in, for example
in European Patent Publication No. 271988. Antisense RNA may be used to reduce gene expression to
produce a visible or biochemical phenotypic change in a plant (Smith et al. (198 8) Nature 334: 724-726;
Smith et al. (1990) Plant Mol. Biol. 14: 369-379). In general, sense or anti-sense sequences are introduced
into a cell, where they are optionally amplified, for example, by transcription. Such sequences include
both simple oligonucleotide sequences and catalytic sequences such as ribozymes.

For example, a reduction or elimination of expression (i.e., a "knock-out") of a transcription factor
or transcription factor homolog polypeptide in a transgenic plant, €.g., to modify a plant trait, can be
obtained by introducing an antisense construct corresponding to the polypeptide of interest as a cDNA.
For antisense suppression, the transcription factor or homolog cDNA is arranged in reverse orientation
(with respect to the coding sequence) relative to the promoter sequence in the expression vector. The
introduced sequence need not be the full length cDNA or gene, and need not be identical to the cDNA or
gene found in the plant type to be transformed. Typically, the antisense sequence need only be capable of
hybridizing to the target gene or RNA of interest. Thus, where the introduced sequence is of shorter
length, a higher degree of homology to the endogenous transcription factor sequence will be needed for
effective antisense suppression. While antisense sequences of various lengths can be utilized, preferably,
the introduced antisense sequence in the vector will be at least 30 nucleotides in length, and improved
antisense suppression will typically be observed as the length of the antisense sequence increases.
Preferably, the length of the antisense sequence in the vector will be greater than 100 nucleotides.
Transcription of an antisense construct as described results in the production of RNA molecules that are
the reverse complement of mMRNA molecules transcribed from the endogenous transcription factor gene in
the plant cell.

Suppression of endogenous transcription factor gene expression can also be achieved using a
ribozyme. Ribozymes are RNA molecules that possess highly specific endoribonuclease activity. The
production and use of ribozymes are disclosed in U.S. Patent No. 4,987 ,071 and U.S. Patent No.
5,543,508. Synthetic ribozyme sequences including antisense RNAs can be used to confer RNA cleaving
activity on the antisense RNA, such that endogenous mRNA molecules that hybridize to the antisense
RNA are cleaved, which in turn leads to an enhanced antisense inhibition of endogenous gene expression.

Vectors in which RNA encoded by a transcription factor or transcription factor homolog cDNA is
over-expressed can also be used to obtain co-suppression of a corresponding endogenous gene, for
example, in the manner described in U.S. Patent No. 5,231,020 to Jorgensen. Such co-suppression (also

termed sense suppression) does not require that the entire transcription factor cONA be introduced into the
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plant cells, nor does it require that the introduced sequence be exacily identical to the endogenous
transcription factor gene of interest. However, as with antisense suppression, the suppressive efficiency
will be enhanced as specificity of hybridization is increased, e.g., as the introduced sequence is
lengthened, and/or as the sequence similarity between the introduced sequence and the endogenous
transcription factor gene is increased.

Vectors expressing an untranslatable form of the transcription factor mRNA (e.g., sequences
comprising one or more stop codons or nonsense mutations) can also be used to suppress expression of an
endogenous transcription factor, thereby reducing or eliminating its activity and modifying one or more
traits. Methods for producing such constructs are described in U.S. Patent No. 5,5 83,021. Preferably, such
constructs are made by introducing a premature stop codon into the transcription factor gene.
Alternatively, a plant trait can be modified by gene silencing using double-strand RNA (Sharp (1999)
Genes and Development 13: 139-141). Another method for abolishing the expression of a gene isby
insertion mutagenesis using the T-DNA of Agrobacterium tumefaciens. After generating the insertion
mutants, the mutants can be screened to identify those containing the insertion in a transcription factor or
transcription factor homolog gene. Plants containing a single transgene insertion event at the desired gene
can be crossed to generate homozygous plants for the mutation. Such methods are well known to those of
skill in the art (See for example Koncz et al. (1992) Methods in Arabidopsis Research, World Scientific
Publishing Co. Pte. Ltd., River Edge NIJ).

Suppression of endogenous transcription factor gene expression can also be achieved using RNA
interference (RNAi). RNAI is a post-transcriptional, targeted gene-silencing technique that uses double-
stranded RNA (dsRNA) to incite degradation of mRNA containing the same sequence as the dsRNA
(Constans, (2002) The Scientist 16:36). Small interfering RNAs, or siRNAs are produced in at least two
steps: an endogenous ribonuclease cleaves longer dsRNA into shorter, 21-23 nucleotide-long RNAs. The
$iRNA segments then mediate the degradation of the target mRNA (Zamore, (2001) Nature Struct. Biol.,
8:746-50). RNAI has been used for gene function determination in a manner similar to antisense
oligonucleotides (Constans, (2002) The Scientist 16:36). Expression vectors that continually express
siRNAs in transiently and stably transfected have been engineered to express small hairpin RNAs
(shRNAs), which get processed in vivo into siRNAs-like molecules capable of carrying out gene-specific
silencing (Brummelkamp et al., (2002) Science 296:550-553, and Paddison, et al. (2002) Genes & Dev.
16:948-958). Post-transcriptional gene silencing by double-stranded RNA is discussed in further detail by
Hammond et al. (2001) Nature Rev Gen 2: 110-119, Fire et al. (1998) Nature 391: 806-811 and Timmons
and Fire (1998) Nature 395: 854.

Alternatively, a plant phenotype can be altered by eliminating an endogenous gene, such as a
transcription factor or transcription factor homolog, e.g., by homologous recombination (Kempin et al.
(1997) Nature 389: 802-803).
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A plant trait can also be modified by using the Cre-lox system (for example, as described in US
Pat. No. 5,658,772). A plant genome can be modified to include first and second lox sites that are then
contacted with a Cre recombinase. If the lox sites are in the same orientation, the intervening DNA
sequence between the two sites is excised. If the lox sites are in the opposite orientation, the intervening
sequence is inverted.

The polynucleotides and polypeptides of this invention can also be expressed in a plant in the
absence of an expression cassette by manipulating the activity or expression level of the endogenous gene
by other means, such as, for example, by ectopically expressing a gene by T-DNA activation tagging
(Ichikawa et al. (1997) Nature 390 698-701; Kakimoto et al. (1996) Science 274: 982-985). This method
entails transforming a plant with a gene tag containing multiple transcriptional enhancers and once the tag
has inserted into the genome, expression of a flanking gene coding sequence becomes deregulated. In
another example, the transcriptional machinery in a plant can be modified so as to increase transcription
levels of a polynucleotide of the invention (see, for example, PCT Publications WO 96/06166 and WO
08/53057 that describe the modification of the DNA-binding specificity of zinc finger transcription factor
proteins by changing particular amino acids in the DNA-binding motif).

The transgenic plant can also include the machinery necessary for expressing or altering the
activity of a polypeptide encoded by an endogenous gene, for example, by altering the phosphorylation
state of the polypeptide to maintain it in an activated state.

Transgenic plants (or plant cells, or plant explants, or plant tissues) incorporating the
polynucleotides of the invention and/or expressing the polypeptides of the invention can be produced bya
variety of well established techniques as described above. Following construction of a vector, most
typically an expression cassette, including a polynucleotide, e.g., encoding a transcription factor or
transcription factor homolog, of the invention, standard techniques can be used to introduce the
polynucleotide into a plant, a plant cell, a plant explant or a plant tissue of interest. Optionally, the plant
cell, explant or tissue can be regenerated to produce a transgenic plant.

The plant can be any higher plant, including gymnosperms, monocotyledonous and
dicotyledenous plants. Suitable protocols are available for Leguminosae (alfalfa, soybean, clover, etc.),
Umbelliferae (carrot, celery, parsnip), Cruciferae (cabbage, radish, rapeseed, broccoli, etc.),
Curcurbitaceae (melons and cucumber), Gramineae (wheat, corn, rice, barley, millet, etc.), Solanaceae
(potato, tomato, tobacco, peppers, etc.), and various other crops. See protocols described in Ammirato et
al., Editors, (1984) Handbook of Plant Cell Culture - Crop Species, Macmillan Publ. Co., New York NY;
Shimamoto et al. (1989) Nature 338: 274-276; Fromm et al. (1990) Bio/T echnol. 8: 833-839; and Vasil et
al. (1990) Bio/Technol. 8: 429-434.

Transformation and regeneration of both monocotyledonous and dicotyledonous plant cells is now

routine, and the selection of the most appropriate transformation technique will be determined by the
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practitioner. The choice of method will vary with the type of plant to be transformed; those skilled in the
art will recognize the suitability of particular methods for given plant types. Suitable methods can include,
but are not limited to: electroporation of plant protoplasts; liposome-mediated transformation;
polyethylene glycol (PEG) mediated transformation; transformation using viruses; micro-injection of plant
cells; micro-projectile bombardment of plant cells; vacuum infiltration; and Agrobacterium tumefaciens-
mediated transformation. Transformation means introducing a nucleotide sequence into a plant in a
manner to cause stable or transient expression of the sequence.

Successful examples of the modification of plant characteristics by transformation with cloned
sequences that serve to illustrate the current knowledge in this field of technology, and which are herein
incorporated by reference, include: U.S. Patent Nos. 5,571,706; 5,677,175; 5,510,471; 5,750,386;
5,597,945; 5,589,615; 5,750,871; 5,268,526; 5,780,708; 5,538,880; 5,773,269; 5,736,369 and 5,610,042.

Following transformation, plants are preferably selected using a dominant selectable marker
incorporated into the transformation vector. Typically, such a marker will confer antibiotic or herbicide
resistance on the transformed plants, and selection of transformants can be accomplished by exposing the
plants to appropriate concentrations of the antibiotic or herbicide.

After transformed plants are selected and grown to maturity, those plants showing a modified trait
are identified. The modified trait can be any of those traits described above. Additionally, to confirm that
the modified trait is due to changes in expression levels or activity of the polypeptide or polynucleotide of
the invention can be determined by analyzing mRNA expression using Northern blots, RT-PCR or
microatrays, or protein expression using immunoblots or Western blots or gel shift assays.

Integrated Systems - Sequence Identity. Additionally, the present invention may be an integrated

system, computer or computer readable medium that comprises an instruction set for determining the
identity of one or more sequences in a database. The instruction set can also be used to generate or identify
sequences that meet any specified criteria. Furthermore, the instruction set may be used to associate or link
certain functional benefits, such improved characteristics, with one or more identified sequence.

For example, the instruction set can include, e.g., a sequence comparison or other alignment
program, e.g., an available program such as, for example, the Wisconsin Package Version 10.0, such as
BLAST, FASTA, PILEUP, FINDPATTERNS, or the like (GCG, Madison, WI). Public sequence
databases such as GenBank, EMBL, Swiss-Prot and PIR, or private sequence databases such as
PHYTOSEQ sequence database (Incyte Genomics, Wilmington, Delaware) can be searched.

Alignment of sequences for comparison can be conducted by the local homology algorithm of
Smith and Waterman (1981) Adv. Appl. Math. 2: 482-489, by the homology alignment algorithm of
Needleman and Wunsch (1970) J. Mol. Biol. 48: 443-453, by the search for similarity method of Pearson
and Lipman (1988) Proc. Natl. Acad. Sci. US4 85: 2444-2448, by computerized implementations of these

algorithms. After alignment, sequence comparisons between two (or more) polynucleotides or
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polypeptides are typically performed by comparing sequences of the two sequences over a comparison
window to identify and compare local regions of sequence similarity. The comparison window can be a
segment of at least about 20 contiguous positions, usually about 50 to about 200, more usually about 100
to about 150 contiguous positions. A description of the method is provided in Ausubel (2000) supra.

A variety of methods for determining sequence relationships can be used, including manual
alignment and computer assisted sequence alignment and analysis. This later approach is a preferred
approach in the present invention, due to the increased throughput afforded by computer assisted methods.
As noted above, a variety of computer programs for performing sequence alignment are available, or can
be produced by one of skill in the art.

One example algorithm that is suitable for determining percent sequence identity and sequence
similarity is the BLAST algorithm, which is described in Altschul et al. (1990) supra. Software for
performing BLAST analyses is publicly available, e.g., through the National Library of Medicine's
National Center for Biotechnology Information (ncbi.nlm.nih; see at world wide web (www) National
Tnstitutes of Health US government (gov) website). This algorithm involves first identifying high scoring
sequence pairs (HSPs) by identifying 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 et al. (1990) J.
Mol. Biol. 215: 403-410). 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 cumulative 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 cumulative
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 parameters 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 BLOSUM62 scoring matrix (see Henikoff and Henikoff (1992) Proc. Natl.
Acad. Sci. USA 89: 10915-10919). Unless otherwise indicated, "sequence identity" refers to the percent
sequence identity generated from a tblastx analysis using the NCBI version of the algorithm at the default
settings using gapped alignments with the filter "off" (NIH NLM NCBI website at ncbinlm.nih, supra).

In addition to calculating percent sequence identity, the BLAST algorithm also performs a

statistical analysis of the similarity between two sequences (see, for example, Karlin and Altschul (1993)
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Proc. Natl. Acad. Sci. USA 90: 5873-5787). One measure of similarity provided by the BLAST algorithm
is the smallest sum probability (P(N)), which provides an indication of the probability by which a match
between two nucleotide or amino acid sequences would occur by chance. For example, a nucleic acid is
considered similar to a reference sequence (and, therefore, in this context, homologous) if the smallest sum
probability in a comparison of the test nucleic acid to the reference nucleic acid is less than about 0.1, or
less than about 0.01, and or even less than about 0.001. An additional example of a useful sequence
alignment algorithm is PILEUP. PILEUP creates a multiple sequence alignment from a group of related
sequences using progressive, pairwise alignments. The program can align, for example, up to 300
sequences of a maximum length of 5,000 letters.

The integrated system, or computer typically includes a user input interface allowing a user to
selectively view one or more sequence records corresponding to the one or more character strings, as well
as an instruction set that aligns the one or more character strings with each other or with an additional
character string to identify one or more region of sequence similarity. The system may include a link of
one or more character strings with a particular phenotype or gene function. Typically, the system includes
a user readable output element that displays an alignment produced by the alignment instruction set.

The methods of this invention can be implemented in a localized or distributed computing
environment. In a distributed environment, the methods may implemented on a single computer
comprising multiple processors or on a multiplicity of computers. The computers can be linked, e.g.
through a common bus, but more preferably the computer(s) are nodes on a network. The network can be
a generalized or a dedicated local or wide-area network and, in certain preferred embodiments, the
computers may be components of an intra-net or an internet.

Thus, the invention provides methods for identifying a sequence similar or homologous to one or
more polynucleotides as noted herein, or one or more target polypeptides encoded by the polynucleotides,
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 inter or intra net)
and a query is made against the sequence database using the relevant sequences herein and associated
plant phenotypes or gene functions.

Any sequence herein can be entered into the database, before or after querying the database. This
provides for both expansion of the database and, if done before the querying step, for insertion of control
sequences into the database. The control sequences can be detected by the query to ensure the general
integrity of both the database and the query. As noted, the query can be performed using a web browser
based interface. For example, the database can be a centralized public database such as those noted herein,
and the querying can be done from a remote terminal or computer across an internet or intranet.

Any sequence herein can be used to identify a similar, homologous, paralogous, or orthologous

sequence in another plant. This provides means for identifying endogenous sequences in other plants that
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may be useful to alter a trait of progeny plants, which results from crossing two plants of different strain.
For example, sequences that encode an ortholog of any of the sequences herein that naturally occur in a
plant with a desired trait can be identified using the sequences disclosed herein. The plant is then crossed
with a second plant of the same species but which does not have the desired trait to produce progeny that
can then be used in further crossing experiments to produce the desired trait in the second plant. Therefore
the resulting progeny plant contains no transgenes; expression of the endogenous sequence may also be
regulated by treatment with a particular chemical or other means, such as EMR. Some examples of such
compounds well known in the art include: ethylene; cytokinins; phenolic compounds, which stimulate the
transcription of the genes needed for infection; specific monosaccharides and acidic environments that
potentiate vir gene induction; acidic polysaccharides that induce one or more chromosomal genes; and
opines; other mechanisms include light or dark treatment (for a review of examples of such treatments,
see, Winans (1992) Microbiol. Rev. 56: 12-31; Eyal et al. (1992) Plant Mol. Biol. 19: 589-599; Chrispeels
et al. (2000) Plant Mol. Biol. 42: 279-290; Piazza et al. (2002) Plant Physiol. 128: 1077-1086).

Table 6 lists a summary of homologous sequences identified using BLAST (tblastx program). The
first column shows the orthologous or homologous polynucleotide GenBank Accession Number (Test
Sequence ID), the second column shows the calculated probability value that the sequence identity is due
to chance (Smallest Sum Probability), the third column shows the plant species from which the test
sequence was isolated (Test Sequence Species), and the fourth column shows the orthologous or

homologous test sequence GenBank annotation (Test Sequence GenBank Annotation).

Table 6. Sequences orthologous to G28 identified using BLAST

Test Sequence ID | Smallest Sum [~ Test Sequence Species .~ | - . Test Sequence GenBank'
4 o) Probability’ | 0 el ol ‘Annotation "~ |

AF245119 2.00E-72 |Mesembryanthemum crystallinum | AP2-related transcription fac

BQ165291 1.00E-68 |Medicago truncatula EST611160 KVKC Medicago
truncatula cDNA

AB016264 1.00E-57 |Nicotiana sylvestris nserf2 gene for ethylene-
responsive el

TOBBY4D 2.00E-57 |Nicotiana tabacum Tobacco mRNA for EREBP-2,
complete cds.

BQ047502 2.00E-57 |Solanum tuberosum EST596620 P. infestans-
challenged potato

LEU89255 2.00E-56 |Lycopersicon esculentum DNA-binding protein Pti4
mRNA, comp

BH454277 2.00E-54 |Brassica oleracea BOGSI45TR BOGS Brassica
oleracea genomic

BE449392 1.00E-53  |Lycopersicon hirsutum EST356151 L. hirsutum
trichome, Corne

AB035270 2.00E-50 |Matricaria chamomilla MCcEREBP1 mRNA for
ethylene-responsive

AW233956 5.00E-50 |Glycine max sf32e02.y1 Gm-c1028 Glycine
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max ¢cDNA clone GENO
gi7528276 6.10B-71  |Mesembryanthemum crystallinum_| AP2-related transcription £
gi8809571 3.30E-56 |Nicotiana sylvestris ethylene-responsive element
binding
213342211 4.20E-56 |Lycopersicon esculentum Ptid.
¢11208498 8.70E-56 |Nicotiana tabacum EREBP-2.
114140141 4.20E-49 |Oryza sativa putative AP2-related
transcription factor.
gil7385636 3.00E-46 |Matricaria chamomilla ethylene-responsive element
. binding
gi21304712 2.90E-31 |Glycine max ethylene-responsive element
binding protein 1
2115623863 5.60E-29 |Oryza sativa (japonica cultivar- contains EST~hypot
group)
gi8980313 1.20E-26 |Catharanthus roseus AP2-domain DNA-binding
protein.
214099921 3.10E-21 |Stylosanthes hamata EREBP-3 homolog.
Molecular Modeling

Another means that may be used to confirm the utility and function of transcription factor
sequences that are orthologous or paralogous to presently disclosed transcription factors is through the use
of molecular modeling software. Molecular modeling is routinely used to predict polypeptide structure,
and a variety of protein structure modeling programs, such as "Insight II" (Accelrys, Inc.) are
commercially available for this purpose. Modeling can thus be used to predict which residues of a
polypeptide can be changed without altering function (Crameri et al. (2003) U.S. Patent No. 6, 521, 453).
Thus, polypeptides that are sequentially similar can be shown to have a high likelihood of similar function
by their structural similarity, which may, for example, be established by comparison of regions of
superstructure. The relative tendencies of amino acids to form regions of superstructure (for example, o-
helixes and B-sheets) are well established. For example, O'Neil et al. (1990) Science 250: 646-651) have
discussed in detail the helix forming tendencies of amino acids. Tables of relative structure forming
activity for amino acids can be used as substitution tables to predict which residues can be functionally
substituted in a given region, for example, in DNA-binding domains of known transcription factors and
equivalogs. Homologs that are likely to be functionally similar can then be identified.

Of particular interest is the structure of a transcription factor in the region of its conserved
domains, such as those identified in Figures 3A-3B (Motif Y) and Figures 3D-3E (AP2 domains).
Structural analyses may be performed by comparing the structure of the known transcription factor around
its conserved domain with those of orthologs and paralogs. Analysis of a number of polypeptides within a
transcription factor group or clade, including the functionally or sequentially similar polypeptides provided
in the Sequence Listing, may also provide an understanding of structural elements required to regulate
transcription within a given family.
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EXAMPLES

It is to be understood that this invention is not limited to the particular materials and methods
described. Although particular embodiments are described, equivalent embodiments may be used to
practice the invention. The described embodiments are not intended to limit the scope of the invention,
which is limited only by the appended claims. The examples below are provided to enable the subject
invention and are not included for the purpose of limiting the invention.

The invention, now being generally described, will be more readily understood by reference to the
following examples, which are included merely for purposes of illustration 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 transcription factor associated with a particular first trait may be associated

with at least one other, unrelated and inherent second trait that was not predicted by the first trait.

Example I: Full Length Gene Identification and Cloning

Putative transcription factor sequences (genomic or ESTs) related to known transcription factors
were identified in the Arabidopsis thaliana GenBank database using the tblastn sequence analysis
program using default parameters and a P-value cutoff threshold of ~4 or -5 or lower, depending on the
length of the query sequence. Putative transcription factor sequence hits were then screened to identify
those containing particular sequence strings. If the sequence hits contained such sequence strings, the
sequences were confirmed as transcription factors.

Alternatively, Arabidopsis thaliana cDNA libraries derived from different tissues or treatments, or
genormic libraries were screened to identify novel members of a transcription family using a low stringency
hybridization approach. Probes were synthesized using gene specific primers in a standard PCR reaction
(annealing temperature 60° C) and labeled with 32p dCTP using the High Prime DNA Labeling Kit
(Boehringer Mannheim Corp. (now Roche Diagnostics Corp., Indianapolis, IN). Purified radiolabelled
probes were added to filters immersed in Church hybridization medium (0.5 M NaPO,4 pH 7.0, 7% SDS,
1% w/v bovine serum albumin) and hybridized overnight at 60°C with shaking. Filters were washed two
times for 45 to 60 minutes with 1xSCC, 1% SDS at 60°C.

To identify additional sequence 5' or 3' of a partial cDNA sequence in a cDNA library, 5' and 3'
rapid amplification of cDNA ends (RACE) was performed using the MARATHON cDNA amplification
kit (Clontech, Palo Alto, CA). Generally, the method entailed first isolating poly(A) mRNA, performing
first and second strand ¢cDNA synthesis to generate double stranded cDNA, blunting cDNA ends,
followed by ligation of the MARATHON Adaptor to the cDNA to form a library of adaptor-ligated ds
cDNA.

Gene-specific primers were designed to be used along with adaptor specific primers for both 5'
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and 3' RACE reactions. Nested primers, rather than single primers, were used to increase PCR specificity.
Using 5' and 3' RACE reactions, 5' and 3' RACE fragments were obtained, sequenced and cloned. The
process can be repeated until 5' and 3' ends of the full-length gene were identified. Then the full-length
cDNA was generated by PCR using primers specific to 5' and 3' ends of the gene by end-to-end PCR.

Example II: Construction of Expression Vectors

The sequence was amplified from a genomic or cDNA library using primers specific to sequences
upstream and downstream of the coding region. The expression vector was pMEN20 or pMENG65, which
are both derived from pMON316 (Sanders et al. (1987) Nucleic Acids Res. 15:1543-1558) and contain the
CaMV 358 promoter to express transgenes. To clone the sequence into the vector, both pMEN20 and the
amplified DNA fragment were digested separately with Sall and NotI restriction enzymes at 372 C for 2
hours. The digestion products were subject to electrophoresis in a 0.8% agarose gel and visualized by
ethidium bromide staining. The DNA fragments containing the sequence and the linearized plasmid were
excised and purified by using a QIAQUICK gel extraction kit (Qiagen, Valencia, CA). The fragments of
interest were ligated at a ratio of 3:1 (vector to insert). Ligation reactions using T4 DNA ligase (New
England Biolabs, Beverly MA) were carried out at 16 C for 16 hours. The ligated DNAs were
transformed into competent cells of the E. coli strain DH5alpha by using the heat shock method. The
transformations were plated on LB plates containing 50 mg/l kanamycin (Sigma Chemical Co. St. Louis
MO). Individual colonies were grown overnight in five milliliters of LB broth containing 50 mg/1

kanamycin at 372 C. Plasmid DNA was purified by using Qiaquick Mini Prep kits (Qiagen, Valencia CA).

Example III: Transformation of Agrobacterium with the Expression Vector
After the plasmid vector confaining the gene was constructed, the vector was used to transform

Agrobacterium tumefaciens cells expressing the gene products. The stock of Agrobacterium tumefaciens
cells for transformation were made as described by Nagel et al. (1990) FEMS Microbiol Letts. 67: 325-
328. Agrobacterium strain ABI was grown in 250 ml LB medium (Sigma) overnight at 282 C with shaking
until an absorbance over 1 cm at 600 nm (Aggo) of 0.5 - 1.0 was reached. Cells were harvested by
centrifugation at 4,000 x g for 15 minutes at 4°C. Cells were then resuspended in 250 pl chilled buffer (1
mM HEPES, pH adjusted to 7.0 with KOH). Cells were centrifuged again as described above and
resuspended in 125 pl chilled buffer. Cells were then centrifuged and resuspended two more times in the
same HEPES buffer as described above at a volume of 100 pl and 750 pl, respectively. Resuspended cells
were then distributed into 40 pl aliquots, quickly frozen in liquid nitrogen, and stored at -80°C.

Agrobacterium cells were transformed with plasmids prepared as described above following the
protocol described by Nagel et al. (1990) supra. For each DNA construct to be transformed, 50 - 100 ng

DNA (generally resuspended in 10 mM Tris-HCI, I mM EDTA, pH 8.0) was mixed with 40 pl of
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Agrobacterium cells. The DNA/cell mixture was then transferred to a chilled cuvette with a 2mm
electrode gap and subject to a 2.5 kV charge dissipated at 25 uF and 200 pF using a Gene Pulser II
apparatus (Bio-Rad, Hercules, CA). After electroporation, cells were immediately resuspended in 1.0 ml
LB and allowed to recover without antibiotic selection for 2 - 4 hours at 28° C in a shaking incubator.
After recovery, cells were plated onto selective medium of LB broth containing 100 pg/ml spectinomycin
(Sigma) and incubated for 24-48 hours at 28° C. Single colonies were then picked and inoculated in fresh

medium. The presence of the plasmid construct was verified by PCR amplification and sequence analysis.

Example IV: Transformation of Arabidopsis Plants

After transformation of Agrobacterium tumefaciens with plasmid vectors containing the gene,
single Agrobacterium colonies were identified, propagated, and used to transform Arabidopsis plants.
Briefly, 500 ml cultures of LB medium containing 50 mg/l kanamycin were inoculated with the colonies
and grown at 28° C with shaking for 2 days until an optical absorbance at 600 nm wavelength over 1 cm
(Ag00) of > 2.0 is reached. Cells were then harvested by centrifugation at 4,000 x g for 10 minutes, and
resuspended in infiltration medium (1/2 X Murashige and Skoog salts (Sigma), 1 X Gamborg's B-5
vitamins (Sigma), 5.0% (w/v) sucrose (Sigma), 0.044 uM benzylamino purine (Sigma), 200 pl/1 Silwet L~
77 (Lehle Seeds) until an Agog of 0.8 was reached.

Prior to transformation, Arabidopsis thaliana seeds (ecotype Columbia) were sown at a density of
about 10 plants per 4" pot onto Pro-Mix BX potting medium (Hummert International) covered with
fiberglass mesh (18 mm X 16 mm). Plants were grown under continuous illumination (50-75
uE/m*/second) at 22-23° C with 65-70% relative humidity. After about 4 weeks, primary inflorescence
stems (bolts) are cut off to encourage growth of multiple secondary bolts. After flowering of the mature
secondary bolts, plants were prepared for transformation by removal of all siliques and opened flowers.

The pots were then immersed upside down in the mixture of Agrobacterium infiltration medium
as described above for 30 seconds, and placed on their sides to allow draining into a 1' x 2' flat surface
covered with plastic wrap. After 24 hours, the plastic wrap was removed and pots are turned upright. The
immersion procedure was repeated one week later, for a total of two immersions per pot. Seeds were then

collected from each transformation pot and analyzed following the protocol described below.

Example V: Identification of Arabidopsis Primary Transformants

Seeds collected from the transformation pots were sterilized essentially as follows. Seeds were
dispersed into in a solution containing 0.1% (v/v) Triton X-100 (Sigma) and sterile water and washed by
shaking the suspension for 20 minutes. The wash solution was then drained and replaced with fresh wash

solution to wash the seeds for 20 minutes with shaking. After removal of the ethanol/detergent solution, a
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solution containing 0.1% (v/v) Triton X-100 and 30% (v/v) bleach (CLOROX; Clorox Corp. Oakland
CA) was added to the seeds, and the suspension was shaken for 10 minutes. After removal of the
bleach/detergent solution, seeds were then washed five times in sterile distilled water. The seeds were
stored in the last wash water at 4°C for 2 days in the dark before being plated onto antibiotic selection
medium (1 X Murashige and Skoog salts (pH adjusted to 5.7 with 1M KOH), 1 X Gamborg's B-5
vitamins, 0.9% phytagar (Life Technologies), and 50 mg/l kanamycin). Seeds were germinated under
continuous illumination (50-75 nE/m?/second) at 22-23°C. After 7-10 days of growth under these
conditions, kanamycin resistant primary transformants (T; generation) were visible and obtained. These
seedlings were transferred first to fresh selection plates where the seedlings continued to grow for 3-5
more days, and then to soil (Pro-Mix BX potting medium).

