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1
PLANTS WITH ALTERED PHYTOCHROMES

GOVERNMENT SUPPORT

This invention was made with government support under
07191530 awarded by the National Science Foundation and
13-CRHF-0-6055 awarded by the USDA/NIFA. The gov-
ernment has certain rights in the invention.

INCORPORATION OF SEQUENCE LISTING

The instant application contains a Sequence Listing which
has been submitted in ASCII format via EFS-Web and is
hereby incorporated by reference in its entirety. Said ASCII
copy, created on Oct. 1, 2013, is named ASFILED_Substi-
tute Sequencelisting-Text.txt and is 188,936 bytes in size.

BACKGROUND

The rise of the global population and demands for carbon-
neutral biofuels have accelerated the need to improve agri-
cultural productivity. An emerging strategy is to control
plant reproduction and architecture to better fit specific
environments and to increase crop densities. Increasing crop
densities may be achieved by producing plants that perform
well in more competitive environments. Plant architecture,
timing of reproduction, and plant responses to competition
may be manipulated to produce plants adapted to growing in
crowded conditions.

Phytochromes encompass a diverse collection of bilipro-
teins that enable cellular light perception by photoconverting
between a red-light (R)-absorbing ground state—Pr and a
far-red light (FR)-absorbing active state—Pfr. In Arabidop-
sis thaliana there are five phytochromes, designated phy-
tochrome A (phyA) to phytochrome E (phyE). Phytochrome
B (phyB) is the predominant phytochrome regulating de-
etiolation responses in R light and shade avoidance. Phy-
tochromes are synthesized in the cytosol as an inactive Pr
form, and are converted to the biologically active Pfr form
by light irradiation which then is translocated into the
nucleus. Phytochromes play fundamental roles in photoper-
ception by a plant and adaptation of its growth to the
ambient light environment.

SUMMARY

An isolated polynucleotide comprising a contiguous cod-
ing sequence encoding a polypeptide comprising an amino
acid sequence having at least 80% identity to at least one
sequence selected from SEQ ID NOs: 1-22 and containing
an amino acid other than tyrosine at the position correspond-
ing to Y361 of SEQ ID NO. 1, and plants and plant cells
containing such polynucleotides are provided. In certain
embodiments, a plant comprising the isolated polynucle-
otide exhibits increased expression of the polypeptide, rela-
tive to a control plant, and, relative to the control plant, may
exhibit increased light sensitivity, decreased height,
decreased diameter, decreased petiole length, decreased
internode length, decreased stem diameter, decreased hypo-
cotyl length under an R (red light) fluence rate of less than
1 umole m~2 sec™', modified hyponasty, or enhanced ger-
mination. In certain embodiments, increased light sensitivity
results in a smaller plant adapted to provide an increased
yield in shaded or competitive conditions.

In another embodiment the invention provides a method
of producing a transgenic plant by introducing into a plant
cell a polynucleotide encoding a polypeptide comprising an
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amino acid sequence having at least 80% identity to at least
one amino acid sequence selected from SEQ ID NOs: 1-22
and having an amino acid other than tyrosine at the position
corresponding to Y361 of SEQ ID NO:1, and regenerating
the transformed cell to produce a transgenic plant.

In another embodiment, an isolated polypeptide compris-
ing an amino acid sequence having at least 80% identity to
at least one amino acid sequence selected from SEQ ID
NOs: 1-22, and having an amino acid other than tyrosine at
the position corresponding to Y361 of SEQ ID NO:1 is
provided.

In another embodiment, an isolated polynucleotide is
provided which comprises a contiguous coding sequence
encoding a polypeptide having at least 80% identity to at
least one amino acid sequence selected from SEQ ID NOs:
1-22 and which has at least one different amino acid at a
select position. The different amino acid may be (i) an amino
acid other than aspartate (D) at the position corresponding to
307 of SEQ ID NO:1, (ii) an amino acid other than arginine
(R) at the position corresponding to 322 of SEQ ID NO: 1,
(iii) an amino acid other than arginine (R) at the position
corresponding to 352 of SEQ ID NO: 1, (iv) an amino acid
other than arginine (R) at the position corresponding to 582
of SEQ ID NO: 1, or a combination thereof.

Other aspects of the invention will become apparent by
consideration of the detailed description and accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. Drawings depicting the scheme of phy action and
the three-dimensional relationships of key amino acids
within the bilin-binding photosensory module (PSM). (A)
Scheme depicting the main steps involved in phy assembly,
Pr/Pfr photointerconversion, stability, and action in higher
plants. (B) Top (upper) and side (lower) three-dimensional
views of the PSM from Syn-Cphl (PDB code 2VEA [3])
assembled with phycocyanobilin (PCB) highlighting the
positions of key conserved amino acids surrounding the bilin
and the cysteine involved in bilin attachment (C259). The
residue numbers are those for the homolog Syn-Cphl from
the cyanobacterium Synechocystis PCC6803. The GAF
domain and PHY hairpin are colored in green and orange,
respectively. PCB is colored in cyan with the individual
pyrrole rings labeled. Sulfur, oxygen and nitrogen atoms are
colored yellow, red, and deep blue, respectively. Important
contacts are indicated by dashed lines. pw, pyrrole water. (C)
Alignment of the GAF domain protein sequences among
bacterial phys with available structures with those from the
phyB-E family in Arabidopsis. Residues pertinent to this
study are indicated by red arrowhead; their sequence posi-
tions are shown either above for Syn-Cphl or below the
alignment for A. thaliana phyA and phyB. At, Arabidopsis
thaliana; Dr, Deinococcus radiodurans; Pa, Pseudomonas
aeruginosa; Rp, Rhodopseudomonas palustris; SyB, Syn-
echococcus OS-B'; Syn, Synechocystis PCC6803

FIG. 2. Graphs depicting spectral properties, photochem-
istry, and thermal reversion rates of wild-type and mutant
versions of Arabidopsis phyB. The PSM (PAS-GAF-PHY)
of each phyB protein was synthesized recombinantly with a
C-terminal 6His tag, assembled with P®B in vivo, and
purified. See FIG. 7 for SDS-PAGE analysis. (A) UV-vis
absorption spectra of Pr (solid lines) or following its exci-
tation with saturating R (dashed lines). Difference maxima
and minima (Pr minus R) are indicated. (B) Rates of Pr—Pfr
photoconversion (left), Pfr—Pr photoconversion (middle),
and thermal reversion of Pfr back to Pr (right). All rates were
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expressed as the percent of Pfr in the sample using the
absorption maximum of Pfr near 725 nm for quantification.

FIG. 3. Photographs showing the phenotypes of an Ara-
bidopsis phyB null mutant rescued with transgenes express-
ing wild-type or mutant versions of full-length phyB. Shown
are wild type (WT), the phyB-9 null mutant, and two
independent transgenic lines expressing either the wild-type
or mutant PHYB cDNAs in the phyB-9 background. (A)
Representative 3-week-old plants grown in long days (LDs).
(B) Representative 4-d-old seedlings either grown in the
dark (D) or under continuous 13 pmol-m=2-s™'R. (C) Levels
of the phyB protein in each of the lines examined in panels
A and B as determined by immunoblot analysis of crude
extracts from 5-d-old dark grown seedlings with an anti-
phyB monoclonal antibody. Near equal protein loading was
confirmed with anti-PBA1 antibodies.

FIG. 4. Graphs depicting R sensitivity of hypocotyl
elongation for a phyB null mutant rescued with transgenes
expressing wild-type or mutant versions of full-length phyB.
Shown are wild type (WT), the phyB-9 null mutant, and two
independent transgenic lines expressing either the wild-type
or mutant PHYB ¢DNAs in the phyB-9 background. Hypo-
cotyl length of each line was expressed relative to that
measured for dark-grown seedlings. Each data point repre-
sents the mean (+SE) from four independent experiments.
(A) Sensitivity to a broad range of R fluence rates. (B)
Sensitivity of the Y361F variant to very low fluence rates of
R.

FIG. 5. Graphs depicting sensitivity of phyB-9 plants
rescued with various phyB mutants to a collection of pho-
tomorphogenic processes controlled by phyB. Shown are
wild type (WT), the phyB-9 null mutant, and two indepen-
dent transgenic lines expressing either the wild-type or
mutant PHYB ¢DNAs in the phyB-9 background. (A) Ger-
mination efficiency of seeds either treated with 2-hr pulse of
WL (white light) alone or followed by a pulse of FR (far-red
light). Germination was assessed after a subsequent 5-d
incubation in darkness. Each bar represents the average
(£SE) of 5 experiments involving at least 40 seeds each. (B)
EOD-FR effect on hypocotyl growth. Etiolated seedlings
were subject over 4 d to a light regime of continuous R (90
pumole-m*s™") for 8 hr, followed by either darkness or a
10-min pulse of FR (R+EODFR, 100 umole-m=>-s7'), and
then 16-hr of darkness. Each bar represents the average
(£SE) of 4 experiments involving at least 15 seedlings each.
The two phyB %7 lines were significantly more sensitive to
R and line #7 was more derepressed by R+EOD-FR than the
two phyB”7 lines (*, Student’s t test: P<0.05). (C) Flower-
ing time in short days (SDs) (8-hr light/16-hr dark). Each bar
represents the average number of leaves generated before
emergence of the inflorescence stem for >20 plants (+SE).

FIG. 6. Photographs showing the effect of the phyB
mutations on the nuclear distribution and R-induced degra-
dation of the photoreceptor. (A) Loss of phyB protein during
continuous R irradiation of etiolated seedlings. phyB levels
in 4-d-old dark-adapted Arabidopsis were measured after
various length exposures to 90 umol'm™s~' R by immu-
noblot analysis using an anti-phyB monoclonal antibody.
The seedlings were exposed to 100 uM MGI132 or an
equivalent volume of DMSO 12 hr before irradiation. Near
equal protein loading was confirmed with anti-histone H3
antibodies. (B) Subcellular partitioning of wild-type and
mutant phyB in continuous R. Wild-type phyB or the various
mutants were expressed as fusions to the N-terminus of YFP
in the phyB-9 background. Regions surrounding the nucleus
were imaged by fluorescence confocal microscopy from
hypocotyl cells either kept in the dark or irradiated for 12 hr

20

25

30

35

40

45

50

55

60

65

4

with continuous 90 umol'm~2's~* R. Scale bar represents 20

um. Expression levels of the fusions and their ability to
rescue the phyB-9 phenotype with respect to hypocotyl
elongation in R can be found in FIG. 8.

FIG. 7. Photographs of protein gels showing the purifi-
cation and assembly of the PSM from wild-type phyB and
the various site-directed mutants. The 6His-tagged polypep-
tides were co-expressed recombinantly with the dual
enzyme system that synthesizes the higher plant phy chro-
mophore phytochromobilin (P®B). The purified chromopro-
teins were subjected to SDS-PAGE and either stained for
protein with Coomassie blue or for the bound bilin by
zinc-induced fluorescence (Zn).

FIG. 8. Photographs (A) and graphs (B) showing the
accumulation of YFP fusions of phyB in Arabidopsis seed-
lings. Full-length wild-type phyB or the various mutants
(R322A, D307A, Y361F, and R582A) were expressed in the
phyB-9 background as fusions to the N-terminus of YFP.
Total crude extracts from 5-d-old dark grown seedlings were
subjected to immunoblot analysis using a monoclonal anti-
body against either phyB or GFP (Sigma). Near equal
loading was confirmed with anti-PBA1 or anti-histone H3
antibodies. The arrowheads locate phyB and the phyB-YFP
fusions.

FIG. 9. Photographs showing the morphology of phyB
null mutant Arabidopsis rescued with transgenes expressing
wild-type or mutant versions of full length phyB. Shown are
wild type (WT), the phyB-9 null mutant, and representative
transgenic lines expressing either the wild-type or mutant
PHYB cDNAs in the phyB-9 background grown under SD
(short day) until bolting.

FIG. 10. Photographs showing the phenotype of an Ara-
bidopsis phyA null mutant rescued with transgenes express-
ing wild-type or mutant versions of full-length phy A. Shown
are wild-type (WT), the phyA-211 null mutant, and two
independent transgenic lines expressing either the wild-type
or mutant PHYA c¢DNAs in the phyA-211 background. (A)
Representative 3-week-old plants grown under LD. (B)
Representative 4-d-old seedlings either grown in the dark
(D) or under continuous 5 pmole-m=>-s~! FR. (C) Levels of
the phyA protein in each of the lines examined in panels A
and B as determined by immunoblot analysis of crude
extracts from 5-d-old dark grown seedlings with an anti-
phy A monoclonal antibody. Near equal protein loading was
confirmed with anti-PBA1 antibodies.

FIG. 11. Graphs depicting FR sensitivity of hypocotyl
elongation for a phyA null mutant rescued with transgenes
expressing wild-type or mutant versions of full-length phyA.
Shown are wild type (WT), the phyA-211 null mutant, and
two independent transgenic lines expressing either the wild-
type or mutant PHYA ¢cDNAs in the phyA-211 background.
Hypocotyl length of each line was expressed relative to that
measured for dark-grown seedlings. Each data point repre-
sents the mean (+SE) from four independent experiments.

FIG. 12A, FIG. 12B, FIG. 12C, and FIG. 12D. Chart
depicting the alignment of the full-length polypeptide
sequences of phyB from Arabidopsis and crop species.
Residues corresponding to Tyr361 in Arabidopsis phyB are
indicated by the arrowhead at 361. At, Arabidopsis thaliana;
Zm, Zea mays; Os, Oryza sativa, Sb, Sorghum bicolor, Gm,
Glycine max; St, Solanum tuberosum L.; Ps, Pisum sativum;
Vv, Vitis vinifera. The protein sequences were obtained from
National Center for Biotechnology Information except
ZmphyB sequence which was from the Phytozome resource.
Alignment was performed using ClustalW (Nucleic Acids
Res. 22 (22); 4673-80).
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FIG. 13. Chart depicting the alignment of the polypeptide
sequences of GAF domains from microbial phys with avail-
able structures and phyB among Arabidopsis and crop
species. Residues corresponding to Asp307, Arg322,
Arg352, and Tyr361 in Arabidopsis phyB are indicated by
the arrowhead. At, Arabidopsis thaliana; Zm, Zea mays; Os,
Oryza sativa; Sb, Sorghum bicolor; Gm, Glycine max; St,
Solanum tuberosum L., Ps, Pisum sativum; Vv, Vitis
vinifera, Dr, Deinococcus radiodurans; Pa, Pseudomonas
aeruginosa; Rp, Rhodopseudomonas palustris; SyB, Syn-
echococcus OS-B'; Syn, Synechocystis PCC6803. The pro-
tein sequences were obtained from National Center for
Biotechnology Information except ZmphyB sequence which
was from the Phytozome resource. Alignment was per-
formed using ClustalW (Nucleic Acids Res. 22 (22); 4673-
80).