Primary transformants were crossed and progeny seeds (T>) collected; kanamycin resistant
seedlings were selected and analyzed. The expression levels of the recombinant polynucleotides in the
transformants varies from about a 5% expression level increase to a least a 100% expression level

increase. Similar observations are made with respect to polypeptide level expression. -

Example VI: Identification of Arabidopsis Plants with Transcription Factor Gene Knockouts

The screening of insertion mutagenized Arabidopsis collections for null mutants in a known target
gene was essentially as described in Krysan et al. (1999) Plant Cell 11: 2283-2290. Briefly, gene-specific
primers, nested by 5-250 base pairs to each other, were designed from the 5' and 3' regions of a known
target gene. Similarly, nested sets of primers were also created specific to each of the T-DNA or
transposon ends (the "right" and "left" borders). All possible combinations of gene specific and T-
DNA /transposon primers were used to detect by PCR an insertion event within or close to the target gene.
The amplified DNA fragments were then sequenced, which allows the precise determination of the T-
DNA /transposon insertion point relative to the target gene. Insertion events within the coding or
intervening sequence of the genes were deconvoluted from a pool comprising a plurality of insertion
events to a single unique mutant plant for functional characterization. The method is described in more
detail in Yu and Adam, US Application Serial No. 09/177,733 filed October 23, 1998.

Example VII: Identification of Modified Phenotypes in Overexpressing or Knockout Plants
Experiments were performed to identify those transformants or knockouts that exhibited an
improved pathogen tolerance. For such studies, the transformants were exposed to biotropic fungal
pathogens, such as Erysiphe orontii, and necrotropic fungal pathogens, such as Fusarium oxysporum.
Fusarium oxysporum isolates cause vascular wilts and damping off of various annual vegetables,
perennials and weeds (Mauch-Mani and Slusarenko (1994) Molec Plant-Microbe Interact. 7: 378-383).

For Fusarium oxysporum experiments, plants were grown on Petri dishes and sprayed with a fresh spore
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suspension of F. oxysporum. The spore suspension was prepared as follows: a plug of fungal hyphae from
a plate culture was placed on a fresh potato dextrose agar plate and allowed to spread for one week. Five
ml sterile water was added to the plate, swirled, and pipetted into 50 ml Armstrong Fusarium medium.
Spores were grown overnight in Fusarium medium and then sprayed onto plants using a Preval paint
sprayer. Plant tissue was harvested and frozen in liquid nitrogen 48 hours post-infection.

Erysiphe orontii is a causal agent of powdery mildew. For Erysiphe orontii experiments, plants
were grown approximately four weeks in a greenhouse under 12 hour light (20°C, about 30% relative
humidity (th)). Individual leaves were infected with E. orontii spores from infected plants using a camel's
hair brush, and the plants were transferred to a Percival growth chamber (20°C, 80% rh.). Plant tissue was
harvested and frozen in liquid nitrogen seven days post-infection.

Botrytis cinerea is a necrotrophic pathogen. Botrytis cinerea was grown on potato dextrose agar
under 12 hour light (20°C, about 30% relative humidity (rh)). A spore culture was made by spreading 10
ml of sterile water on the fungus plate, swirling and transferring spores to 10 ml of sterile water. The spore
inoculum (approx. 105 spores/ml) was then used to spray 10 day-old seedlings grown under sterile
conditions on MS (minus sucrose) media. Symptoms were evaluated every day up to approximately 1
week.

Sclerotinia sclerotiorum hyphal cultures were grown in potato dextrose broth. One gram of
hyphae was ground, filtered, spun down and resuspended in sterile water. A 1:10 dilution was used to
spray 10 day-old seedlings grown aseptically under a 12 hour light/dark regime on MS (minus sucrose)
media. Symptoms were evaluated every day up to approximately 1 week.

Pseudomonas syringae pv maculicola (Psm) strain 4326 and pv maculicola strain 4326 was
inoculated by hand at two doses. Two inoculation doses allowed the differentiation between plants with
enhanced susceptibility and plants with enhanced resistance to the pathogen. Plants were grown for three
weeks in the greenhouse, then transferred to the growth chamber for the remainder of their growth. Psm
ES4326 was hand inoculated with 1 ml syringe on three fully-expanded leaves per plant (4 1/2 wk old),
using at least nine plants per overexpressing line at two inoculation doses, OD=0.005 and OD=0.0005.
Disease scoring was performed three post-inoculation by evaluating the plants and leaves simultaneously.

Expression patterns of the pathogen-induced genes (such as defense genes) was also monitored by
microarray experiments. In these experiments, cDNAs were generated by PCR and resuspended at a final
concentration of about 100 ng/ pl in 3X SSC or 150mM Na-phosphate (Eisen and Brown (1999) Methods
Enzymol. 303: 179-205). The cDNAs were spotted on microscope glass slides coated with polylysine. The
prepared cDNAs were aliquoted into 384 well plates and spotted on the slides using, for example, an X-y-z
gantry (OmniGrid; GeneMachines Menlo Park, CA) outfitted with quill type pins (Telechem International,
Sunnyvale, CA). After spotting, the arrays were cured for a minimum of one week at room temperature,

rehydrated and blocked following the protocol of Eisen and Brown (Eisen and Brown (1999) supra).
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Sample total RNA (10 pg) samples were labeled using fluorescent Cy3 and Cy5 dyes. Labeled
samples were resuspended in 4X SSC/0.03% SDS/4 pg salmon sperm DNA/2 pg tRNA/ 50mM Na-
pyrophosphate, heated for 95°C for 2.5 minutes, spun down and placed on the array. The array was
covered with a glass coverslip and placed in a sealed chamber. The chamber was kept in a water bath at
62" C overnight. The arrays were washed as described (Eisen and Brown (1999) supra) and scanned on a
General Scanning 3000 laser scanner. The resulting files were quantified with IMAGENE software
(BioDiscovery, Los Angeles CA).

Reverse transcriptase PCR or RT-PCR experiments may be performed to identify those genes
induced after exposure to biotropic fungal pathogens, such as Erysiphe orontii, necrotropic fungal
pathogens, such as Fusarium oxysporum, bacteria, viruses and salicylic acid, the latter being involved in a
nonspecific resistance response in Arabidopsis thaliana. Generally, the gene expression patterns from
ground plant leaf tissue was examined. RT-PCR was conducted using gene specific primers within the
coding region for each sequence identified. The primers were designed near the 3' region of each DNA
binding sequence initially identified.

Total RNA from ground leaf tissues was isolated using the CTAB extraction protocol. Once
extracted total RNA was normalized in concentration across all the tissue types to ensure that the PCR
reaction for each tissue received the same amount of cDNA template using the 28S band as reference.
Poly(A+) RNA was purified using a modified protocol from the Qiagen OLIGOTEX purification kit batch
protocol. cDNA was synthesized using standard protocols. After the first strand cDNA synthesis, primers
for Actin 2 were used to normalize the concentration of cDNA across the tissue types. Actin 2 is found to
be constitutively expressed in fairly equal levels across the tissue types being investigated.

cDNA template was mixed with corresponding primers and Taq DNA polymerase. Each reaction
consisted of 0.2 ul cDNA template, 2 pl 10X Tricine buffer, 2 ul 10X Tricine buffer and 16.8 pl water,
0.05 pl Primer 1, 0.05 pl, Primer 2, 0.3 pl Tag DNA polymerase and 8.6 ul water.

The 96 well plate was covered with microfilm and set in the thermocycler to start the reaction
cycle. A typical reaction cycle consisted of the following steps:

Step 1: 93° C for 3 minutes;

Step 2: 93° C for 30 seconds;

Step 3: 65° C for 1 minute;

Step 4: 72° C for 2 minutes;

Steps 2, 3 and 4 are repeated for 28 cycles;

Step 5: 72° C for 5 minutes; and

Step 6. 4°C.
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To amplify more products, for example, to identify genes that have very low expression,
additional steps may be performed: The following method illustrates a method that may be used in this
regard. The PCR plate is placed back in the thermocycler for eight more cycles of steps 2-4.

Step 2. 93° C for 30 seconds;

Step 3. 65° C for 1 minute;

Step 4. 72° C for 2 minutes, repeated for 8 cycles; and

Step 5. 4°C.

Eight microliters of PCR product and 1.5 pl of loading dye are loaded on a 1.2% agarose gel for
analysis after 28 cycles and 36 cycles. Expression levels of specific transcripts are considered low if they
were only detectable after 36 cycles of PCR. Expression levels are considered medium or high depending
on the levels of transcript compared with observed transcript levels for an internal control such as actin2.
Transcript levels are determined in repeat experiments and compared to transcript levels in control (e.g.,
non-transformed) plants.

Modified phenotypes observed for particular overexpressor or knockout plants may include
increased or decreased disease tolerance or resistance. For a particular overexpressor that shows a less
beneficial characteristic such as reduced disease resistance or tolerance, it may be more useful to select a
plant with a decreased expression of the particular transcription factor. For a particular knockout that
shows a beneficial characteristic, such as increased disease resistance or tolerance, it may be more useful
to select a plant with an increased expression of the particular transcription factor.

The transcription factor sequences of the Sequence Listing, or those in the present Tables or
Figures, and their equivalogs, can be used to prepare transgenic plants and plants with altered traits. The
specific transgenic plants listed below are produced from the sequences of the Sequence Listing, as noted.
The Sequence Listing and Tables 1, 2, 6 and 7 provide exemplary polynucleotide and polypeptide

sequences of the invention.

Example VIII: Description and Overexpression of G28 (Polynucleotide and Polypeptide SEQ ID
NO: 1 and 2) and Production of Disease Tolerance or Resistance in Plants

This example provides experimental evidence for the disease tolerance or resistance controlled by
the transcription factor polypeptides and polypeptides of the invention, including resistance or tolerance to
multiple pathogens provided by G28 and its equivalogs.

Among the goals of these studies was to determine whether altering the expression of G28 or its
equivalogs (including those listed in the Sequence Listing) in transgenic plants could confer a significant
improvement in pathogen tolerance or resistance. This may be determined by empirical observations of

plants that overexpressed G28 or equivalogs after challenge with pathogenic organisms, as compared to
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control plants similarly treated, as well as by gene expression analyses of these plants for the purpose of
demonstrating the expression of direct and indirect pathway targets by G28. These targets generally
include specific plant disease resistance genes, including, by way of example but not limitation, genes
encoding chitinases, glucanases, enzymes of phytoalexin biosynthesis, defensins, enzymes of lignin
biosynthesis, anti-oxidant activities (e.g., glutathione-S-transferases). The pathway targets may be
instrumental in a defense response involving localized programmed cell death of infected host cells (the
"hypersensitive response"), the accumulation of anti-pathogenic compounds, and cell-wall reinforcement.
The hypersensitive response subsequently leads to systemic induction of defense pathways that prevents
further infection in a systemic acquired resistance (SAR; Dong (1998) Curr. Opin. Plant Biol. 1: 316-
323). SAR is typically effective against a wide variety of pathogen types and can be characterized as an
induced broad-spectrum resistance or tolerance.

In a preferred embodiment, overexpression of G28 or an equivalog leads to SAR, i.e., broad-
spectrum resistance or tolerance, by induction of multiple direct and indirect pathway targets.

Published Information. Arabidopsis tdr G28 corresponds to AtERF1 (GenBank accession number
AB008103; Fujimoto et al. (2000) supra). G28 appears as gene AT4g17500 in the annotated sequence of
Arabidopsis chromosome 4 (AL161546.2).

A{ERF1 has been shown to have GCC-box binding activity; some defense-related genes that were
induced by ethylene were found to contain a short cis-acting element known as the GCC-box: AGCCGCC
(Ohme-Takagi and Shinshi (1990) supra). Using transient assays in Arabidopsis leaves, AtERF1 was
found to be able to act as a GCC-box sequence-specific transactivator (Fujimoto et al. (2000) supra).

As noted above, AtERF1 expression has been described to be induced by ethylene (two- to three-
fold increase in AtERF1 transcript levels 12 hours after ethylene treatment; Fujimoto et al. (2000) supra).
In the ein2 mutant, the expression of AtERF1 was not induced by ethylene, suggesting that the ethylene
induction of AtERF1 is regulated under the ethylene signaling pathway (Fujimoto et al. (2000) supra).
AtERF1 expression was also induced by wounding, but not by other abiotic stresses (such as cold, salinity,
or drought; Fujimoto et al. (2000) supra).

It has been suggested that AtERFs, in general, may act as transcription factors for stress-
responsive genes, and that the GCC-box may act as a cis-regulatory element for biotic and abiotic stress
signal transduction in addition to its role as an ethylene responsive element (ERE; Fujimoto et al. (2000)
supra), but there are no data available on the physiological functions of AtERF1.

Experimental Observations; Disease Resistance. G28 is expressed at higher levels when wild type

Arabidopsis plants are inoculated with Erysiphe, Fusarium, or treated with salicylic acid, compared with
expression levels of G28 in control untreated samples.
A full length G28 cDNA under the control of the CaMV 35S promoter was transformed into wild-

type Arabidopsis plants. Twenty independent transgenic T1 lines were planted and nine of those T1 plants
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were monitored for the expression of the transgene by RT-PCR. The three highest G28 over-expressing
lines were carried to the next generation and scored for disease resistance. To ensure that there was no co-
suppression in the generation in which the assays were being performed, the expression of G28 from the
transgene was monitored by RT-PCR. A high level of G28 induction was observed in this generation and
it was concluded that there was not a high level of cosuppression. When three 35S:: G28 lines, G28 -10, -
11 and —15, were tested for resistance to E. orontii, B. cinerea, and S. sclerotiorum, all three lines
exhibited enhanced resistance. The G28 -15 and G28 -11 lines behaved similarly in all the assays and
exhibited phenotypes that were much stronger than line G28 -10 as measured by disease severity ratings.
This was consistent with results from B. cinerea and S. sclerotiorum assays on the same plant lines grown
and assayed in tissue culture. Importantly, G28 overexpression conferred increased resistance to pathogens
with very different modes of infection, a surprising result. E. orontii is a biotrophic pathogen whereas the
other two are necrotrophic. Because it is known that different defense-related signal transduction pathways
are activated in response to different pathogen types (Maleck et al. (1999) Trends Plant Sci. 4: 215-219;
Pieterse et al. (1999) Trends Plant Sci. 4: 52-58), these results were unexpected and suggest that G28 is a
central player in activating multiple resistance mechanisms. This is the reason that G28 transgenic plants
were given high priority for further analysis.

As expected for a transcription factor involved in plant defense responses, RT-PCR analysis
showed that G28 is expressed in a variety of Arabidopsis tissues (predominantly in shoot, root, rosette,
cauline, and germinating seed) and under several disease-related conditions. Importantly, as shown by
real-time PCR analysis, G28 appears to be involved in defense response pathways, since its transcription
was activated in response to the defense-related hormones jasmonic acid and salicylic acid as well as the
fungal pathogen Botrytis cinerea. G28 was previously shown to be induced by ethylene (Fujimoto et al.
(2000) supra) and was confirmed experimentally using real-time PCR. The pathogenesis related genes
PRI and PDFI.2 were used as controls for this experiment.

PRI is a known marker of systemic acquired resistance and is salicylic acid-inducible, and PDF1.2
is the best-characterized gene that is induced by jasmonic acid, ethylene and several necrotrophic fungal
pathogens (Maleck et al. (1999) supra; Pieterse et al. (1999) supra). PR1 and PDFI.2 induction were
consistent with expectations and showed a steady increase following the appropriate treatments. G28 induction
by salicylic acid, 1-aminocyclopropane-1-carboxylic acid (ACC) and jasmonic acid occurred within two hours
of treatment and was transient even though the treatment continued throughout the experimental time-course.
On the other hand, G28 induction by B. cinerea occurred within two hours of fungal treatment and continued
to rise throughout the time-course. Importantly, the marker genes for salicylic acid, jasmonic acid and ET
responses, PRI and PDF1.2 were found to be constitutively upregulated in the 35S:: G28 transgenic plants,
suggesting that these genes could be the downstream targets for the activity of G28 (a similar constitutive

expression pattern of PRI and PDF1.2 was observed following microarray analysis of the 35S::G28
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transgenics). In fact, PDF.2 has a GCC-box element in its promoter and is therefore potentially a direct target
of G28.

Although G28 transcription was activated in response to ethylene, overexpression of G28 had no
effect on the well-studied ethylene response pathway that is involved in a variety of developmental
responses, including the so-called triple response of seedlings. That is, transgenic plants over-expressing
G28 exhibited a normal triple response. The latter observation supports the conclusion that G28 functions
specifically in a defense-response pathway.

Transgenic plants that over-expressed G28 and had enhanced resistance to Erysiphe orontii,
Sclerotinia sclerotiorum, and Botrytis cinerea are shown. Three independent CaMV 35S promoter::G28
transgenic lines, -15, -10 and -11, were found to be more tolerant to infection with a moderate dose of the
fungal pathogen Erysiphe orontii. Erysiphe spores were obtained from 10 to 14 day old Erysiphe cultures,
and inoculations were performed by tapping conidia from 1 to 2 heavily infected leaves onto the mesh
cover of a settling tower, brushing the mesh with a camel's hair paint brush to break up the conidial chains,
and letting the conidia settle for 10 minutes. Plants were 4 to 4.5 weeks old at the time of inoculation. The
mesh had a pore size of 95 microns; the settling towers were 28" high, and were wide enough to fit over a
box of plants (6" x 6" or 6" x 8"). Symptoms were evaluated 7 - 21 days post-inoculation.

Enhanced resistance of 35S::G28—15 to the fungal pathogen Sclerotinia sclerotiorum was also
observed. Sclerotinia sclerotiorum hyphal cultures were grown in potato dextrose broth. One gram of
hyphae is ground, filtered, spun down and resuspended in sterile water. A 1:10 dilution was used to spray
four week-old plants grown under a 12 hour light/dark. Two of three independent 35::G28 transgenic lines
and infected with Sclerotinia sclerotiorum demonstrated a significant reduction in disease severity as
compared to wild-type controls similarly infected.

Enhanced resistance of 35S::G28-15 overexpressing plants to the fungal pathogen Botrytis
cinerea was also observed. Botrytis cinerea was grown on potato dextrose agar. A spore culture was made
by spreading 10 ml of sterile water on the fungus plate, swirling and transferring spores to 10 ml of sterile
water. The spore inoculum (10° spores/ml) was used to spray four week-old plants grown under 12 hour
light/dark conditions. Two of three independent 35::G28 transgenic lines infected with Botrytis cinerea
showed a significant reduction in disease severity as compared to wild-type controls similarly infected.

G28 overexpression did not seem to have detrimental effects on plant growth or vigor, since plants
from most of the lines were morphologically wild-type. In addition, no difference was detected between
those lines and the corresponding wild-type controls in all the biochemical assays that were performed.

Table 7 summarizes subsequent experiments and shows the observed trait and response of
transgenic 35S::G28 Arabidopsis plants overexpressing G28 when treated with different plant pathogens
over particular time periods when inoculated with a plant pathogen (Botrytis, Sclerotinia, or Erysiphe).

The first column shows the trait or response category to be analyzed (Response Category); the second
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column shows the conditions used for the assay (Assay Type and Medium); the third column shows the
pathogen species inoculated onto the plant (Description of Pathogen); the fourth column shows the
resulting response of the inoculated transgenic plant to the pathogen (Results of Inoculation with Pathogen
of Transgenic Arabidopsis Plants). Transgenic Arabidopsis plants overexpressing G28 under the control
of the CaMV 358 promoter were found to be more tolerant to pathogens when inoculated with Botrytis,

Erysiphe, or Sclerotinia, compared with wild type control plant similarly treated.

Table 7. Results of pathogen challenge on Transgenic Arabidopsis plants

Assay Typeand - [Description Results of Inoculation with Pathogen of Transgenic Arabidopsis

Medium. .~ - |of Pathogen |plants R g ST

Growth / Plate Botrytis 35S::G28 : More tolerant

Growth / Plate Sclerotinia | 35S::G28 : More tolerant

Growth / Plate Botrytis 35S::G28 : Repeat experiment: Individual lines: More tolerant

Growth / Plate Sclerotinia  |35S::G28 : Repeat experiment: Individual lines: More tolerant

Growth / Soil Erysiphe 35S::G28 : Less fungal growth on 8 out of 9 plants.

Growth / Soil Erysiphe 35S::G28 : Repeat experiment: Individual lines. Less fungal
growth on plants from all 3 lines

Transgenic Arabidopsis plants over-expressing SEQ ID NO:1 (plant G28-11) were more tolerant
to pathogens and had less fungal growth when inoculated with Erysiphe orontii compared with wild type
control plants (plant Col) similarly treated. Leaves from a transgenic Arabidopsis plant over-expressing
SEQ ID NO:1 (leaves G28-11) had less fungal growth when inoculated with Erysiphe orontii compared
with wild type control plant (leaves Col) similarly treated.

Transgenic Arabidopsis seedlings over-expressing SEQ ID NO:1 (seedlings G28-15) were more
tolerant to pathogen and had more vigorous growth five days following inoculation with Sclerotinia
sclerotiorum compared with control seedlings transformed with only the pMENG65 vector (seedlings
PMen65) and similarly inoculated with Sclerotinia. Control seedlings were engulfed with fungal hyphae
whereas the transgenic seedlings comprising SEQ ID NO: 1 (G28) were tolerant to the presence of hyphae
and continued to grow.

Table 8 shows the increased levels of G28 (SEQ ID NO:1), and G1006 (SEQ ID NO: 3), and
G1004 (SEQ ID NO: 5) in transgenic 358::G28 4rabidopsis plants overexpressing G28 when treated with
different plant pathogens or methyl jasmonate over particular time periods. The results were determined by
microarray analysis using a proprietary Arabidopsis microarray chip. The first column indicates the type of
treatment. Columns two through four show the fold increase of the endogenous transcribed polynucleotide
levels compared with endogenous levels of an untreated control plant sample, untreated control sample
fold levels normalized to 1.00; the second column shows the fold increase of SEQ ID NO: 1 (G28); the
third column shows the fold increase of SEQ ID NO: 3 (G1006); the fourth column shows the fold
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increase of SEQ ID NO: 5 (G1004).

Table 8. Increase of endogenous transcript in 35S::G28 Arabidopsis plants overexpressing G238

1 X-fold increase of endogenous transcript*

o . G28. A G1006. . . G1004 -

A Treatment | SEQIDNO: 1| SEQIDNO:3 SEQID NO: 5
Botrytis 12 hours 2.61 2.57 3.34
Fusarium 24 hours 3.08 3.45 1.83
Fusarium 48 hours 2.33 1.95 1.54
Erysiphe 7 days 2.15 2.78 1.19
Methyl jasmonate 24 hours 2.26 1.71 1.03
358::G28 & Botrytis 2 hours 1.43 1.37 2.17
35S::G28 & Botrytis 12 hours 9.99 5.55 1.62
35S::G28 & Botrytis 48 hours 1.37 1.5 2.44

* (control X = 1.00)

Novel Utilities Based on Functional Observations. G28 (AtERF1; SEQ ID NO: 2) was shown to
be a key regulator of the plant defense response by overexpressing AtERF1 in transgenic Arabidopsis
plants. In these experiments, this gene was shown to provide enhanced resistance to different economically
important fungal pathogens, including Erysiphe orontii, Botrytis cinerea, Fusarium oxysporum and
Sclerotinia sclerotiorum. Erysiphe species or so-called powdery mildews are obligate biotrophs and will
only grow on healthy leaves. Botrytis and Sclerotinia are necrotrophic pathogens that kill host cells to
extract nutrients. Fusarium oxysporum, a necrotrophic fungal pathogen, was chosen because unlike the
aforementioned fungal pathogens that are foliar pathogens, F. oxysporum primarily infects roots. F.
oxysporum is a vascular pathogen causing a variety of disease symptoms including chlorosis (yellowing),
stunting, wilting, and root rot, head blight of wheat and barley. Fusarium species also synthesize a wide
range of phytotoxic compounds, including the sphinganine analogue mycotoxins.

Tt was surprising that over expression of a single transcription factor led to enhanced resistance
against all three of these fungal pathogens.

Therefore, G28 or its equivalogs can be used to manipulate the defense response in order to
generate pathogen-resistant plants. Furthermore, a unique motif, Motif Y (SEQ ID NO: 55) was
discovered in G28 orthologs in monocots, but not in dicots, upstream of the conserved AP2 domain of
G28. This motif is likely conserved because it functions in a disease tolerance-inducing capacity, and thus

monocot-derived G28 equivalogs that comprise Motif Y may be used to enhance disease tolerance in

monocots.
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Example IX: Identification of Homologous Sequences by Computer Homology Search

This example describes identification of genes that are orthologous to Arabidopsis thaliana
transcription factors from a computer homology search.

Homologous sequences, including those of paralogs and orthologs from Arabidopsis and other
plant species, were identified using database sequence search tools, such as the Basic Local Alignment
Search Tool (BLAST; Altschul et al. (1990) supra; and Altschul et al. (1997) Nucleic Acid Res. 25: 3389-
3402). The tblastx sequence analysis programs were employed using the BLOSUM-62 scoring matrix
(Henikoff and Henikoff (1992) Proc. Natl. Acad. Sci. USA 89: 10915-10919). The entire NCBI GenBank
database was filtered for sequences from all plants except Arabidopsis thaliana by selecting all entries in
the NCBI GenBank database associated with NCBI taxonomic ID 33090 (Viridiplantae; all plants) and
excluding entries associated with taxonomic ID 3701 (Arabidopsis thaliana).

These sequences are compared to sequences representing transcription factor genes presented in
the Sequence Listing, using the Washington University TBLASTX algorithm (version 2.0al9MP) at the
default settings using gapped alignments with the filter "off". For each transcription factor gene in the
Sequence Listing, individual comparisons were ordered by probability score (P-value), where the score
reflects the probability that a particular alignment occurred by chance. For example, a score of 3.6e-40 is
3.6 x 10-40. In addition to P-values, comparisons were also scored by percentage identity. Percentage
identity reflects the degree to which two segments of DNA or protein are identical over a particular length.
Examples of sequences so identified are presented in, for example, Table 2, 6 or 7. Paralogous or
orthologous sequences were readily identified and available in GenBank by GenBank Accession Number
or Test Sequence Annotation (e.g., see Table 6;). The percent sequence identity among these sequences
can be as low as 47%, or even lower sequence identity.

Candidate paralogous sequences were identified among Arabidopsis transcription factors through
alignment, identity, and phylogenic relationships. G1006 (SEQ ID NO: 4), a paralog of G28, may be
found in the Sequence Listing.

Candidate orthologous sequences were identified from proprietary unigene sets of plant gene
sequences in Zea mays, Glycine max and Oryza sativa based on significant homology to Arabidopsis
transcription factors. These candidates were reciprocally compared to the set of Arabidopsis transcription
factors. If the candidate showed maximal similarity in the protein domain to the eliciting transcription
factor or to a paralog of the eliciting transcription factor, then it was considered to be an ortholog.
Identified non- Arabidopsis sequences that were shown in this manner to be orthologous to the

Arabidopsis sequences are provided in, for example, Tables 2, 6 and 7.
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Example X: Identification of Orthologous and Paralogous Sequences by PCR
Orthologs to Arabidopsis genes may identified by several methods, including hybridization,
amplification, or bioinformatically. This example describes how one may identify equivalogs to the

Arabidopsis AP2 family transcription factor CBF1 (polynucleotide SEQ ID NO: 45, encoded polypeptide

SEQID NO: 46), which confers tolerance to abiotic stresses (Thomashow et al. (2002) U.S. Patent No.

6,417,428), and an example to confirm the function of homologous sequences. In this example, orthologs
to CBF1 were found in canola (Brassica napus) using polymerase chain reaction (PCR).
Degenerate primers were designed for regions of AP2 binding domain and outside of the AP2

(carboxyl terminal domain):

Mol 368 (reverse) 5'- CAY CCN ATH TAY MGN GGN GT -3' (SEQ ID NO: 53)
Mol 378 (forward) 5- GGN ARN ARC ATN CCY TCN GCC -3' (SEQ ID NO: 54)
(Y: C/T, N: A/C/G/T, H:A/C/T, M:A/C, R:A/G)

Primer Mol 368 is in the AP2 binding domain of CBF1 (amino acid sequence: His-Pro-Ile-Tyr-
Arg-Gly-Val) while primer Mol 378 is outside the AP2 domain (carboxyl terminal domain; amino acid
sequence: Met-Ala-Glu-Gly-Met-Leu-Leu-Pro).

The genomic DNA isolated from B. napus was PCR-amplified by using these primers following
these conditions: an initial denaturation step of 2 minutes at 93°C; 35 cycles of 93°C for 1 minute, 55°C
for 1 minute, and 72° C for 1 minute; and a final incubation of 7 minutes at 7 2°C at the end of cycling.

The PCR products were separated by electrophoresis on a 1.2% agarose gel and transferred to
nylon membrane and hybridized with the AT CBF1 probe prepared from Arabidopsis genomic DNA by
PCR amplification. The hybridized products were visualized by colorimetric detection system (Boehringer
Mannheim) and the corresponding bands from a similar agarose gel were isolated using the Qiagen
Extraction Kit (Qiagen, Valencia CA). The DNA fragments were ligated into the TA clone vector from
TOPO TA Cloning Kit (Invitrogen Corporation, Carlsbad CA) and transformed into E. coli strain TOP10
(Invitrogen).

Seven colonies were picked and the inserts were sequenced on an ABI377 machine from both
strands of sense and antisense after plasmid DNA isolation. The DNA sequence was edited by sequencer
and aligned with the AtCBF1 by GCG software and NCBI blast searching.

The nucleic acid sequence and amino acid sequence of one canola ortholog found in this manner
(bnCBF1; polynucleotide SEQ ID NO: 51 and polypeptide SEQ ID NO: 52) identified by this process is

shown in the Sequence Listing.
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The aligned amino acid sequences show that the bnCBF1 gene has 88% identity with the drabidopsis
sequence in the AP2 domain region and 85% identity with the Arabidopsis sequence outside the AP2 domain
when aligned for two insertion sequences that are outside the AP2 domain.

Similarly, paralogous sequences to Arabidopsis genes, such as CBFI, may also be identified.

Two paralogs of CBF1 from Arabidopsis thaliana: CBF2 and CBF3. CBF2 and CBF3 have been
cloned and sequenced as described below. The sequences of the DNA SEQ ID NO: 47 and 49 and
encoded proteins SEQ ID NO: 48 and 50 are set forth in the Sequence Listing.

A lambda ¢cDNA library prepared from RNA isolated from Arabidopsis thaliana ecotype
Columbia (Lin and Thomashow (1992) Plant Physiol. 99: 519-525) was screened for recombinant clones
that carried inserts related to the CBFI gene (Stockinger et al. (1997) Proc. Natl. Acad. Sci. US4 94:1035-
1040). CBF1 was 32p_radiolabeled by random priming (Sambrook et al. (1989) supra) and used to screen
the library by the plaque-lift technique using standard stringent hybridization and wash conditions (Hajela
et al. (1990) Plant Physiol. 93:1246-1252; Sambrook et al. (1989) supra) 6 X SSPE buffer, 60° C for
hybridization and 0.1 X SSPE buffer and 60° C for washes). Twelve positively hybridizing clones were
obtained and the DNA sequences of the cDNA inserts were determined. The results indicated that the
clones fell into three classes. One class carried inserts corresponding to CBFI. The two other classes
carried sequences corresponding to two different homologs of CBF1, designated CBF2 and CBF3. The
nucleic acid sequences and predicted protein coding sequences for Arabidopsis CBF. 1, CBF2 and CBF3
are listed in the Sequence Listing (SEQ ID NOs: 45, 47, 49 and SEQ ID NOs: 46, 48, 50, respectively).
The nucleic acid sequences and predicted protein coding sequence for Brassica napus CBF ortholog is
listed in the Sequence Listing (SEQ ID NOs: 51 and 52, respectively).

A comparison of the nucleic acid sequences of Arabidopsis CBF1, CBF2 and CBF3 indicate that
they are 83 to 85% identical as shown in Table 9.

TABLE 9. Identity comparison of Arabidopsis CBF1, CBF2 and CBF3

Percent identity”
DNA® Polypeptide
cbfl/cbf2 85 86
cbfl/cbf3 83 84
cbf2/cbf3 84 85

3 Percent identity was determined using the Clustal algorithm from the Megalign program
(DNASTAR, Inc.).
® Comparisons of the nucleic acid sequences of the open reading frames are shown.
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Similarly, the amino acid sequences of the three CBF polypeptides range from 84 to 86% identity.
An alignment of the three amino acidic sequences reveals that most of the differences in amino acid
sequence occur in the acidic C-terminal half of the polypeptide. This region of CBF1 serves as an
activation domain in both yeast and Arabidopsis (not shown).

Residues 47 to 106 of CBF1 correspond to the AP2 domain of the protein, a DNA binding motif
that to date, has only been found in plant proteins. A comparison of the AP2 domains of CBF1, CBF2 and
CBF3 indicates that there are a few differences in amino acid sequence. These differences in amino acid

sequence might have an effect on DNA binding specificity.

Example XI: Transformation of Canola with a Plasmid Containing CBF1, CBF2, or CBF3

After identifying homologous genes to CBF1, canola was transformed with a plasmid containing
the Arabidopsis CBF1, CBF2, or CBF3 genes cloned into the vector pGA643 (An (1987) Methods
Enzymol. 253: 292). In these constructs the CBF genes were expressed constitutively under the CaMV
35S promoter. In addition, the CBF1 gene was cloned under the control of the Arabidopsis COR15
promoter in the same vector pGA643. Each construct was transformed into Agrobacterium strain GV3101.
Transformed Agrobacteria were grown for 2 days in minimal AB medium containing appropriate
antibiotics.

Spring canola (B. napus cv. Westar) was transformed using the protocol of Moloney et al. (1989)
Plant Cell Reports 8: 238, with some modifications as described. Briefly, seeds were sterilized and plated
on half strength MS medium, containing 1% sucrose. Plates were incubated at 24° C under 60-80 uE/m’s
light using a16 hour light/ 8 hour dark photoperiod. Cotyledons from 4-5 day old seedlings were collected,
the petioles cut and dipped into the Agrobacterium solution. The dipped cotyledons were placed on co-
cultivation medium at a density of 20 cotyledons/plate and incubafed as described above for 3 days.
Explants were transferred to the same media, but containing 300 mg/l timentin (SmithKline Beecham, PA)
and thinned to ten cotyledons/plate. After 7 days explants were transferred to Selection/Regeneration
medium. Transfers were continued every 2-3 weeks (2 or 3 times) until shoots had developed. Shoots were
transferred to Shoot-Elongation medium every 2-3 weeks. Healthy looking shoots were transferred to
rooting medium. Once good roots had developed, the plants were placed into moist potting soil.

The transformed plants were then analyzed for the presence of the NPTII gene/ kanamycin
resistance by ELISA, using the ELISA NPT kit from 5Prime-3Prime Inc. (Boulder, CO). Approximately
70% of the screened plants were NPTII positive. Only those plants were further analyzed.

From Northern blot analysis of the plants that were transformed with the constitutively expressing
constructs, showed expression of the CBF genes and all CBF genes were capable of inducing the Brassica

napus cold-regulated gene BN115 (homolog of the Arabidopsis COR15 gene). Most of the transgenic
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plants appear to exhibit a normal growth phenotype. As expected, the transgenic plants are more freezing
tolerant than the wild-type plants. Using the electrolyte leakage of leaves test, the conirol showed a 50%
leakage at -2° to -3° C. Spring canola transformed with either CBF1 or CBF2 showed a 50% leakage at -6°
to -7° C. Spring canola transformed with CBF3 shows a 50% leakage at about -10° to -15° C. Winter
canola transformed with CBF3 may show a 50% leakage at about -16° to -20° C. Furthermore, if the
spring or winter canola are cold acclimated the transformed plants may exhibit a further increase in
freezing tolerance of at least -2° C.

To test salinity tolerance of the transformed plants, plants were watered with 150 mM NaCl.
Plants overexpressing CBF1, CBF2, or CBF3 grew better compared with plants that had not been
transformed with CBF1, CBF2, or CBF3.

These results demonstrate that equivalogs of Arabidopsis transcription factors can be identified

and shown to confer similar functions in non-Arabidopsis plant species.

Example XII: Screen of Plant cDNA library for Sequence Encoding a Transcription Factor DNA
Binding Domain and Demonstration of Protein Transcription Regulation Activity.

The "one-hybrid" strategy (Li and Herskowitz (1993) Science 262: 1870-1874) is used to screen
for plant cDNA clones encoding a polypeptide comprising a transcription factor DNA binding domain, a
conserved domain. In brief, yeast strains are constructed that contain a lacZ reporter gene with either wild-
type or mutant transcription factor binding promoter element sequences in place of the normal UAS
(upstream activator sequence) of the GALI1 promoter. Yeast reporter strains are constructed that carry
transcription factor binding promoter element sequences as UAS elements are operably linked upstream
(5") of a lacZ reporter gene with a minimal GAL1 promoter. The strains are transformed with a plant
expression library that contains random cDNA inserts fused to the GALA4 activation domain (GALA4-ACT)
and screened for blue colony formation on X-gal-treated filters (X-gal: 5-bromo-4-chloro-3-indolyl-B-D-
galactoside; Invitrogen Corporation, Carlsbad CA). Alternatively, the strains are transformed with a cDNA
polynucleotide encoding a known transcription factor DNA binding domain polypeptide sequence.

Yeast strains carrying these reporter constructs produce low levels of beta-galactosidase and form
white colonies on filters containing X-gal. The reporter strains carrying wild-type transcription factor
binding promoter element sequences are transformed with a polynucleotide that encodes a polypeptide
comprising a plant transcription factor DNA binding domain operably linked to the acidic activator
domain of the yeast GAL4 transcription factor, "GAL4-ACT". The clones that contain a polynucleotide
encoding a transcription factor DNA binding domain operably linked to GALA-ACT can bind upstream of
the lacZ reporter genes carrying the wild-type transcription factor binding promoter element sequence,

activate transcription of the lacZ gene and result in yeast forming blue colonies on X-gal-treated filters.
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Upon screening about 2 x 10° yeast transformants, positive cDNA clones are isolated; i.., clones
that cause yeast strains carrying lacZ reporters operably linked to wild-type transcription factor binding
promoter elements to form blue colonies on X-gal-reated filters. The ¢cDNA clones do not cause a yeast
strain carrying a mutant type transcription factor binding promoter elements fused to LacZ to turn blue.
Thus, a polynucleotide encoding transcription factor DNA binding domain, a conserved domain, is shown

to activate transcription of a gene.

Example XIII: Gel Shift Assays.

The presence of a transcription factor comprising a DNA binding domain that binds to a DNA
transcription factor binding element is evaluated using the following gel shift assay. The transcription
factor is recombinantly expressed and isolated from E. coli or isolated from plant material. Total soluble
protein, including transcription factor, (40 ng) is incubated at room temperature in 10 pl of 1 x binding
buffer (15 mM HEPES (pH 7.9), 1 mM EDTA, 30 mM KCl, 5% glycerol, 5% bovine serum albumin, 1
mM DTT) plus 50 ng poly(dl-dC):poly(dl-dC; Pharmacia, Piscataway NI) with or without 100 ng
competitor DNA. After 10 minutes incubation, probe DNA comprising a DNA transcription factor
binding element (1 ng) that has been 32p_Jabeled by end-filling (Sambrook et al. (1989) supra) is added
and the mixture incubated for an additional 10 minutes. Samples are loaded onto polyacrylamide gels (4%
wi/v) and fractionated by electrophoresis at 150V for 2h (Sambrook et al. (1989) supra). The degree of
transcription factor-probe DNA binding is visualized using autoradiography. Probes and competitor DNAs
are prepared from oligonucleotide inserts ligated into the BamHI site of pUC11 8 (Vieira et al. (1987)
Methods Enzymol. 153: 3-11). Orientation and concatenation number of the inserts are determined by
dideoxy DNA sequence analysis (Sambrook et al. (1989) supra). Inserts are recovered after restriction
digestion with EcoRI and HindIIl and fractionation on polyacrylamide gels (12% w/v; Sambrook et al.
(1989) supra).

Example XIV: Cloning of transcription factor pronioters

Promoters are isolated from transcription factor genes that have gene expression patterns useful
for a range of applications, as determined by methods well known in the art (including transcript profile
analysis with cDNA or oligonucleotide microarrays, Northern blot analysis, semi-quantitative or
quantitative RT-PCR). Interesting gene expression profiles are revealed by determining transcript
abundance for a selected transcription factor gene after exposure of plants to a range of different
experimental conditions, and in a range of different tissue or organ types, or developmental stages.
Experimental conditions to which plants are exposed for this purpose includes cold, heat, drought, osmotic
challenge, varied hormone concentrations (ABA, GA, auxin, cytokinin, salicylic acid, brassinosteroid),

pathogen and pest challenge. The tissue types and developmental stages include stem, root, flower, rosette
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leaves, cauline leaves, siliques, germinating seed, and meristematic tissue. The set of expression levels
provides a pattern that is determined by the regulatory elements of the gene promoter.

Transcription factor promoters for the genes disclosed herein are obtained by cloning 1.5 kb to 2.0
kb of genomic sequence immediately upstream of the translation start codon for the coding sequence of
the encoded transcription factor protein. This region includes the 5'-UTR of the transcription factor gene,
which can comprise regulatory elements. The 1.5 kb to 2.0 kb region is cloned through PCR methods,
using primers that include one in the 3' direction located at the translation start codon (including
appropriate adaptor sequence), and one in the 5' direction located from 1.5 kb to 2.0 kb upstream of the
translation start codon (including appropriate adaptor sequence). The desired fragments are PCR-amplified
from Arabidopsis Col-0 genomic DNA using high-fidelity Tag DNA polymerase to minimize the
incorporation of point mutation(s). The cloning primers incorporate two rare restriction sites, such as Notl
and Sfil, found at low frequency throughout the Arabidopsis genome. Additional restriction sites are used
in the instances where a Not1 or Sfil restriction site is present within the promoter.

The 1.5-2.0 kb fragment upstream from the translation start codon, including the 5'-untranslated
region of the transcription factor, is cloned in a binary transformation vector immediately upstream of a
suitable reporter gene, or a transactivator gene that is capable of programming expression of a reporter
gene in a second gene construct. Reporter genes used include green fluorescent protein (and related
fluorescent protein color variants), beta-glucuronidase, and luciferase. Suitable transactivator genes
include LexA-GALA4, along with a transactivatable reporter in a second binary plasmid (as disclosed in
U.S. patent application 09/958,131, incorporated herein by reference). The binary plasmid(s) is transferred
into Agrobacterium and the structure of the plasmid confirmed by PCR. These strains are introduced into
Arabidopsis plants as described in other examples, and gene expression patterns determined according to
standard methods know to one skilled in the art for monitoring GFP fluorescence, beta-glucuronidase

activity, or luminescence.

Example XV. Transformation of dicots

Transcription factor sequences listed in the Sequence Listing recombined into pMEN20 or
PMENG65 expression vectors are transformed into a plant for the purpose of modifying plant traits. The
cloning vector may be introduced into a variety of cereal 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 dicot plants (see Weissbach and Weissbach, (1989) supra;
Gelvin et al. (1990) supra; Herrera-Estrella et al. (1983) supra; Bevan (1984) supra; and Klee (1985)
supra). Methods for analysis of traits are routine in the art and examples are disclosed above.

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 Methods in Plant Molecular Biology and
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Biotechnology, p. 89-119, Glick and Thompson, eds., CRC Press, Inc., Boca Raton) describe several
expression vectors and culture methods that may be used for cell or tissue transformation and subsequent
regeneration. For soybean transformation, methods are described by Miki et al. (1993) in Methods in
Plant Molecular Biology and Biotechnology, p. 67-88, Glick and Thompson, eds., CRC Press, Inc., Boca
Raton; and U.S. Pat. No. 5,563,055, (Townsend and Thomas), issued Oct.8, 1996.

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 microprojectile-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) Part.
Sci. Technol. 5:27-37; Christou et al. (1992) Plant. J. 2: 275-281; Sanford (1993) Methods Enzymol. 217:
483-509; Klein et al. (1987) Nature 327: 70-73; 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.

Alternatively, sonication methods (see, for example, Zhang et al. (1991)Bio/Technology 9: 996-
997); direct uptake of DNA into protoplasts using CaCl2 precipitation, polyvinyl alcohol or poly-L-
ornithine (see, for example, Hain et al. (1985) Mol. Gen. Genet. 199: 161-168; Draper et al., Plant Cell
Physiol. 23: 451-458 (1982)); liposome or spheroplast fusion (see, for example, Deshayes et al. (1985)
EMBO J., 4: 2731-2737; Christou et al. (1987) Proc. Natl. Acad. Sci. U.S.A. 84: 3962-3966); and
electroporation of protoplasts and whole cells and tissues (see, for example, Donn et al.(1990) in Abstracts
of VIlih International Congress on Plant Cell and Tissue Culture IAPTC, A2-38: 53; D'Halluin et al.
(1992) Plant Cell 4: 1495-1505;and Spencer et al. (1994) Plant Mol. Biol. 24: 51-61) have been used to

introduce foreign DNA and expression vectors into plants.

After a plant or plant cell is transformed (and the latter 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) In Tomato Biotechnology: Alan R. Liss, Inc., 169-178,and in U.S.
Patent 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 pM a-naphthalene
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 minutes, 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
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tumefaciens are diluted in liquid MS medium with 2% (w/v/) sucrose, pH 5.7) to an ODygqo of 0.8.

Following cocultivation, the cotyledon explants are transferred to Petri dishes with selective
medium comprising MS medium with 4.56 uM zeatin, 67.3 uM vancomycin, 418.9 pM 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 sulphate-containing medium is a positive indication of a successful transformation.

Transformation of soybean plants may be conducted using the methods found in, for example,
U.S. Patent 5,563,055 (Townsend et al., issued October 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 1/10 strength agar solidified medium without plant growth regulators and
culturing at 28° C. with a 16 hour day length. After three or four days, seed may be prepared for
cocultivation. The seedcoat is removed and the elongating radicle removed 3-4 mm below the cotyledons.

Overnight cultures of Agrobacterium tumefaciens harboring the expression vector comprising a
polynucleotide of the invention are grown to log phase, pooled, and concentrated 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 resuspended 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 embedded 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. Patent 5,563,055).

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 XVI: Transformation and increased disease resistance in monocots

Cereal plants such as, but not limited to, corn, wheat, rice, sorghum, or barley, may also be
transformed with the present polynucleotide sequences, including monocot or dicot-derived sequences
such as those presented in Table 2, or AP2 transcription factor genes that encode Motif Y (SEQ ID NO:
55) or a subsequence substantially identical to Motif Y, cloned into a vector such as pGA643 and

containing a kanamycin-resistance marker, and expressed constitutively under, for example, the CaMV
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35S or COR15 promoters. pMEN20 or pMENG5 and other expression vectors may also be used for the
purpose of modifying plant traits. For example, pMEN020 may be modified to replace the NptIl coding
region with the BAR gene of Streptomyces hygroscopicus that confers resistance to phosphinothricin. The
Kpnl and BgllI sites of the Bar gene are removed by site-directed mutagenesis with silent codon changes.

The cloning vector may be introduced into a variety of cereal plants by means well known in the
art including direct DNA transfer or Agrobacterium tumefaciens-mediated transformation. The latter
approach may be accomplished by a variety of means, including, for example, that of U.S. Patent No.
5,591,616, in which monocotyledon callus is transformed by contacting dedifferentiating tissue with the
Agrobacterium containing the cloning vector.

The sample tissues are immersed in a suspension of 3x107 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 looking shoots are transferred to rooting medium and after
roots have developed, the plants are placed into moist potting soil.

The transformed plants are then analyzed for the presence of the NPTII gene/ kanamycin
resistance by ELISA, using the ELISA NPTII kit from 5Prime-3Prime Inc. (Boulder, CO).

Tt is also routine to use other methods to produce transgenic plants of most cereal crops (Vasil
(1994) Plant Mol. Biol. 25: 925-937) such as corn, wheat, rice, sorghum (Cassas et al. (1993) Proc. Natl.
Acad. Sci. USA 90: 11212-11216, and barley (Wan and Lemeaux (1994) Plant Physiol. 104:37-48). DNA
transfer methods such as the microprojectile method can be used for corn (Fromm et al. (1990)
Bio/Technol. 8: 833-839); Gordon-Kamm et al. (1990) Plant Cell 2: 603-618; Ishida (1990) Nature
Biotechnol. 14:745-750), wheat (Vasil et al. (1992) Bio/Technol. 10:667-674; Vasil et al. (1993)
Bio/Technol. 11:1553-1558; Weeks et al. (1993) Plant Physiol. 102:1077-1084), and rice (Christou
(1991) Bio/Technol. 9:957-962; Hiei et al. (1994) Plant J. 6:271-282; Aldemita and Hodges (1996)
Planta 199:612-617; and Hiei et al. (1997) Plant Mol. Biol. 35:205-218). For most cereal plants,
embryogenic cells derived from immature scutellum tissues are the preferred cellular targets for
transformation (Hiei et al. (1997) Plant Mol. Biol. 35:205-218; Vasil (1994) Plant Mol. Biol. 25: 925-
937). For transforming corn embryogenic cells derived from immature scutellar tissue using
microprojectile bombardment, the A188XB73 genotype is the preferred genotype (Fromm et al. (1990)
Bio/Technol. 8: 833-839; Gordon-Kamm et al. (1990) Plant Cell 2: 603-618). After microprojectile
bombardment the tissues are selected on phosphinothricin to identify the transgenic embryogenic cells
(Gordon-Kamm et al. (1990) Plant Cell 2: 603-618). Transgenic plants are regenerated by standard corn
regeneration techniques (Fromm et al. (1990) Bio/Technol. 8: 833-839; Gordon-Kamm et al. (1990) Plant
Cell 2: 603-618).
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Northern blot analysis, RT-PCR or microarray analysis of the regenerated, transformed plants may
be used to show expression of G28-equivalog genes that are capable of inducing disease tolerance.
Monocot-derived equivalogs of G28 gene contain Motif Y or a subsequence substantially identical to
Motif Y, and are shown to be expressed and thus may confer disease tolerance.

To verify the ability to confer tolerance, mature plants overexpressing a G28 or G3430 equivalog
gene, or alternatively, seedling progeny of these plants, may be challenged with any of several disease-
causing organisms, including, for example, the fungal pathogens Botrytis, Fusarium, Erysiphe, and
Sclerotinia, or bacterial and other pathogens including Pseudomonas syringae, nematodes, mollicutes,
parasites, or herbivorous arthropods.

By comparing wild type and transgenic plants similarly treated, the transgenic plants may be
shown to have less fungal growth when inoculated with several of the fungal pathogens, or fewer adverse
effects from disease caused by Pseudomonas syringae, nematodes, mollicutes, parasites, or herbivorous
arthropods. ’

The transgenic plants may also have greater yield relative to a control plant when both are faced
with the same pathogen challenge. Since members of the G28 clade may be tolerant or resistant to
multiple pathogens, plants overexpressing a member of the G3430 subclade of the G28 clade of
transcription factor polypeptides may present a smaller yield loss than non-transgenic plants when the two
types of plants are faced with similar challenges from any of a number of pathogens, including fungal
pathogens. The symptoms of yield loss may include defoliation, chlorosis, stunting, lesions, loss of
photosynthesis, distortions and necrosis, and thus methods for reducing yield loss may alleviate some or
all of these symptoms.

After a monocot plant or plant cell has been transformed (and the latter regenerated into a plant)
and shown to have greater tolerance or resistance to pathogens or greater produce yield relative to a
control plant, 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 transformed monocot plant from a different
transgenic line of plants.

These experiments would demonstrate that members of the G3430 subclade of transcription factor
polypeptides can be identified and shown to confer disease tolerance or resistance in monocots, including

tolerance or resistance to multiple pathogens.

Example XVII: Induction of G28 orthologs in various crop species, including monocots

Real time PCR experiments, performed in the manner of Example VII, have shown that G28
(SEQ ID NO: 2, AtERF1) and its orthologs in Brassica napus (canola; orthologs Bn bh594074, Bn
bh454277), Zea mays (corn; ortholog G3661, SEQ ID NO: 12) and Oryza sativa (rice; ortholog G3430,

SEQ ID NO: 10) were induced by the disease-related hormone treatments MeJA and SA in the plant
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species in which they are found, which supports the premise that these sequences have conserved function
across monocot and dicot lineages.

These experiments have demonstrated that members of the G28 clade of transcription factor
polypeptides and its G3430 subclade have altered expression patterns in response to disease-related
treatments, and, similar to G28, can confer disease tolerance or resistance, including in monocots and to

multiple pathogens.

All publications and patent applications mentioned in this specification are herein incorporated by
reference to the same extent as if each individual publication or patent application was specifically and
individually indicated to be incorporated by reference.

The present invention is not limited by the specific embodiments described herein. The invention
now being fully described, it will be apparent to one of ordinary skill in the art that many changes and
modifications can be made thereto without departing from the spirit or scope of the appended claims.
Modifications that become apparent from the foregoing description and accompanying figures fall within

the scope of the claims.
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What is claimed is:

1. A transgenic monocot plant having greater tolerance than a control plant to at least one
pathogen, wherein the transgenic monocot plant comprises a recombinant polynucleotide encoding a

polypeptide member of the G3430 subclade of transcription factor polypeptides.

2. The transgenic monocot plant of Claim 1, wherein the polypeptide member comprises a Motif

Y that is at least 82% identical to SEQ ID NO: 535.

3. The transgenic monocot plant of Claim 2, wherein the recombinant polynucleotide encodes a

polypeptide comprising SEQ ID NO: 55.

4. The transgenic monocot plant of Claim 1, wherein the recombinant polynucleotide hybridizes
over its full length to SEQ ID NO: 9 or its complement under stringent conditions; and
wherein the stringent conditions include two wash steps of 6x SSC at 65° C, each step being 10-

30 minutes in duration.

5. The transgenic monocot plant of Claim 1, wherein the recombinant polynucleotide is operably
linked to at least one regulatory element capable of regulating expression of the recombinant

polynucleotide when the recombinant polynucleotide is transformed into a plant.

6. The transgenic monocot plant of Claim 5, wherein said at least one regulatory element is
selected from the group consisting of a promoter, a transcription initiation start site, an RNA processing

signal, a transcription termination site, and a polyadenylation signal.

7. The transgenic monocot plant of Claim 6, wherein the promoter is constitutive, inducible, or

tissue-specific.

8. The transgenic monocot plant of Claim 1, wherein the recombinant polynucleotide is

incorporated into an expression vector.
9. The transgenic monocot plant of Claim 1, wherein the transgenic monocot plant is a plant cell.
10. The transgenic monocot plant of Claim 1, wherein the recombinant polynucleotide encodes a

polypeptide comprising SEQ ID NO: 10.
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11. The transgenic monocot plant of Claim 1, wherein the at least one pathogen is at least one

fungal pathogen.

12. The transgenic monocot plant of Claim 11, wherein the at least one fungal pathogen is

selected from the group consisting of Fusarium, Erysiphe, Sclerotinia and Botrytis.

13. The transgenic monocot plant of Claim 1, wherein the recombinant polynucleotide comprises
a nucleic acid sequence selected from the group consisting of SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID
NO: 29, SEQ ID NO: 31, SEQ ID NO: 33, and SEQ ID NO: 35.

14. Seed produced from the transgenic monocot plant according to Claim 1.

15. A method for producing a transformed monocot plant having greater tolerance or resistance to
at least one pathogen than a control plant, said method comprising:
(a) providing an expression vector comprising:
(1) apolynucleotide sequence encoding a polypeptide comprising a Motif Y that is at
least 82% identical to SEQ ID NO: 55; and
(ii) regulatory elements flanking the polynucleotide sequence, said regulatory elements
being able to control expression of the polynucleotide sequence in a target monocot
plant; and
(b) transforming the target monocot plant with the expression vector to generate a transformed
monocot plant that is capable of expressing the polynucleotide sequence;
wherein the expression of the polynucleotide sequence results in the transformed monocot plant

with greater tolerance or resistance to the at least one pathogen than the control plant.

16. The method of Claim 15, wherein said polynucleotide sequence hybridizes to SEQ ID NO: 9
under the stringent conditions of 6X SSC and 65° C.

17. The method of Claim 15, wherein said at least one pathogen is at least one fungal pathogen.

18. The method of Claim 17, wherein the at least one fungal pathogen is selected from the group

consisting of Botrytis, Fusarium, Erysiphe, and Sclerotinia.

19. The method of Claim 15, the method steps further comprising:
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(c) selfing or crossing the transformed monocot plant with itself or another monocot plant,
respectively, to produce seed; and

(d) growing a progeny monocot plant from the seed;

wherein the progeny monocot plant has greater tolerance or resistance to the at least one pathogen

than the control plant.

20. A method for reducing yield loss due to a plant disease in a monocot plant, the method
comprising:
(a) providing an expression vector comprising:
(i) a polynucleotide sequence encoding a polypeptide comprising a Motif Y that is at
least 82% identical to SEQ ID NO: 55; and
(i) regulatory elements flanking the polynucleotide sequence, said regulatory elements
being able to control expression of the polynucleotide sequence in a target monocot
plant; and
(b) transforming the target monocot plant with the expression vector to generate a transformed
monocot plant that is capable of expressing the polynucleotide sequence; and
(c) growing the transformed monocot plant;
wherein the expression of the polynucleotide sequence results in the transformed monocot plant
having reduced yield loss due to the plant disease when the transformed monocot plant is contacted by at

least one pathogen.
21. The method of Claim 20, wherein said plant disease is caused by at least one pathogen.
22. The method of Claim 21, wherein said at least one pathogen is at least one fungal pathogen.