FIG. 14. Photograph and graphs depicting the sensitivity
of phyB-9 plants rescued with various phyB mutants to
photomorphogenic processes controlled by phyB. Shown
are wild type (WT), the phyB-9 null mutant, and one or two
independent transgenic lines expressing either the wild-type
or mutant PHYB ¢DNAs in the phyB-9 background. See
FIG. 3D for the description of the mutant lines. (A), Pho-
tograph showing the side view of 45-d-old seedlings grown
in white light under SD illustrating the influence of phyB on
leaf epinasty. (B), Quantification of leaf epinasty for seed-
lings in panel A. Each bar represents the average angle
between the soil surface and the petiole for the 4th and 5th
leaves of 10 plants (20 total angles). The 95% confidence
interval for each average is shown. The values for WT,
phyB-9, and Y361F lines are significantly different from
each other by Student’s t test (p<<0.05). (C), Effect of R and
EOD-FR on hypocotyl growth. Etiolated seedlings were
subjected over 4 d to a 24-hr light regime of continuous R
(90 umole m~2 s7!) for 8 hr, followed by either darkness (R)
or a 10-min pulse of 100 umole m~2 s~* FR(R+EOD-FR) and
then 16-hr of darkness. Each bar represents the average
(£SE) of 4 experiments involving at least 15 seedlings each.
The Y361F #7 line was significantly different from WT and
PHYB for both R and R+EOD-FR by Student’s t-test
(p<0.05).

DETAILED DESCRIPTION

The present disclosure relates to polynucleotides and
polypeptides and use of the polynucleotides and polypep-
tides for modifying the phenotypes of plants or plant cells.
Modified plants or plant cells comprising the polynucle-
otides and/or polypeptides are also provided. In certain
embodiments, the modified plants or plant cells exhibit one
or more of an altered light sensitivity, an improved or
enhanced germination efficiency of seeds, such as in low
light, a hypersensitivity to white and red light with respect
to hypocotyl and stem growth, improved shade tolerance,
and a smaller plant size.

The polypeptides discussed herein are phytochromes and
show homology to certain phytochrome sequences from
Arabidopsis thaliana. The term “phytochrome” is used
generically to refer to a phytochrome from any plant species.
Plant phytochromes include phyA, phyB, phyC, phyD and
phyE.

Phytochrome domains from a variety of organisms may
be used as starting points for modifications that will generate
the modified phytochromes of the present invention, and
isolated polynucleotides encoding the modified phy
domains. In certain embodiments the phytochrome is a
modified phyB plant phytochrome, or a modified cGMP
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phosphodiesterase/adenylyl cyclase/FhIA (GAF) domain or
modified chromophore binding domain (CBD) of phyB.
Modification of phytochromes and/or phytochrome domains
can be performed by methods known in the art, e.g., site-
directed mutations, additions, deletions, and/or substitutions
of one or more amino acid residues of existing phy-
tochromes and/or phytochrome domains. Alternatively,
modified phytochromes and/or phytochrome domains can be
synthesized de novo, for example by synthesis of novel
genes that would encode phytochrome domains with desired
modifications.

In certain embodiments, expression in plants of a modi-
fied phytochrome having an amino acid sequence with at
least 80%, or at least 95% identity to at least one of SEQ ID
NOs: 1-22 and having an amino acid other than tyrosine at
the position corresponding to Y361 of SEQ ID NO: 1 (for
example, by introducing a polynucleotide sequence having
at least 95% identity to (i) a sequence selected from SEQ ID
NOs 23-33 into the plant, or (ii) a GAF-encoding domain of
a sequence selected from SEQ ID NOs: 23-33, and encoding
an amino acid other than tyrosine at the position correspond-
ing to Y361 of SEQ ID NO: 1) results in plants that have
altered light sensitivity, including, but not limited to, an
improved germination efficiency of seeds in low light, a
hypersensitivity to white and red light with respect to
hypocotyl and stem growth, improved shade tolerance,
reduced leaf surface area and combinations thereof, relative
to control plants that do not express the modified phy-
tochrome. The shared sequence identity of the nucleotides
encoding phyB from a variety of species is shown in Table

TABLE 1
Percent Identities of phyB from a variety of species with Arabidopsis
phyB
Percent
Identity to

Nucleotide SEQ ID
Species phyB Accession Number SEQ ID NO: NO: 23
Arabidopsis NM__127435 SEQ ID NO: 23 100%
Zea mays (maize) GRMZM2G124532 SEQ ID NO: 24 70.2%
Oryza sativa (rice)  JN594210 SEQ ID NO: 25 70.3%
Sorghum bicolor Y466089 SEQ ID NO: 26 69.6%
(sorghum)
Glycine max EU428749 SEQ ID NO: 27 73.1%
(soybean) phyB1
G. max phyB2 EU428750 SEQ ID NO: 28 72.6%
G. max phyB3 EU428751 SEQ ID NO: 29 72.5%
G. max phyB4 EU428752 SEQ ID NO: 30 58.6%
Solanum tuberosum DQ342235 SEQ ID NO: 31 75.1%
L. (potato)
Pisum sativum (pea) AF069305 SEQ ID NO: 32 70.8%
Vitis vinifera EU436650 SEQ ID NO: 33 76.1%
(grape):

The terms “isolated,” “purified”, or “biologically pure”

refer to material that is substantially or essentially free from
components that normally accompany it as found in its
native state. Purity and homogeneity are typically deter-
mined using analytical chemistry techniques such as poly-
acrylamide gel electrophoresis or high performance liquid
chromatography. A protein that is the predominant species
present in a preparation is substantially purified. In particu-
lar, an isolated nucleic acid of the present invention is
separated from open reading frames that flank the desired
gene and encode proteins other than the desired protein. The
term “purified” denotes that a nucleic acid or protein gives
rise to essentially one band in an electrophoretic gel. Par-
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ticularly, it means that the nucleic acid or protein is at least
85% pure, more preferably at least 95% pure, and most
preferably at least 99% pure.

Two nucleic acid sequences or polypeptides are said to be
“identical” if the sequence of nucleotides or amino acid
residues, respectively, in the two sequences are the same
when aligned for maximum correspondence as described
below. The term “complementary to” is used herein to mean
that the sequence is complementary to all or a portion of a
reference polynucleotide sequence. In the case of both
expression of transgenes and inhibition of endogenous genes
(e.g., by antisense or sense suppression) the inserted poly-
nucleotide sequence need not be identical and may be
“substantially identical” to a sequence of the gene from
which it was derived.

In the case of polynucleotides used to inhibit expression
of'an endogenous gene, the introduced sequence need not be
perfectly identical to a sequence of the target endogenous
gene. The introduced polynucleotide sequence will typically
be at least substantially identical (as determined below) to
the target endogenous sequence.

In the case where the inserted polynucleotide sequence is
transcribed and translated to produce a functional polypep-
tide, because of codon degeneracy, a number of polynucle-
otide sequences will encode the same polypeptide. These
variants are specifically covered by the term “polynucleotide
sequence from” a particular gene. In addition, the term
specifically includes sequences (e.g., full length sequences)
that are substantially identical (determined as described
below) with a gene sequence encoding a polypeptide of the
present invention and that encode polypeptides or functional
polypeptide fragments that retain the function of a polypep-
tide of the present invention, e.g., a modified bacterial
phytochrome with increased fluorescence.

Optimal alignment of sequences for comparison may be
conducted by methods commonly known in the art, for
example by the search for similarity method described by
Pearson and Lipman 1988, Proc. Natl. Acad. Sci. USA 85:
2444-2448, by computerized implementations of algorithms
such as GAP, BESTFIT, BLAST®, FASTA, and TFASTA in
the Wisconsin Genetics Software Package, Genetics Com-
puter Group (GCG), Madison, Wis., or by inspection. In a
preferred embodiment, protein and nucleic acid sequence
identities are evaluated using the Basic Local Alignment
Search Tool (“BLAST®”), which is well known in the art
(Karlin and Altschul, 1990, Proc. Natl. Acad. Sci. USA 87:
2267-2268; Altschul et al., 1997, Nucl. Acids Res. 25:
3389-3402), the disclosures of which are incorporated by
reference in their entireties. The BLAST® programs identify
homologous sequences by identifying similar segments,
which are referred to herein as “high-scoring segment pairs,”
between a query amino or nucleic acid sequence and a test
sequence which is preferably obtained from a protein or
nucleic acid sequence database. Preferably, the statistical
significance of a high-scoring segment pair is evaluated
using the statistical significance formula (Karlin and Alts-
chul, 1990). The BLAST® programs can be used with the
default parameters or with modified parameters provided by
the user.

“Percentage of sequence identity” is determined by com-
paring two optimally aligned sequences over a comparison
window, where the portion of the polynucleotide sequence in
the comparison window may comprise additions or deletions
(i.e., gaps) as compared to the reference sequence (which
does not comprise additions or deletions) for optimal align-
ment of the two sequences. The percentage is calculated by
determining the number of positions at which the identical
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nucleic acid base or amino acid residue occurs in both
sequences to yield the number of matched positions, divid-
ing the number of matched positions by the total number of
positions in the window of comparison, and multiplying the
result by 100 to yield the percentage of sequence identity.

The term “substantial identity” of polynucleotide
sequences means that a polynucleotide comprises a
sequence that has at least 25% sequence identity compared
to a reference sequence as determined using the programs
described herein; preferably BLAST® using standard
parameters, as described. Alternatively, percent identity can
be any integer from 25% to 100%. More preferred embodi-
ments include polynucleotide sequences that have at least
about: 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence
identity compared to a reference sequence. These values can
be appropriately adjusted to determine corresponding iden-
tity of proteins encoded by two nucleotide sequences by
taking into account codon degeneracy, amino acid similarity,
reading frame positioning, and the like. Accordingly, poly-
nucleotides of the present invention encoding a protein of
the present invention include nucleic acid sequences that
have substantial identity to the nucleic acid sequences that
encode the polypeptides of the present invention. Polynucle-
otides encoding a polypeptide comprising an amino acid
sequence that has at least about: 40%, 45%, 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity compared to a reference polypeptide
sequence are also preferred.

The term “substantial identity” of amino acid sequences
(and of polypeptides having these amino acid sequences)
normally means sequence identity of at least 40% compared
to a reference sequence as determined using the programs
described herein; preferably BLAST® using standard
parameters, as described. Preferred percent identity of amino
acids can be any integer from 40% to 100%. More preferred
embodiments include amino acid sequences that have at
least about: 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% sequence identity
compared to a reference sequence. Polypeptides that are
“substantially identical” share amino acid sequences as
noted above except that residue positions which are not
identical may differ by conservative amino acid changes.
Conservative amino acid substitutions refer to the inter-
changeability of residues having similar side chains. For
example, a group of amino acids having aliphatic side chains
is glycine, alanine, valine, leucine, and isoleucine; a group
of amino acids having aliphatic-hydroxyl side chains is
serine and threonine; a group of amino acids having amide-
containing side chains is asparagine and glutamine; a group
of'amino acids having aromatic side chains is phenylalanine,
tyrosine, and tryptophan; a group of amino acids having
basic side chains is lysine, arginine, and histidine; and a
group of amino acids having sulfur-containing side chains is
cysteine and methionine. Preferred conservative amino acids
substitution groups are: valine-leucine-isoleucine, phenyl-
alanine-tyrosine, lysine-arginine, alanine-valine, aspartic
acid-glutamic acid, and asparagine-glutamine. Accordingly,
polypeptides or proteins of the present invention include
amino acid sequences that have substantial identity to the
amino acid sequences of the polypeptides of the present
invention, which are modified phytochromes that result in
plants having altered sensitivity compared with plants.
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In one embodiment, a modified phyB phytochrome is
created by substituting the tyrosine at the position corre-
sponding to Tyr361 of SEQ ID NO:1 with a phenylalanine
(Phe). It is contemplated that various modifications of this
Tyr361 residue (and its functional equivalents in other
phytochromes) will result in phytochromes useful for prac-
ticing the present invention. Some examples of modified
phytochromes useful for the practice of this invention
include modifications of the tyrosine domain corresponding
to Y361 of SEQ ID NO: 1, for example: Tyr to Phe (i.e., Y
to F); Tyr to Trp (i.e., Y to W); Tyr to Ile (i.e., Y to I); Tyr
to Leu (i.e., Yto L); Tyr to Val (i.e.,, Y to V); Tyrto Ala (i.e.,
Y to A); Tyr to Pro (i.e., Y to P); Tyr to Asn (i.e., Y to N);
Tyr to Glu (i.e., Y to E); and Tyr to Thr (i.e., Y to T), Tyr to
Gly (i.e., Y to G); Tyr to Ser (i.e., Y to 5); Tyr to Cys (i.e.,
Y to C); Tyr to Lys (i.e., Y to K); Tyr to Arg (i.e., Y to R);
Tyr to His (i.e., Y to H); Tyr to Met (i.e., Y to M); Tyr to Asp
(ie., Y to D); or Tyr to Gln (i.e., Y to Q).

The modified phyB phytochrome may contain amino acid
substitutions described herein or known in the art at other
locations in the phyB or phyB domain. In certain embodi-
ments, the modified phytochrome may contain an amino
acid substitution at the residue corresponding to D307,
R322, R352, or R582 of the Arabidopsis phytochrome
shown in SEQ ID NO: 1. For example, the modified phy-
tochrome may contain at least one of (i) an amino acid other
than aspartate (D) at the position corresponding to 307 of
SEQ ID NO:1, (ii) an amino acid other than arginine (R) at
the position corresponding to 322 of SEQ ID NO: 1, (iii) an
amino acid other than arginine (R) at the position corre-
sponding to 352 of SEQ ID NO: 1, and (iv) an amino acid
other than arginine (R) at the position corresponding to 582
of SEQ ID NO: 1, or any combination thereof. These
substitutions may be present alone, in any combination,
including one or more substitutions in addition to a substi-
tution at the position corresponding to Y361 of SEQ ID
NO:1. The substitutions may include one or more of the
following R352A, R582A, R322A and D307A.