23. The method of Claim 22, wherein the at least one fungal pathogen is selected from the group

consisting of Botrytis, Fusarium, Erysiphe, and Sclerotinia.
24. The method of Claim 20, wherein the method alleviates one or more disease symptoms

selected from the group consisting of defoliation, chlorosis, stunting, lesions, loss of photosynthesis,

distortions and necrosis.

89



WO 2004/108900 PCT/US2004/017768
1/10

Fagales
— Cucu rbitales
= *=——Rosales
Fabales
Oxalidales
g/lalpl%hxales

apindales
— —_ Malvales
e Brassicales
Myrtales
Geraniales

Dipsacales
—EAsterales

Apiales
----Aqu;fohales
Solanales
Lamiales
Gentianales
— Garryales
Ericales
Cornales
Saxifragales
Santalales
Caryophyilales
Proteales
Ranunculales
Zingiberales
Commelinales
Poales
Arecales
Pandanales
Liliales
_— Dioscoreales
Asparagales
Alismatales
Acorales
Piperales
Magnoliales
Laurales
Ceratophyllales

rosids

eudicots

asterids

[?;a

monaocots

magnoliid dicots

FIGURE 1



PCT/US2004/017768

WO 2004/108900

2/10

¢ H4NDOIA

,9e3re,, 914ydoroyo

syued paos-Uuou JOUJ0 pue SISSOUI ‘UL
SpedAo

OULH

(ourd) aeooRUL] SI9JTUOD

so[eloun)

qieyoored

oBIJRI[I] sofeImne |

“ eURURQ) 9BIOBSNIA (— $1000UOW
(o011 “Jeaym “9zIet) SBIUNLRID) | oy rprougepy

qIoyosred
SpInOuNUeI
pIowewRy
A v pI[oweRY
SNII0) 9BIIBIY
(yoeurds 909qredns) seaoeipodousy) mE:\EmoWHMW
(s1sdopigv.i) oeddedisselrq P!
(20000) 9BIJBINOIAS <TUO110D) JBIVBATBIN p1sol
(rerdod) aeaoeoI[ES pisox

(a1dde ‘A11ouo ‘yoead) oeadesoy [~ A pLoise

(weaq ‘Bf[Ej[e) QBSOUIINGIT | 4 ¢ cnoymw
(uojeur) 98OBIIQININ) .

: pLIoIse

(901139] “IOMO[JUNS) 9BI0RINSY I PLISISE

Gotoeomuom_n_:m
(yue[d33o ‘10ddad ‘orewno) seadeUR[OS _I. H@ﬁoumw

—




PCT/US2004/017768

WO 2004/108900

3/10

aperoqns
0srED

opepo
8¢H

Ve ddNOId

||||||| ASIIVOOOW--—-—-——-~-—=~"~~-~" - -~ - """ - """~ -------oomoo oo qcod
LOQAS LAANNMINLILY L - - =~~~ ~~~ LAdTdSTHATIAMAITATVSAINAILVIN- - - - - =~ ~ 6Co
S89HATISSSASSSHIVSSSHMINMAALVAISYVHATTHIH T AMTVSAINdLVN- -~ - =~~~ 700TD
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| COLTD
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| GTSED
--480ddsSsSDISAHdSADSA- -~~~ ~~~—~ dSOITAdAN--------~—=-=-=-=--=----- 99C1TD
||||| IANSASANIIANIS------—------NADNNASASSSWN---—==-~~=-==-====--~ ey
----dW1IssdSld----—--—=--"-"-""-“-"~"------- dTHLSId-0AN------~----~- 9%8¢D
---~-dWISSASSSIODANdHA - -——--~—=~~—~ HYdAILIdTHLS IdTOAN---~--~~-——~ 848ED
-—---dWISSdSSSdDANdA -~~~ ~~~~~ AYdAAL - -THLSIdTOAN- -~ -~-~-—-—-~~-~ cS8¢€D
----dITISdSSNIIANdA - -~~~ —~—=~~~ HOJANVAdTHLAIJONN-----~-~-=~-—-~ 78ED
----dITISASSNIIANHA - -~~~ ~~~~~=~~~=~ NIdTIO----OaWN------------ g8¢td
----dITISdSSNIIAAdH -~ - -~~~ ~—~~ AAdANILAdTO----OdW---=---=-—-=~~- T#8ED
||||||| SOASHAY-----------------dAATIHOYIIAT- ~ASYASYANTIN---~- T99¢&D
||||||| SOHASNAVYHADDD - - - - - - - - —DDIIHITTHOIILAT - ~ASYHIHNITNSIV.LN  878eD
||||||| SDISSSUDANIIILAVAYIVALATAHIATTHHII SAT-YYATISYVANTIN---~- O0E¥ED
||||||| SOASILSID AN LA - -VYSYIVYYYAHATIHHII SAN -dVYVHOYANTIN--~-- 9S98¢&D
||||||| SDASNSIDAVIIY - -~ - -~ - ----dEATIO0UISAT- -VYVHSYANTTIN- -~ S98ED
||||||| SOHASNSUDAVATY - - - - - - - ~dYNdHTTIOOY I SATVYVYVHSYANTTIN- -~ ¥98¢&D
---JdSHHSSLSNASSLIdVHM -~ - -~~~ -~ -~ ITIAYYISHIASAANH - - - -"THONSAN €¥8ED
- - -dILNDSSANAVDANHAAS ~ - -~ ~-= -~~~ ~= AOTIHIIISATIVIASHA- - - -SSODAN  BTLED
- - —d4LNDSANIAVDATIA-HS--~-—-~-—~-—~=~~ HOTTHIIISATIVIASAA- - - -NSNDAN  ¥¥8ED
|||||| DSOANAYOAIT-HS------------ADTIHIII SATIVIASHA- - -SASYDAN  LTLED
||||||| SSdISHSAYTANd------------DDTTHIYISHTIVACSHYVLLIADHDAN 099¢D
||||||| SSALSANTITANAD - - - - - - - - - —DOOTIHYLISHTIVAASE- - - ~INDODAN 900TD
---SOAASSYISHSIMSHS =~~~ —-~~—=-~—~---~ HOTTHIYISHTITIAd- -SHYVYN---~-~~ 699¢D
IADSOLASSYILSHSIIdHS - -~ ~~~~~-~~~~~ AOTTHIM I SHTAVAASOSAYLNSH- - - - 8¢



PCT/US2004/017768

WO 2004/108900

4/10

ovﬁon@.

0EVED

8¢H

opero A

\

SERCRIRLIIE
...................... MUSSASDTOSASASMSMIA -~ =~~~ ~=~==~---==-==

ASANSHESATESMAQL - - QI TAANAIATAI THIN LHAHSAHA -~~~ —~ ==~~~ ~==-~- )
MAQAASASAESAARAd I STATASIALATAT THAMOASESAAIIVAS - -~ - -~~~ -~~~ SS
FANSSHN- === === === == === === m oo ooooo-oo-oo-oo-
- —QQEN-— == - === mmmmmmmmmm e m oo oooo—oo—ooo oo

aOSaSAIALOOILSOHITOATANIHISANINAJITSANNSSSSS-~— -~~~ =-=-~~-=~===-~--~-
A---SdILMOSSAVAITINAIVNAOSAAASTdT-ASMNAN I~ -~~~ ~~-~-~-~-----------
SIFINAJIMOVITIVASTIDATANAISAAAN T T-GDMLAL IO -~ ==~~~ ~-~-~~=~~=~=~~-~
SITINSdIMOTISAVAOTTIOAIANASANANTAT-ADMSHLTO - -~~~ -~~~ —-=—-~-==~-==-
SITINSAIMOISAVAOTADATIANTISANANIAT-AOMSHLTO -~ =~~~ -~~~ ~-~-~~--~-~~~~
YSANAISMOANTVMITILATANAISAAAN T T-ADMLELTO - -~~~ — -~ ==~ == =~-==~=~
ILILASAdSMOASTVAITIDATIANAEISAAATTAT-AOMLAL IO -~~~ —~~——- ==~ ~-~=~~=~~=~
YILANASMOASTVAITIDAIANCISAAATAT-AOMIHLTO - - -~ — - =~~~ =~ ~~-==~=~
AISHAJTIMOAVAVAOTVDANANAAVAALETAdTSOSMOAYA - - =~~~ =~~~ =~ ==~~-—-~=~
YAADAITIMOD SAVAINVOANNNAAVAAAIAJTSASMNAVA T - - = -~~~ =~ ==~ ~~=~==~
d555SY[-—-—-—-—=-—-- AANANTAYANIMAJTSHASMOQYAT- -~ - = -~ —==—~-=-===~—-
YASHAJTIMOOSAVATTYDANANAAYAAATAITSHSMOAYAT- - -~ ==~ ~ ==~ —~~~-=~~
YASDHAdTIMODSAVAATYOAAANAAYANAEAITSHSMOAQYA T~~~ - -~ ~~~~~--~~-~-=~~
YASOAdTIMODSAVAITYOAAANAAVANAIAITSHSMOQYA -~ — - =~ ==~~~ ~==-~-=~--~-
AASLEATADADADANTIANOATHILAQASNSA-NNSHISNS - - -~ ~~~-=~~-~=~-~-~-~~~~
SYATSAAMOVYNIVAITIADATTNAESAAHIT T T -HOMANSTOdATISAOSSUSAV - - -~~~
DHATTSAAMOANAVAITADATANAISAAEATAT-HOMNASTOdATSSASS SIS AA -~~~ ~ -
HYVATSAAMOANAVAITADATANAEISAAHIAI T-HDOMAASTOSATIS 545558 - -~ -~~~ ~
~-8dSSILAAVONAYANTASAATNAASANIITdT-AOMSOLAD -~ -~~~ =-~~~-=-~-==--~

---8S104- -~HAVMITIDAATNAASANH TAT-DOMSHLAD - ==~ — = -~ ===~ ~-~===~~ .

-SSSSdAMOOHAVANTIIODANTNATLANIM T T-HOMSHLADIATISASANIDANIAV.LLD
~8SSSIAMDOHAVANTIDAATNATSANANIdT-AOMSHLADAA T SASANIDANIMISOD

699¢eD
8¢ZD



PCT/US2004/017768

WO 2004/108900

5/10

operogns
0£7€D )

ape[o
8TH

D¢ HdNDIA

||||||||||||||||||||||||||||| IOAIHHSASAIAI -~ - -~ =~~~ =~~~ —~=~~
THANANDL---=-——~~—=——-=-——-~—~ VAOIMIIINAAYINTAANE - - -NSOALAYAANSOAL
AHAMINAV-----~-~-—~===—-——~ VAOIMAIMVATS IMTAANIIOSATHEIHAONONONSA
||||||||||||||||||||||||||||||||||||||||||||||||||| AOSONNSS -
|||||||||||||||||||||||||||||||||||||||||||||||||||| DHASY - - -
||||||||||||||||||||||||||||||||||||||||||||||||||| YSSASAIAT
dVHSDSY---=-~—~-=-—-=——-~"~-“-~"—--=----=-- ALNd---=-—"=——~-—~ DINHHVYd - S5.LAdd
ANVOYLILL-------=-=——=-===----- HY-ddVA----- SAANdILVAHTHHIdHVA THL
MYsSauyvyvy--------=-~---—--==--=7=- LHLAddSA----- SL--SNYdHTHHIdHdINAHA
MTYVdVAL-=---=-~-=-—~-~--=-~-===-===-=-- ddSA----- SIL--SWVYdHTHHIdHTINAH
AVA VLG A vA VA Pt LIVd----- SAATH----- HIJOESAAED
HYAIVVY L---==—~-=~—=-~"~~"~"~"“-"~"-=-=---- AHAYd ----- SAANAHAVSHIHHIdHSINAAD
HYvYdvvVL------——=-~-~"-"-~----------= LHAVd----- SdSAHASSHIHHAIdHSANHED
ODYSSdLLLD-~—=~—~—~-~—~~—~"~~~- dITddEddTIDADdSDAASOdASSSAdSANdHANMAR
MOHAVIVVVYYYYYAVYOSYVASAILAdASAAYADADDS - - -SDAASSSAd ST IdHAMAH
HOHYI--—-—~-—————-~—~-"----"-"-----------—---—oo- DALALVHLSLAIDALOY
HSO4dLIVVYdld--—~-~——~"~"—"~"~~ IHIDAVITADDTOA - - ~ASDIHAI SAJAVITdHIANAY
HHHYMAVAdDd--~-—-~-—~-~-——"~-"—~-~-~ YdavidsdIo---—--- SDAASDHAdSATdHdYMAY
Hd-¥YMdVQIOd------—-—-~~-—-=———-- dSYTdASDTO---—-—- ODAAS-AdSdTdddMAY
LIWNIADLAA- =~~~ ~~—— ==~~~ MAAYYIATAVAAHT - - INMNEdSHTI - SWOSHTMAIT
dAVIOVY -~ - -=~~-=-~--~—=---=-~- ddIAANIHAVAATA- - ~dHISAALAVATADSSASHIS
dANOAVYL---~—-————=--—-~---- SYAdTANAAINAQ - - ~-dHAMALNATAANSSASHAS
HIAVAVd~----~-~-~-~=—~~-—-~~-=-=-- ddDANI-TYdNAQ- - -dHdTAAY - - -ddIDSSASHIS
ddVV¥AV-----=-~-=-—-~—==—=—--=---- MM HEYEVVYING - - STHNMAVdAANAJSTOSTAS
YIHILAdI--~-~-=-=-~"~"=~~-~-—"~--==-~ N AMHANY LANE - - LAHAMAVA - - -404TOSTAS
HAVIASY----~-=-==~==—-—=-~ MIVAAHAANLH - -=- -~ NHIMAMAANSSO- - -ddds

AYYSAASIA--—--~——=~==-—-——~ HMMAAASAAYVYASH - ~dLATIMASIA-SST~- - -dHAS

Qcod

6CD
001D
C6LTD
STSED
99C1TD

ceco
9¥8¢€D
8498¢tD
2S8¢tD
S¥8¢ED
LSBED
T#8ED
T99¢€D
8¥8ED
0EYED
948¢D
S998¢eD
798¢€D
ev8eED
8TLED
Tr8eD
LTLED
099¢D
900TD
659¢D

8¢H



PCT/US2004/017768

WO 2004/108900

6/10

opejoqns
0£v€D

ope[o
8CH

dac¢ 44No1d

Y IVYAAVIVYAQY I ALOTMANAD - SdQITEVYMADMAAOI IDIA TN I - - - -~ =
TIAVAAAVIVYH IVIHALDTMANLOTILd QI THVVAMDOMAINIADIAHIAHAVVANING
TIAYVHAAVIVYE IVIALLOTMAYSOMINAQI T VY AMDOMI SOIADI XM HHISA - AL
INAYVIAAVIVYEAVLEA LD TMTIVONISdQI T AV AMOMI TTINDIAIYONA - -~~~ - =
NV AV AAVIVYHAVIAALD TMAIVOOIHd QI THVVAMDOMAIAIADIASSSEA -~ - -~ -~
NSAYYOUAVIVVYHAVSHALOTMAY IDONILSAITHVVAMOMATIINDIASTHASA - -~~~ =~

TOAVYNAAVAYYAAd LAX IO TMAIYONI A ITHV Y ANDOMI TIIADIAONOMO - - - - - - d
WIAVIAAVIVVEAYLAA LD TMANYONVAQY T AV ANDOMAIOIADIAHIOAd - -~~~ - A
WIAVY IAAYIVYEEVSHA IO TMANYONMVAAY T AVVAADMAIOINDIAHIOAG -~~~ — - O
WNIAVID AV IVVAIVSHALOTMANYONIVAAY T IV AIOMIIOINDIAHIOAd - - -~ - - @)
NIAVIAAVIVYAHALAX LD TMAIVONIVAAI THVV AMDMATIIADIAHIDEd - -~~~ 1
NEAVIAAV IVVAAVIAXLOTMAYYONIVAQY I AV AIOMAIOINDIAHIDAd - - -~ - - L
WIAVWIAAV IVVEAVIAALOTMAIVONI VA T AVY MTOMJIOUADIAHIDNd - - - -~ - L

WIAVYIAAVIVVAEY LA LD TMANYONIVAQY I AV AADOMIIOIADI AIADIVNY VYV H
W AYYEIAAVTYVVAAYIALLOTMANYO NI VA QI I VY AIDMJIOIADI XD AVAVVVVHEH
WAAVVIAAVAVYEEYSAALOTMAIVONNVAQY THVY A OMdUOIADIA DU SVAVAVED
NMMAYVITAVAYYAIVSAALOTMAIYONIVAQI I AV AIOMd SOIADIAIIDESAVY VYV HH
NIAVVIAAVAYVAAVSAALOTMAIVONIVAQY THVY DMIOMAIOINDIAHAD ISV VNAHY
WIAVVIAAVAYYAIVSAAIOTMAIVONIVAAI THVY AMDMI YOUIADTAIID IS VLV VAEY
WIAVIAAVIVYAHY LHALOTIMAIVONIVAQI THYVAMDMIININAD I AEAA AL - - - LL
WIAVVIAAVIVVAEY LEALOTMATYONNYAQI T AV ANOMAIOINDIAHIDIVANNA - - - ¥
WNIAVVIAAY TVVAAVLHALOTMAIYONVAQI TAVV AMOMAYOIADY A DM A VA dDE
WNIAVVIAAVIVVAAVIHILOTMAIYDONIVAQI TV ANDMAIOINDI AN OAAAANT - -

WNIAYVIAAY TVVYAEVLEA LD TMHIVOMMYdQI T AV ATOMATOIADI RO -~ =~ == - S
WIAVY TAAVIVYAEY LEALOTMAIYONMVAQI I AV ANDOMA YO INDI A - - - -~~~ A
WNIAVVIAAYIVYAEV.IHALOTMAIVONIVAAI I BV AIOMIIOINDIAHADA - - -~ -~~~
WIAVVIAAVIVVAEYLHA LD TMAIYONIVAQY T HVVAMOMdHOUADIAEADNV - - -~ - Y.L

UIeWop 7dv

YA

6CO
001D
COLTD
STSED
99¢1b

Zod
9¥%8¢D
84G8¢ED
ca8ed
S¥8¢ED
LSBED
T¥8¢ED
T99¢ED
8¥8¢D
0eved
968ED
S98ED
798¢D
€c¥8ED
8TLED
7¥8ED
LTLED
099¢D
900TD
659¢D

8¢d



PCT/US2004/017768

WO 2004/108900

7/10

o@ﬁoﬁ@
0EYeD

He HdNDIA

|||||||||||||| STSHAONHASITAENON- - - - - - -DDAMLAVEHIAOLNT ANTIVMIDT
|||||||||||||| ANINTATFHDMDRDINAT - - - -DUDTIVIINMIAAHTdANTIV SO
|||||||||||||| ANINTAAA- DI - - - - - - -~ HDHAVIINMIMIDAHTIANTIVISOYT
|||||||||||||| SDSSSSSSSSVAddY - - - - - - - -SAQAN-IdAXAEINdANTIVTHDA
|||||||||||||| NYdddILILASSSSSOLS - - - - - - - - LIWISVVYOHHHIDd ANTIWY.LVOX
|||||||||||||| MMITYAAISOOAHALA- - - - -~ - - ATHSTSHOAIHAVSANTIVSSDY
|||||||||||||| SAHdS-----dJIdYI - - - - - - - “JAdHAAD SO ITHIANTAVASOI
|||||||||||||| SISSSVAHASYIAVIT- -~ - - - - -JAdHdIANTOTIHdANTIVASOd
|||||||||||||| SATSSYAHdTAMIALA- - - - - - - ~IAJHIANTO IIHAANTTVALOT
|||||||||||||| SASSSVSHSTIMIALA- - - - - - - ~IAJdHJANTO TIHdANTIVALOT
|||||||||||||| VYdHdSY - - - ~dMIVILA- - - - - - - ~JAHJINTOD IYHdANTHYI SO
|||||||||||||| AdHASY - - - - dDIVLA- - - - - - - “JAJHJAINTD IYHAANTHVISOT
|||||||||||||| YdHASY- - - ~dDIVLA- - - - - - - ~JAJHIINTOTIHdANTHVSDE
-5dSsiv¥---------- dHddV¥dSddaIdDs---=-~-—~-~-=-——-—-—~--- DIYTdANTIVISDY
-SILILLLLDSSSSSASSHSIVAHd SAMIADVY - ~-YYVYYYVYVYVVVY IHSODITITIdANTIVISOY
SSdSsSSD-—-~--————~- SSVAAdAdEANDVYY -~ - -~ VVYVVYYVYVYIHSDIYXdANTIVISDY
-5dssds---------- SYIdHdSVDIAOVYAVILVVAVVYVVYVYY ITHSDIETdANTIVISDY
-8dSs8d---—~-~-~—--- dSYd0dSAMIODVY ----- -~ YYYYYIHSOIITdANTIVISDY
-8dddsd---------- dS¥d0dsSamI0D---------- YUYV IHSDIETdANTIVISOY
||||||||||||||| SSOHHASHSSMISDOA- - - - - - - ~dAdAJHDSNIITIdANTIVISDYT
||||||||||||||| HSSSDAHAVSVIAVIA- - - - -~ - -~JAdIdEDSNITTdANTIVISOd
||||||||||||||| HSSSSYHAISSMISYI - - - - - - - ~dAdAdIDSNATTIANTIVISDYT
||||||||||||||| WSHAS---SSWISIA- - -~ ----JAdAdIDSNATTdANTIVISDY
||||||||||||||||| SSSSSMASMISATI - - - -----dAdAdHDSNATTIANTIVISDYE
|||||||||||||| SSSSSSSSSSSMASLI - - - - - - --dAdAdHEDSNATTAANTIVISOA
||||||||||||||||| HSSSD- - -WISAA- - -~~~ - -dAdAdHDSNAITdANTIVISOY
||||||||||||||||| HNSSSASSMISHI--------JAdAdIDSNAITdANTIVISDT

UIeWop ¢dV

SO

6Co
¥00TD
C6LTD
SGTSED
99C1ID

cZo
9%8ED
848¢ED
2a8ed
S¥8¢ED
LSBED
T78¢ED
TO99¢ED
8¥8ED
0EPED
9468¢D
998¢D
¥98¢ED
€EP8ED
BTLED
Py8eD
LTLED
099¢ED
900TD
659¢€D

8¢



PCT/US2004/017768

WO 2004/108900

8/10

ape[aqns
0EPED )

apero
87O

4¢ Hd01DI4

NSAOASMINDIALYSOAAVYAdIO---~---=--=--------- AAINAQHIVNIAH-—~-~——~ A
STAdSTIANSTAHLTAMAAIVLIDSHA- -~ =~~~ -~~~ NHDODSATASHAINTIAH -~~~ -~~~ 6CD
STdSTIdANTADLTAMAO THLINS LA-— - =~~~ AJALHDDONACASOEIATAMH -~ -~~~ ~ 700TD
HASATTHEIANATAHAIANA -~ -~~~ -~~~ -~~~ ~-===~-===- HIONOISANILSL----~- COLTD
NIAVITIQH IANAAQTIOHdTIA- -~ =~~~ =~ ==~ ~-=~-==-~~ MALILIdSDOEDVYVYVYSS - -~~~ GTGED
HSSOTIHHTAOADTAHANAANATIA -~ ~- -~~~ - SYHAAASMIIMININI -JINSH- -~ - = 99CTd
SOAWTTISHAAXAOAALAATAIANTS - ==~~~ ~~~~ SHOAAAHSHMIOHESLIOASA- -~~~ ceo
AONIAOHNODDADONYNS -JSOAHTH- -~ - ==~ ~~~ VYV AYIIIIIdSONE TS - - - — - 9%8¢D
TOAdAOHNODDAOIANIDYSOAHTH -~ - -~ - =~~~ VOAVYADIIIINTSDSHSYS ~ - - -~ 848¢tD
ASSYTOANODODAMNANADISHAHTH -~~~ -~~~ ~~ YOAVVADIIIIIASDSHSY S -~ - -~ ca8ed
HIYILTTIHAAODDLOTANS - MSHAHAY -~~~ —- -~~~ HSMHILVAVIIIIMdSSNASSS - — -~ -~ SEASRAY)
HASITOHIODODAONASS -dSHAH -~~~ ~~—~=~~~~ DADMIATIIDINSDNESSS - -~~~ LS8ED
HADITOHAIODDAONASS - dSYNH - - =~ ~-~-—~-~-~—~= DADMOAIIIDINSDNDSSS - - - -~ T#8ED
AAAYINYYOHAIYY - dAMAOVAINTIOS dddATYNYNNY YV HOMIIIIHSDSYSSSS----  T99¢eD
ASALIVADIAIVVVIAMYOAIMNTIOSIddAATANSNS YV VEDOIIMLIISDSSSLSS---—-  8¥8eD
TIOVYAMIOVA TV IOAIYOY - - -ddddddATYNYNS VYV ADIAIINASDSSSSSSSESS 0EPED
AOVTAMAIVITLIOAIVOY - - - -VddddATYNVNIYY YV HD I IIAd LY -565V - - - -~ - 968¢D
AYOYVIMAOVATILIOAdYOY - - - - - dddaATYNYNSYYYVHD I IS SOdYE0 - - - -~ - S98¢D
AYDINVIMAOAdTITOAIYOA- - -~ - ddddATYNSHNSHYVVHDIIIINSSOAVSS -~ -~ - 798¢D
|||||||||||||| OML-----—-—--—--—————=--—= - -DYVAMAIIDILSSY---~-~----- EVBLD
||||||||||||||||||||||||||||||||||||||| OANDIDIMAMSDS-----—---  8TLED
||||||||||||||||||||||||||||||||||||||||| NAIIIVASNS-------~- T¥8¢&D
HOALOAANOSOAOHOAL -~~~ - ==~~~ ~—~~~~-~~===-- DANNNAAAIAANVYNY Y - -~~~ ~—~ LTLED
||||||||||||||||| dA-----=------=-----—----NALJYIOMIADNHISS--~-~--- 099¢D
AAITHADAIDIAOAAHSLT- - - =~ —=~~=~-~-—--~-==~-~--~- NI TIDONASSSL----  900TD
AAQIIATAATDIANTONALOODD - - =~ ==~ =~~~ ~ =~~~ DNASVALIIIASDOI - -~ ~--~-~~~ 659¢D

AOAYATAATOIALTOAANDDDOY -~ =~~~ - =~ ~ ==~~~ ~~ YALEIIAAYDN- - ~~————~ 8¢D



PCT/US2004/017768

WO 2004/108900

9/10

D¢ HINOIA

ANILTOdADAddHA
ANILTOSADAddHA

\ ----TINASASOH

opepogns) | -~ === SATOO
ogven || "7 SATO0

YA

6CH
001D
COLTD
9TSED
99CTD

ceo
9%8¢ED
848¢ED
ca8¢ed
S¥8¢ED
LSBED
T78¢D
T99¢ED
8%8¢D
0EPED
948¢D
G98¢D
798¢D
€er8EeD
8TLED
¥¥8¢&D
LTLED
099¢D
900TD
659¢D

8¢Co



WO 2004/108900 PCT/US2004/017768

10/10

174

100 ——G3844 M truncatula

99 (33854 M truncatula
G3853 S tuberosum
G3717 G max
99| G3718 G max

' “ 98 —G3660 B oleracea
———@G1006 A thaliana
62 100 ——G3659 B oleracea
100 —G28 A thaliana
' G22 A thaliana
100 ——G3841 L esculentum

58

100

58 82 —— (3857 S tuberosum

| 100| = ——G3852 L esculentum
100——G3858 S tuberosum
100 G3661 Z mays

. L —— (3855 Z mays

100 —G3856 Z mays

——G3430 O sativa

100——G3842 O sativa

97

—@G3843 L esculentum

G1266 A thaliana

100l G1752 A thaliana
100—G2512 A thaliana

G3850 L esculentum

G1792 A thaliana

G1791 A thaliana
— G30 A thaliana

100—— G1795 A thaliana

G3849 L esculentum

G3851 L esculentum
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SEQUENCE LISTING

<110>

Mendel Biotechnology,

Inc

GUTTERSON, Neal I
REUBER, T. Lynne
LIBBY, Jeffrey M

<120>
<130>

<150>
<151>

<160> 60
<170>
<210> 1

<21l> 964
<212> DNA
<213>

<220>

<223> G28

<400> 1
gaaatctcaa

ttatgtcgat
acttactagg
cttgtgtaac
tgtatccttg
atatgttagt
cgtcttecga
tcegeggeggt
tgacggcggce
cggcggagat
cggcggagga
ctttgttgaa
ccaagagatc
tggccgeegyg
cacgtggcga

attcttcaaa

MBI~

0052PCT

US 10/456,882
2003-06-06

caagaaccaa
gacggcggat
agaatcggag
cggtcagagce
cttecaccgag
ttacggtatc
cgaagatcgt
ggattctgtt
gaagggaaag
tagagatccg
cgcggegttyg
tttteegtty
ttetttttet
tggtggaatg
tcgtttattg

aaagaagaac

PatentIn version 3.2

Arabidopsis thaliana

accaaacaac
tctcaatctg
ccgatactca
attaaaccgg
agctggggag
ctcaacgacg
agctetttce
ccggtcaaga
cattatagag
gcgaagaacg
gcttacgaca
agagttaatt
tettetaacg
gataagggat
gttttataat

gttaataaaa

aaaaaaacat
attatgettt
gtgagtcgac
tgtacggacg
atttgccgtt
cctttecacgg
cgagtgttaa
aggagaagac
gagtgagaca
gagctagggt
gagctgcecttt
caggagaacc
agaacggagc
tgacggtgaa
tttgattttt

aaattcgttt

Page 1

tcttaataat
tettgagtcc
agcgagttceg
aaaccctagce
gaaagaaaac
cggttgggag
gatcgagact
gagtcctgtt
aaggccgtgg
ttggttagga
caggatgegt
cgacceggtt
tcecgaagaag
gtgcgaggtt
ctttgttgga

attattaaaa

PCT/US2004/017768

Plant Transcriptional Regulators of Digease Resistance

tatctttetg
atacgacgac
gttactcaat
tttagcaaac
gattctgagg
cegtettett
ccggagagtt
tecggeggegg
gggaaatttg
acgtttgaga
ggttcccgeg
cgaatcaagt
aggagaacgg
gttgaagtgg
tgattatatg

aaaaaaaaaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

200

960
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aaaa

<210> 2

<211l> 268

<21l2> PRT

<213> Arabidopsis thaliana
<220>

<223> G28 polypeptide

<400>

Met Ser Met

1

Ile

Thr

Pro

Thr

65

Met

Pro

Lys

Lys

Gly

145

Ala

Thr

Arg

Ala

Val

50

Glu

Leu

Ser

Ile

Lys

130

Lys

Glu

Phe

Arg

Ser

35

Tyxr

Ser

Val

Ser

Glu

115

Glu

His

Ile

Glu

Thr

His

20

Ser

Gly

Trp

Tyr

Ser

100

Thr

Lys

Tyx

Arg

Thr
180

Ala

Leu

Val

Arg

Gly

Gly

85

Ser

Pro

Thr

Arg

Asp

165

Ala

Asp

Leu

Thr

Asn

Asp

70

Ile

Ser

Glu

Ser

Gly

150

Pro

Glu

Ser

Gly

Gln

Pro

55

Leu

Leu

Asp

Ser

Pro

135

Val

Ala

Asp

Gln

Glu

Ser

40

Ser

Pro

Asn

Glu

Phe

120

Val

Arg

Lys

Ala

Ser

Ser

25

Cys

Phe

Leu

Asp

Asp

105

Ala

Ser

Gln

Asn

Ala
185

Asp

Glu

val

Ser

Lys

Ala

90

Arg

Ala

Ala

Arg

Gly

170

Leu

Page 2

Tyx

Pro

Thr

Lys

Glu

75

Phe

Ser

Val

Ala

Pro

155

Ala

Ala

Ala

Ile

Gly

Leu

60

Asn

His

Ser

Asp

vVal

140

Trp

Arg

Tyr

Phe

Leu

Gln

45

Tyr

Asp

Gly

Phe

Ser

125

Thr

Gly

Val

Asp

PCT/US2004/017768

Leu

Ser

30

Ser

Pro

Ser

Gly

Pro

110

Val

Ala

Lys

Trp

Arg
190

Glu

15

Glu

Ile

Cys

Glu

Trp

Ser

Pro

Ala

Phe

Leu

175

Ala

Ser

Ser

Lys

Phe

Asp

Glu

Val

vVal

Lys

Ala

160

Gly

Ala

964
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Phe Arg Met Arg Gly Ser Arg Ala Leu Leu Asn Phe Pro Leu Arg val
195 200 205
Asn Ser Gly Glu Pro Asp Pro Val Arg Ile Lys Ser Lys Arg Ser Ser
210 215 220
Phe Ser Ser Ser Asn Glu Asn Gly Ala Pro Lys Lys Arg Arg Thr Val
225 230 235 240
Ala Ala Gly Gly Gly Met Asp Lys Gly Leu Thr Val Lys Cys Glu Val
245 250 255
val Glu Val Ala Arg Gly Asp Arg Leu Leu Val Leu
260 265
<210> 3
<211> 913
<212> DNA
<213> Arabidopsis thaliana
<220>
<223> G1006
<400> 3
gataaatcaa tcaacaaaac aaaaaaaact ctatagttag tttctctgaa aatgtacgga 60
cagtgcaata tagaatccga ctacgctttg ttggagtcga taacacgtca cttgctagga 120
ggaggaggag agaacgagct gcgactcaat gagtcaacac cgagttcegtg tttcacagag 180
agttggggag gtttgccatt gaaagagaat gattcagagg acatgttggt gtacggactc 240
ctcaaagatg ccttccattt tgacacgtca tcatcggact tgagctgtcet ttttgatttt 300
ccggeggtta aagtcgagcce aactgagaac tttacggcga tggaggagaa accaaagaaa 360
gcgataccgg ttacggagac ggcagtgaag gcgaagcatt acagaggagt gaggcagaga 420
ccgtggggga aattcgegge ggagatacgt gatccggcga agaatggage tagggtttgg 480
ttagggacgt ttgagacggc ggaagatgcg gctttagctt acgatatage tgcttttagg 540
atgcgtggtt cccgegettt attgaatttt cegttgaggg ttaattccgg tgaacctgac 600
ccggttecgga tcacgtctaa gagatcttet tcgtegtegt cgtegtegte ctcttctacg 660
tcgtcegtetg aaaacgggaa gttgaaacga aggagaaaag cagagaatct gacgtcggag 720
gtggtgcagg tgaagtgtga ggttggtgat gagacacgtg ttgatgagtt attggtttca 780
taagtttgat cttgtgtgtt ttgtagttga atagttttgc tataaatgtt gaggcaccaa 840

Page 3
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gtaaaagtgt tcccgtgatg taaattagtt actaaacaga gccatatatc ttcaatcaaa 900

aaaaaaaaaa aaa 913
<210> 4

<211> 243

<212> PRT

<213> Arabidopsis thaliana

<220>
<223> (1006 polypeptide

<400> 4
Met Tyr Gly Gln Cys Asn Ile Glu Ser Asp Tyr Ala Leu Leu Glu Ser
1 5 10 15

Ile ThrlArg His Leu Leu Gly Gly Gly Gly Glu Asn Glu Leu Arg Leu
20 25 30

Asn Glu Ser Thr Pro Ser Ser Cys Phe Thr Glu Ser Trp Gly Gly Leu
35 40 45

Pro Leu Lys Glu Asn Asp Ser Glu Asp Met Leu Val Tyr Gly Leu Leu
50 55 60

Lys Asp Ala Phe His Phe Asp Thr Ser Ser Ser Asp Leu Ser Cys Leu
65 70 75 80

Phe Asp Phe Pro Ala Val Lys Val Glu Pro Thr Glu Asn Phe Thr Ala
85 90 95

Met Glu Glu Lys Pro Lys Lys Ala Ile Pro Val Thr Glu Thr Ala Val
100 105 110

Lys Ala Lys His Tyr Arg Gly Val Arg Gln Arg Pro Trp Gly Lys Phe
115 120 125

Ala Ala Glu Ile Arg Asp Pro Ala Lys Asn Gly Ala Arg Val Trp Leu
130 135 140

Gly Thr Phe Glu Thr Ala Glu Asp Ala Ala Leu Ala Tyr Asp Ile Ala
145 150 155 160

Ala Phe Arg Met Arg Gly Ser Arg Ala Leu Leu Asn Phe Pro Leu Arg
165 170 175
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Val Asn Ser Gly Glu Pro Asp Pro Val Arg Ile Thr Ser Lys Arg Ser
180 185 190
Ser Ser Ser Ser Ser Ser Ser Ser Ser Ser Thr Ser Ser Ser Glu Asn
195 200 205
Gly Lys Leu Lys Arg Arg Arg Lys Ala Glu Asn Leu Thr Ser Glu Val
210 215 220
val Gln Val Lys Cys Glu Val Gly Asp Glu Thr Arg Val Asp Glu Leu
225 230 235 240
Leu Val Ser
<210> 5
<211> 1059
<212> DNA
<213> Arabidopsis thaliana
<220>
<223> G1004
<400> -5
atggcgactc ctaacgaagt atctgcactt tggttcatcg agaaacatct actcgacgag 60
gcttctectg tggctacaga tccatggatg aagcacgaat catcatcagc aacagaatct 120
agctctgact cttettctat catcttecgga tcatcgtcct cttctttege cccaattgat 180
ttctctgaat ccgtatgcaa acctgaaatc atcgatcteg atactcccag atctatggaa 240
tttctatcga ttccatttga atttgactca gaagtttctg tttctgattt cgattttaaa 300
ccttctaatc aaaatcaaaa tcagtttgaa ccggagetta aatctcaaat tcgtaaaccg 360
ccattgaaga tttcgcttcc agctaaaaca gagtggattc aattcgcagc tgaaaacacc 420
aaaccggaag ttactaaacc ggtttcggaa gaagagaaga agcattacag aggagtaaga 480
caaagaccgt gggggaaatt cgcggcggag attcgtgacc cgaataaacg cggatctcege 540
gtttggettg ggacgtttga tacagcgatt gaagcggcta gagcttatga cgaagcagcg 600
tttagactac gaggatcgaa agcgattttg aatttcccte ttgaagttgg gaagtggaaa 660
ccacgcgeccg atgaaggtga gaagaaacgg aagagagacg atgatgagaa agtgactgtg 720
gttgagaaag tgttgaagac ggaacagagc gttgacgtta acggtggaga gacgtttccg 780
tttgtaacgt cgaatttaac ggaattatgt gactgggatt taacggggtt tcttaacttt 840
ccgettetgt cgcegttate tcctcatcca cegtttggtt attcccagtt gaccgttgtt 900
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tgattagttt tttttgagtt tttgaacgat gtgtatgctg acgtggacgt acacgtaggt 960

gcatgcgatg aaaaaaacat ctatttgttc atatttttge gtttttctat ttgttcattc 1020

tttttcacaa ttcacaatac attatttcag ttaatgatc 1059
<210> 6

<211> 300

<212> PRT

<213> Arabidopsis thaliana

<220>
<223> G1004 polypeptide

<400> 6
Met Ala Thr Pro Asn Glu Val Ser Ala Leu Trp Phe Ile Glu Lys His
1 ‘ 5 10 15

Leu Leu Asp Glu Ala Ser Pro Val Ala Thr Asp Pro Trp Met Lys His
20 25 30

Glu Ser Ser Ser Ala Thr Glu Ser Ser Ser Asp Ser Ser Ser Ile Ile
35 40 45

Phe Gly Ser Ser Ser Ser Ser Phe Ala Pro Ile Asp Phe Ser Glu Ser
50 55 60

Val Cys Lys Pro Glu Ile Ile Asp Leu Asp Thr Pro Arg Ser Met Glu
65 70 75 80

Phe Leu Ser Ile Pro Phe Glu Phe Asp Ser Glu Val Ser Val Ser Asp
85 90 95

Phe Asp Phe Lys Pro Ser Asn Gln Asn Gln Asn Gln Phe Glu Pro Glu
100 105 110

Leu Lys Ser Gln Ile Arg Lys Pro Pro Leu Lys Ile Ser Leu Pro Ala
115 120 125

Lys Thr Glu Trp Ile Gln Phe Ala Ala Glu Asn Thr Lys Pro Glu Val
130 135 140

Thr Lys Pro Val Ser Glu Glu Glu Lys Lys His Tyr Arg Gly Val Arg
145 150 155 160

@ln Arg Pro Trp Gly Lys Phe Ala Ala Glu Ile Arg Asp Pro Asn Lys
165 170 175
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Arg Gly

Ala Arg

195

Ile Leu

210

Glu
225

Gly

val Glu

Glu Thr

Asp Leu

275

Pro
290

His

<210> 7

<211> 798
<212> DNA
<213>

<220>

<223> G3717

<400> 7
ggagaccacc

ggattcgatt
cggttcgggt
agagcttccg
cgcagttaat
gggttttecg
gccteeggeg

cggcgtgegg

Ser

Ala

Asn

Glu

Lys

Phe

Thr

Pro

Arg Val

180

Tyr Asp

Phe Pro

Lys Lys

Trp

Glu

Leu

Arg

Leu Gly

Ala Ala

200

Glu
215

vVal

Lys Arg

230

Vval Leu

245

Pro Phe

260

Gly Phe

Phe Gly

Glycine max

ggagatatgt
cgecegecact
cggagctcca
tttaaggagg
gtggggtggg
gcggtgaage
ccggeggtag

cagcggceegt

Lys

Val

Leu

Tyr

Thr Glu

Thr

Ser

Phe
280

Asn

Ser Gln

295

acggacggag
tgctgggaga
gtttcagcag
acgattcaga
tcccatcect
tggagcctga
aggagaagaa

ggggaaagtt

Thr
185

Phe Asp

Phe Arg Leu

Gly Lys Trp

Asp Asp Asp

235

Gln Ser Val

250

Asn Leu Thr

265

Pro Leu Leu

Leu Thr Val

tgattcttac
gtccgaattg
cttggactecg
agatatggtg
cgatgecggce
tgtcatgeceg
ggttgttcecg

cgeggcegdgag

Page 7

Thr Ala

19

Gly
205

Arg

Lys Pro

220

Glu Lys Va

Asp Val

Glu Leu

27

Pro
285

Ser

val
300

gaatccgatt
atattcggag
tgtttgagtg
ttgtacggcg
tcgecececgaga
gcgttgatta
ccgaagggga

atccgggacc

Ile

Ser

Arg

Asn

Cys

Leu

PCT/US2004/017768

Glu Ala

0

Lys Ala

Ala Asp

1 Thr val

240

Gly Gly

255

Asp Trp

0

Ser Pro

tggcgettet
cceccgaattt
atgattgggg
ttctcegtga
gcgtcetegtce
atcecgtgtcce

agcactaccg

cggcgaagaa

60

120

180

240

300

360

420

480
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cggggctagg gtttggectgg ggacgtttga gacggcggag gacgcggcegt tggegtacga 540
ccgegecgee taccggatge gagggtcgag ggcgcetgetg aattttccgt tgagggttaa 600
ctcecggegag ccagatcegg tgagggtgac gtcgaagcgg tegtcgtcege cggaaagtat 660
ggcggceggeg gegccgaaga dgaaagaaagt tatggtggtg gggacggtgc aagagcaagt 720

ggggagtcaa gtggtggagt gtacacgtgg cgaacagtta ttggttagct gagagagatt 780

ctaaaattgg tattgtgt 798
<210> 8

<211> 251

<212> PRT

<213> Glycine max

<220> -
<223> @3717 polypeptide

<400> 8
Met Tyr Gly Arg Ser Asp Ser Tyr Glu Ser Asp Leu Ala Leu Leu Asp
1 5 10 15

Ser Ile Arg Arg His Leu Leu Gly Glu Ser Glu Leu Ile Phe Gly Ala
20 25 30

Pro Asn Phe Gly Ser Gly Arg Ser Ser Ser Phe Ser Ser Leu Asp Ser
35 40 45

Cys Leu Ser Asp Asp Trp Gly Glu Leu Pro Phe Lys Glu Asp Asp Ser
50 55 60

Glu Asp Met Val Leu Tyr Gly Val Leu Arg Asp Ala Val Asn val Gly
65 70 75 80

Trp Val Pro Ser Leu Asp Ala Gly Ser Pro Glu Ser Val Ser Ser Gly
85 90 95

|

Phe Pro Ala Val Lys Leu Glu Pro Asp Val Met Pro Ala Leu Ile Asn
100 105 110

Pro Cys Pro Pro Pro Ala Pro Ala Val Glu Glu Lys Lys vVal Val Pro
115 120 125

Pro Lys Gly Lys His Tyr Arg Gly Val Arg Gln Arg Pro Trp Gly Lys
130 135 140
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Phe
145

Ala Ala

Leu Gly Thr

Ala Ala Tyr

Val Asn

195

Arg

Ser Ser

210

Ser

vVal Val

225

Met

Glu Cys Thr

<210> 9

<211l> 959
<212> DNA
<213> Oryz

<220>

<223> G3430

<400> 9
ccaaattcac

ctggacagca
gcgceecgacgce
cagtggagcg
gcccectecegeg
ccggagtege
tccgaggcgg
agggagggcyg
aggcagcggc
cgegtgtggce

gcctaccgeca

Glu Ile

Arg

Asp Pro

150

Phe Glu

165

Arg Met

180

Ser Gly

Glu

Pro

vVal Gly

Thr

Arg

Glu

Ser

Thr

Ala Glu

Gly Ser

Pro Asp

200

Met
215

Ala

Val Gln

230

Gly
245

Arg

a sativa

gggataattc
tccggcacca
ggcggceggt
agtcgetgece
acgccttetce
aggactccta
ggacgcccegg
agggcgaggce
cgtggggcaa
tcggcacgtt

tgecgeggetce

Glu

Gln Leu

aaagatgctg
cctectggag
gtactgcegg
gttccggecc
cteceggetgg
cgacgggtec
ggaggtgacg
cgtggcggtg
gttcgeggceg
cgactcecgcec

ccgegegcete

Ala

Asp

Arg

Ala

Asn
155

Lys

Ala
170

Ala

Ala Leu

185

Pro Val Arg

Ala Ala

Gln Val

235

Glu

Val
250

Leu Ser

cttaatccgg
gaggaggagg
agctcaagct
aacgacgccg
ctceecgacg
tccatcggea
tcgacggagg
gcgtegaggg
gagatcaggg
gaggaggccg

ctcaacttcc

Page 9
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Gly Ala Arg

Leu Ala Tyr

Phe
190

Leu Asn

Val Thr

205

Ser

Pro
220

Lys Arg

Gly Ser Gln

cgtcgagaga
agacgccggce
tcggcagcecet
aggacatggt
gctecattege
gcttectege
cgacggtgac
ggaagcacta
acccggccaa
ccgtggegta

cgctcegeat

Val Trp

160

Asp Arg

175

Pro Leu

Lys Arg

Lys Lys

val Val

240

ggtggccgeg
gacggcgcecg
cgtggecgac
cgtgtacgge
cgccgtceaag
gtcgtcgtceg
gceggggate
ccgegggatyg
gaacggcedcyg
cgaccgcgcec

cggctcecegag

60

120

180

240

300

360

420

480

540

600

660
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atcgecgeeg cggccgecgc cgccgcecgcg ggcaacaagce ggccatatce cgacccggcg 720
agctcegget cttettcecec ttecatcctet tcctectegt cgtegtette ctcectecggg 780
tcaccgaagce ggaggaagag aggcgaggcc gcggecgegt ccatggccat ggcactggtt 840
ccaccaccgc caccaccggc gcaggcaccg gtgcagetcg ccetececcgge ccagecatgg 900

ttcgecegecg gteccgatcca gcagetggtg agctaagtgg cgatgtggta gtggtagtg 959

<210> 10
<211> 303
<212> PRT

<213> Oryza sativa

<220>
<223> G3430 polypeptide

<400> 10
Met Leu Leu Asn Pro Ala Ser Arg Glu Val Ala Ala Leu Asp Ser Ile
1 5 10 15

Arg His His Leu Leu Glu Glu Glu Glu Glu Thr Pro Ala Thr Ala Pro
20 25 30

Ala Pro Thr Arg Arg Pro Val Tyr Cys Arg Ser Ser Ser Phe Gly Ser
35 40 45

Leu Val Ala Asp Gln Trp Ser Glu Ser Leu Pro Phe Arg Pro Asn Asp
50 55 60

Ala Glu Asp Met Val Val Tyr Gly Ala Leu Arg Asp Ala Phe Ser Ser
65 70 75 80

Gly Trp Leu Pro Asp Gly Ser Phe Ala Ala Val Lys Pro Glu Ser Gln
85 90 95

Asp Ser Tyr Asp Gly Ser Ser Ile Gly Ser Phe Leu Ala Ser Ser Ser
100 105 110

Ser Glu Ala Gly Thr Pro Gly Glu Val Thr Ser Thr Glu Ala Thr Val
115 120 125

Thr Pro Gly Ile Arg Glu Gly Glu Gly Glu Ala Val Ala Val Ala Ser
130 135 140

Arg Gly Lys His Tyr Arg Gly Val Arg Gln Arg Pro Trp Gly Lys Phe
145 150 155 160
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Ala Ala

Gly Thr

Ala Tyr

195

Ile Gly

210

Lys
225

Arg

Ser Ser

Arg Lys

Pro Pro
275

Ala Gln
290

<210>
<211l>
<212>
<213>

11

839
DNA
Zea

<220>

<223> G3661

<400> 11
caggatgctg

cctcgaggag
gctcecegtte
cttcgectac

gtcccecgac

ggacccggag

Glu

Phe

Arg

Ser

Pro

Ser

Arg

Pro

Pro

Ile Arg

165

Asp Ser

180

Met Arg

Ile

Glu

Tyr Pro

Asp

Ala

Gly

Ala

Asp

Pro Ala

Glu Glu

Ser Arg

200

Ala Ala

215

Pro Ala

230

Ser
245

Sexr

Gly Glu

260

Pro Pro

Trp Phe

mays

ctgaacccgg
ccagccgacg
cgcaccgacg
ggctggetge
tcgtectect

ccgecgetga

Ser

Ala

Pro

Ala

Ser Ser

Ala

Ala

Gln
280

Ala

Ala
295

Gly

cgtcagaggc
agagcttcgg
acgccgacga
ccgacggcetce
acccctgete

cgceecggeac

Lys

Ala

Ala

Ala

Ala

Ala

Pro

Asn
170

Gly

Ala Val

185

Leu Leu

Ala Ala

Ser Ser Gly

235

Ser Ser

250

Ser

Ser Met

265

Pro Val

Ile Gln

gtcggtgcecta
gagcctggtg
catggtggtg
attcgtgcac
ctacgacggc

caccacgccc

Page 11

Ala Arg Va

Ala Tyr

19

Phe
205

Asn Pr

Ala
220

Ala Al

Ser Ser Se

Gly Ser Pr

Al
27

Ala Met

Gln Leu Al

285

Gln
300

Leu Va

gacaccatcc
gcggaccagt
ttcggggege
gtgaagceccg
tcaccctget

agtagtaggg

Asp

PCT/US2004/017768

1 Trp Leu

175

Arg Ala

0

o Leu Arg

Asn

a Gly

Ser
240

r Pro

o Lys
255

Arg

a Leu Val

0

a Leu Pro

1l Ser

ggcagcacct
ggagcggcte
tgcaggacgc
agccggtgeg
tcggectect

ggcaggagga

60

120

180

240

300

360
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ggccgeggceyg
caagttecgeg
gtacgacacc
ctcgegegeg
ggcgecgceec
cCaagaggcgg
gccctcccag

ggcgatggct

<210>
<211>
<212>
<213>

12

270
PRT
Zea

<220>

gccatggccc
gcggagatca
gccgaggacg
ctccteaact
gagcccgeca
aagcgaggcg
cttaaccggc

ccgegegtgg

mays

ggggcaagca
gggaccccgc
ccgcgcetecgce
tcecegetecyg
cctectegga
aggccgeggce
cggcccagcec

agcagatcgt

<223> @3661 polypeptide

<400> 12

Met Leu Leu

1

Gln His

Ala Asp

35

Met
50

Asp

Leu Pro

65

Pro Asp

Gly

Leu

Ser Ser

Leu

Gln

vVal

Asp

Ser

Leu

Arg
115

Asn Pro

Leu Glu

20

Trp Ser

Val Phe
Ser

Gly

Ser
85

Ser

Asp Pro

100

Gly Gln

Ala

Glu

Gly

Gly

Phe

70

Tyr

Glu

Glu

Ser Glu

Ala

Pro

Leu
40

Ser

Ala
55

Leu

Val His

Pro Cys

Pro Pro

Glu Ala

120

ctacaggggg
caggaacggc
ctacgaccgc
catcggetcce
ctcectecteg
tgccaacatg
gtggttecct

cgtctagtct

Ala Ser Val

10

Asp Glu Ser

25

Pro Phe Arg

Gln Asp Ala

val Pro

75

Lys

Ser Tyr

90

Asp

Leu Thr Pro

105

Ala Ala Ala

Page 12
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gtgaggcagc
gcgegegtet
gcecgectacc
ggggacaagdc
tctteggeca
gccatggcgce
gccgcecgecgg

agccatgegce

Leu Asp Thr

Phe Ser

30

Gly

Thr Asp Asp

Phe Ala

60

Tyr

Glu Pro Val

Gly Ser Pro

Thr
110

Gly Thr

Met Ala

125

Arg

gcccgtgggg
ggctcggcac
gcatgcgcgg
gccegtegece
gcggetcgea
tggtgceccc
tcgagcaggc

cggagaaat

Ile
15

Arg

Leu Val

Ala Asp

Gly

Trp

Ser
80

Arg

Cys Phe

95

Thr Pro

Gly Lys

420

480

540

600

660

720

780

839



WO 2004/108900

His Tyr Arg Gly Val Arg Gln Arg Pro Trp Gly
130 135
Ile Arg Asp Pro Ala Arg Asn Gly Ala Arg Val
145 150 155
Asp Thr Ala Glu Asp Ala Ala Leu Ala Tyr Asp
165 170
Met Arg Gly Ser Arg Ala Leu Leu Asn Phe Pro
180 185
Gly Asp Lys Arg Pro Ser Pro Ala Pro Pro Glu
195 200
Asp Ser Ser Ser Ser Ser Ala Ser Gly Ser His
210 215
Gly Glu Ala Ala Ala Ala Asn Met Ala Met Ala
225 230 235
Ser Gln Leu Asn Arg Pro Ala Gln Pro Trp Phe
245 250
Glu Gln Ala Ala Met Ala Pro Arg Val Glu Gln
260 265
<210> 13
<211> 841
<212> DNA
<213> Nicotiana tabacum
<220>
<223> (3845
<400> 13
acacaagaga actaaaactt aaaagcaaaa tgaatcaacc
cggcgaattt tccgggagaa tttceggtgt accgccggaa
tcccatgttt aactgaaaca tggggcgact taccactaaa
tggtaattta tactctctta aaagacgctc ttaacgtcgg
gcgccggega agtaaaatcg gagcagaggg aggaagaaat
cgacggecge gccggceggcet gagttaccta ggggaaggca
ggcegtgggg gaaatttgeg gecggagatta gggatccgge

Page 13

Lys Phe Al

140

Trp Leu

Arg Ala Al

Il
19

Leu Arg

Ala
205

Pro Th

Lys Ar

220

Arg

Leu Val Pr

Pro Ala Al

Ile Val Va

27

aatttataca
ttcaagctte
agtcgacgat
atggtcgecg
tgtggtttct
ttacagaggt

gaagaatgga

Gly

PCT/US2004/017768

a Ala Glu

Thr Tyr

160

a Tyr
175

Arg

e Gly Ser

0

r Ser Ser

Arg

g Lys

Pro
240

o Pro

a Pro Val

255

1
0

gagttgccge
agtcgtctaa
tctgaagata
tttaatttca
ccggeggaga
gttagacgac

gctagggttt

60

120

180

240

300

360

420
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ggcttggaac atacgaaaca gatgaagaag ctgcaattgc ttatgataaa gcggcttata 480
gaatgcgegg ttcaaaggct catttaaatt ttccacatag aatcggttta aatgaaccgg 540
aaccggttcg agttacggcg aaaagacgag catcgcctga accggctagt tcgtcggaaa 600
atagttcacc taaacggaga agaaaggctg ttgcaactga gaaatctgaa gcagtagaag 660
tggagagtaa atcaaatgtt ttgcaaactg gatgtcaagt tgaactattg acacgtcgac 720
atcaattatt agtcagttaa gtatgaactt aggatattca attgtggtac tcttgagetc 780
caaagttgta cagtttgatt ctctcatgtt aattatatga caggagggtt aattgcaacg 840
t 841
<210> 14
<211l> 236
<212> PRT
<213> Nicotiana tabacum
<220>
<223> G3845 polypeptide
<400> 14
Met Asn Gln Pro Ile Tyr Thr Glu Leu Pro Pro Ala Asn Phe Pro Gly
1 5 10 15
@lu Phe Pro Val Tyr Arg Arg Asn Ser Ser Phe Ser Arg Leu Ile Pro

20 25 30
Cys Leu Thr Glu Thr Trp Gly Asp Leu Pro Leu Lys Val Asp Asp Ser
35 40 45
Glu Asp Met Val Ile Tyr Thr Leu Leu Lys Asp Ala Leu Asn Val Gly

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

85 90 95
Ala Glu Leu Pro Arg Gly Arg His Tyr Arg Gly Val Arg Arg Arg Pro
100 105 110
Trp Gly Lys Phe Ala Ala Glu Ile Arg Asp Pro Ala Lys Asn Gly Ala
115 120 125
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Arg Val Trp Leu Gly Thr Tyr Glu Thr Asp Glu
130 135
Tyr Asp Lys Ala Ala Tyr Arg Met Arg Gly Ser
145 150 155
Phe Pro His Arg Ile Gly Leu Asn Glu Pro Glu
165 170
Ala Lys Arg Arg Ala Ser Pro Glu Pro Ala Ser
180 185
Ser Pro Lys Arg Arg Arg Lys Ala Val Ala Thr
195 200
val Glu Val Glu Ser Lys Ser Asn Val Leu Gln
210 215
@Glu Leu Leu Thr Arg Arg His Gln Leu Leu Val
225 230 235
<210> 15
<211> 947
<212> DNA
<213> Nicotiana tabacum
<220>
<223> G3846
<400> 15
acacaacaca taaaaaatcc aattgcttaa aactcataac
tttcgaccga gctacctceg acgagtttca gtagtctcat
ggggtgactt gccgttaaaa gttgatgatt ccgaagatat
gtgacgcttt aactgccgga tggacgecgt ttaatttaac
agccgaggga ggagattgag ccagctacga ttecectgttcec
agactacgac ggctcaagcc gttgttccca aggggaggca
ggcecgtgggg gaaatttgeg gecggaaataa gggacccage
ggctagggac ttatgagacg gctgaagaag ccgcegetege
ggatgcgegg ctccaaggct ctattgaatt ttccgecatag
aaccggttag actaaccgct aagagacgat cacctgaacc
cggctttgga aaatggctcg ccgaaacgga dggagaaaagc