The substitutions at R352 and R582, such as R352A,
R582A produce a phytochrome phenotype that is slightly
hyperactive with respect to signalling. For example, the
substitution at R582 shows slightly stronger repression on
hypocotyl growth at intermediate R fluence rates as com-
pared to wild-type. The substitution at R322, such as
R322A, produces a photchrome phenotype that is slightly
hypoactive with respect to signalling.

As shown in the sequence alignment of FIG. 12, Tyr361
is conserved in plant phytochromes. Sequence identity of
phyB from crop species compared with Arabidopsis phyB
(SEQ ID NO: 1) is as follows: Zea mays (maize; SEQ 1D
NO: 2): 70.2%; Oryza sativa (rice; SEQ 1D NO: 3): 70.3%;
Sorghum bicolor (sorghum; SEQ ID NO: 4): 69.6%; Glycine
max (soybean), phyBl (SEQ ID NO: 5): 73.1%; phyB2
(SEQ ID NO: 6): 72.6%; phyB3 (SEQ ID NO: 7): 72.5%;
phyB4 (SEQ ID NO: 8): 58.6%; Solanum tuberosum L.
(potato; SEQ ID NO:9): 75.1%; Pisum sativum (pea; SEQ
1D NO: 10): 70.8%; Vitis vinifera (grape; SEQ 1D NO: 11):
76.1%.

As shown in FIG. 12, Tyr361 of SEQ ID NO: 1 (drabi-
dopsis phyB) corresponds to Tyr359 of SEQ ID NO: 2
(maize phyB), Tyr368 of SEQ ID NO: 3 (rice phyB), Tyr376
of SEQ ID NO: 4 (sorghum phyB), Tyr345 of SEQ ID NO:
5 (soybean phyB1), Ty357 of SEQ ID NO: 6 (soybean
phyB2), Tyr308 of SEQ ID NO: 7 (soybean phyB3), Tyr244
of SEQ ID NO: 8 (soybean phyB4), Tyr336 of SEQ ID NO:
9 (potato phyB), Tyr324 of SEQ ID NO: 10 (pea phyB), and
Tyr335 of SEQ ID NO: 11 (grape phyB).
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Tyr361 of SEQ ID NO: 1 (Arabidopsis phyB) also cor-
responds to Tyr 263 of the cyanobacteriophytochrome from
Synechocystis PCC6803, to Tyr 263 of the bacteriophy-
tochrome from Deinococcus radiodurans, to Tyr 250 of the
bacteriophytochrome from Pseudomonas aeruginosa, to
Tyr272 of the bacteriophytochrome from Rhodopseudomo-
nas palustris, and to Tyrl42 of the cyanobacteriophy-
tochrome from Synechococcus OS-B'.

As shown in FIG. 13, the percent identity of the GAF
domains to Arabidopsis phyB GAF domain (position 234 to
433 of SEQ ID NO: 1; SEQ ID NO. 12) are as follows: Zea
mays (maize; position 232-432 of SEQ ID NO: 2; SEQ ID
NO: 13): 82.1% Oryza sativa (rice; position 241 to 442 of
SEQ ID NO: 3; SEQ ID NO: 14): 82.7%; Sorghum bicolor
(sorghum; position 249 to 449 of SEQ ID NO: 4; SEQ ID
NO: 15): 82.1%; Glycine max (soybean), phyB1 (position
218 to 414 of SEQ ID NO: 5; SEQ ID NO: 16): 87.5%;
phyB2 (position 230 to 426 of SEQ ID NO: 6; SEQ ID NO:
17): 85.5%; phyB3 (position 181 to 377 of SEQ ID NO: 18):
87.5%; phyB4 (position 117 to 313 of SEQ ID NO: 8; SEQ
ID NO: 19): 85.5%; Solanum tuberosum L. (potato; position
209 to 406 of SEQ ID NO:9; SEQ ID NO: 20): 87.0%;
Pisum sativum (pea; position 197 to 397 of SEQ ID NO: 10;
SEQ ID NO: 21): 88.1%; Vitis vinifera (grape; position 208
to 404 of SEQ ID NO: 11; SEQ ID NO: 22): 85.0%.

As shown in FIG. 13, Tyr361 of SEQ ID NO: 1 (4drabi-
dopsis phyB) corresponds to Tyr128 of SEQ ID NO: 12
(Arabidopsis phyB GAF domain); Tyr128 of SEQ ID NO:
13 (maize phyB GAF domain), Tyr128 of SEQ ID NO: 14
(rice phyB GAF domain), Tyr128 of SEQ ID NO: (sorghum
phyB GAF domain), Tyr128 of SEQ ID NO: 16 (soybean
phyB1 GAF domain), Ty128 of SEQ ID NO: 17 (soybean
phyB2 GAF domain), Tyr128 of SEQ ID NO: 18 (soybean
phyB3 GAF domain), Tyr128 of SEQ ID NO: 19 (soybean
phyB4 GAF domain), Tyr128 of SEQ ID NO: 20 (potato
phyB GAF domain), Tyr128 of SEQ ID NO: 21 (pea phyB
GAF domain), and Tyr128 of SEQ ID NO: 22 (grape phyB
GAF domain).

As shown in FIG. 13, Tyr361 of SEQ ID NO: 1 (At
phyB_GAF; Arabidopsis phyB) also corresponds to Tyr130
of the cyanobacteriophytochrome GAF domain from Syn-
echocystis PCC6803 (Syn Cph_GAF; SEQ ID NO: 34), to
Tyr 130 of the bacteriophytochrome GAF domain from
Deinococcus radiodurans (Dr Bph_GAF; SEQ ID NO: 35),
to Tyr 130 of the bacteriophytochrome GAF domain from
Pseudomonas aeruginosa (Pa BphP_GAF; SEQ ID NO:
36), to Tyrl30 of the bacteriophytochrome GAF domain
from Rhodopseudomonas palustris (Rp BphP3_GAF; SEQ
ID NO: 37), and to Tyr130 of the cyanobacteriophytochrome
GAF domain from Synechococcus OS-B (SyB Cph_GAF;
SEQ ID NO: 38).

The invention also relates to nucleic acids that selectively
hybridize to the exemplified sequences, including hybridiz-
ing to the exact complements of these sequences. The
specificity of single-stranded DNA to hybridize complemen-
tary fragments is determined by the “stringency” of the
reaction conditions (Sambrook et al., 1989). Hybridization
stringency increases as the propensity to form DNA
duplexes decreases. In nucleic acid hybridization reactions,
the stringency can be chosen to favor specific hybridizations
(high stringency), which can be used to identify, for
example, full-length clones from a library. Less-specific
hybridizations (low stringency) can be used to identify
related, but not exact (homologous, but not identical), DNA
molecules or segments.

DNA duplexes are stabilized by: (1) the number of
complementary base pairs; (2) the type of base pairs; (3) salt
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concentration (ionic strength) of the reaction mixture; (4) the
temperature of the reaction; and (5) the presence of certain
organic solvents, such as formamide, which decrease DNA
duplex stability. In general, the longer the probe, the higher
the temperature required for proper annealing. A common
approach is to vary the temperature; higher relative tem-
peratures result in more stringent reaction conditions.

To hybridize under “stringent conditions™” describes
hybridization protocols in which nucleotide sequences at
least 60% homologous to each other remain hybridized.
Generally, stringent conditions are selected to be about 5° C.
lower than the thermal melting point (Tm) for the specific
sequence at a defined ionic strength and pH. The Tm is the
temperature (under defined ionic strength, pH, and nucleic
acid concentration) at which 50% of the probes complemen-
tary to the target sequence hybridize to the target sequence
at equilibrium. Since the target sequences are generally
present at excess, at Tm, 50% of the probes are occupied at
equilibrium.

“Stringent hybridization conditions” are conditions that
enable a probe, primer, or oligonucleotide to hybridize only
to its target sequence (e.g., SEQ ID NO:1). Stringent con-
ditions are sequence-dependent and will differ. Stringent
conditions comprise: (1) low ionic strength and high tem-
perature washes, for example 15 mM sodium chloride, 1.5
mM sodium citrate, 0.1% sodium dodecyl sulfate, at 50° C.;
(2) a denaturing agent during hybridization, e.g. 50% (v/v)
formamide, 0.1% bovine serum albumin, 0.1% Ficoll, 0.1%
polyvinylpyrrolidone, 50 mM sodium phosphate buffer (750
mM sodium chloride, 75 mM sodium citrate; pH 6.5), at 42°
C.; or (3) 50% formamide. Washes typically also comprise
5xSSC (0.75 M NaCl, 75 mM sodium citrate), 50 mM
sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate,
S5xDenhardt’s solution, sonicated salmon sperm DNA (50
ng/ml), 0.1% SDS, and 10% dextran sulfate at 42° C., with
a wash at 42° C. in 0.2xSSC (sodium chloride/sodium
citrate) and 50% formamide at 55° C., followed by a
high-stringency wash consisting of 0.1xSSC containing
EDTA at 55° C. Preferably, the conditions are such that
sequences at least about 65%, 70%, 75%, 85%, 90%, 95%,
98%, or 99% homologous to each other typically remain
hybridized to each other. These conditions are presented as
examples and are not meant to be limiting.

“Moderately stringent conditions” use washing solutions
and hybridization conditions that are less stringent, such that
a polynucleotide will hybridize to the entire, fragments,
derivatives, or analogs of the target sequence (e.g., SEQ ID
NO:1). One example comprises hybridization in 6xSSC,
S5xDenhardt’s solution, 0.5% SDS and 100 pg/ml denatured
salmon sperm DNA at 55° C., followed by one or more
washes in 1xSSC, 0.1% SDS at 37° C. The temperature,
ionic strength, etc., can be adjusted to accommodate experi-
mental factors such as probe length. Other moderate strin-
gency conditions have been described (Ausubel et al., 1993;
Kriegler, 1990).

“Low stringent conditions” use washing solutions and
hybridization conditions that are less stringent than those for
moderate stringency, such that a polynucleotide will hybrid-
ize to the entire, fragments, derivatives, or analogs of the
target sequence (e.g., SEQ ID NO:1). Anonlimiting example
of low stringency hybridization conditions includes hybrid-
ization in 35% formamide, 5xSSC, 50 mM Tris HCI (pH
7.5), 5 mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.2% BSA,
100 pg/ml denatured salmon sperm DNA, 10% (wt/vol)
dextran sulfate at 40° C., followed by one or more washes
in 2xSSC, 25 mM Tris HCI (pH 7.4), 5 mM EDTA, and
0.1% SDS at 50° C. Other conditions of low stringency, such
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as those for cross-species hybridizations, are well-described
(Ausubel et al., 1993; Kriegler, 1990).

A “functional homolog,” “functional equivalent,” or
“functional fragment” of a polypeptide of the present inven-
tion is a polypeptide that is homologous to the specified
polypeptide but has one or more amino acid differences from
the specified polypeptide. A functional fragment or equiva-
lent of a polypeptide retains at least some, if not all, of the
activity of the specified polypeptide.

Transgenic plants and methods of producing transgenic
plants are provided. Such transgenic plants are produced, in
certain embodiments, by introducing into a plant or plant
cell a polynucleotide encoding a polypeptide comprising a
sequence having at least about 80%, at least about 85%, at
least about 90%, at least about 95%, at least about 98%, or
at least about 99% identity to at least one amino acid
sequence selected from SEQ ID NOs: 1-22, wherein the
tyrosine corresponding to Y361 of SEQ ID NO:1 is replaced
with a different amino acid. In certain embodiments, the
polynucleotide is provided as a construct in which a pro-
moter is operably linked to the polynucleotide. Such trans-
genic plants may also be produced, in certain embodiments,
by introducing into a plant or plant cell a polynucleotide
encoding a polypeptide comprising a sequence having at
least about 80%, at least about 85%, at least about 90%, at
least about 95%, at least about 98%, or at least about 99%
identity to at least one sequence selected from the amino
acid sequence selected from SEQ ID NOs: 1-22, wherein the
tyrosine corresponding to Y361 of SEQ ID NO:1 is replaced
with a different amino acid.

The polynucleotide sequences can be introduced into
plants which do not express the corresponding native form
of unmodified phyB, such as plants lacking the native gene,
or containing a mutated, truncated or downregulated version
of the native gene, such that little or no phyB polypeptide is
expressed, or a phyB polypeptide is expressed that is par-
tially or substantially inactive. The modified phyB replaces
or substitutes for the native gene function. The polynucle-
otides can also be expressed in wild-type plants containing
the corresponding native phyB gene sequence. In this case,
the modified phyB over-rides the functions of the wild type
endogenous gene in a dominant fashion, since it is hyper-
active.

Plants expressing the modified phyB have surprisingly
altered light sensitivity and altered photoresponses. Altered
photoresponses relative to a control plant include, without
limitation, at least one of an improved germination effi-
ciency of seeds, such as in low light or following a pulse of
white light, a hypersensitivity to white and red light with
respect to hypocotyl and stem growth, improved shade
tolerance, a smaller mature plant size, reduced plant height,
smaller mature plant diameter, decreased petiole length,
reduced internode length, shorter stems, smaller stem diam-
eter, increased leaf chlorophyll concentration, decreased leaf
length, increased root length, increased root branching,
improved leaf unfolding, flatter leaves (increased hypo-
nasty), reduced leaf surface area and combinations thereof.

Plants expressing modified phyB comprising a substitu-
tion at Tyr361 are smaller in size and more tolerant of low
light conditions such as would be experienced in crowded
field conditions. In one embodiment, plants expressing the
modified phyB grow more effectively when planted in
higher densities, permitting higher yields over a given
planting area.

The Y361F substitution generates a hyperactive photore-
ceptor that still requires light for activation. As such, plants
expressing the modified Y361F phytochrome display accen-
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tuated phyB signaling, useful in agricultural settings with
fewer side effects. The replacement of wild-type phyB with
phyB**5 in plants increases the sensitivity of hypocotyls to
R, generates seeds with a stronger germination response in
white light, and further accentuates the end-of-day far-red
light (EOD-FR) response of seedlings, substantially without
altering flowering time, such as in short days. The phyB-
mediated responses to R and EOD-FR are connected to the
shade avoidance response. Without wishing to be bound to
any theory, it is possible that increased signaling by the
phyB**5 variant attenuates shade avoidance response by
enabling the small amounts of Pfr generated by low fluence
R, or the residual Pfr remaining after EOD-FR (or presum-
ably in high FR/R light environments) to more effectively
promote normal photomorphogenesis.

It is envisaged that a plant produced following the intro-
duction of a polynucleotide disclosed herein exhibits altered
or modified characteristics relative to the control plant. The
modified characteristics include, but are not limited to,
increased hyponasty, decreased height, decreased diameter,
decreased petiole length, decreased internode length,
decreased stem diameter, decreased hypocotyl length under
an R fluence rate of less than 1 umole m™2 sec™! (or less than
0.5 umole m~2 sec™, less than 0.6 umole m~2 sec™", less than
0.7 umole m™2 sec™!, or less than 0.8 pmole m™> sec™),
enhanced germination or any combination thereof. The
altered characteristic may be decreased or enhanced by at
least about 10%, at least about 20%, at least about 30%, at
least about 40%, at least about 50%, at least about 60%, at
least about 70%, at least about 80%, at least about 90%, at
least about 100%, at least about 110%, at least about 120%,
at least about 130%, at least about 140%, at least about
150%, at least about 175%, at least about 200%, at least
about 250%, at least about 300%, or at least about 400%
relative to a control plant.

As a nonlimiting example, such modified plants may have
a compact size and have a height or diameter that is at least
about 20%, at least about 30%, at least about 50%, at least
about 75%, or at least about 100% smaller than the height or
diameter of a control plant. As another nonlimiting example,
such modified plants may provide an increased yield of seed,
grain, forage, fruit, root, leaf, or combination thereof that is
at least about 5%, at least about 10%, at least about 20%, at
least about 25%, at least about 30%, at least about 40%, at
least about 50%, at least about 60%, at least about 70%, at
least about 75%, at least about 80%, at least about 90%, or
at least about 100% increased over the yield from corre-
sponding control plants. As used herein, “yield” refers to the
maximum yield achievable per given planting area, and does
not refer to the yield from an individual plant. Maximum or
higher yields may be achieved by planting a higher number
or density of plants in a given area.

As used herein, a “control plant” is a plant that is
substantially equivalent to a test plant or modified plant in all
parameters with the exception of the test parameters. For
example, when referring to a plant into which a polynucle-
otide according to the present invention has been introduced,
in certain embodiments, a control plant is an equivalent plant
into which no such polynucleotide has been introduced. In
certain embodiments, a control plant is an equivalent plant
into which a control polynucleotide has been introduced. In
such instances, the control polynucleotide is one that is
expected to result in little or no phenotypic effect on the
plant.

The polynucleotides of the present invention may be
introduced into a plant cell to produce a transgenic plant. As
used herein, “introduced into a plant” with respect to poly-
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nucleotides encompasses the delivery of a polynucleotide
into a plant, plant tissue, or plant cell using any suitable
polynucleotide delivery method. Methods suitable for intro-
ducing polynucleotides into a plant useful in the practice of
the present invention include, but are not limited to, freeze-
thaw method, microparticle bombardment, direct DNA
uptake, whisker-mediated transformation, electroporation,
sonication, microinjection, plant virus-mediated, and Agro-
bacterium-mediated transfer to the plant. Any suitable Agro-
bacterium strain, vector, or vector system for transforming
the plant may be employed according to the present inven-
tion. In certain embodiments, the polynucleotide is intro-
duced using at least one of stable transformation methods,
transient transformation methods, or virus-mediated meth-
ods.

By “stable transformation” is intended that the nucleotide
construct introduced into a plant integrates into the genome
of the plant and is capable of being inherited by progeny
thereof. By “transient transformation” is intended that a
nucleotide construct introduced into a plant does not inte-
grate into the genome of the plant.

Transformation protocols as well as protocols for intro-
ducing nucleotide sequences into plants may vary depending
on the type of plant or plant cell, i.e., monocot or dicot,
targeted for transformation. Suitable methods of introducing
nucleotide sequences into plant cells and subsequent inser-
tion into the plant genome include microinjection (Crossway
et al. (1986) Biotechniques 4:320-334), electroporation
(Riggs et al. (1986) Proc. Natl. Acad. Sci. USA 83:5602-
5606, Agrobacterium-mediated transformation (U.S. Pat.
Nos. 5,981,840 and 5,563,055), direct gene transfer (Pasz-
kowski et al. (1984) EMBO J. 3:2717-2722), and ballistic
particle acceleration (see, for example, U.S. Pat. Nos. 4,945,
050, 5,879,918; 5,886,244; 5,932,782; Tomes et al. (1995) in
Plant Cell, Tissue, and Organ Culture: Fundamental Meth-
ods, ed. Gamborg and Phillips (Springer-Verlag, Berlin); and
McCabe et al. (1988) Biotechnology 6:923-926). Also see
Weissinger et al. (1988) Ann. Rev. Genet. 22:421-477;
Sanford et al. (1987) Particulate Science and Technology
5:27-37 (onion); Christou et al. (1988) Plant Physiol.
87:671-674 (soybean); McCabe et al. (1988) Bio/Technol-
ogy 6:923-926 (soybean); Finer and McMullen (1991) In
Vitro Cell Dev. Biol. 27P:175-182 (soybean); Singh et al.
(1998) Theor. Appl. Genet. 96:319-324 (soybean); Datta et
al. (1990) Biotechnology 8:736-740 (rice); Klein et al.
(1988) Proc. Natl. Acad. Sci. USA 85:4305-4309 (maize);
Klein et al. (1988) Biotechnology 6:559-563 (maize); U.S.
Pat. Nos. 5,240,855; 5,322,783 and 5,324,646, Klein et al.
(1988) Plant Physiol. 91:440-444 (maize); Fromm et al.
(1990) Biotechnology 8:833-839 (maize); Hooykaas-Van
Slogteren et al. (1984) Nature (London) 311:763-764; U.S.
Pat. No. 5,736,369 (cereals); Bytebier et al. (1987) Proc.
Natl. Acad. Sci. USA 84:5345-5349 (Liliaceae); De Wet et
al. (1985) in The Experimental Manipulation of Ovule
Tissues, ed. Chapman et al. (Longman, N.Y.), pp. 197-209
(pollen); Kaeppler et al. (1990) Plant Cell Reports 9:415-
418 and Kaeppler et al. (1992) Theor. Appl. Genet. 84:560-
566 (whisker-mediated transformation); D’Halluin et al.
(1992) Plant Cell 4:1495-1505 (electroporation); Li et al.
(1993) Plant Cell Reports 12:250-255 and Christou and Ford
(1995) Annals of Botany 75:407-413 (rice); Osjoda et al.
(1996) Nature Biotechnology 14:745-750 (maize via Agro-
bacterium tumefaciens); all of which are herein incorporated
by reference in their entireties.

In some embodiments, a plant may be regenerated or
grown from the plant, plant tissue or plant cell. Any suitable
methods for regenerating or growing a plant from a plant cell
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or plant tissue may be used, such as, without limitation,
tissue culture or regeneration from protoplasts. Suitably,
plants may be regenerated by growing transformed plant
cells on callus induction media, shoot induction media
and/or root induction media. See, for example, McCormick
et al. (1986) Plant Cell Reports 5:81-84. These plants may
then be grown, and either pollinated with the same trans-
formed strain or different strains, and the resulting hybrid
having expression of the desired phenotypic characteristic
identified. Two or more generations may be grown to ensure
that expression of the desired phenotypic characteristic is
stably maintained and inherited and then seeds harvested to
ensure expression of the desired phenotypic characteristic
has been achieved. Thus as used herein, “transformed seeds”
refers to seeds that contain the nucleotide construct stably
integrated into the plant genome.

In certain embodiments, the polynucleotides to be intro-
duced into the plant are operably linked to a promoter
sequence and may be provided as a construct. As used
herein, a polynucleotide is “operably linked” when it is
placed into a functional relationship with a second poly-
nucleotide sequence. For instance, a promoter is operably
linked to a coding sequence if the promoter is connected to
the coding sequence such that it may effect transcription of
the coding sequence. In various embodiments, the poly-
nucleotides may be operably linked to at least one, at least
two, at least three, at least four, at least five, or at least ten
promoters.

Promoters useful in the practice of the present invention
include, but are not limited to, constitutive, inducible, tem-
porally-regulated, developmentally regulated, chemically
regulated, tissue-preferred and tissue-specific promoters.
Suitably, the promoter causes sufficient expression in the
plant to produce the phenotypes described herein. Suitable
promoters include, without limitation, the 35S promoter of
the caulifiower mosaic virus, ubiquitin, tCUP cryptic con-
stitutive promoter, the Rsyn7 promoter, pathogen-inducible
promoters, the maize In2-2 promoter, the tobacco PR-la
promoter, glucocorticoid-inducible promoters, and tetracy-
cline-inducible and tetracycline-repressible promoters.

It is envisaged that analogous substitutions of tyrosine at
positions corresponding to Tyr361 of SEQ ID NO: 1 should
elicit similar altered light sensitivity and photo responses
when expressed in other plants. Plants that may express a
modified phytochrome include, among others, crop plants
and ornamental plants.

Suitable plant species include, without limitation, corn
(Zea mays), soybean (Glycine max), Brassica sp. (e.g.,
Brassica napus, B. rapa, and B. juncea), alfalfa (Medicago
sativa), rice (Oryza sativa), rye (Secale cereale), sorghum
(Sorghum bicolor, Sorghum vulgare), millet (e.g., pearl
millet (Pennisetum glaucum), proso millet (Panicum mili-
aceum), foxtail millet (Setaria italica), finger millet (Ele-
usine coracana), sunflower (Helianthus annuus), safflower
(Carthamus tinctorius), wheat (Triticum aestivum), tobacco
(Nicotiana tabacum), potato (Solanum tuberosum), peanuts
(Arachis hypogaea), cotton (Gossypium barbadense, Gos-
sypium hirsutum), sweet potato ([pomoea batatus), cassaya
(Manihot esculenta), coffee (Cofea spp.), coconut (Cocos
nucifera), pineapple (Ananas comosus), citrus trees (Citrus
spp.), cocoa (Theobroma cacao), tea (Camellia sinensis),
banana (Musa spp.), avocado (Persea americana), fig (Ficus
casica), guava (Psidium guajava), mango (Mangifera
indica), olive (Olea europaea), papaya (Carica papaya),
cashew (Anacardium occidentale), macadamia (Macadamia
integrifolia), almond (Prunus amygdalus), sugar beets (Beta
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vulgaris), sugarcane (Saccharum spp.), oats (Avena sativa),
barley (Hordeum vulgare), vegetables, ornamentals, and
conifers.

Vegetables include, without limitation, tomatoes (Lyco-
persicon esculentum), lettuce (e.g., Lactuca sativa), green
beans (Phaseolus vulgaris), lima beans (Phaseolus
limensis), peas (Lathyrus spp.), and members of the genus
Cucumis such as cucumber (C. sativus), cantaloupe (C.
cantalupensis), and musk melon (C. melo).

Ornamental plants are plants that are grown for decorative
purposes in gardens and landscapes, as houseplants, and for
cut flowers. Suitable ornamentals include, without limita-
tion, azalea (Rhododendron spp.), hydrangea (Macrophylla
hydrangea), hibiscus (Hibiscus rosasanensis), roses (Rosa
spp.), tulips (Tulipa spp.), daffodils (Narcissus spp.), petu-
nias (Petunia hybrida), carnation (Dianthus caryophyllus),
poinsettia (Euphorbia pulcherrima), and chrysanthemum
(Chrysanthemum spp.).

As used herein, the term “plant” includes reference to
whole plants, plant organs (e.g., leaves, stems, roots, etc.),
seeds, plant cells, and progeny of same. Parts of transgenic
plants comprise, for example, plant cells, protoplasts, tis-
sues, callus, embryos as well as flowers, ovules, stems,
fruits, leaves, roots originating in transgenic plants or their
progeny previously transformed with a DNA. As used
herein, the term “plant cell” includes, without limitation,
protoplasts and cells of seeds, suspension cultures, embryos,
meristematic regions, callus tissue, leaves, roots, shoots,
gametophytes, sporophytes, pollen, and microspores.

Consequently, this invention encompasses transgenic
crops and other plants with improved shade tolerance
needed for increased planting density and increased yields.

It will be apparent to those of skill in the art that variations
may be applied to the compositions and methods described
herein and in the steps or in the sequence of steps of the
method described herein without departing from the con-
cept, spirit and scope of the invention. More specifically, it
will be apparent that certain agents which are both chemi-
cally and physiologically related may be substituted for the
agents described herein while the same or similar results
would be achieved. All such similar substitutes and modi-
fications apparent to those skilled in the art are deemed to be
within the spirit, scope and concept of the invention.

It is to be understood that the invention is not limited in
its application to the details of construction and the arrange-
ment of components set forth in the following description.
Also, it is to be understood that the phraseology and termi-
nology used herein is for the purpose of description and
should not be regarded as limiting. The use of “including,”
“comprising,” or “having” and variations thereof herein is
meant to encompass the items listed thereafter and equiva-
lents thereof as well as additional items.

It also is understood that any numerical range recited
herein includes all values from the lower value to the upper
value. For example, if a concentration range is stated as 1%
to 50%, it is intended that values such as 2% to 40%, 10%
to 30%, or 1% to 3%, etc., are expressly enumerated in this
specification. These are only examples of what is specifi-
cally intended, and all possible combinations of numerical
values between and including the lowest value and the
highest value enumerated are to be considered to be
expressly stated in this application.

The following non-limiting examples are purely illustra-
tive.
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Example 1

Materials and Methods

Recombinant phyB Protein Expression, Purification, and
Analysis

All the site-directed mutations in PHYB were introduced
into the cDNA by the Quikchange method (Stratagene).
c¢DNA fragments encoding the photosensory modules (resi-
dues 1-624) were appended in-frame corresponding to the
N-terminus of the 6His tag (KLHHHHHH) (SEQ ID NO:
39) by introduction into the pBAD plasmid (Invitrogen), and
then co-transformed into Escherichia coli BL21 (Al) cells
(Invitrogen) with the pPL-P®B plasmid expressing the
Synechocystis PCC6803 HO1 heme oxygenase and 4. thali-
ana HY2 P®B synthase enzymes [40, 41] to direct apopro-
tein expression and chromophore assembly. Following
sequential induction of the HO1/HY2 genes and PHYB
genes with IPTG and arabinose, the cells were disrupted by
sonication in extraction buffer (50 mM HEPES-NaOH (pH
7.8), 300 mM NaCl, 30 mM imidazole, 0.1% Tween-20,
10% glycerol, 1 mM 2-mercaptoethanol, and 1 mM PMSF)
with the addition of 1 tablet of protease inhibitor cocktail
(Roche) before use. The clarified supernatant was applied to
a HisTrap HP column (GE) pre-equilibrated in extraction
buffer, and the column was washed with extraction buffer
followed by elution with a 30-300 mM imidazole gradient in
extraction buffer. The phyB-containing fractions were
pooled, dialyzed against 10 mM HEPES-NaOH (pH 7.8),
100 mM NaCl, 5 mM 2-mercaptoethanol, 5 mM Na,EDTA,
50 mM imidazole, and 0.05% Tween-20 overnight, and
subjected to size-exclusion chromatography using a 24-ml
Superose 6 (GE) column pre-equilibrated with the same
buffer. phyB-containing fractions were pooled and stored in
10 mM HEPES-NaOH (pH 7.8), 50 mM NaCl, 1 mM
2-mercaptoethanol, 0.05% Tween-20, and 10% glycerol.