Page 15

Glu Ala

140

Lys Ala Hi

Pro Val

Ser Ser

19

Glu Lys Se

205

Thr
220

Gly

Ser

aaacaaaatg
gccatgtttg
ggtaatttat
gtccaccgaa
ttcagtggct
ttataggggc
taaaaacggc
ttatgataaa
gatcggcectta
ggctagctcg

tgtagcggct

Arg

Glu

Cys

PCT/US2004/017768

Ala Ile Ala

Asn
160

s Leu

Val
175

Thr

Asn Ser

0

r Glu Ala

Gln Val

tatcaaccaa
acggatacat
gggctcttaa
ataaaagccg
ccacctgegg
gttaggcaaa
gcacgggttt
gcagcttaca
aatgagcctg
tcaatatcat

aagaaggctg

60

120

180

240

300

360

420

480

540

600

660



WO 2004/1

aattagaagt
cagttggcga
ggagtgaata
tgtattatgt
ctcactttgg
<210>
<211>

<212>
<213>

16
233
PRT

<220>

08900

gcaaagccga
gcagctatta
gaaacagcaa
ctatggcgtg

attgattaaa

tcaaatgcta
gtcagttaag
actactccac
taaagtgtca

tggataatac

Nicotiana tabacum

<223> (3846 polypeptide

<400> 16
Met Tyr Gln
1

Leu Met Pro

Ser
35

Asp Asp

Thr Ala

50

Gly

Glu
65

Pro Arg

Ala Pro Pro

Arg His Tyr

Glu Ile Arg

115

Glu
130

Tyr

Arg Met

145

Arg

Thxr

Pro Ile
5

Cys Leu

20

Glu Asp

Trp Thr
Glu

Glu

Glu
85

Ala

Arg Gly

100

Asp Pro

Glu

Ala

Gly Ser

Ser

Thr

Met

Pro

Ile

70

Thr

Val

Ala

Glu

Lys

Thr Glu

Thr

Asp

Ile
40

val

Phe
55

Asn

Glu Pro

Thr Thr
Gln

Arg

Asn
120

Lys

Ala Ala

135

Ala Leu

150

tgcaagttgg
atatgagcta
tttgctcata
cctttecagtt

tcgetttcga

Pro Pro

10

Leu

Trp Gly Asp

25

Tyr Gly Leu

Leu Thr Ser

Ala Thr Ile

75

Gln
20

Ala Ala

Arg Pro

105

Txp

Gly Ala Arg

Leu Ala Tyr

Leu Asn Phe
155
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gtgccagatg gaacaatttc
agaactcaat tgttaagttt
gttggaccaa ggaggccatt
taaaaacagt atttcttgtc

ctgggtt

Thr Phe Ser Ser

15

Ser

Leu Val

30

Leu Pro Lys

Ser Ala Leu

45

Leu Asp

Thr
60

Glu Ile Lys Ala

Val
80

Pro Val Pro Ser

Val Val Pro Lys Gly

95

Phe Ala

110

Gly Lys Ala

Val Trp Leu Thr

125

Gly

Asp Ala Ala

140

Lys Tyx

His Ile Gly

160

Pro Arg

720

780

840

900

947



WO 2004/108900

Leu Asn Glu Pro Glu Pro Val Arg Leu Thr Ala
165 170
Glu Pro Ala Ser Ser Ser Ile Ser Ser Ala Leu
180 185
Lys Arg Arg Arg Lys Ala Val Ala Ala Lys Lys
195 200
Gln Ser Arg Ser Asn Ala Met Gln Val Gly Cys
210 215
Pro Val Gly Glu Gln Leu Leu Val Ser
225 230
<210> 17
<211l> 705
<212> DNA
<213> Lycopersicon esculentum
<220>
<223> G3841
<400> 17
atggatcaac agttaccacc gacgaacttc ccggtagatt
tcaagcttca gtcgtctaat tccctgttta actgaaaaat
gtcgacgatt ccgaagatat ggtaatttac ggtctattaa
tggtcgecegt ttaatttcac cgccggcgaa gtaaaatcgg
tcgtcgectg aattttcace ttetccggeg gagaccacdg
ccgaaaggaa gacattatag aggcgttaga cagcgtccgt
attagagatc cggcgaagaa cggagctagg gtttggettg
gaagctgcaa ttgcttatga taaagctgct tatagaatga
aatttccocge accggatcgg tttgaatgaa ccggaaccgg
cgagcatcge cggaaccggce aagctegtcg ggaaacggtt
gccgttcaga aatgtgatgg agaaatggceg agtagatcaa
caaattgaac aattgacagg tgtccatcaa ctattggtca
<210> 18
<211l> 234
<212> PRT

Page 17
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Lys Arg

Glu Asn

190

Glu
205

Ala

Gln
220

Met

tteceggtgta
ggggagattt
aagacgctct
agccgagaga
cagcteccgge
gggggaaatt
gaacgtacga
gaggatcaaa
ttecgagttac
ccatgaaacg
gtgtcatgca

tttaa

Arg Ser

Gly Ser

Leu Glu

Glu Gln

Pro
175

Pro

Val

Phe

tcgeceggaat
accactaaaa
aagcgtcgga
agaaattgaa
ggctgaaaca
tgcggcggag
aacagctgaa
agcacatttg
ggcgaaaagg
gagaagaaaa

agttggatgt

60

120

180

240

300

360

420

480

540

600

660

705
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<213> Lycopersicon esculentum

<220>
<223> @G3841 polypeptide

<400> 18
Met Asp Gln Gln Leu Pro Pro Thr Asn Phe Pro Val Asp Phe Pro val
1 5 10 15

Tyr Arg Arg Asn Ser Ser Phe Ser Arg Leu Ile Pro Cys Leu Thr Glu
20 25 30

Lys Trp Gly Asp Leu Pro Leu Lys Val Asp Asp Ser Glu Asp Met Val
35 40 45

Ile Tyr Gly Leu Leu Lys Asp Ala Leu Ser Val Gly Trp Ser Pro Phe
50 55 60

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

Ser Ser Pro Glu Phe Ser Pro Ser Pro Ala Glu Thr Thr Ala Ala Pro
85 90 95

Ala Ala Glu Thr Pro Lys Gly Arg His Tyr Arg Gly Val Arg Gln Arg
100 105 110

Pro Trp Gly Lys Phe Ala Ala Glu Ile Arg Asp Pro Ala Lys Asn Gly
115 120 » 125

Ala Arg Val Trp Leu Gly Thr Tyr Glu Thr Ala Glu @lu Ala Ala Ile
130 135 140

Ala Tyr Asp Lys Ala Ala Tyr Arg Met Arg Gly Ser Lys Ala His Leu
145 150 155 160

Asn Phe Pro His Arg Ile Gly Leu Asn Glu Pro Glu Pro Val Arg Val
165 170 175

Thr Ala Lys Arg Arg Ala Ser Pro Glu Pro Ala Ser Ser Ser Gly Asn
180 185 190

Gly Ser Met Lys Arg Arg Arg Lys Ala Val Gln Lys Cys Asp Gly Glu
195 200 205

Page 18
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PCT/US2004/017768

Met Ala Ser Arg Ser Ser Val Met Gln Val Gly Cys Gln Ile Glu Gln

210

215

Leu Thr Gly Val His Gln Leu Leu Val Tle
230

225

<210>
<211>
<212>
<213>

19
783

<220>
<223>

<400> 19
caaaaatata

actaggagaa
tacgacggcc
cactgagagc
cggtatccte
agaccagagc
tcecggegaag
gaggcagagyg
tagggtttgg
tgctttecagg
tgaacctgac
gaagcggaga
gatggtcaag
ttt

<210>
<211>

<212>
<213>

20
255
PRT

<220>

<223>

<400> 20

DNA
Brassica oleracea

G3659

atggcggcag
tcggagtcegt
aaaccggtgt
tggggacact
aacgacgcgt
tctaatttte
aaggcgagtc
ccgtggggga
ttggggacgt
atgcgtggtt
ccggtteggg
agaacggtgg

tgtgaggtgg

aatccgacta
ggctcagtga
acggaagaaa
tgccgttgaa
ttcacggcgg
cgaaggttaa
cggttaaggc
agttcgegge
ttgagacggc
ccecgegetcet
ttaagtcaaa
cttctgtaaa

ttgaagtgag

Brassica oleracea

G3659 polypeptide

cattttgett
gtcgacggcyg
ccctagettce
agaaaacgac
atgggaacég
aaccgégaac
tccggagaag
ggagataagg
ggaagatgca
tttgaatttt
gagaggttct
cggcggceggt

acgtgacgat

220

gagtcgataa
agttcggtgg
agcaagttgt
acggaggaca
tcgtcecttcecat
ttcacggtgg
gggaagcatt
gatccggcga
gcgttggctt
cctttgaggg
tcctctgaéa
caaggaacag

catttacttg

gacgacactt
ttcaatctgg
acccttgett
tgttagtcta
cctececgacga
tcgatcatgt
acagaggagt
agaacggagc
acgacagagc
ttaactcagg
tcggaggtte
atatggggtt

tcttatagtt

Met Ala Ala Glu Ser Asp Tyr Ile Leu Leu Glu Ser Ile Arg Arg His

1

5

10

Page 19
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60

120

180

240

300

360

420

480

540

600

660

720

780

783
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Leu Leu Gly Glu Ser Glu Ser Trp Leu Ser Glu Ser Thr Ala Ser Ser
20 25 30

val Val Gln Ser Gly Thr Thr Ala Lys Pro Val Tyr Gly Arg Asn Pro
35 40 45

Ser Phe Ser Lys Leu Tyr Pro Cys Phe Thr Glu Ser Trp Gly His Leu
50 55 60

Pro Leu Lys Glu Asn Asp Thr Glu Asp Met Leu Val Tyr Gly Ile Leu
65 70 75 80

Asn Asp Ala Phe His Gly Gly Trp Glu Pro Ser Ser Ser Ser Ser Asp
85 90 95

Glu Asp Gln Ser Ser Asn Phe Pro Lys Val Lys Thr Glu Asn Phe Thr
100 105 110

Val Val Asp His Val Pro Ala Lys Lys Ala Ser Pro Val Lys Ala Pro
115 120 125

Glu Lys Gly Lys His Tyr Arg Gly Val Arg Gln Arg Pro Trp Gly Lys
130 135 140

Phe Ala Ala Glu Ile Arg Asp Pro Ala Lys Asn Gly Ala Arg Val Trp
145 150 155 160

Leu Gly Thr Phe Glu Thr Ala Glu Asp Ala Ala Leu Ala Tyr Asp Arg
165 170 175

Ala Ala Phe Arg Met Arg Gly Ser Arg Ala Leu Leu Asn Phe Pro Leu
180 185 190

Arg Val Asn Ser Gly Glu Pro Asp Pro Val Arg vVal Lys Ser Lys Arg
195 200 205

Gly Ser Ser Ser Glu Ile Gly Gly Ser Lys Arg Arg Arg Thr Val Ala
210 215 220

Ser Val Asn Gly Gly Gly Gln Gly Thr Asp Met Gly Leu Met Val Lys
225 230 235 240

Cys Glu Val Val Glu Val Arg Arg Asp ASp His Leu Leu Val Leu
245 250 255
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<210> 21
<211> 703
<212> DNA
<213>
<220>

<223> G3660

<400> 21
tctgtaataa

ttgetggagt
tcaataccga
tccgaggata
tcgtegecegt
atggaaactt
ccgtcaaagg
gagatacgtg
gaagatgcag
ttgaattttc
aggtcttata
agaacagaga
<210>
<211>

<212>
<213>

22
222
PRT

<220>

<223>

<400> 22

taatgtacgg
caatacgacg
gttcatgttt
tgttagtgta
cgtcggactt
cggagaactt
gaaagcatta
atccggcgaa
ctttggcetta
cgttgagggt
agtcttcttce

acgtgccata

Brassica oleracea

acatggcgag
tcacttgcta
cactcagagt
cagtgtcctc
gagctgtcte
agcagcggag
cagaggggtg
aaaaggagcg
cgatagagct
taactccggt
gtegtecctcet

gttcaggtga

Brassica oleracea

G3660 polypeptide

Met Tyr Gly His Gly Glu Ile Thr

1

5

Leu Leu Glu Ser Ile Arg Arg His

20

Arg Phe Ser Glu Ser Ile Pro Ser

35

40

Asp Leu Pro Leu Lys Glu Asn Asp

ataaccacgg
ggtggagaca
tggggagact
aacgacgcct
agcgatttta
gcggaaaaaa
agacagaggc
agggaatggt
gcttttagga
gaacctgacc

tctgaaaacg

agggcgatgt

Thr Ala Ala
10

Leu Leu Gly
25

Ser Cys Phe

Ser Glu Asp

Page 21
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cagcagaatc
acgagttacg
tgccattgaa
tcaacggagc
acgattttcc
tgaaggcggt
cgtgggggaa
tagggacgtt
tgcgtggttce
cggtaaggat
ggaagccgaa

tgt

Glu Ser Asp

Gly Asp Asn
30

Thr Gln Ser
45

Met Leu Val

agattacgct
attcagtgag
agagaacgac
ctttgaaacyg
ggcggttaaa
ggcggcgcecg
attcgecggcg
tgagacggcg
ccgegetttg
caagtcaaag

gcagaggaga

Tyr Ala

15

Glu Leu

Trp Gly

Tyr Ser

60

120

180

240

300

360

420

480

540

600

660

703
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50

Vval Le

65

Ser As

Met Gl

val Al

u Asn

p Leu

u Thr

a Ala
115

Arg Pro Txp

13

Gly Al
145

Leu Al

Leu As

0

a Arg

a Tyr

n Phe

Ile Lys Ser

Asn Gl
21

<210>
<211>
<212>
<213>

<220>
<223>

<400>
ctectcet

gcaaat

195

v Lys
0

23
1231
DNA
Medi

G3844

23
aaaa

taca

attccgatct

tattcggtgc

Asp Ala Phe
70

Ser Cys Leu
85

Ser Glu Asn
100

Pro Pro Ser

Gly Lys Phe

Glu Trp Leu
150

Asp Arg Ala
165

Pro Leu Arg
180

Lys Arg Ser

Pro Lys Gln

55

Asn

Ser

Leu

Lys

Ala

135

Gly

Ala

Val

Tyxr

Arg
215

cago truncatula

Gly

Asp

Ala

Gly

120

Ala

Thr

Phe

Asn

Lys

200

Arg

Ala

Phe

Ala

105

Lys

Glu

Phe

Arg

Ser

185

Ser

Arg

Phe

Asn

90

Glu

His

Ile

Glu

Met

170

Gly

Ser

Thxr

Glu

75

Asp

Ala

Tyr

Arg

Thr

155

Arg

Glu

Ser

Glu

aacatcacaa aacgaaaatt tcattccttc

acacaaaaac tttaccaaag gccacaacat

tgccetttta gactctattc gecegecactt

tccaacaaat gtttcgggta atacccgagt

Page 22

60

Thr

Phe

Glu

Arg

Asp

140

Ala

Gly

Pro

Ser

Asn
220

Ser

Pro

Lys

Gly

125

Pro

Glu

Ser

Asp

Ser

205

val

PCT/US2004/017768

Ser

Ala

Met

110

Val

Ala

Asp

Arg

Pro

190

Ser

Pro

cacactctcce

gtacggaaat

gttaggagaa

tttetetegg

Pro Ser
80

Val Lys
95

Lys Ala

Arg Gln

Lys Lys

Ala Ala
160

Ala Leu
175

Val Arg

Ser Glu

aatctccata
agtaattttg
tccgaattta

agctccagtt

60

120

180

240
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tcagcagctt
attctgaaga
cgtctctcga
tgaaaccgga
agcaagtggt
tgagacaacg
ctagagtttg
ctgcgtatag
gtgaacccga
cggaaagtaa
caggacaagt
cttaatatac
tttcttcaat
aactattcct
caaaatggtg
agaaatgaaa
tgtgaatata
<210>
<211>

<212>
<213>

24
268
PRT

<220>

<223>

<400> 24

Met Tyr Gly Asn Ser Asn

1

Ile Arg Arg His Leu Leu

Thr Asn Val Ser Gly Asn

35

Ser Ser Leu Tyr Pro Cys

atacccatgt
tatggtactt
agtcgggtca
gceggatgtt
tcectgagggy
gcecgtggggg
gcttggaaca
gatgagaggg
cccggttaga
ttcteecggceg
gggaagtcaa
ggttctaccg
gcaatttgta
tettttgtgce
attcatgagg
taatgatgtt

gaaattctta

5

20

ttaagtgaca
tacggcgtce
cccgaaagtg
atgccggtag
ccaaaagctg
aaatttgcgg
tttgaaaccg
tcaagagctt
atagcttcaa
aagaggaaga
gtggcacaac
tactaggaac
attateccgaa
ctacacaatt
gagacaaaaa
taaaggatag

tttgtttgat

Medicago truncatula

(33844 polypeptide

Phe Asp

Gly Glu

40

attggggtga
tccgegatge
tctcatcggt
agaatgtccet
ctccggtgaa
cggagattecg
ctgaggatgc
tgttgaattt
aacgttcttc
aagtaatgac
aatgtacacg
aaaaaatgtt
gacatgtgtg
ttggaaccaa
tgecgggagaa
tgaatgaagt

C

Ser Asp Leu
10

Ser Glu Phe
25

Thr Arg Val Phe Ser

Leu Ser Asp Asn Txp

Page 23

actaccactc

cgtaaatgtt

ttttcegtta
cceggtaget
aggaaaacac
tgatccggeg
ggctttgget
tccacttegg
gccggaacgc
agctcagagt
tggaggacag
taggttaatg
tactgtgtat
ggaaaaggat

aaacaaaaat

ggggttatgc

Ala

Ile
30

Arg
45

Gly

PCT/US2004/017768
aaagaagatg 300
gggtgggtcc 360
gaaatgacgg 420
tcaacagcgg 480
taccgcggtyg 540
aagaacggag 600
tatgatagag 660
gttaactccg 720
tcttegtcat 780
ggattaaaaa 840
ttattggttt 900
ttgtgttgtg 960
agcactatge 1020
gaaaatgtag 1080
tgaaaaaatg 1140
gatgtaactt 1200
1231

Leu Leu Asp Ser

15

Phe Gly Ala Pro

Ser Ser Ser Phe

Glu Leu Pro Leu
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50 55 60

Lys Glu Asp Asp Ser Glu Asp Met Val Leu Tyr Gly Val Leu Arg Asp
65 70 75 80

Ala Val Asn Val Gly Trp Val Pro Ser Leu Glu Val Gly Ser Pro Glu
85 90 95

Ser Val Ser Ser Val Phe Pro Leu Glu Met Thr Val Lys Pro Glu Pro
' 100 105 110

Asp Val Met Pro Val Glu Asn Val Leu Pro vVal Ala Ser Thr Ala Glu
115 120 125

@ln Val Vval Pro Glu Gly Pro Lys Ala Ala Pro Val Lys Gly Lys His
130 135 140

Tyr Arg Gly Val Arg Gln Arg Pro Trp Gly Lys Phe Ala Ala Glu Ile
145 150 155 160

Arg Asp Pro Ala Lys Asn Gly Ala Arg Val Trp Leu Gly Thr Phe Glu
165 170 175

Thr Ala Glu Asp Ala Ala Leu Ala Tyr Asp Arg Ala Ala Tyr Arg Met
180 185 190

Arg Gly Ser Arg Ala Leu Leu Asn Phe Pro Leu Arg Val Asn Ser Gly
195 200 205

Glu Pro Asp Pro Val Arg Ile Ala Ser Lys Arg Ser Ser Pro Glu Arg
210 215 220

Ser Ser Ser Ser Glu Ser Asn Ser Pro Ala Lys Arg Lys Lys Val Met
225 230 235 240

Thr Ala Gln Ser Gly Leu Lys Thr Gly Gln Val Gly Ser Gln Val Ala
245 250 255

Gln Gln Cys Thr Arg Gly Gly Gln Leu Leu Val Ser
260 265

<210> 25
<211> 1013
<212> DNA

<213> Glycine max
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<220>
<223> G3718

<400> 25
cacgaaatgt

cgccacttac
agcactccat
gattggggcg
cttegcgacg
ttctegtegg
ccggaaccga
aaagggaagc
cgcgacccgg
gcegegetgg
tttccgetcece
tcagcagaac
gtgggttgag
aaggggtgga
atcaaatcta
gttctgtttg
ataatatctg
<210>
<211>

<212>
<213>

26
240
PRT

<220>

<223>

<400> 26

acggacaaag
tcggegacte
tgtactctcg
aacttcctct
ccgtgaacgt
ctttecatgcce
tttgtaaccc
actaccgggg
ctaaaaatgg
cttacgatcg
ggattaattc
cgtgttcttce
aacggggcac
ataaatgggt
aagctaaaaa
gctttgtgaa

taacatagtt

Glycine max

tagctatgag
cgaggaacac
gagctccagt
tatggaagac
aggctgggtc
gccggtgacce
tceggtggtt
cgtgcggcag
ggctcgggtt
agccgcegtat
gggcgagecec
gtcggagagt
gtggagagca
tggcatgcte
agaaaacaaa

tacagttaca

gggtagggca

G3718 polypeptide

tccgatttgg
agattcggag
ttcggcaggt
gattcagaag
ccatctetceg

gtgaaatccg

cagggccecgg
cgaccgtggg
tggcttggga
cgaatgecgcg
gaaccggttce
ggatcttggg
gttgttggtg
actcattgct
ccacatttgg
agatttctta

cccacectgt

cccttttgga
ccccgaatgt
tgtacccttg
acatgcttct
acgcttcctce
aaacggatct
cgcecggeggt
gaaaattcgce
cttttgagac
gctecgegggce
gagttacggc
tgaagaagcg
aagtaatttg
caagtgggac
aaaaactgat
ttttttggtt

gctgaactaa

Met Tyr Gly Gln Ser Ser Tyr Glu Ser Asp Leu Ala Leu Leu Asp Ser

1

5

10

15

Ile Arg Arg His Leu Leu Gly Asp Ser Glu Glu His Arg Phe Gly Ala

20

25

30

Pro Asn Val Asn Ser Gly Ser Thr Pro Leu Tyr Ser Arg Ser Ser Ser
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ctececattcge 60
taattcgggt 120
cctgagtaac 180
ttatggtgtt 240
accggagagt 300
atttccggca 360
agttceggeg 420
agcggagatc 480
ggctgaggac 540
tttgttgaat 600
gaagcgggcet 660
gaagaaggtg 720
tgatgctaaa 780
tgtgggactg 840
tagggtcgag 900
caattctata 960
gtt 1013
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35 40 45

Phe Gly Arg Leu Tyr Pro Cys Leu Ser Asn Asp Trp Gly Glu Leu Pro
50 55 60

Leu Met Glu Asp Asp Ser Glu Asp Met Leu Leu Tyr Gly Val Leu Arg
65 70 75 80

Asp Ala Val Asn Val Gly Trp Val Pro Ser Leu Asp Ala Ser Ser Pro
85 90 95

Glu Ser Phe Ser Ser Ala Phe Met Pro Pro Val Thr Val Lys Ser Glu
100 105 110

Thr Asp Leu Phe Pro Ala Pro Glu Pro Ile Cys Asn Pro Pro Val Val
115 120 125

Gln Gly Pro Ala Pro Ala Val Val Pro Ala Lys Gly Lys His Tyr Arg
130 135 140

Gly Val Arg Gln Arg Pro Trp Gly Lys Phe Ala Ala Glu Ile Arg Asp
145 150 155 160

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

Glu Asp Ala Ala Leu Ala Tyr Asp Arg Ala Ala Tyr Arg Met Arg Gly
180 185 190

Ser Arg Ala Leu Leu Asn Phe Pro Leu Arg Ile Asn Ser Gly Glu Pro
195 200 205

Glu Pro Val Arg Val Thr Ala Lys Arg Ala Ser Ala Glu Pro Cys Ser
210 215 220

Ser Ser Glu Ser Gly Ser Trp Val Lys Lys Arg Lys Lys val vVal Gly

225 230 235 240
<210> 27

<211l> 704

<212> DNA

<213> Lycopersicon esculentum

<220>
<223> G3843
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<400> 27
atgtattcaa attgtgaact agaaaatgat ttttcagtac
ttacttgaag attgggaagc tccattaacg agctctgaaa
agccggagca acagcattga atccaatatg tttagtaatt
atttttcaaa atgatattct taatgaagga tttggatttg
gattttataa tccctaaatt agagtcacaa atgtcaatcg
ttaccggatt tgtggctcca ttagagacgg cggcggaggt
agatgacaac tacgacgacg aagccaaagg caaagcatta
catgggggaa attcgcggcg gaaattagag atccggcgaa
tcggtacata tgagacggcg daggatgcgg cgttggetta
tgcggggatc acgtgcattg ctgaattttc cgttgaggat
ctgttagagt tggatcgaag agatcgtcaa tgtcgcegga
cgacgaagag gaggaagaag gttgctcgtg gaacaaagca
<210> 28
<211> 107
<212> PRT
<213> Lycopersicon esculentum
<220> ‘
<223> (3843 polypeptide
<400> 28
Met Tyr Ser Asn Cys Glu Leu Glu Asn Asp Phe
1 5 10
Ile Arg Arg Tyr Leu Leu Glu Asp Trp Glu Ala
20 25
@lu Asn Ser Thr Ser Ser Glu Phe Ser Arg Ser
35 40
Asn Met Phe Ser Asn Ser Phe Asp Tyr Thr Pro
50 55
Asp Ile Leu Asn Glu Gly Phe Gly Phe Gly Phe
65 70 75
Asp Phe Ile Ile Pro Lys Leu Glu Ser Gln Met
85 90
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tcgaatcaat
actcaacatc
catttgatta
gatttgaatt
aatcacctga
gaaagttgaa
tagaggtgtg
aaatggagca
cgacaaggcg
taattcecggt
gcattgttceca

ataa

Ser Val Leu

Thr
30

Pro Leu

Ser Ile

45

Asn

Glu
60

Ile Phe

Glu Phe Glu

Ser Ile Glu

tagaagatac
ctcagagttc
tacacctgaa
cgagacttct
aatgtggaat
acaccggttg
agagtgaggc
cgagtttggc
gcttttegceca
gaaccggatc

tcggegtegt

Glu
15

Ser

Ser Ser

Glu Ser

Gln Asn

Thr Ser

80

Ser Pro

95

60

120

180

240

300

360

420

480

540

600

660

704
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Glu Met Trp Asn Leu Pro Asp Leu Trp Leu His

<210>
<211>
<212>
<213>

29
1225
DNA

<220>
<223> G3864

<400> 29
cccacgegtce

caagatgcetg
gcagcagctc
ctteggcecage
cgacgacatg
cggctectte
ctgecctegge
cgaggtcgca
gggcaagttc
caccttcgac
cggctcecege
gggtcagaag
cgcacccggg
ggctctggtg
gtggctcgcece
atcgttctca
ggaggaacag
tcagttggag
tgtcgctagg
ggtttgtaag
tggagaatct

30
271

<210>
<211>

100

cgccaagagce
ctgcttaatc
ctggaggagc
ctggtggegg
gtcgtctacg
gcggecgtcea
agcttccteg
gcgacggegt
gcggcggaga
agcgcegagg
gcgetectcea
cgtcegtete
tcgtcgaagce
ccgecceege
accggcgcceg
tgaccgatgg
agcatcaaga
gcaattacgc
gttagtggcg
aggtggtgag

tctttgttaa

Triticum aestivum

gaactgagat
cggegtcecga
caatggcgce
accagtggag
gtgccetecyg
agccecgagcec
cgtcgecegece
caagggggaa
tcecgggaccece
acgccgetgt
acttceceget
cccagccagc
ggagaaagag
cggtgcaggce
tccagcaget
ccattagttc
tggcgtcaat
gccacgcceat
ttggcacagt
ggtgcaggtg

aaaaa

105

catcctagga
ggcggceggcd
ggcgeggecg
cgagtctcectc
cgacgcctte
cctgecectece
cgggetggac
gcacttcaga
agccaagaac
ggcgtacgac
ccgecatcggce
gagccccgac
aggcgaggec
tccggtceecag
agtgagctga
ttcctteatg
ggcgtaatge
tgtgaaattt
agcaagtggg

caaaagttgce

Page 28

ccaggcgcga
gcggegetgg
gcgtactgcec
ccgtteegge
tcctgegget
cccgactect
gcgeegtggg
ggcgtgaggce
ggegegegced
cgcgeegect
tcggagatcg
tctcctecte
gcagcagagt
ctgaccctcec
agcggcgaaa
gcttecatgtyg
gtcgectcgaa
gtgtggctcce
tgcagtggaa

acagaccttc

PCT/US2004/017768
ccacacagga 60
acagcatccg 120
ggagcgcgag 180
ccaacgacgc 240
ggctcccecga 300
acgacggctg 360
cggaggaggce 420
agcggccgtg 480
tgtggctegg 540
accgcatgceg 600
ccgcagccgce 660
cctectecag 720
ccatgtccat 780
cagtccagcce 840
gcaacaagtg 900
ttgagcccat 960
gaaaccttga 1020
gtgtgaaact 1080
tcccgaaget 1140
tcctecteccaa 1200
1225