Pr-Pfr photointerconversion and Pfr—Pr thermal-rever-
sion of each phyB preparation were assayed by UV-vis
absorption spectroscopy at 24° C., using white light filtered
through 650- and 730-nm interference filters (Orion) to drive
Pr—Pfr and Pfr—Pr phototransformation, respectively.

Plant Materials and Growth Conditions

All the plant lines were derived from A. thaliana Col-0
ecotype. The phyB-9 and phyA-211 alleles were as
described [30, 32]. Seeds were surface-sterilized in chlorine
gas, and stratified in water for 3 d at 4° C. before sowing.
Unless otherwise noted, seedlings were grown at 22° C.
under white light in LD (16-hr light/8-hr dark) on 0.7%
(w/v) agar medium containing 1x Gamborg’s (GM) salts,
2% (w/v) sucrose, 0.5 g/l. MES (pH 5.7). After 10 d,
seedlings were transferred to soil and grown at 22° C. under
continuous white light in LD or SD (8-hr light/16-hr dark).

Plasmid Constructions for Plant Transformation

The full coding regions of PHYA and PHYB [39] were
inserted into the pDONR221 plasmid via BP reactions
(Invitrogen), and appended the coding sequence in-frame for
the FLAG-epitope (GGGDYKDDDDK) (SEQ ID NO: 40)
to their 3' ends. The PHYA/B promoter and 5' UTRs (2634-
and 1983-bp upstream beginning at the ATG translation
initiation codon), and 3' UTRs (242- and 279-bp down-
stream of the translation termination codon) were amplified
by PCR from the Col-0 genomic DNA, and then sequentially
inserted into the pDONR211 plasmids to appropriately flank
the coding regions. The completed PHYB and PHYA trans-
genes were introduced into the pMDC123 plasmid (Invit-
rogen) via LR reactions. The PHYB-yellow fluorescent
protein (YFP) constructions (WT-YFP, R322A-YFP,
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Y361F-YFP, D307A-YFP, and R582A-YFP) were created
by appending the UBQI10 promoter fragment (1986-bp
fragment proximal to the ATG codon) and the cDNA encod-
ing YFP, to the 5' and 3' ends of the PHYB ¢DNA in a
pDONR211 plasmid, respectively. The complete transgenes
were introduced into the pMDC123 plasmid via LR reac-
tions.

Plant Transformation and Selection of Transgenic Lines

The PHYA and PHYB transgenes were introduced into
the homozygous Arabidopsis phyA-211 or phyB-9 mutants,
respectively, via the Agrobacterium-mediated floral dip
method using the pMDC123-derived plasmids [42]. Trans-
formed lines were selected by resistance to 10 pg/mL
BASTA. T2 transgenic plants with a resistance segregation
ratio of ~3:1 were used to obtain isogenic lines in the T4 or
T5 generation for all the biochemical, phenotypic, and
localization assays.

Protein Extraction and Immunoblot Analysis

Five-d-old, dark-grown Arabidopsis seedlings were fro-
zen and pulverized at liquid nitrogen temperatures, and
homogenized in 100 mM Tris-HCl (pH 8.5), 10 mM
Na,EDTA, 25% ethylene glycol, 2 mM PMSF, 10 mM
N-ethylmaleimide, 5 pg/mL sodium metabisulfite, 2% (w/v)
SDS, 10 pg/ml. aprotinin, 10 pg/ml. leupeptin and 0.5
ng/ml pepstatin [43]. The extracts were heated to 100° C.
for 10 min and clarified by centrifugation at 13,000xg for 10
min. The supernatants were subjected to SDS-PAGE and
immunoblot analysis with a monoclonal antibody against
phyA (073D, [44]), phyB (B1-B7, [45]), or green fluorescent
protein (GFP) (Sigma). Anti-PBA1 antiserum or anti-histone
H3 antibodies were used to confirm equal protein loading
[46].

To measure phyB degradation in response to Rc, seeds
were sown in liquid medium containing half-strength
Murashige and Skoog (MS) salts, 0.5 g/[. MES (pH 5.7), and
10 g/LL sucrose, and irradiated with white light (24 hr for
seeds carrying the PHYB”*%" transgene and 12 hr for all
others) to initiate germination before maintaining the seed-
lings in the dark for 4 d. Seedlings were collected after
various exposure times to continuous 20 umol-m=2s™* R and
subjected to immunoblot analysis as above. Seedlings were
incubated for 12 hr in the dark with 100 uM MG132 or an
equivalent volume of DMSO before R.

Phenotypic Assays

Germination efficiency was measured according to Oh et
al. (Plant Cell 19, 1192-1208). The parental plants (5 per
genotype) were grown side by side at 22° C. in LDs, and the
resulting seeds were harvested as separate seed pools. At
least 60 seeds from each pool were sown on 0.7% (wW/v)
water agar after 20-min FR irradiation (4 umol m=* s™*). The
seeds were then exposed to white light for 2 hr, and either
kept in dark or irradiated with 4 pmol m™2 s~! FR for 5 min.
The plates were kept in darkness for an additional 5 d before
measurement of germination, which was scored as emer-
gence of the radical from the seed coat. For hypocotyl
elongation, seeds were sown on solid half-strength MS salts,
0.5 g/ MES (pH 5.7), and 0.7% (w/v) agar, and irradiated
with 12-hr white light. The plates were exposed to either R
or FR for 3.5 d using a bank of diodes (E-30LED-controlled
environment chamber, Percival), before measurement of
hypocotyl length. For measurement of the EOD-FR
response, seedlings were irradiated over a 4-d cycle with 90
pmol-m~s~! R for 8 hr followed by either darkness or by a
10-min pulse of 100 pmol'm~-s~! FR and then darkness for
16 hr. Effect on flowering time was measured for plants
grown under white light in SD.
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Confocal Microscopic Analysis

Transgenic seeds expressing wild-type and mutant ver-
sions of phyB-YFP were sown on solid medium containing
half-strength MS salts, 0.5 g/l MES (pH 5.7), 2% (w/v)
sucrose, and 0.7% (w/v) agar and irradiated for 12 hr at 22°
C. with white light before incubation in the dark for 5 d.
Fluorescence of hypocotyl cells, either kept in the dark or
irradiated with 90 umol'm=s~' R for 12 hr, was imaged
using a Zeiss 510-Meta laser scanning confocal microscope.
YFP fluorescence was visualized in the single-track mode by
excitation with 488-nm light using the BP 500-530 IR filter.
Images were processed with the LSM510 image browser.

Example 2

Rational Design of phyB Variants to Alter Light
Signaling

Site-directed substitutions of certain amino acids based on
the microbial scaffolds were introduced into the Arabidopsis
phyB isoform. The photochemistry of the mutant photosen-
sory modules was examined after recombinant assembly
with the native chromophore phytochromobilin (FOB), and
the full-length versions were assessed for their phenotypic
rescue of the phyB-9 null mutant using the native PHYB
promoter to drive expression. The results collectively dem-
onstrate that various aspects of phy dynamics and signaling
can be adjusted (FIG. 1A), which in some cases generates
plants with unique photobehavioral properties.

We examined five mutations predicted to compromise Pr
to Pfr photoconversion, interaction of the bilin with its
binding pocket, and/or possible signal transmission from the
c¢GMP phosphodiesterase/adenylyl cyclase/FhlA (GAF)
domain to the downstream phytochrome (PHY) domain in
the photosensory module. As shown in FIGS. 1B and 1C, the
D307A substitution removes a key aspartate (D207 in Syn-
echocystis PCC6803 (Syn)-Cphl) that participates through
its main chain carbonyl in a unique hydrogen-bonding lattice
involving the A-C pyrrole rings of P®B and the centrally
positioned pyrrole water. This invariant aspartate is essential
for the Pr to Pfr photoconversion of bacterial phys as most,
if not all, substitutions are stalled in the deprotonation/
protonation cycle following R irradiation and become highly
fluorescent [18-20]. Two substitutions alter the hydrogen-
bond contacts with D307. The relatively mild Y361F sub-
stitution (Y263 in SynCphl) maintains the aromatic char-
acter but is expected to eliminate the hydrogen bond that
helps hold the side chain carboxyl group of D307 in place
[18, 22], whereas the R582A substitution (R472 in Syn-
Cphl) removes a potential salt bridge between D307 and a
novel hairpin, likely universal among canonical phys, that
extends from the PHY domain to contact the GAF domain
near the bilin. This hairpin may help transmit chromophore
movements within the photosensory module to the C-termi-
nal output region during photoconversion [3, 7, 10] (FIG.
1B,C). The last two mutations (R352A and R322A) elimi-
nate salt bridges between the propionate side chains in P®B
and the bilin-binding pocket, which presumably help
restrain the bilin within the photoreceptor (FIG. 1B,C). Prior
studies with bacterial phys (R222 and R254 in Syrechoc-
cocus OS-B' (SyB)-Cphl) showed that these arginines sta-
bilize and destabilize the Pfr conformer, respectively, with
their guanidinium side chains undergoing dramatic confor-
mational changes during Pr—Pfr photoconversion.

Based on the phy scheme presented in FIG. 1A, we tested
how well the Arabidopsis phyB mutants would: (i) assemble
with P®B, (ii) photointerconvert between Pr and Pfr, (iii)
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revert thermally from Pfr back to Pr, (iv) accumulate and
concentrate after R irradiation into nuclear bodies or “speck-
les” thought to be important for signaling and/or turnover
[23], (v) degrade upon R irradiation, and (vi) stimulate
several photomorphogenic processes under full or partial
control by phyB, including R-stimulated seed germination,
hypocotyl growth inhibition under R, effect of end-of-day
(EOD) FR on the hypocotyl R response, and flowering time
under a short-day photoperiod (SD) [2, 13, 14]. Pfr turnover
is likely driven by the ubiquitin/26S proteasome system
(UPS) based on mutant analyses and its sensitivity to the
proteasome inhibitor MG132 ([24, 25] see FIG. 6A). Meth-
ods used to synthesize photoactive photosensory module
fragments recombinantly from phyB assembled with P®B
and to generate the transgenic plants expressing full-length
versions are provided in Example 1.

The photosensory module of all the mutants could be
expressed and readily assembled with P®B in Escherichia
coli, and generated reasonably normal Pr absorption spectra
with maxima at ~663 nm, indicating that none of the
substitutions compromised protein folding or bilin conjuga-
tion (FIG. 2A; FIG. 7). Given that Arabidopsis and other
plants are highly sensitive to phy levels [26-29], we chose
two isogenic phyB-9 lines in the T3 generation that
expressed either unaltered phyB or the mutants to levels
which matched most closely that in the wild-type Col-0
plants as judged by immunoblot analysis (FIG. 3D). Impor-
tantly, all of the complemented phyB-9 mutant lines had
normal etiolated seedling development, indicating that none
of the phyB variants signaled in the absence of photoacti-
vation (FIG. 3B).

To examine the ability of the mutants to concentrate in
nuclear bodies/speckles as Pfr, we also created a parallel set
of transgenic lines expressing the phyB mutants as N-ter-
minal fusions to yellow fluorescent protein (YFP). These
bodies were easily seen by confocal fluorescence micros-
copy as numerous intense puncta that accumulate in the
nucleus upon prolonged R irradiation (see FIG. 6B). The
phyB-YFP mutant proteins also assembled well with P®B in
planta, and phenotypically resembled their non-tagged coun-
terparts based on their ability (or inability) to suppress
hypocotyl elongation in R when introduced into the phyB-9
background (FIG. 8).

Example 3

B™%7 is Hypersensitive to R

phy

Given its predicted proximity to D307 within the bilin-
binding pocket, Y361 likely helps enclose the GAF domain
around the bilin and fix the position of D307 (FIG. 1B).
Surprisingly, the Y361F substitution in Arabidopsis phyB
permitted proper photochemistry but made the photorecep-
tor hyperactive with respect to signaling. Recombinant
phyB** had relatively normal Pr and Pfr absorption
spectra, but displayed slightly reduced Pr—Pfr and Pfr—Pr
photoconversion rates and a slower rate of thermal Pfr—Pr
reversion (FIG. 2A,B).

Despite the expectations that some of these photochemi-
cal alterations might compromise signaling, phyB*>°** more
effectively directed phyB-mediated responses compared to
phyB”%. Soon after germination, the PHYB™ ' phyB-9
seedlings were more sensitive to continuous R with respect
to hypocotyl elongation, and as the seedling developed
under a long-day (LD) photoperiod, homozygous
PHYB™%¥ phyB-9 plants had more compact rosettes with
shorter petioles than wild type and PHYB”7 phyB-9 plants,
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indicative of light hypersensitivity (FIGS. 3A,C and 4A).
Analyses of hypocotyl elongation at very low R fluence rates
(<1 pmol'm™2-s!) estimated that the phyB*>%*" biliprotein
was at least 50 times more active at signaling at least with
respect to this response (FIG. 4B). A modest but statistically
significant hypersensitivity to R was also observed for seed
germination and the effect of EOD-FR on R-suppressed
hypocotyl growth (FIG. 5A,B). Light hypersensitivity con-
tinued for the rosettes of mature plants and dampened the
SAR (shade avoidance response) as judged by increased
hyponasty (i.e., more prostrate petiole angles) and the
smaller leaves and shorter petioles seen for PHYB?5'¥
plants as compare to PHYB”” plants when grown in SD
(FIGS. 14 AB and 9). Flowering time in SD was not
significantly altered (FIG. 5C), consistent with the minor
role of phyB in detecting photoperiod as compared to phy A
[30]. Because the hyperactivity of phyB**%**"in R could be
canceled by EOD-FR, we concluded that phyB**5'* photo-
receptor still functions in a R-FR reversible manner in
planta. Light hypersensitivity was also evident in the
rosettes of mature plants as judged by the smaller leaves and
shorter petioles seen for PHYB*>%'¥ phyB-9 plants as com-
pared to PHYB"” phyB-9 plants when grown in SD (FIG.
9). Despite changes in photochemistry and signaling, the
turnover of phyB™'* as Pfr and its sequestering into
nuclear bodies appeared normal (FIG. 6A,B).

Example 4

D307 in phyB is Required for Photoconversion,
Robust Signaling and Nuclear Body Formation but
not Turnover

In line with the predicted importance of D307 in phyB
photochemistry [18-20], we found that the assembled
phyB?*°74 biliprotein failed to photoconvert from Pr to Pfr
in R and instead generated a bleached R-absorbing interme-
diate that would regenerate Pr upon irradiation with FR or
more slowly upon prolonged dark incubation (FIG. 2A).
Unlike phyB”” which restored R-suppressed hypocotyl
elongation and enhanced seed germination in R when intro-
duced into the phyB-9 background, the phyB”*°7* mutant
appeared phenotypically inactive or was greatly reduced in
phenotypic activity (FIGS. 3 and 4 and 14C). Such com-
promised activity was also apparent in mature plants as
judged by the elongated leaf blades and petioles and strong
leaf epinasty (as measured by the large upward angles of
petioles) of PHYB?*°74 phyB-9 plants grown in SD, which
better resembled phyB-9 plants as compared to their PHY-
B”7 phyB-9 counterparts (FIGS. 14 A,B and 9). However,
detailed fluence response analysis of hypocotyl growth
under very high R fluences and the flowering time in SD
revealed that phyB”>°" retained some signaling activity
despite its inability to photoconvert normally to Pfr (FIGS.
4 and 5). Consistent with diminished photochemistry, the
accumulation of phyB?*°’“-YFP in nuclear bodies upon R
irradiation was undetectable even after prolonged irradiation
with a high fluence rate of R, a condition where the bodies
were clearly evident for the wild-type version. But surpris-
ingly its MG132-sensitive turnover in R was only a little
slower (FIG. 6A,B), thus providing the first indication that
nuclear aggregation of phyB and its degradation after R
irradiation are not coupled.

Example 5

The R322A, R352A, and R582A Mutations Poorly
Compromise phyB Signaling

R472 in the PHY domain hairpin of Syn-Cphl forms an
inter-domain salt bridge with D207. We examined the effects
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of the comparably positioned arginine in Arabidopsis phyB
(R582) using an alanine substitution. The phyB**#24 PSM
had normal Pr and Pfr absorption spectra and Pr—Pfr and
Pfr—Pr photoconversion rates but was strikingly slower in
Pfr—Pr thermal reversion (initial velocity 9.6 times slower
than that of phyB"7), indicating that R582 is not required for
photochemistry but helps destabilize the Pfr conformer once
formed (FIG. 2A,B). The more stable Pfr for phyB®*®*4 in
turn likely generates a slightly higher Pft/Pr ratio in satu-
rating R as evidenced by the reduced peak height at 655 nm
versus that at 724 nm (FIG. 2A). However, phyB?%%*4
appeared to signal normally based on the fluence response of
hypocotyl growth to continuous R and its ability to delay
flowering in SD (FIGS. 3C, 4A, and 5C). In fact, the
phyB®*#24 chromoprotein appeared to be marginally hyper-
active as judged by the slightly stronger repression on
hypocotyl growth in R for the PHYB®**4 phyB-9 #34 line
at intermediate R fluence rates as compared to wild type and
PHYB”” phyB-9 seedlings despite accumulating similar
levels of photoreceptor (FIG. 4A). Moreover, petiole angles
were more prostrate and the rosettes appeared more compact
than wild-type and PHYB”7? plants in SD (FIGS. 14A B and
9). We speculate that at least some of this increased activity
of the phyB®*®2# chromoprotein may be related to its higher
Pfr/Pr photoequilibrium in continuous R. Regardless of the
effects on photochemistry, the nuclear aggregation of
phyB®***4.YFP, and the turnover of phyB®***¢ in R
appeared normal (FIG. 6A,B).

R352 is predicted to form an essential salt bridge with the
propionate group of pyrrole ring B in P®B, and, based on
the mutational analyses of several prokaryotic phys, it
appears to be important for bilin binding and proper pho-
tochemistry [9, 18, 20]. In fact, replacement of this residue
with a glutamine in Dr-BphP (R254Q) is one of the few
mutations that block covalent attachment of the bilin,
whereas the more subtle arginine to alanine mutations in
Dr-BphP and SyB-Cphl effectively inhibit thermal rever-
sion of Pfr back to Pr.

We found that the R352A substitution in Arabidopsis
phyB has little impact on Pr and Pfr absorption and photo-
chemistry, but like its bacterial relatives [4, 18], the mutation
stabilizes Pfr against thermal reversion (FIG. 2A,B). When
introduced into phyB-9 seedlings, phyB%*** behaved simi-
larly to wild-type phyB with respect to its ability to suppress
hypocotyl growth in R, restore normal rosette morphology
to mature plants, delay flowering in SD, and rapidly degrade
after photoconversion to Pfr (FIGS. 3A,C, 4A, 5C, and 6,
FIG. 9). At most, phyB***% was marginally hypoactive
phenotypically as judged by the reduced response of the
PHYB?®*>24 phyB-9 hypocotyls to almost all fluences of R
despite accumulating levels of photoreceptor comparable to
that in wild type (FIG. 4A). Such subtle phenotypic effects
for both phyB®*%# and phyB**®* strongly suggest that the
thermal reversion of phyB, which would be expected to
diminish the active Pfr conformer over time, does not play
a major role in phyB signaling under strong light conditions.

Analogous to R352, R322 in the GAF domain is predicted
to contact P®B, with the solution NMR structure of SyB-
Cphl showing that flexibility of its guanidinium side chain
allows for transient interactions with the ring C propionate.
phyB**224 PSM assembled with P®B retained normal
absorption spectra and Pr—Pfr and Pfr—Pr photoconversion
rates, but unlike the R352A substitution, phyB***?4 had a
substantially faster rate of Pfr—Pr thermal reversion than
phyB”7 (1.7 times faster; FIG. 2A, B). Thus, whereas R322
is not required for photochemistry, it helps stabilize the Pfr
conformer of phyB once formed. Phenotypically, phyB*32>4



US 9,587,247 B2

23
behaved similar to phyB”” as judged by its ability to
suppress hypocotyl elongation under R in phyB-9 seedlings,
rescue the rosette morphology of mature plants, and delay
flowering in SD (FIGS. 3A,C, 4A, and 5C, FIG. 8). Similar
to the PhyB®*#2A, phyB**22A relocalized into nuclear bod-

ies and rapidly degraded like endogenous phyB in response
to R (FIG. 6).

Example 6

Analysis of Comparable Mutations in Arabidopsis
phyA

Comparable mutations (D273A, Y327F, RS551A, R318A
and R288A (FIG. 1C)) were examined to determine if
similar effects were observed on phyA signaling. Phenotypi-
cally, phyA is the dominant isoform in etiolated seedlings
and in plants exposed to FR-rich environments. As shown in
FIGS. 10 and 11, phyA signaling can be easily measured by
its ability to restore FR suppression of hypocotyl elongation
in phy A null mutants such as phyA-211. Using this assay, we
found that the D273 A mutation also strongly compromises
signaling by phyA with a marginal activity seen only at high
FR fluence rates (100 umole-m=>s~). For the Y327F muta-
tion in phyA, the response of the PHYA™?"" phyA-211
seedlings matched that of PHYA”” phyA-211 seedlings at
all fluence rates tested. Whereas the R551A and R318A
substitutions had no apparent effect on phyA signaling, a
slight hypoactivity for phyA harboring the R288A substitu-
tion was observed, suggesting that like its phyB counterpart,
phyA missing this C ring propionate contact has slightly
compromised Pfr activity. When more mature plants grown
under white light in LD were examined, all of the phyA
mutants developed similar to WT, phyA-211, and PHYA””
phyA-211 plants, suggesting that none of the mutants inter-
fered with phyB signaling or stimulated atypical photomor-
phogenesis.

Prophetic Example 7
Transgenic Maize

The promoter and coding regions of Zea maize (Zm)
PHYBI1 are cloned from maize genomic DNA and total
mRNA, respectively, according to the publically available
Zea mays genome sequence data (see Nucleic Acids Res. 40
(Database issue):D1178-86), and are built into a construc-
tion containing a Bar gene for Basta resistance and the
nopaline synthase transcription terminator directly after the
PHYBI coding region. The corresponding Y361F mutation
(Y359F in ZmPHYBI1, ZmPHYB17°°F) is further intro-
duced into the coding region of ZmPHYBI in the construc-
tion via Quikchange method (Stratagene). Transgenic maize
is made by Agrobacterium tumefaciens-mediated transfor-
mation (Nat. Protoc. 2: 1614-1621), and selected for Basta
resistance. A total of eight transgenic lines at T1 generation
are chosen for further screening based on transgene number,
phyB protein level and genetic stability from a large pool of
transgenic plants (>100 plants), and are grown, self-polli-
nated to T4 generation to produce isogenic lines for pheno-
typic assays.

The selected homogeneous transgenic maize containing
ZmPHYB1%°°% are grown in green house for phenotypic
characterization. After 30 days, the plant height, size of both
the transgenic and wild-type maize will be measured, and
the flowering time and seed yield will also be recorded in
mature plants. These phenotypic data will also be statisti-
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cally analyzed, and compared to wild-type plant. The trans-
genic lines are expected to have much reduced height and
size with unaltered flowering time and seed yield. These
dwarf maize are expected to require much less growth space
and therefore increase the maize yield per acre.

Prophetic Example 8
Transgenic Rice

The promoter and coding regions of Oryza sativa L. (Os)
PHYB are cloned from rice genomic DNA and total mRNA,
respectively, according to the OsPHYB coding sequence
data from National Center for Biotechnology Information,
and are built into a construction containing a Neomycin
Phosphotransferase 11 (NPTII) gene for kanamycin resis-
tance and the nopaline synthase transcription terminator
directly after the PHYB coding region. The corresponding
Y361F mutation (Y368F in OsPHYB) is further introduced
into the coding region of OsPHYB in the construction
(OsPHYB™%%%) via Quikchange method (Stratagene).
Transgenic rice is made by Agrobacterium tumefaciens-
mediated transformation (Plant J. 1994 (2):271-82), and
selected for kanamycin resistance. A total of eight transgenic
lines at T1 generation are chosen for further screening based
on transgene number, phyB protein level and genetic sta-
bility from a pool of over 20 transgenic plants, and are
grown and self-pollinated to T4 generation to produce
isogenic lines for phenotypic assays.

The selected homogeneous transgenic rice containing
OsPHYB1™%% are grown in green house for phenotypic
characterization. After 30 days, the plant height and size of
both the transgenic and wild-type rice will be measured, and
the flowering time and seed yield will also be recorded in
mature plants. These phenotypic data will also be statisti-
cally analyzed. Compared to the wild-type plant, the trans-
genic lines are expected to have much reduced height and
size with unaltered flowering time and seed yield. These
dwarf rice are expected to require much less growth space
and therefore increase the rice yield per acre.

Prophetic Example 9
Transgenic Soybean

The promoter and coding regions of Glycine max (Gm)
PHYBI are cloned from soybean genomic DNA and total
mRNA, respectively, according to the GmPHYB1 coding
sequence data from National Center for Biotechnology
Information, and are built into a construction containing a
Bar gene for Basta resistance and the nopaline synthase
transcription terminator directly after the GmPHYB1 coding
region. The corresponding Y361F mutation (Y345F in
GmPHYB1) is further introduced into the coding region of
GmPHYB1 in the construction (GmPHYBI1*¥) via
Quikchange method (Stratagene). Transgenic soybean is
made by Agrobacterium tumefaciens-mediated transforma-
tion (Plant Biotechnol. 2007, (24): 533-536), and selected
for Basta resistance. A total of eight transgenic lines at T1
generation are chosen for further screening based on trans-
gene number, phyB protein level and genetic stability from
a large pool of over 100 transgenic plants, and are grown and
self-pollinated to T4 generation to produce isogenic lines for
phenotypic assays.

The selected homogeneous transgenic soybean containing
GmPHYB1"*7 are grown in the green house for pheno-
typic characterization. After 30 days, the plant height, size of
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both the transgenic and wild-type soybean will be measured,
and the flowering time and seed yield will also be recorded
in mature plants. These phenotypic data will also be statis-
tically analyzed. Compared to the wild-type plant, the trans-
genic lines are expected to have much reduced height and
size with unaltered flowering time and seed yield. These
resulting dwarf soybean should require much less growth
space and therefore increase the soybean yield per acre.

Prophetic Example 10
Spectroscopy Analyses of Maize phyB Mutants

A library of structure-guided variants has the potential to
alter phy signaling in a number of ways, which in turn offers
a host of opportunities to manipulate light perception in
maize. To test this notion, we will examine how the muta-
tions corresponding to D307A, Y361F, R582A, R352A and
R322A of the Arabidopsis sequence affect maize phyB
photochemistry and/or phyB-directed photomorphogenesis.
The residues corresponding to D307A and Y361F alleles are
of special interest given their ability to confer hypo- and
hypersensitivity to phyB signaling. (For simplicity, the
maize alleles are designated in this example using the
Arabidopsis counterpart residue numbers; D307A is D305A
in maize and Y361F is Y359F in maize.)

Using the protocols described herein and illustrated in
FIG. 2, we will first examine the photochemical effects of
these amino acid substitutions on the recombinant 6His-
tagged PSM of maize phyBl (amino acids 1-623), the
dominance of the two maize phyB paralogs with respect to
phenotypes. These mutations will be introduced by the
Quikchange method (Stratagene) into the full-length
ZmPHYB1 c¢cDNA modified to also contain a C-terminal
6His sequence. They will be expressed in E. coli by our well
defined, two-plasmid pBAD (Invitrogen) system; one LacZ-
controlled plasmid encodes the HO (heme oxygenase) from
Synechocystis PCC6803 and the POB synthase from Ara-
bidopsis (HY2 locus) needed to synthesize the P®B chro-
mophore from heme, and the second arabinose-controlled
plasmid encodes the ZmphyB1 polypeptide. By sequential
induction with IPTG and arabinose, high level accumulation
of fully assembled and photochemically active ZmphyB1
PSMs will be possible. The recombinant biliproteins will
then be purified by nickel-nitrilotriacetic acid (NiNTA)
affinity (Qiagen) chromatography based on the 6His tag,
followed by Phenyl Sepharose chromatography. Bilin occu-
pancy of the purified photoreceptors will be assessed by
zinc-induced fluorescence of the bound chromophore fol-
lowing SDS-PAGE of the preparation. These samples will
be examined for atypical absorption spectra, photoconver-
sion rates, and Pfr stability by spectrometric techniques
using techniques disclosed herein for FIG. 2.