WO 2004/108900 PCT/US2004/017768

<212> PRT
<213> Triticum aestivum

<220>
<223> (3864 polypeptide

<400> 30
Met Leu Leu Leu Asn Pro Ala Ser Glu Ala Ala Ala Ala Ala Leu Asp
1 5 10 15

Ser Ile Arg Gln Gln Leu Leu Glu Glu Pro Met Ala Pro Ala Arg Pro
20 25 30

Ala Tyr Cys Arg Ser Ala Ser Phe Gly Ser Leu Val Ala Asp Gln Trp
35 40 45

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

Tyr Gly Ala Leu Arg Asp Ala Phe Ser Cys Gly Trp Leu Pro Asp Gly
65 70 75 80

Ser Phe Ala Ala Val Lys Pro Glu Pro Leu Pro Ser Pro Asp Ser Tyr
85 90 95

Asp Gly Cys Cys Leu Gly Ser Phe Leu Ala Ser Pro Pro Gly Leu Asp
100 105 110

Ala Pro Trp Ala Glu Glu Ala Glu Val Ala Ala Thr Ala Ser Arg Gly
115 120 125

Lys His Phe Arg Gly Val Arg @Gln Arg Pro Trp Gly Lys Phe Ala Ala
130 135 140

Glu Ile Arg Asp Pro Ala Lys Asn Gly Ala Arg Val Trp Leu Gly Thr
145 150 155 160

Phe Asp Ser Ala Glu Asp Ala Ala Val Ala Tyr Asp Arg Ala Ala Tyr
165 170 175

Arg Met Arg Gly Ser Arg Ala Leu Leu Asn Phe Pro Leu Arg Ile Gly
180 185 190

Ser Glu Ile Ala Ala Ala Ala Gly Gln Lys Arg Pro Ser Pro Gln Pro
195 200 205

Page 29
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Ala Ser Pro Asp

210

Lys Arg Arg Lys

225

Leu Val Pro Pro

val Gln Pro Trp

<210>
<211>
<212>
<213>

31
1098
DNA

<220>

<223> (3865

<400> 31
cgctcggcega

ataagatgct
agctcctgga
tggcggacca
tctacggcgce
ccgtcaagcece
gctteectege
tcgcggeggce
agttcgecggce
tcgacagcge
cccgegeget
ccgcgggeca
gcagcgcgcece
ccatggetct
agccgtgget
gtgatcgttc

cagagcatca

Triticum

Ser Pro Pro

Arg Gly Glu

Pro
215

230

245

260

atcccaagag
gctgcttaat
ggagccggcg
gtggagcgag
cctccgcegac
cgagcccctg
gccgeeggceg
ggcgtcgagg
ggagatccgg
cgaggacgcc
cctcaacttc
gaagcgtcecg
cgggtegtceg
ggtgccgcce
ggcegecgge
tcacttctca

agatgagatg

Pro Pro Val

Leu Ala Thr

aestivum

cgaactcaga
ccggegteceg
cggeeggegt
tcgcteecegt
gccttctect
ccctececeeg
ccecgggecgg
gggaagcact
gécccggcca
gccgtggecet
ccgetecgcea
tctccececage
aagaggagaa
ccgecggege
gccgtecage
cgagcgatta

aatggcgegt

Ala Ala

Gln Ala

Gly Ala

Ser Ser Ser

Ala Glu

235

Pro Val

250

Val Gln

265

tcatcctacg
aggcggcggce
actgeccggag
tccgtceccaa
gcggetgget
acggctccta
acgcgecegtg
tcagaggcgt
agaacggcgc
acgaccgcge
tcggcectccga
cggcgagcecc
agagaggcga
aggctccggt
agctggtgag
gttgcttgat
aatgcgtegc
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Ala Pro Gly Ser Ser

220

Ser Met Ser Met Ala

240

Gln Lieu Thr Leu Pro

Gln Leu Val
270

accagacgcg
gctggacagce
cgcgagcette
cgacgccgac
cceccgacggce
cgacggctcce
ggcggaggag
gaggcagcegg
gcgegtgtgg
cgectaccge
gatcgcececgcece
cgactcttceca
ggcegeggea
ccagctgacc
ctgaagcggc
gtgttgagcg

tcgaagaaac

255

Ser

accacacagg
atccggecagce
ggcagcctgg
gacatggtcg
tccttecgegg
tgcctcecggcea
gaggccgagg
ccgtggggcea
ctcggcacct
atgcgecggcet
gccgecgeag
tctcectect
gcgtecatgg
ctcececagcecece
gaagcgacca
acgtgaggaa

cttecgatcag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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ttggaagcga ttacgcgcca aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 1080

aaaaaaaaaa aaaaaaaa 1098
<210> 232

<211> 272

<212> PRT

<213> ~ Triticum aestivum

<220>
<223> G3865 polypeptide

<400> 32

Met Leu Leu Leu Asn Pro Ala Ser Glu Ala Ala Ala Leu Asp Ser Ile
1 5 10 15

Arg Gln Gln Leu Leu Glu Glu Pro Ala Arg Pro Ala Tyr Cys Arg Ser
20 25 30

Ala Ser Phe Gly Ser Leu Val Ala Asp Gln Trp Ser Glu Ser Leu Pro
35 40 45

Phe Arg Pro Asn Asp Ala Asp ASD Met Val Val Tyr Gly Ala Leu Arg
50 55 60

Asp Ala Phe Ser Cys Gly Trp Leu Pro Asp Gly Ser Phe Ala Ala Val

Lys Pro Glu Pro Leu Pro Ser Pro Asp Gly Ser Tyr Asp Gly Ser Cys
85 90 95

Leu Gly Ser Phe Leu Ala Pro Pro Ala Pro Gly Pro Asp Ala Pro Trp
100 105 110

Ala Glu Glu Glu Ala Glu Val Ala Ala Ala Ala Ser Arg Gly Lys His
115 120 125

Phe Arg Gly Val Arg Gln Arg Pro Trp Gly Lys Phe Ala Ala Glu Ile
130 135 140

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

Ser Ala Glu Asp Ala Ala Val Ala Tyr Asp Arg Ala Ala Tyr Arg Met
165 170 175
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Arg Gly Ser

Ile Ala

195

Ala

Ala
210

Pro Ser

Ser
225

Lys Arg

Ala Leu Val

Pro Ala Gln

<210>
<211l>
<212>
<213>

33

885
DNA
Zea

<220>
<223> G3856

<400> 33
atgctactta

ctggacgagc
agcacgagct
gacgacgccg
cteccecgacyg
tacgagcgcg
ccgaccgagg
gggaagcact
gacccggeca
gccegtggect
ccgetccgcea
gccgcgggag

gcctectetyg

Arg Ala

180

Ala Ala

Pro

ASp

Arg Lys

Leu

Ala

ser

Arg

Leu Asn

Ala Ala

200

Ser Ser

215

Gly Glu

230

Pro
245

Pro

Pro
260

Trp

mays

acccggcegtg
cggcggcegge
tcggcagect
acgacatggt
gcteccttege
gatcctatcc
cggcgacgac
accgeggggat
agaacggcgc
acgaccgcgce
tecggctcecga

acaagcgggce

cgacaccgaa

Pro

Leu

Pro Ala

Ala Ala

cgaggcggca
ggcgaccgceg
agtggcggac
cgtettegge
cgeccgtgaag
ctgecttggt
gcecgggage
gaggcagcgy
gcgegtgtgg
cgcgtaccgce
gatecgccgeg
gtccccagag

gcggaggaag

Phe

Gly

Ala

Gln

Gly

Pro Leu

185

Gln Lys

Pro Ser Cys

Ala
235

Ala

Ala
250

Pro

Ala Val

265

gcgecgatgg
agcgcggcte
caatggagcg
gcgctcegeg
ccecgageecc
ggcttececttce
gaggaggagg
ccgtggggcea
ctgggcacgt
atgcgcggcet
gcggecgecg
ccgaccgcga

agaggcgagg
Page 32

Arg Ile

Gly

PCT/US2004/017768

Ser Glu

190

Pro
205

Arg

Ser Ala

220

Ala Ser

Gln

Val

Gln Gln

Ser

Pro

Met

Leu

Leu

Pro Gln

Gly Ser

Ala Met

240

Thr
255

Leu

Val Ser

270

acagcatccg
cgcggeceggt
agtegctceccce
acgcctttte
tggecgttcece
tcgeggaggg
ccgeggeggce
agttcgeggce
acgacagcgc
ccecgegeget
cegtegegge
gctccgactce

ccgcectgecge

gcatcacctce
gtactgccgce
gtteegeccece
ccagggctgg
ggactccecce
gcctgagacg
ggtgtccagg
ggagatccgg
cgaggacgcce
cctcaactte
cactgcecect
ctccectteg

gaccatggcc

60

120

180

240

300

360

420

480

540

600

660

720

780
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atggcceccecttg
cgtecegtggt
<210> 34
<21l> 294
<212> PRT
<213> Zea
<220>
<223>
<400> 34

Met Leu Leu

1

Arg

Ala

Ala

Asp

65

Leu

Pro

Leu

Gly

Arg

145

Asp

His

Pro

Asp

50

Met

Pro

Asp

Leu

Ser

130

Gly

Pro

His

Arg

35

Gln

Val

Asp

Ser

Ala

115

Glu

Val

Ala

tgecegeccee geccggceggeg caggcgceccy tccagctgac cctcceceggcece

tegeecgecgg ccccgtecag cagctagtga gctaa

mays

Asn

Leu

20

Pro

Trp

Val

Gly

Pro

100

Glu

Glu

Arg

Lys

Pro

Leu

vVal

Ser

Phe

Ser

85

Tyr

Gly

Glu

Gln

Asn
165

G3856 polypeptide

Ala

Asp

Tyx

Glu

Gly

Phe

Glu

Pro

Ala

Arg

150

Gly

Cys

Glu

Cys

Ser

55

Ala

Ala

Arg

Glu

Ala

135

Pro

Ala

Glu

Pro

Arg

40

Leu

Leu

Ala

Gly

Thr

120

Ala

Trp

Arg

Ala

Ala

25

Ser

Pro

Arg

Val

Ser

105

Pro

Ala

Gly

Val

Ala

10

Ala

Thr

Phe

Asp

Lys

90

Tyxr

Thr

Val

Lys

Trp
170

Page 33

Ala

Ala

Ser

Arg

Ala

75

Pro

Pro

Glu

Ser

Phe

155

Leu

Pro

Ala

Phe

Pro

60

Phe

Glu

Cys

Ala

Arg

140

Ala

Gly

Met

Thr

Gly

Asp

Ser

Pro

Leu

Ala

125

Gly

Ala

Thr

PCT/US2004/017768

Asp

Ala

30

Ser

Asp

Gln

Leu

Gly

110

Thr

Lys

Glu

Tyr

Ser

15

Ser

Leu

Ala

Gly

Ala

95

Gly

Thr

His

Ile

Asp
175

Ile

Ala

vVal

Asp

Trp

Phe

Phe

Pro

Tyr

Arg

160

Ser

840

885



WO 2004/108900

Ala Glu Asp

Gly Ser Arg

195

Ala Ala

210

Ala

Lys Ala

225

Arg

Ala Ser Ser

Ala Thr Met

vVal Gln

275

Pro

val Gln

290

Gln

<210>
<211>
<212>
<213>

35
957
DNA
Oryz

<220>

<223> (3848

<400> 35
atgacggcgc

cagcacctgce
gggagectgg
gacatggtgg
gtgttecgegg
tectettget
tcgggggcgg
gaggaggceg

tggggcaagt

Ala Ala

180

Ala Leu

Ala

Ala

Ser Pro

Val

Leu

Ala

Glu

Ala Tyr

Phe
200

Asn

val Ala

215

Pro Thr

230

Ala Thr

245

Ala
260

Met

Leu Thr

Leu Val

a sativa

gaagcatgtt
tggaggagcc
tggccgacat
tgtteggcgce
aggtgaagcc
gcttcggett
cagaagcggc
cggetgeggt

tcgeggegga

Pro

Ala

Leu

Lys Arg

val

Leu

Ala
280

Pro

Ser

gcggaaccac
gcgceggegge
gtggagcgac
gatgcgggac
ggagcccctg
cgeggacgtg
ggccgeggceg
ggcgaggdggy

gatccgggac

Asp

Ala

Ala

Arg

Arg

Arg Ala
185

Pro Leu Arg

Thr

Ala

Ser
235

Ser

Lys
250

Arg

Pro Pro Pro

265

Pro Trp

ccggaggegt
ggcggtggeg
tcgctgecgt
gcgttectegt
ctctegeecgg
tcggagcegg
gcggceggcega
aagcactaca

cccgecaaga

Page 34
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Ala Tyr Arg Met Arg
190
Ile Gly Ser Glu Ile
205

Pro Ala Ala Gly Asp
220
Asp Ser Ser Pro Ser

240
Gly Glu Ala Ala Ala

255
Pro Ala Ala Gln Ala
270
Phe Ala Ala Gly Pro
285

cggtgctcga caccatccgg 60
aggcggcgga ggcgagcette 120
tccgecgacga cgacgccgac 180
gcgggtggect gcceccgacggce 240
actcgtcgte gtacgacggg 300
tgacgccgag cgacgcdggcg 360
cggcggagca cgggaaggag 420
ggggggtgag gcagcggcecg 480
acggcgcgeg cgtgtggcetce 540



WO 2004/108900

ggcacgttcg acaccgccga ggacgccgcec ctggecgtacg
cgtggctcee gegegetect caacttcccg ctececgcatcg
gccgecgeeg cagcggcage ggcagcegge gacaagegge
tcggagtcgt ccttcteete ctcatcctec tgcaccacca
tectcoctceg gctccccgaa acggagaaag agaggcdgagd
atgccecctgg tgceccecgec ttececagetg aactggccgg
gccgcaccgg tcgagcaggt ggcgatcacc cecgegegtgg
<210> 36
<211> 318
<212> PRT
<213> Oryza sativa
<220>
<223> (3848 polypeptide
<400> 36
Met Thr Ala Arg Ser Met Leu Arg Asn His Pro
1 5 10
Asp Thr Ile Arg Gln His Leu Leu Glu Glu Pro
20 25
Gly Glu Ala Ala Glu Ala Ser Phe Gly Ser Leu
35 40
Ser Asp Ser Leu Pro Phe Arg Asp ASP Asp Ala
50 55
Phe Gly Ala Met Arg Asp Ala Phe Ser Cys Gly
65 70 75
Val Phe Ala Glu Val Lys Pro Glu Pro Leu Leu
85 90
Ser Tyr Asp Gly Ser Ser Cys Cys Phe Gly Phe
100 105
bro Val Thr Pro Ser Asp Ala Ala Ser Gly Ala
115 120
Ala Ala Ala Ala Ala Thr Ala Glu His Gly Lys

Page 35

accgcgecgc
gctcggagat
cgtegecgga
ccaccacctce
ccgeggecgce
tgcaggcatg

agcagctegt

Glu Ala

Arg Gly

30

Ala
45

val

Asp Met

60

Asp

Trp Leu

Ser Pro

Ala Val

110

Asp

Ala Glu

125

Glu Glu

Ser

Gly

Asp

Pro

Asp

Ala

Glu

PCT/US2004/017768

ctaccgcatg
cgcagccgec
gccggegacce
ctcctcaacc
gtccatgtcc
gtaccccgcece

catctaa

val
15

Leu

Gly Gly

Met Trp

val Val

Asp Gly

80

Ser Ser

95

Ser Glu

Ala

Ala

Ala Ala

600

660

720

780

840

900

957



Ala
145

Trp

Arg

Tyr

Phe

Ala

225

Ser

Ser

Glu

Gln

Glu
305

WO 2004/108900

130

Ala

Gly

val

Asp

Pro

210

Ala

Glu

Ser

Ala

Leu

290

Gln

<210>
<211l>

<212>

<213>

<220>
<223> G

<400>

ccaaaaacct cataaatcac tagaaaaaac taaaattcaa agcaaaatgg atcaacagtt

gctaccgacg aacttcccgg tgtatcgecg gaattcaagc ttcagtecgtc taatccecetg

val

Lys

Trp

Arg

195

Leu

Ala

Ser

Ser

Ala

275

Asn

Val

37
946

DNA

Ala

Phe

Leu

180

Ala

Arg

Ala

Ser

Thr

260

Ala

Trp

Ala

Arg

Ala

165

Gly

Ala

Ile

Ala

Phe

245

Ser

Ala

Pro

Ile

Gly

150

Ala

Thxr

Tyr

Gly

Gly

230

Ser

Ser

Ser

Val

Thr
310

135

Lys

Glu

Phe

Arg

Ser

215

Asp

Ser

Ser

Met

Gln

295

Pro

Solanum tuberosum

3857

37

His

Ile

Asp

Met

200

Glu

Lys

Ser

Gly

Ser

280

Ala

Arg

Tyx

Arg

Thr

185

Arg

Ile

Arg

Ser

Ser

265

Met

Trp

Val

Arg

Asp

170

Ala

Gly

Ala

Pro

Ser

250

Pro

Pro

Tyr

Glu

Page 36

Gly

155

Pro

Glu

Ser

Ala

Ser

235

Cys

Lys

Leu

Pro

Gln
315

140

Val

Ala

Asp

Arg

Ala

220

Pro

Thr

Arg

Val

Ala

300

Leu

Arg

Lys

Ala

Ala

205

Ala

Glu

Thr

Arg

Pro

285

Ala

vVal

PCT/US2004/017768

Gln

Asn

Ala

190

Leu

Ala

Pro

Thxr

Lys

270

Pro

Ala

Ile

Arg

Gly

175

Leu

Leu

Ala

Ala

Thr

255

Arg

Pro

Pro

Pro

160

Ala

Ala

Asn

Ala

Thr

240

Thr

Gly

Ser

vVal

60

120



WO 2004/

tttaactgaa
ttacggtcta
cgaagtaaaa
ggcggagaag
tagacagcgg
tagggtttgg
tgcttataga
tgaaccggaa
gtcggaaaac
ggagagtaga
tcaactattg
tttccecegaa
agaatcgaaa
gtttgatttt
<210>
<211>

<212>
<213>

38
230
PRT

<220>
<223>
<400> 238
Met Asp Gln
1

Ser Ser Phe

Pro Leu
35

Leu

Leu Lys Asp

50

Gly Glu Val

108900

acatggggag
ttaaaggacg
tcggaaccga
acggcagctc
ccgtggggga
cttggaacgt
atgagaggat
ccggttegag
ggttcaatga
tcaagtgtta
gtcagttaaa
cccttaaata
gtccaatgaa

cattaatatt

Gln Leu
5

Ser Arg

20

Lys Val

Ala Leu

Lys Ser

Leu

Leu

Asp

Ser

Glu
70

atttaccact
ctcttagegt
gagaggaaat
cggtggctga
aatttgcggce
atgaaacagc
caaaagcaca
ttacggcgaa
aacggagaag
tgcaagttgg
tagccggcaa
aattcgaaat
aaaaattatc

atctttgatc

Solanum tuberosum

G3857 polypeptide

Pro Thr

Ile

Pro

Ser
40

Asp

Val
55

Gly

Pro Arg

aaaagtcgac
cggatggtcg
tgagtcggcg
aacacccaag
ggagattaga
tgaagaagct
tttgaatttc
aagacgagca
aaaagccgtt
atgtcaaatc
ttttececgaac
actctatgca
gtgatagggt

tttgataatt

Phe Pro

10

Asn

Cys Leu Thr

25

Glu Asp Met

Trp Ser Pro

Ile
75

Glu Glu

Page 37
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gattccgaag atatggtaat 180
ccgtttagtt tcaccaccgg 240
cctgaatttg taccttctcc 300
ggaagacatt atagaggcgt 360
gatccggcga agaacggagc 420
gctattgcett atgataaagc 480
ccgcaccgga tecggtttgaa 540
tcgecctgaac cggtaagcetc 600
cggaaatgtg acggagaagt 660
gaacaattga caggtgtcca 720
gcgaaatact ttgtgcatat 780
tcggactatg atggtggaga 840
aatcccgaag ttgtaaaaaa 900
atttga 946
val Tyr Arg Arg Asn
15
Glu Thr Trp Gly Asp
30
Val Ile Tyr Gly Leu
45

Phe Ser Phe Thr Thr

60

Glu Sexr Ala Pro Glu

80



WO 2004/108900

Phe Val Pro Ser Pro Ala
85

Pro Lys Gly Arg His Tyr
100

Phe Ala Ala Glu Ile Arg
115

Leu Gly Thr Tyr Glu Thr
130

Ala Ala Tyr Arg Met Arg
145 150

Arg Ile Gly Leu Asn Glu
165

Arg Ala Ser Pro Glu Pro
180

Arg Arg Arg Lys Ala Val
195

Ser Ser Val Met Gln Val
210

His Gln Leu Leu Val Ser

225 230
<210> 39

<211l> 931

<212> DNA

Glu

Arg

Asp

Ala

135

Gly

Pro

val

Arg

Gly
215

Lys

Gly

Pro

120

Glu

Ser

Glu

Ser

Lys

200

Cys

<213> Lycopersicon esculentum

<220>
<223> G3852

<400> 39

aaaaccttca aatactcata atgtatcaac

cggcagaatt cccggtgtat tgceggagtt

Thr Ala Ala
90

val Arg Gln
105

Ala Lys Asn

Glu Ala Ala

Lys Ala His
155

Pro Val Arg
170

Ser Ser Glu
185

Cys Asp Gly

Gln Ile Glu

ttccecacttce

caagtttcag

ccgaatcatg gggtgacttg ccgttaaaag ttaacgattc

ggtttctaca agacgctttt agtatcggat

ggacgccegte

tgaaactcga gccgagggag gagattgagc cagctatgag

Page 38

Pro

Arg

Gly

Ile

140

Leu

vVal

Asn

Glu

Gln
220

Val

Pro

Ala

125

Ala

Asn

Thr

Gly

val

205

Leu

PCT/US2004/017768

Ala

TIp

110

Arg

Tyr

Phe

Ala

Ser

190

Glu

Thr

tactgagtta

tagtctcatg

cgaagatatg

aaatttaacg

tacttctgtt

Glu Thr
95

Gly Lys

Val Trp

Asp Lys

Pro His
160

Lys Arg
175

Met Lys

Ser Arg

Gly Val

actttttttc
ccatgtttaa
gtaatttatg
tccgaggaag

tctecgecga

60

120

180

240

300



WO 2004/

108900

cagtggctce agcggetttg cagcctaaag gaaggcatta
catggggaaa atttgcagcg gaaataagag atccggctaa
ttggaactta cgagtcggct gaggaagccg cactcgctta
tgcgecggtac taaggctcta ttgaatttcee cgcatagaat
cggttagagt gacggttaag agacgattat ctgaatcggc
cttcggaaag tggctcgect aagaggagga gaaagggtgt
tagaagttga gagccgggga ccaaatgtta tgaaagttgg
cgagcagcta ttggttagtt aaaatatgga gctaagaact
gctttgaagt ggacagaaaa tagcaaatca ttccactagg
ccatttggac tatgtgtatc taacgtgtaa agtgcacttt
aaaaaacaca cattttcata tagtggcttt t
<210> 40
<211l> 244
<212> PRT
<213> Lycopersicon esculentum
<220>
<223> 33852 polypeptide
<400> 40
Met Tyr Gln Leu Pro Thr Ser Thr Glu Leu Thr
1 5 10
Phe Pro Val Tyr Cys Arg Ser Ser Ser Phe Ser
20 25
Leu Thr Glu Ser Trp Gly Asp Leu Pro Leu Lys
35 40
Asp Met Val Ile Tyr Gly Phe Leu Gln Asp Ala
50 55
Thr Pro Ser Asn Leu Thr Ser Glu Glu Val Lys
65 70 75
@lu Ile Glu Pro Ala Met Ser Thr Ser Val Ser
85 90
Pro Ala Ala Leu Gln Pro Lys Gly Arg His Tyr
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caggggcgtt agacaaaggc 360
aaacggcgca cgggtttgge 420
tggtaaagcc gcttttagga 480
tggtttaaat gagccggagc 540
tagttcatcg gtatcatcag 600
agcggctaag caagccgaat 660
ttgccaaatg ttccagttgg 720
caatggctag ggcttgtttg 780
tgagaagtgg accaaagagd 840
ttagtttgtg cttttatgaa 900

931
Phe Phe Pro Ala Glu

15
Ser Leu Met Pro Cys
30
val Asn Asp Ser Glu
45
Phe Ser Ile Gly Trp
60
Leu Glu Pro Arg Glu
80
Pro Pro Thr Val Ala
95

Arg Gly Val Arg Gln
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Asp

Ala

140

Gly

Pro

Ser

Arg

Gly

220

Ser

Pro

125

Glu

Thr

Glu

Ser

Lys

205

Pro

Tyr

PCT/US2004/017768

110

Ala Lys Asn

Glu Ala Ala

Ala Leu
160

Lys

Val
175

Pro Arg

Ser Val Ser

190

Gly val Ala

Asn Val Met

Val
240

Trp Leu

100 105
Arg Pro Trp Gly Lys Phe Ala Ala Glu Ile Arg
115 120
Gly Ala Arg Val Trp Leu Gly Thr Tyr Glu Ser
130 135
Leu Ala Tyr Gly Lys Ala Ala Phe Arg Met Arg
145 150 155
Leu Asn Phe Pro His Arg Ile Gly Leu Asn Glu
165 170
Vval Thr Vval Lys Arg Arg Leu Ser Glu Ser Ala
180 185
Ser Ala Ser Glu Ser Gly Ser Pro Lys Arg Arg
195 200
Ala Lys Gln Ala Glu Leu Glu vVal Glu Ser Arg
210 215
Lys Val Gly Cys Gln Met Phe Gln Leu Ala Ser
225 230 235
Lys Ile Trp Ser
<210> 41
<211l> 884
<212> DNA
<213> Solanum tuberosum
<220>
<223> G3858
<400> 4l
gatcaaaaac tcataatgta tcaattaccc atttctacag
ccggcagaat tccceggtgta ttgccggagt tcaagtttca
accgaatcat ggggtgactt gccgttaaaa gttaacgatt
gggcttctac aagacgcctt cagtatcgga tggacgccgt
gtgaaacccg agccgaggga ggagattgag ccagctatga
acagagactg cggcggctcc atcggetctg caacctaaag
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agttacctcc
gtagtctcat
ccgaagatat
caaatttaac
gtacttectgt

gaaggcatta

gacttttttc
gccatgttta
ggtaatttat
gtcagtggaa
ttcteegeceg

caggggegtt

60

120

180

240

300

360



WO 2004/

agacaaaggc
cgggtttgge
gcttttagga
gagccggage
gtatcatcag
caagccgaat

gaacaatttc

cggcaagggc

gaagtggacc

<210>
<211>
<212>
<213>

42
247
PRT

<220>
<223> (3858

<400> 42
Met Tyr Gln
1

Ala Glu Phe

Leu
35

Pro Cys

Glu
50

Ser Asp

Gly Thr

65

Trp

Arg Glu Glu

Glu Thr Ala

Arg Gly Vval

108900

catggggaaa
ttggaactta
tgcgeggtac
cggttagagt
ccteggaaadg
tagaagttca
cagttggcga
ttgttteget

aaagaggcca

atttgcagcg
cgagtcggcc
taaggctcta
gacggttaag
tggctegetg
gagccgggga
gcagctattg
ttgaagtgga

tttggattat

polypeptide

Leu Pro Ile

Pro Val

20

Tyr

Thr Glu Ser

Met Val Ile

Asn
70

Pro Ser

Ile Glu

85

Pro

Ala
100

Ala Pro

Arg Gln Arg

Solanum tuberosum

Ser

Cys

Trp

Tyr

55

Leu

Ala

Ser

Pro

Thr

Arg

Gly

40

Gly

Thr

Met

Ala

Trp

Asp

gaaataagag
gaggaagctg
ttgaatttcc
agacgattac
aagaggagga
ccaaatgtta
gttagttaaa
cagaaaattg

gtgtatctaa

Glu Leu Pro

10

Ser Ser Ser

25

Leu Pro

Leu Leu Gln

Val Glu

75

Ser

Thr
90

Ser Ser

Leu Gln Pro

105

Gly Lys Phe
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atccagctaa aaacggcgca 420
cgctegetta tgatatagca 480
cgcatagaat cggtttaaat 540
ctgaaccggc tagttcattg 600
gaaaaggtgt agcggctaag 660
ttcaagttgg ttgccaaatg 720
atatggagct aagaactcaa 780
caattcattc cacttggtga 840
cgtg 884
Pro Thr Phe Phe Pro
15
Phe Ser Ser Leu Met
30
Leu Lys Val Asn Asp
45

Asp Ala Phe Ser Ile

60

Val Lys Pro Glu Pro

80
Val Ser Pro Pro Thr
95
Lys Gly Arg His Tyr
110
Ala Ala Glu Ile Arg
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115 120