The maize mutants are expected to show phenotypes
similar to those described herein for Arabidopsis.

Prophetic Example 11

Assessment of Signaling Strength for the ZmphyB1
Mutants in Maize

The ZmphyB1 mutations generated in prophetic example
10 will be introduced into maize plants and tested for their
ability to direct various processes under ZmphyB control.
The amino acid substitutions will be introduced into the
full-length ZmPHYB1 cDNA, also appended to a DNA
sequence encoding a short C-terminal FLAG epitope tag
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(GGDYKDDDDK) (SEQ ID NO: 41), and expressed under
the control of the native ZmPHYB1 promoter (2-kbp region
upstream of the initiation codon). Use of the native promoter
will help avoid artifactual responses generated by ectopic
expression of the mutant chromoproteins. These transgenes
along with a transgene encoding wild-type ZmphyB-FLAG
will be stably introduced into maize using a Maize Trans-
formation protocol which exploits the Hi Type-II back-
ground for most transformations, generated from a cross
between the B73 and A188 hybrids followed by selection for
efficient regeneration of plantlets from cultured embryos.
The transgenic plants expressing a range of ZmphyB1
polypeptide levels will be identified by immunoblot analysis
with available FLAG and phyB-specific monoclonal anti-
bodies. Independent transformants that express the mutant
phyB proteins near to that in wild-type plants will be
identified since artificially increased or decreased levels of
ZmphyB might significantly influence photomorphogenesis
by themselves. Those lines deemed useful will then be
backcrossed at least three times to the B73 inbred to generate
lines suitable to phenotypic testing. A library of suitable
independent lines for each mutation will be generated to
avoid potential artifacts generated by insertion position of
the transgene and/or differing accumulation of the ZmphyB1
biliprotein.

Some mutants (e.g., phyB™%%) are expected to work
dominantly even in the presence of wild-type ZmphyB1/2.
However, others will likely confer more subtle phenotypes
that will require eliminating the wild-type photoreceptor for
observation. This situation will be accomplished through
crosses with the ZmphyB1 and ZmphyB2 mutants devel-
oped by Sheenan et al. (2007) using Mu insertional muta-
genesis, followed by selfing to identify triple homozygous
progeny. Single and double mutant combinations will be
generated for the strongest ZmphyB1-Mu563 and
ZmphyB2-Mu12053 alleles, which have been backcrossed 4
times into both the B73 and W22 backgrounds.

Plants containing unmodified ZmphyB1-FLAG or the
mutant (phyB?2°74, phyB¥3617, phyB5824 phyB®3524 and
phyB®***%) in either the wild-type B73 or the ZmphyB1-
Mu563 and ZmphyB2-Mul2053 B73-introgressed back-
grounds will be examined by various phenotypic assays that
specifically measure phyB activity. The germplasm will be
tested along side several controls including, near isogenic
wild-type B73, B73 expressing unmodified ZmphyB1, and
the ZmphyB1-Mu563 and ZmphyB2-Mul12053 B73-intro-
gressed lines either singly or as double mutants. To reduce
environmental variability, the plants will be grown in con-
trolled environment cabinets equipped with monochromatic
R and FR LED light sources and growth chambers illumi-
nated with white light within the lab and greenhouses
supplemented with artificial lighting if needed. Randomized
block design will be used to avoid biases based on positions
of the plants within the group. Testing of plants in outdoor
agricultural plots under natural lighting conditions will be
carried out to assess their impact on maize seed yield and
plant stature in more representative field settings.

The phenotypes to be tested have been well established in
maize and include:

(1) Architecture of seedling grown in the dark (etiolated),
which is expected to be unaffected by the mutations.

(2) Effect of R, FR. R-FR. and white light pulses on
coleoptile, mesocotyl, and leaf sheath and blade elongation
for young seedlings.

(3) Effect of EOD-FR on mesocotyl, and leaf blade elonga-
tion for young seedlings grown in light/dark cycles.
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(4) Chlorophyll and anthocyanin accumulation in seedlings
grown in light/dark cycles.

(5) Effect on internode length, stem diameter, and overall
plant height on plants grown in long-day photoperiods.

(6) Effect on flowering time for plants grown in long- and
short-day photoperiods.

(7) Number of tillers, cobs, and kernels produced in long-
days.

Examining a range of R and FR fluence rates on the
photomorphogenic responses of young seedlings will facili-
tate the quantification of the degree of hypo- or hyperactivity
for each mutant, particularly the D307A and Y361F muta-
tions that are expected to greatly impact phyB signaling. It
is expected that at least some of the ZmphyB mutants will
confer useful new traits such as altered flowering time or
reduced SAR (shade avoidance response) to maize grown in
field situations.

Sequences listed in this application include:

SEQ ID NO: 1 is the Arabidopsis thaliana phytochrome
B (phyB) polypeptide (translation of SEQ ID NO: 23)

SEQ ID NO: 2 is the Zea mays phytochrome B polypep-
tide (translation of SEQ ID NO: 24)

SEQ ID NO: 3 is the Oryza sativa Japonica Group isolate
SJ-CDI2 phytochrome B (phyB) polypeptide (translation of
SEQ ID NO: 25)

SEQ ID NO: 4 is the Sorghum bicolor isolate PHYB-
Rtx430 phytochrome B (phyB) polypeptide (translation of
SEQ ID NO: 26)

SEQ ID NO: 5 is the Glycine max phytochrome B-1
(phyB) polypeptide (translation of SEQ ID NO: 27)

SEQ ID NO: 6 is the Glycine max phytochrome B-2
(phyB) polypeptide (translation of SEQ ID NO: 28)

SEQ ID NO: 7 is the Glycine max phytochrome B-3
(phyB) polypeptide (translation of SEQ ID NO: 29)

SEQ ID NO: 8 is the Glycine max phytochrome B-4
(phyB) polypeptide (translation of SEQ ID NO: 30)

SEQ ID NO: 9 is the Solanum tuberosum phytochrome B
polypeptide (translation of SEQ ID NO: 31)

SEQ ID NO: 10 is the Pisum sativum phytochrome B
(phyB) polypeptide (translation of SEQ ID NO: 32)

SEQ ID NO: 11 is the Vitis vinifera genotype PN40024
phytochrome B (phyB) polypeptide (translation of SEQ ID
NO: 33)

SEQ ID NO: 12 is the Arabidopsis phyB GAF domain

SEQ ID NO: 13 is the maize phyB GAF domain
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14 is the rice phyB GAF domain

15 is the sorghum phyB GAF domain
16 is the soybean phyB1 GAF domain
17 is the soybean phyB2 GAF domain
18 is the soybean phyB3 GAF domain
19 is the soybean phyB4 GAF domain
20 is the potato phyB GAF domain

21 is the pea phyB GAF domain

SEQ ID NO: 22 is the grape phyB GAF domain

SEQ ID NO: 23 is the Arabidopsis thaliana phytochrome
B (PHYB) nucleotide (Gen Bank Accession No
NM_127435)

SEQ ID NO: 24 is the Zea mays phytochrome B nucleo-
tide (Phytozome Accession No. GRMZM2G124532)

SEQ ID NO: 25 is the Oryza sativa Japonica Group
isolate SJ-CDI2 phytochrome B (PHYB) nucleotide (Gen-
Bank Accession No: JIN594210)

SEQ ID NO: 26 is the Sorghum bicolor isolate PHYB-
Rtx430 phytochrome B (PHYB) nucleotide (GenBank
Accession No: AY466089)

SEQ ID NO: 27 is the Glycine max phytochrome B-1
(PHYB) nucleotide (GenBank: Accession No: EU428749)

SEQ ID NO: 28 is the Glycine max phytochrome B-2
(PHYB) nucleotide (GenBank Accession No: EU428750.2)

SEQ ID NO: 29 is the Glycine max phytochrome B-3
(PHYB) nucleotide (GenBank Accession No: EU428751.1)

SEQ ID NO: 30 is the Glycine max phytochrome B-4
(PHYB) nucleotide (GenBank Accession No: EU428752.1)

SEQ ID NO: 31 is the Solanum tuberosum phytochrome
B nucleotide (GenBank Accession No: DQ342235.1

SEQ ID NO: 32 is the Pisum sativum phytochrome B
(PHYB) nucleotide (GenBank Accession No: AF069305.1)

SEQ ID NO: 33 is the Vitis vinifera genotype PN40024
phytochrome B (PHYB) nucleotide (GenBank Accession
No: EU436650.1)

SEQ ID NO: 34 is the cyanobacteriophytochrome GAF
domain from Syrechocystis PCC6803 (Syn Cph_GAF)

SEQ ID NO: 35 is the bacteriophytochrome GAF domain
from Deinococcus radiodurans (Dr Bph_GAF)

SEQ ID NO: 36 is the bacteriophytochrome GAF domain
from Pseudomonas aeruginosa (Pa BphP_GAF)

SEQ ID NO: 37 is the bacteriophytochrome GAF domain
from Rhodopseudomonas palustris (Rp BphP3_GAF)

SEQ ID NO: 38 is the cyanobacteriophytochrome GAF
domain from Syrechococcus OS-B (SyB Cph_GAF)

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

(SEQ ID NO: 1)

MVSGVGGSGGGRGGGRGGEEEPS SSHTPNNRRGGEQAQSSGTKS

LRPRSNTESMSKAIQQYTVDARLHAVFEQSGESGKSFDYSQSLKTTTYGSSVPEQQIT

AYLSRIQRGGYIQPFGCMIAVDESSFRIIGYSENAREMLGIMPQSVPTLEKPEILAMG

TDVRSLFTSSSSILLERAFVAREITLLNPVWIHSKNTGKPFYAILHRIDVGVVIDLEP

ARTEDPALSIAGAVQSQKLAVRAISQLOALPGGDIKLLCDTVVESVRDLTGYDRVMVY

KFHEDEHGEVVAESKRDDLEPYIGLHYPATDIPQASRFLFKQNRVRMIVDCNATPVLV

VQDDRLTQSMCLVGSTLRAPHGCHSQYMANMGSIASLAMAVI INGNEDDGSNVASGRS

SMRLWGLVVCHHTSSRCIPFPLRYACEFLMQAFGLOQLNMELQLALOMSEKRVLRTQTL

LCDMLLRDSPAGIVTQSPSIMDLVKCDGAAFLYHGKYYPLGVAPSEVQIKDVVEWLLA

NHADSTGLSTDSLGDAGYPGAAALGDAVCGMAVAYITKRDFLFWFRSHTAKEIKWGGA

KHHPEDKDDGQRMHPRSSFQAFLEVVKSRSQPWETAEMDATIHSLQLILRDSFKESEAA

MNSKVVDGVVQPCRDMAGEQGIDELGAVAREMVRLIETATVPIFAVDAGGCINGWNAK
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-continued
IAELTGLSVEEAMGKSLVSDLIYKENEATVNKLLSRALRGDEEKNVEVKLKTFSPELQ
GKAVFVVVNACS SKDYLNNIVGVCFVGQDVTSQKIVMDKF INIQGDYKATVHS PNPLI
PPIFAADENTCCLEWNMAMEKLTGWSRSEVIGKMIVGEVFGSCCMLKGPDALTKFMIV
LHNAIGGQDTDKFPFPFFDRNGKFVQALLTANKRVSLEGKVIGAFCFLOIPSPELQQA
LAVORRQDTECFTKAKELAYICQVIKNPLSGMRFANSLLEATDLNEDQKQLLETSVSC
EKQISRIVGDMDLESIEDGSFVLKREEFFLGSVINATVSQAMFLLRDRGLOLIRDIPE
EIKSIEVFGDQIRIQQLLAEFLLSI IRYAPSQEWVEIHLSQLSKQMADGFAATRTEFR
MACPGEGLPPELVRDMFHS SRWTSPEGLGLSVCRKI LKLMNGEVQYIRESERSYFLII

LELPVPRKRPLSTASGSGDMMLMMPY

MASGSRATPTRSPSSARPEAPRHAHHHHHS QS SGGS TSRAGGGAAATESVSKAVAQYT
LDARLHAVFEQSGASGRSFDYSQSLRAPPTPSSEQQIAAYLS
RIQRGGHIQPFGCTLAVADDSSFRLLAFSENSPDLLDLSPHHSVPSLDSSAPPHVSLG
ADARLLFSPSSAVLLERAFAAREISLLNPIWIHSRVSSKPFY
AILHRIDVGVVIDLEPARTEDPALSIAGAVQSQKLAVRAISRLOALPGGDVKLLCDTV
VEHVRELTGYDRVMVYRFHEDEHGEVVAESRRDNLEPYLGLH
YPATDIPQASRFLFRONRVRMIADCHATPVRVIQDPGLSQPLCLVGS TLRAPHGCHAQ
YMANMGSIASLVMAVIISSGGDDEQTGRGGISSAMKLWGLVY
CHHTSPRCIPFPLRYACEFLMQAFGLQLNMELQLAHQLSEKHILRTQTLLCDMLLRDS
PTGIVTQSPSIMDLVKCDGAALYYHGKYYPLGVTPTESQIKD
IIEWLTVFHGDS TGLSTDSLADAGYLGAAALGEAVCGMAVAYITPSDYLFWFRSHTAK
EIKWGGAKHHPEDKDDGQRMHPRSSFKAFLEVVKSRSLPWEN
AEMDATHSLQLILRDSFRDAAEGTNNSKAIVNGQVQLRELELRGINELS SVAREMVRL
IETATVPIFAVDTDGCINGWNAKIAELTGLSVEEAMGKSLVN
DLIFKESEATVEKLLSRALRGEEDKNVEIKLKTFGSEQYKGPIFVVVNACSSRDYTQON
IVGVCFVGQDVTGQKVVMDKFVNIQGDYKAIVHNPNPLIPPI
FASDENTSCSEWNTAMEKLTGWSRGEVVGKFLIGEVFGNCCRLKGPDALTKFMVIIHN
AIGGODYEKFPFSFFDKNGKYVQALLTANTRSKMDGKS IGAF
CFLQIASTEIQQAFEIQRQQEKKCYARMKELAYICQEIKNPLSGIRFTNSLLOMTDLN
DDQRQFLETSSACEKQMSKIVKDASLQSIEDGSLVLEQSEFS
LGDVMNAVVSQAMLLLRERDLQLIRDIPDETKDASAYGDQCRIQQVLADFLLSMVRSA
PSENGWVEIQVRPNVKQNSDGTNTELFIFRFACPGEGLPADV
VQODMFSNSQWSTQEGVGLSTCRKILKLMGGEVQYIRESERSFFLIVLEQPQPRPAAGR