Asp Pro Ala Lys Asn Gly Ala Arg Val Trp Leu

130 135
Ala Glu Glu Ala Ala Leu Ala Tyr Asp Ile Ala
145 150 155
Gly Thr Lys Ala Leu Leu Asn Phe Pro His Arg

165 170
Pro Glu Pro Val Arg Val Thr Val Lys Arg Arg
180 185
Ser Ser Leu Val Ser Ser Ala Ser Glu Ser Gly
195 200

Arg Lys Gly Val Ala Ala Lys Gln Ala Glu Leu

210 215
@Gly Pro Asn Val Ile Gln val Gly Cys Gln Met
225 230 235
Gly Glu Gln Leu Leu Val Ser

245

<210> 43
<211l> 696
<212> DNA
<213> Arabidopsis thaliana
<220>
<223> G1792
<400> 43
aatccataga tctcttatta aataacagtg ctgaccaagce
tagaacacca aagttaatgg agagctcaaa caggagcagc
caagcaagct cgtttccggg gagttcgaag aaggccttgg
tcgagacceg tcgagaaacg gtgcccgtet ttggeteggg
ggcagcaagg gcttatgacc gagcagcctt taaccttagg
cttcocectaat gagtattatce cacgtatgga cgactactcg
ttcttectteg tcgtegtcat cgggttcaac ttctactaat
agaagttttc gagtttgagt atttggacga taaggttctt
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125

Gly Thr

140

Tyxr

Ala Phe Arg

Ile Gly Leu

Glu
190

Leu Pro

Leu
205

Ser Lys

Glu
220

vVal Gln

Glu Gln Phe

tcttacaaag
aacaaccaat
ggaaagtttg
acatttgaga
ggtecatctcg
cttcgeecte
gtgagtcgac

gaagaacttc

Glu Ser

Met Arg

160

Asn Glu

175

Pro Ala

Arg Arg
Sexr

Arg

Val
240

Pro

caaaccaatc
cacaagatga
cagcagagat
ccgcetgagga
ctatactcaa
cttatgcttc
aaaaccaaag

ttgattcaga

60

120

180

240

300

360

420

480
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agaaaggaag agataatcac gattagtttt gttttgatat tttatgtgge actgttgtgg
ctacctacgt gcattatgtg catgtatagg tcgcttgatt agtactttat aacatgcatg

ccacgaccat aaattgtaag agaagacgta ctttgegttt tcatgaaata tgaatgttag

atggtttgag tacaaaaaaa aaaaaaaaaa aaaaad

<210>
<211>
<212>
<213>

<220>

44

139

PRT

Arabidopsis thaliana

<223> G1792 polypeptide

<400>

44

Met Glu Ser Ser Asn Arg Ser

1

Gln Ala

Ala Glu

Thr Phe
50

Arg Phe Arg Gly Val
20

Ile Arg Asp Pro Ser
35

Glu Thr Ala Glu Glu
55

Phe Asn Leu Arg Gly His Leu

65

Tyr Pro

Ser Ser

70

Arg Met Asp Asp Tyr
85

Ser Ser Ser Ser Gly
100

Asn Gln Arg Glu Val Phe Glu

115

Glu Glu Leu Leu Asp Ser Glu

130

<210>
<211>
<212>

135

45
929
DNA

Ser

Arg

Arg

40

Ala

Ala

Ser

Ser

Phe

120

Glu

Asn

Arg

25

Asn

Ala

Ile

Leu

Thr

105

Glu

Arg

Asn

10

Arg

Gly

Arg

Leu

Arg

90

Ser

Tyxr

Lys

Page 43

Gln

Pro

Ala

Ala

Asni

75

Pro

Thr

Leu

Arg

Ser

Trp

Arg

Tyxr

60

Phe

Pro

Asn

Asp

Gln

Gly

Leu

45

Asp

Pro

Tyr

val

Asp
125

PCT/US2004/017768

Asp

Lys

30

Trp

Arg

Asn

Ala

Ser

110

Lys

Asp
15

Phe

Leu

Ala

Glu

Ser

95

Arg

Val

Lys

Ala

Gly

Ala

Tyr

80

Ser

Gln

Leu

540

600

660

696
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<213>

<220>

<223> CBF1

<400> 45
cttgaaaaag

agacagatat
acttaaacct
tttttctgaa
ggccacgagt
aatttacaga
aaacaagaaa
tcacgacgtce
ggcttggegg
tgaagcggcg
ggacatggag
ttatatggat
catgctttta
tgacgtgtcg
tgaaaatatt
gtagaaacga
<210>
<211>

<212>
<213>

46
213
PRT

<220>

<223>

<400> 46

aatctacctg
actatctttt
tatccagttt
atgtttggct
tgtccgaaga
ggagttcgte
accaggattt
gctgcattag
ctacgaatcc
ttggctttte
gagacgatgg
gaggagacaa
ccgecgecegt
ctttggagtt
ctagttcctt

gtggaaaata

CBF1 polypeptide

Arabidopsis thaliana

aaaagaaaaa
attaatccaa
cttgaaacag
ccgattacga
aaccggceggyg
aaagaaactc
ggctcgggac
cccteegtgg
cggagtcaac
aagatgagac
tggaagctat
tgtttgggat
ctgttcaatg
actaatattc
tttttagaat

attcaatac

Arabidopsis thaliana

aaagagagag
aaagactgag
agtactctga
gcectcaaggc
ccgtaagaag
cggtaagtgg
tttccaaacc
ccgatcagea
atgcgccaag
gtgtgatacg
ttatacaccg
gccgactttg
gaatcataat
gatagtecgtt

ggttccttca

agatataaat
aactctagta
tcaatgaact
ggagattatt
tttcgtgaga
gtttctgaag
gctgagatgg
tgtctcaact
gatatccaaa
acgaccacga
gaacagagcg
ttggataata
tatgacggcg
tccatttttg

ttttatttta

PCT/US2004/017768
agctttacca 60
actacgtact 120
cattttcagce 180
gtccgacgtt 240
ctegteaccc 300
tgagagagcc 360
cagctcgtgce 420
tcgctgactce 480
aagcggctgce 540
atcatggccect 600
aaggtgcgtt 660
tggctgaagg 720
aaggagatgg 780
tactatagtt 840
ttttattgtt 900
929

Met Asn Ser Phe Ser Ala Phe Ser Glu Met Phe Gly Ser Asp Tyr Glu

1

5

10

15

Pro Gln Gly Gly Asp Tyr Cys Pro Thr Leu Ala Thr Ser Cys Pro Lys

Lys Pro Ala Gly Arg Lys Lys Phe Arg Glu Thr Arg

35

20

40

25

Page 44

30

45

His Pro Ile Tyr



Arg

Glu

65

Glu

Arg

Pro

Ala

Gly

145

Gln

Pro

Ser

Ser

WO 2004/108900

Gly

50

Pro

Met

Ser

Glu

Leu

130

Leu

Ser

Thr

vVal

Leu
210

<210>
<211>

<212>
<213>

<220>

<223>

<400>

ggtttcctca ggeggtgatt acagtccgaa gcttgccacg agctgcccca agaaaccagce

val

Asn

Ala

Ala

Ser

115

Ala

Asp

Glu

Leu

Gln

195

Trp

47

803
DNA
Arabidopsis thaliana

CBF2

47
ctgatcaatg aactcatttt ctgcctttte tgaaatgttt ggctccgatt acgagtctcc

Arg

Lys

Ala

Cys

100

Thr

Phe

Met

Gly

Leu

180

Trp

Ser

Gln

Lys

Arg

85

Leu

Cys

Gln

Glu

Ala

165

Asp

Asn

Tyxr

Arg

Thr

70

Ala

Asn

Ala

Asp

Glu

150

Phe

Asn

His

Asn

55

Arg

His

Phe

Lys

Glu

135

Thr

Tyx

Met

Asn

Ser

Ile

Asp

Ala

Asp

120

Thr

Met

Met

Ala

Tyr
200

Gly

Trp

vVal

Asp

105

Ile

Cys

Val

Asp

Glu

185

Asp

Lys

Leu

Ala

90

Ser

Gln

Asp

Glu

Glu

170

Gly

Gly

Page 45

Trp

Gly

Ala

Ala

Lys

Thr

Ala

155

Glu

Met

Glu

val

60

Thr

Leu

Trp

Ala

Thr

140

Ile

Thr

Leu

Gly

Ser

Phe

Ala

Arg

Ala

125

Thr

Tyx

Met

Leu

Asp
205

PCT/US2004/017768

Glu

Gln

Leu

Leu

110

Ala

Thr

Thr

Phe

Pro

190

Gly

Val

Thr

Arg

95

Arg

Glu

Asn

Pro

Gly

175

Pro

Asp

Arg

Ala

80

Gly

Ile

Ala

His

Glu

160

Met

Pro

Vail

60

120
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gggaaggaag
ctccggtaag
gactttccaa
tggcagatct
aacctgtgcc
gatgtgtcat
tatttatacg
gatgtctagt
atggaactat
ttcgattttt
atggatctte
aatgcaaatg
<210>
<211>

<212>
<213>

48
207
PRT

<220>
<223>
<400> 48
Met Phe Gly
1

Ser Pro Lys

Lys Phe

Arg

Asn Ser
50

Gly

Arg Ile
65

Trp

His Asp Val

aagtttegtg
tgggtgtgtg
accgctgaga
gcctgtectca
aaggaaatcc
atgacgacgg
ccggaacaga
ttgttggata
aattttgatg
atttccattt
ttettttttt

tttttgagtyg

CBF2 polypeptide

Ser

Leu Ala

20

Glu Thr

Lys Trp
Leu

Gly

Ala
85

Ala

Asp Tyr

Thr

Arg

val

Thr

70

Ile

agactcgtca
agttgagaga
tggcagctcg
atttcgctga
aaaaggcggc
atgctcatgg
gccaagatgc
acatggccga
tcgagggaga
ttggtattat
ggttgtgaga

cag

Arabidopsis thaliana

Glu Ser

Ser

Cys

Pro
40

His

Cys Glu

55

Phe Gln

Ala Leu

cccaatttac
gccaaacaag
tgctcacgac
ctecggettgg
ggctgaagcc
tcttgacatg
gttttatatg
agggatgctt
tgatgacgtg
agctttttat

aacgaatgta

Val
10

Pro Ser

Pro
25

Lys Lys

Ile Tyr Arg

Leu Arg Glu

Thr Ala Glu

75

Arg Gly

90

Arg
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agaggagttc
aaaacgagga
gtcgccgcca
cggctacgaa
gcgttgaatt
gaggagacct
gatgaagagg
ttaccgtecge
tccttatgga
acatttgatc

aatggtaaaa

Ser Gly Gly

Pro Ala Gly

30

Val
45

Gly Arg

Pro Asn

60

Lys

Met Ala Ala

Ser Ala Cys

gtcaaagaaa
tttggectegg
tagctctccg
tcccggaate
ttcaagatga
tggtggagge
cgatgttggg
cgtceggttca
gctattaaaa
cttttttaga

gttgttgtca

Asp
15

Tyr
Arg Lys
Gln Arg
Thr

Lys

Ala
80

Arg

Leu Asn

95

180

240

300

360

420

480

540

600

660

720

780

803
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Phe Ala Asp Ser Ala Trp Arg Leu Arg Ile Pro
100 105
Lys Glu Ile Gln Lys Ala Ala Ala Glu Ala Ala
115 120
Glu Met Cys His Met Thr Thr Asp Ala His Gly
130 135
Thr Leu Val Glu Ala Ile Tyr Thr Pro Glu Gln
145 150 155
Tyr Met Asp Glu Glu Ala Met Leu Gly Met Ser
165 170
Met Ala Glu Gly Met Leu Leu Pro Ser Pro Ser
180 185
Asn Phe Asp Val Glu Gly Asp Asp Asp Val Ser
195 200
<210> 49
<211> 908
<212> DNA
<213> Arabidopsis thaliana
<220>
<221> misc_feature
<222> (851)..(851)
<223> n is a, ¢, g, or t
<220>
<223> CBF3
<400> 49
cctgaactag aacagaaaga gagagaaact attatttcag
gacagagatc ttttagttac cttatccagt ttcttgaaac
gaactcattt tctgcttttt ctgaaatgtt tggctcegat
aggcggtgat tatattccga cgcttgcgag cagctgcccecce
gaagtttcgt gagactcgtc acccaatata cagaggagtt
gtgggtttgt gaggttagag aaccaaacaa gaaaacaagg
aaccgctgag atggcagctc gagctcacga cgttgeceget
agcctgtctc aatttcgetg actcggcttg gagactccga
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Thr
110

Glu Ser

Asn Phe

125

Leu

Leu Met

140

Asp

Ser Gln Asp

Ser Leu Leu

vVal Gln Trp

190

Leu Trp Ser

205

caaaccatac
agagtactct
tacgagtctt
aagaaaccgg
cgtcggagaa
atttggctcg
ttagcecctte

atcccggaat

Cys Ala

Gln Asp

Glu Glu

Ala Phe

160

Asp Asn

175

Asn Tyr

Tyx

caacaaaaaa
tctgatcaat
cggttteccte
cgggtcgtaa
actccggtaa
gaacatttca
gtggccgatc

caacttgcgce

60

120

180

240

300

360

420

480
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taaggacatc caaaaggcgg cggctgaagce

tgcgacgacg gatcatggct tcgacatgga

ggaacagagc gaaaatgcgt tttatatgca

gttggctaat atggcagaag ggatgctttt

tcatgaagtc gacggcgatg atgacgacgt

ttatttccat ttttagtacg atacttttta

aatggaatct ncattatgtt tgtaaaactg

ttcagtat

<210> 50

<211> 216

<212> PRT

<213> Arabidopsis thaliana

<220>

<223> CBF3 polypeptide

<400> 50

Met Asn Ser Phe Ser Ala Phe Ser

1 5

Ser Ser Val Ser Ser Gly Gly Asp

20

Cys Pro Lys Lys Pro Ala Gly Arg
35 40

Pro Ile Tyr Arg Gly Val Arg Arg

50 ’ 55

Glu Val Arg Glu Pro Asn Lys Lys

65 70

Gln Thr Ala Glu Met Ala Ala Arg

85
Leu Arg Gly Arg Ser Ala Cys Leu
100

Leu Arg Ile Pro Glu Ser Thr Cys

115 120

tgcgttggcg
ggagacgttg
cgatgaggcg
gccgcetteceg
atcgttatgg
ttttattatt

agaaacgagt

Glu Met

10

Phe

Tyr Ile Pro

25

Lys Lys Phe

Arg Asn Ser

Ile
75

Thr Arg

His
90

Ala Asp

Asn Phe Ala

105

Ala Lys Asp

Page 48

tttcaggatg
gtggaggcta
atgtttgaga
tccgtacagt
agttattaaa
atttttagat

gtaaattaaa

Gly Ser

Thr Leu

30

Glu
45

Arg

Gly
60

Lys
Trp Leu
Val

Ala

Asp Ser

Asp

Ala

Thr

Trp

Gly

Ala

Ala

PCT/US2004/017768

agatgtgtga
tttacacggc
tgccgagttt
ggaatcataa
actcagatta
ccttttttag

ttgattcagt

Tyr Glu

15

Ser Ser

Arg His
val

Cys

Phe
80

Thr

Leu Ala

95

Trp Arg

110

Ile Gln

125

Lys

Ala Ala

540

600

660

720

780

840

900

908
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Ala Glu Ala Ala Leu Ala Phe Gln Asp Glu Met
130 135
Asp His Gly Phe Asp Met Glu Glu Thr Leu val
145 150 155
Ala Glu Gln Ser Glu Asn Ala Phe Tyr Met His
165 170
Glu Met Pro Ser Leu Leu Ala Asn Met Ala Glu
180 185
Leu Pro Ser Val Gln Trp Asn His Asn His Glu
195 200
Asp Asp Val Ser Leu Trp Ser Tyr
210 215
<210> 51
<21l> 632
<212> DNA
<213> Brassica napus
<220>
<223> bnCBFl
<400> 51
cacccgatat accggggagt tcgtctgaga aagtcaggta
gaaccaaaca agaaatctag aatttggctt ggaactttca
cgtgctcacg acgtcgctgce cctagccecte cgtggaagag
gactcggett ggcggctecg catcccggag acaacctgcc
gctgectgaag ccgcattgge ttttgaggcet gagaaaagdtg
cagaacatgg aggagacgac ggcggtggct tctcaggcetg
gaacatggca tgaacatgga ggaggcaacg gcagtggctt
acgacgacgg atcatggcgt agacatggag gagacaatgg
gaacaaégtg aagggtttaa catggcgaag gagtcgacgg
gaggaaccga gcaaaggatc ttacatggac gaggagtgga
ttggctgata tggcagaagg gatgctcctg cc
<210> 52
<211> 208
<212> PRT

Page 49

Cys
140

Asp
Glu Ala
Glu

Asp

Gly Met

Ile

Ala

Leu

PCT/US2004/017768

Ala Thr Thr

Thr
160

Tyr

Met
175

Phe

Leu Pro

190

Val Asp

205

agtgggtgtg
aaacagctga
gcgectgect
acaaggatat
atgtgacgat
aagtgaatga
ctcaggctga
tggaggetgt
tggaggctgce

tgctcgagat

Gly

Asp Asp

tgaagtgagg
gatggcagct
caattatgcg
ccagaaggct
gcaaaatggc
cacgacgaca
ggtgaatgac
ttttactggg
tgttgttacg

gccgaccttg

60

120

180

240

300

360

420

480

540

600

632
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<213> Brassica napus

<220>
<223> bnCBF1 polypeptide

<400> 52

His Pro Ile Tyr Arg Gly Val Arg Leu Arg Lys Ser Gly Lys Trp Val
1 5 10 15

Cys Glu Val Arg Glu Pro Asn Lys Lys Ser Arg Ile Trp Leu Gly Thr

Phe Lys Thr Ala Glu Met Ala Ala Arg Ala His Asp Val Ala Ala Leu
35 40 45

Ala Leu Arg Gly Arg Gly Ala Cys Leu Asn TyTr Ala Asp Ser Ala Trp
50 55 60

Arg Leu Arg Ile Pro Glu Thr Thr Cys His Lys Asp Ile Gln Lys Ala
65 70 75 80

Ala Ala Glu Ala Ala Leu Ala Phe Glu Ala Glu Lys Ser AsD val Thr
85 20 95

Met Gln Asn Gly Gln Asn Met Glu Glu Thr Thr Ala Val Ala Ser Gln
100 105 110

Ala Glu Val Asn Asp Thr Thr Thr Glu His Gly Met Asn Met Glu Glu
115 120 125

Ala Thr Ala Val Ala Ser Gln Ala Glu Val Asn Asp Thr Thr Thr Asp
130 135 140

His Gly Val Asp Met Glu Glu Thr Met val Glu Ala Val Phe Thr Gly
145 150 155 160

Glu Gln Ser Glu Gly Phe Asn Met Ala Lys Glu Ser Thr Val Glu Ala
165 170 175

Ala Val Vval Thr Glu Glu Pro Ser Lys Gly Ser Tyr Met Asp Glu Glu
180 185 190

Trp Met Leu Glu Met Pro Thr Leu Leu Ala Asp Met Ala Glu Gly Met
195 200 205

Page 50
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<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<223>

<400>

cayccnatht aymgnggngt

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

53
20
DNA

artificial sequence

Artificial sedquence

miéc_feature
(6)..(6)

n is a, ¢, 9,

misc_feature
(15) .. (15)
n is a, ¢, 9,

misc_feature
(18) ..(18)
n is a, ¢, 9,

53

54
21
DNA

or t

or t

or t

Mol 368 (reverse) primer

artificial sequence

Artificial sequence

misc_ feature
(3)..(3)

n is a, ¢, 9,

misc feature
(6)..(6)

n is a, ¢, 9,

misc_feature
(12) ..(12)
nis a, ¢, 9,

misc_feature
(18)..(18)
nis a, ¢, 9,

or t

or t

or t

or t
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<220>
<223> Mol 378 (forward) primer

<400> 54
ggnarnarca tnccytcngc ¢

<210> 55
<211> 17
<212> PRT

<213> Oryza sativa

<220>
<223> Motif ¥

<400> 55

PCT/US2004/017768

Ser Phe Gly Ser Leu Val Ala Asp Gln Trp Ser Glu Ser Leu Pro Phe

1 5
Arg

<210> 56

<211> 16

<212> PRT
<213> Arabidopsis thaliana

<220>

<221> misc_feature

<222> (1)..(1)

<223> Xaa can be any naturally

<220>

<221> misc_feature

<222>  (3)..(4)

<223> Xaa can be any naturally

<220>

<221> misc_feature

<222> (7)..(11)

<223> Xaa can be any naturally

<220>

<221> misc_feature

<222> (13)..(13)

<223> Xaa can be any naturally

<220>

<221> misc_feature

<222> (16)..(16)

<223> Xaa can be any naturally

<220>
<223> Motif X

10

occurring

occurring

occurring

occurring

occurring
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acid
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<400> 56

Xaa Asp Xaa Xaa Asp Met Xaa Xaa

1

<210>
<211>
<212>
<213>

57
1055
DNA

<220>

<223> G19

<400> 57
ataaaggcat

acagagaaaa
aagggccgta
gacttctggg
gaggaggcag
gtttatagag
cgaaaaggtg
tatgatgttg
caccatcctc
ccteeggega
ttcceggtgg
tttgagccgg
gacggtaaca
tggatgcttg
agttaaataa
cgcattggac
atattacggt
atttgtaatg
<210>
<211>

<212>
<213>

58
248
PRT

<220>

108900

5

ttcagctcca
tgtgtggcgg
aactcacggc
gtttctattc
tgaagaagga
ggatacgtaa
ttagagtttg
cggccaagca
ctcctectaa
agaaggtctg
agtgtatagg
attatgatct
cggcggagcea
atgatgtcat
agtctgtaat
tgctgatgat
ttgtggtatt

taagacgaag

Arabidopsis thaliana

ccgtaggaaa
tgctattatt
tgaggaactc
cacctccaaa
gcaggcaaca
gcgteccatgg
gcttggtacg
gatccgtggt
ttatactcct
cgttgtetet
atttggaaat
gaaacagcag
accgagtcag
tgcgtegtat
atatatgtaa
gtctgttgtg
attagtttct

tacttataac

Arabidopsis thaliana

10

ctttectettg
tcecgattatg
tggtcagagce
ctccatccecca
gagccgggga
ggaaaatggg
ttcaacacgg
gataaagcca
ccgecgteat
cagagtgaga
ggggacgagt
atatcgagcet
cttgatgagt
gagtaaaaga
ccgeegttac
taatgtgtag
tagatggaaa

ttett

Page 53

aaagaaaccc
ccectetegt
tcgatgette
ccaaccaagt
aacggaggaa
cggctgagat
cggaggaagdc
agctcaactt
cgccacgatc
gcgagttaag
ttcagaacct
tggaatcgtt
ccgtttecga
aaaaaaataa
ttttaaaagg
aatgtgacca

aacttacatg

Xaa Xaa Xaa Leu Xaa Asp Ala Xaa

15

acagcaacaa
caccaaggcc
cgeegecgac
taacgtgaaa
gaggaagaat
tcgagatcca
tgccatggcet
cccagatctg
aaccgatcag
tcagccgagt
gagttacgga
ccttgagetg
ggtggatatg
gtttaaaaaa
tttttaccgt
aatggacgtt

tgtaaataag

PCT/US2004/017768
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<223> G19 polypeptide
<400> 58

Met Cys Gly Gly Ala Ile Ile Ser Asp Tyr Ala Pro Leu Val Thr Lys
1 5 10 15

Ala Lys Gly Arg Lys Leu Thr Ala @lu Glu Leu Trp Ser Glu Leu Asp
20 25 30

Ala Ser Ala Ala Asp Asp Phe Trp Gly Phe Tyr Ser Thr Ser Lys Leu
35 40 45

His Pro Thr Asn Gln Val Asn Val Lys Glu Glu Ala Val Lys Lys Glu
50 55 60

@ln Ala Thr Glu Pro Gly Lys Arg Arg Lys Arg Lys Asn Val Tyr Arg
65 70 75 80

Gly Ile Arg Lys Arg Pro Trp Gly Lys Trp Ala Ala Glu Ile Arg Asp

Pro Arg Lys Gly Val Arg Val Trp Leu Gly Thr Phe Asn Thr Ala Glu
100 105 . 110

@lu Ala Ala Met Ala Tyr Asp Val Ala Ala Lys Gln Ile Arg Gly Asp
115 120 125

Lys Ala Lys Leu Asn Phe Pro Asp Leu His His Pro Pro Pro Pro Asn
130 135 140

Tyr Thr Pro Pro Pro Ser Ser Pro Arg Ser Thr Asp Gln Pro Pro Ala
145 150 155 160

Lys Lys Val Cys Val Val Ser Gln Ser Glu Ser Glu Leu Ser Gln Pro
165 170 175

ger Phe Pro Val Glu Cys Ile Gly Phe Gly Asn Gly Asp Glu Phe Gln
180 185 190

Asn Leu Ser Tyr Gly Phe Glu Pro Asp Tyr Asp Leu Lys Gln Gln Ile
195 200 205

Ser Ser Leu Glu Ser Phe Leu Glu Leu Asp Gly Asn Thr Ala Glu Gln
210 215 220
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Pro Ser Gln Leu Asp Glu Ser Val Ser Glu Val Asp Met Trp Met Leu
230

225

Asp Asp Val Ile Ala Ser Tyr Glu

<210>
<211>
<212>
<213>

59
913
DNA

<220>
<223> @G22

<400> 59
agaaaacatc

gaagcattca
ggatgtactt
tgccgttaag
ttagctcegg
ctcecggegac
gagtgaggag
gagctagggt
gagcggegtt
cttgtaagta
ccgatcagtt
tggttgtacc
tggaccaatc
aaatttgtcc
catgatcata
aaaaaaaaaa
<210>
<211>

<212>
<213>

60
226
PRT

<220>

245

tctcactetc
agaatccatt
ccgtaacccg
tgtcgacgat
ctggacaccc
gaaggcgagt
gaggccgtgg
ttggetcggg
tcagctcaga
tgagccggtt
aacgtcggag
ggagttggat
agaatgttct
aacgagtttt
tgtaatgtga

aaa

<223> G22 polypeptide

Arabidopsis thaliana

taaaatacac
atgagctcat
agtttcagca
tctcaagaca
tcegttecte
ggctcacacyg
gggaaattcg
acttacgaga
ggatcgaaag
aggattaggc
cagaagagdg
ttcacggtgg
tattctgata
gctgtatgaa

tggaaattaa

Arabidopsis thaliana

235

actctcatca
ctgattccgt
acgttatctt
tggctattta
ccgttaccte
cgccgaggca
cggcggagat
cgccggagga
ctaagctgaa
ctcgeegteg
aaagccacgt
atcagtttta
atcggatata
atatctatceg

atattgacgt
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aaaaccttct
taataacggc
aaacgataac
caacactctc
tceggcecggag
gaaggggatg
tagggatccg
cgcggeggtyg
ttttcegeat
ctecgecggaa
ggatgacggc
cttecgatggt
attagtttta
atgactcaac

ttgttttttt

240

cttecggttca
gttaactcac
tggagcgact
cgtgatgccg
gaaaataagc
cagtacagag
aagaagaacyg
gcgtacgace
ttgattggtt
ccgtcagtcet
gagtctagtt
agtttattaa
agattaagca
aggttttgat

gttgtaaaaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

913
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<400> 60
Met Ser Ser Ser Asp Ser Val Asn Asn Gly Val Asn Ser Arg Met Tyr
1 5 10 15

Phe Arg Asn Pro Ser Phe Ser Asn Val Ile Leu Asn Asp Asn Trp Ser
20 25 30

Asp Leu Pro Leu Ser Val Asp ASp Ser Gln Asp Met Ala Ile Tyr Asn
35 40 45

Thr Leu Arg Asp Ala Val Ser Ser Gly Trp Thr Pro Ser Val Pro Pro
50 55 60

val Thr Ser Pro Ala Glu Glu Asn Lys Pro Pro Ala Thr Lys Ala Ser
65 70 75 80

Gly Ser His Ala Pro Arg Gln Lys Gly Met Gln Tyr Arg Gly Val Arg
85 90 95

Arg Arg Pro Trp Gly Lys Phe Ala Ala Glu Ile Arg Asp Pro Lys Lys
100 105 110

Asn Gly Ala Arg Val Trp Leu Gly Thr Tyr @Glu Thr Pro Glu Asp Ala
115 120 125

Ala Val Ala Tyr Asp Arg Ala Ala Phe Gln Leu Arg Gly Ser Lys Ala
130 135 140

Lys Leu Asn Phe Pro His Leu Ile Gly Ser Cys Lys Tyr Glu Pro Val
145 150 155 160

Arg Ile Arg Pro Arg Arg Arg Ser Pro Glu Pro Ser Val Ser Asp Gln
165 170 175

Leu Thr Ser Glu Gln Lys Arg Glu Ser His Val Asp Asp Gly Glu Ser
180 185 190

Ser Leu Val Val Pro Glu Leu Asp Phe Thr Val Asp Gln Phe Tyr Phe
195 200 205

Asp Gly Ser Leu Leu Met Asp @Gln Ser Glu Cys Ser Tyr Ser Asp Asn
210 215 220

Arg Tle
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