EIV

MGSGSRATPTRSPSSARPAAPRHQHHHSQS SGGSTSRAGGGGGG

GGGGGGGAAAAESVSKAVAQY TLDARLHAVFEQSGASGRSFDYTQSLRASPTPSSEQQ
IAAYLSRIQRGGHIQPFGCTLAVADDS SFRLLAYSENTADLLDLSPHHSVPSLDSSAV
PPPVSLGADARLLFAPSSAVLLERAFAAREISLLNPLWIHSRVSSKPFYAILHRIDVG
VVIDLEPARTEDPALSIAGAVQSQKLAVRAISRLOALPGGDVKLLCDTVVEHVRELTG

YDRVMVYRFHEDEHGEVVAESRRSNLEPYIGLHYPATDIPQASRFLFRQNRVRMIADC

(SEQ ID NO:

(SEQ ID NO:

2)

3)
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-continued
HAAPVRVIQDPALTQPLCLVGSTLRSPHGCHAQYMANMGS IASLVMAVI IS SGGDDDH
NIARGS IPSAMKLWGLVVCHHTSPRCIPFPLRYACEFLMOAFGLQLNMELQLAHQLSE
KHILRTQTLLCDMLLRDSPTGIVTQSPSIMDLVKCDGAALYYHGKYYPLGVTPTEVQI
KDIIEWLTMCHGDS TGLSTDSLADAGY SGAAALGDAVSGMAVAYI TPSDYLFWFRSHT
AKEIKWGGAKHHPEDKDDGQRMHPRSSFKAFLEVVKSRSLPWENAEMDATHSLQLILR
DSFRDSAEGT SNSKATVNGQVQLGELELRGIDELSSVAREMVRLIETATVPIFAVDTD
GCINGWNAKVAELTGLSVEEAMGKS LVNDLIFKESEETVNKLLSRALRGDEDKNVEIK
LKTFGPEQSKGPIFVIVNACSSRDY TKNIVGVCFVGODVTGOKVVMDKE INIQGDYKA
IVHNPNPLIPPIFASDENTCCLEWNTAMEKLTGWSRGEVVGKLLVGEVFGNCCRLKGP
DALTKFMIVLHNAIGGQDCEKFPFSFFDKNGKYVQALLTANTRSRMDGEAIGAFCFLQ
IASPELQQAFEIQRHHEKKCYARMKELAYIYQEI KNPLNGIRFTNSLLEMTDLKDDOR
QFLETSTACEKQMSKIVKDASLQSIEDGSLVLEKGEFSLGSVMNAVVSQVMIQLRERD
LQLIRDIPDEIKEASAYGDQYRIQQVLCDFLLSMVRFAPAENGWVEIQVRPNIKQNSD
GTDTMLFLFRFACPGEGLPPEIVQODMFSNSRWTTQEGIGLSICRKILKLMGGEVQYIR

ESERSFFHIVLELPQPQQAASRGTS

MASGSRATPTRSPSSARPEAPRHAHHHHHHHSQS SGGSTSRAGG

GGGGGGGGGGTAATATATATESVSKAVAQY TLDARLHAVFEQSGASGRSFDYSQSLRA
PPTPSSEQQIAAYLSRIQRGGHIQPFGCTLAVADDS SFRLLAFSENAADLLDLSPHHS
VPSLDSAAPPPVSLGADARLLFSPSSAVLLERAFAAREISLLNPLWIHSRVSSKPFYA
ILHRIDVGVVIDLEPARTEDPALSIAGAVQSQKLAVRAISRLOALPGGDIKLLCDTVV
EHVRELTGYDRVMVYRFHEDEHGEVVAESRRDNLEPYLGLHYPATDIPQASRFLFRON
RVRMIADCHATPVRVIQDPGMSQPLCLVGS TLRAPHGCHAQYMANMGSIASLVMAVII
SSGGDDEQTGRGGI SSAMKLWGLVVCHHTSPRCIPFPLRYACEFLMQAFGLQLNMELQ
LAHQLSEKHILRTQTLLCDMLLRDSPTGIVTQSPSIMDLVKCDGAALYYHGKYYPLGV
TPTESQIKDIIEWLTVCHGDS TGLSTDSLADAGYLGAAALGDAVCGMAVAYITPSDYL
FWFRSHTAKEIKWGGAKHHPEDKDDGQRMHPRSSFKAFLEVVKSRSLPWENAEMDATIH
SLOLILRDSFRDAAEGTSNSKAIVNGQAQLGELELRGINELSSVPREMVRLIETATVP
IFAVDTDGCINGWNAKIAELTGLSVEEAMGKSLVNDLIFKESEEIVEKLLSRALRGEE
DKNVEIKLKTFGSEQSNGAIFVIVNACSSRDYTONIVGVCFVGQDVTGQKVVMDKFIN
IQGDYKAIVHNPNPLIPPIFASDENTSCSEWNTAMEKLTGWSRGEVVGKFLIGEVEFGS
FCRLKGPDALTKFMVVIHNAIGGQDYEKFPFSFFDKNGKYVQALLTANTRSKMDGKSI
GAFCFLQIASAETIQQAFEIQRQQEKKCYARMKELAYICQEIKNPLSGIRFTNSLLOMT
DLNDDQRQFLETCSACEKQMSKIVKDATLQSIEDGSLVLEKSEFSFGDVMNAVVSQAM
LLLRERDLQLIRDIPDEIKDASAYGDQFRIQQVLADFLLSMVRSAPSENGWVEIQVRP
NVKQNSDGTDTELFIFRFACPGEGLPADIVQDMF SNSQWS TQEGVGLSTCRKILKLMG

GEVQYIRESERSFFLIVLELPQPRPAADREIS

MASASGAANSSVPPPQIHTSRTKLSHHSSNNNNNIDSMSKAIAQ
YTEDARLHAVFEQSGESGRSFNYSESIRIASESVPEQQITAYLVKIQRGGFIQPFGSM

IAVDEPSFRILGYSDNARDMLGITPQSVPSLDDKNDAAFALGTDVRALFTHSSALLLE

(SEQ ID NO:

(SEQ ID NO:

4)

5)

32
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-continued
KAFSAREISLMNPIWIHSRTSGKPFYGILHRIDVGIVIDLEPARTEDPALS IAGAVQS

QKLAVRAI SQLQSLPGGDVKLLCDTVVESVRELTGYDRVMVYKFHEDEHGEVV SESKR
PDLEPYIGLHYPATDIPQASRFLFKQNRVRMIVDCHASAVRVVQDEALVQPLCLVGST
LRAPHGCHAQYMANMGS IASLVMAV I INGNDEEGVGGRSSMRLWGLVVCHHTSARCIP
FPLRYACEFLMQAFGLQLNMELQLAAQSLEKRVLRTQTLLCDMLLRDSPTGIVTQSPS
IMDLVKCDGAALYFQGNYYPLGVTPTEAQIRDI I EWLLAFHGDSTGLSTDSLGDAGYP
GAASLGDAVCGMAVAYI TEKDFLEFWFRSHTAKEI KWGGAKHHPEDKDDGQRMHPRS SF
KAFLEVVKSRSLPWENAEMDATHSLQLILRDS FKDAEHRNSKAVVDPHV SEQELQGVD
ELSSVAREMVRLIETATAPIFAVDVDGHVNGWNAKV SELTGLPVEEAMGKS LVHDLVE
KESEETMNKLLSRALKGEEDKNVEI KMRTFGPEHQONKAVFLVVNACS SKDETNNVVGY
CFVGQDVTGQKIVMDKE INIQGDYKAI VHS PNPLIPPIFASDDNT CCLEWNTAMEKLT
GWGRVDVIGKMLVGEVFGS CCQLKGSDS I TKFMI VLHNALGGQDTDKFPFSFLDRHGK
YVQTFLTANKRVNMEGQI IGAFCFLQIMSPELQQALKAQRQQEKNSFGRMKELAYICQ
GVKNPLSGIRFTNSLLEATSLTNEQKQFLETSVACEKQMLKIIRDVDLESIEDGSLEL
EKGEFLLGNVINAVVSQVMLLLRERNLQLIRDIPEEIKTLAVYGDOLRIQQVLSDFLL
NIVRYAPSPDGWVEIHVRPRIKQISDGLTLLHAEFRMYCPGEGLPPELIQDMENNSRW

GTQEGLGLSMSRKILKLMNGEVQYIREAERCYFYVLLELPVTRRSSKKC

MASASGAENSSVPPSPLPPPPPPQIHT SRTKLSHHHHNNNNNNN

NNIDSTSKAIAQYTEDARLHAVFEQSGESGRSFDYSQSIRVTSESVPEQQITAYLLKI
QRGGFIQPFGSMIAVDEPSFRILAYSDNARDMLGITPQSVPSLDDKNDAAFALGTDIR
TLFTHSSAVLLEKAFSAREISLMNPIWIHSRTSGKPFYGILHRIDVGIVIDLEPARTE
DPALSIAGAVQSQKLAVRAISQLQSLPGGDVKLLCDTVVESVRELTGYDRVMVYRFHE
DEHGEVVAETKRPDLEPYIGLHYPATDIPQASRFLFKQONRVRMIVDCHASAVRVVQDE
ALVQPLCLVGSTLRAPHGCHAQYMANMGS TASLVMAVI INGNDEEGVGGRT SMRLWGL
VICHHTSARCIPFPLRYACEFLMQAFGLQLNMELQLAAQSLEKRVLRTQTLLCDMLLR
DSPTGIVTQSPSIMDLVKCDGAALYYQGNYYPLGVTPTEAQIRDI IEWLLAFHRDSTG
LSTDSLADAGYPGAASLGDAVCGMAVAYITEKDFLFWFRSHTAKEIKWGGAKHHPEDK
DDGQRMHPRS SFKAFLEVVKSRSLPWENAEMDAIHSLQLILRDSFKDAEHSNSKAVLD
PRMSELELQGVDELSSVAREMVRLIETATAPIFAVDVDGRINGWNAKVSELTGLPVEE
AMGKSLVRDLVFKESEETVDKLLSRALKGEEDKNVEIKMRTFGPEHQNKAVEVVVNAC
SSKDYTNNVVGVCFVGQDVTGQKIVMDKFINIQGDYKAIVHNPNPLIPPIFASDDNTC
CLEWNTAMEKLTGWSRADVIGKMLVGEVFGSCCQLKGSDSITKFMIVLHNALGGHDTD
RFPFSFLDRYGKHVQAFLTANKRVNMDGQI IGAFCFLQIVSPELQQALKAQRQQOEKNS
FARMKELAYICQGVKNPLSGIRFTNSLLEATCLSNEQKQFLETSAACEKQMLKIIHDV
DIESIEDGSLELEKGEFLLGNVINAVVSQVMLLLRERNLQLIRDIPEEIKTLAVYGDQ
LRIQQVLSDFLLNIVRYAPSPDGWVEIHVHPRIKQI SDGLTLLHAEFRMVCPGEGLPP
ELIQNMFNNSGWGTQEGLGLSMSRKILKLMNGEVQYIREAQRCYFYVLLELPVTRRSS

KKC

(SEQ ID NO:

6)

34
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MSKAIAQYTEDARLHAVFEQSGESGRSFNYSESIRIASESVPEQ

QITAYLVKIQRGGFIQPFGSMIAVDEPSFRILGYSDNARDMLGITPQSVPSLDDKNDA
AFALGTDVRALFTHSSALLLEKAFSAREISLMNPIWIHSRTSGKPFYGILHRIDVGIV
IDLEPARTEDPALSIAGAVQSQKLAVRAISQLQSLPGGDVKLLCDTVVESVRELTGYD
RVMVYKFHEDEHGEVVSESKRPDLEPYIGLHYPATDIPQASRFLFKQONRVRMIVDCHA
SAVRVVQDEALVQPLCLVGSTLRAPHGCHAQYMANMGS IASLVMAVI INGNDEEGVGG
RSSMRLWGLVVCHHTSARCIPFPLRYACEFLMQAFGLQLNMELQLAAQSLEKRVLRTQ
TLLCDMLLRDSPTGIVTQSPSIMDLVKCDGAALYFQGNYYPLGVTPTEAQIRDIIEWL
LAFHGDSTGLSTDSLGDAGYPGAASLGDAVCGMAVAYITEKDFLFWFRSHTAKEIKWG
GAKHHPEDKDDGQRMHPRS SFKAFLEVVKSRSLPWENAEMDATHSLQLILRDSFKDAE
HRNSKAVADPRVSEQELQGVDELSSVAREMVRLIETATAPIFAVDVDGHVNGWNAKVS
ELTGLPVEEAMGKSLVHDLVFKESEETMNKLLSRALKGEEDKNVEIKMRTFGPERQNK
AVFLVVNACSSKDFTNNVVGVCEFVGQDVTGQKIVMDKFINIQGDYKAIVHSPNPLIPP
IFASDDNTCCLEWNTAMEKLTGWGRVDVIGKMLVGEVFGSCCQLKGSDSITKFMIVLH
NALGGQDTDKFPFSFLDRHGKYVQTFLTANKRVNMEGQIIGAFCFLQIMSPELQQALK
AQRQOEKNSFGRMKELAYICQGVKNPLSGIRFTNSLLEATSLTNEQKQFLETSVACEK
QOMLKIIRDVDLESIEDGSLELEKGEFLLGNVINAVVSQVMLLLRERNLQLIRDIPEEI
KTLAVYGDQLRIQQVLSDFLLNIVRYAPSPDGWVEIHVRPRIKQISDGLTLLHAEFRM
VCPGEGLPPELIQDMFNNSRWGTQEGLGLSMSRKILKLMNGEVQYIREAERCYFYVLL

ELPVTRRSSKKC

MIAVDEPSFRILAYSDNARDMLGITPQSVPSLDDKNDAAFALGT

DIRTLFTHSSAVLLEKAFSAREISLMNPIWIHSRTSGKPFYGILHRIDVGIVIDLEPA
RTEDPALSIAGAVQSQKLAVRAISQLQSLPGGDVKLLCDTVVESVRELTGYDRVMVYR
FHEDEHGEVVAETKRPDLEPYIGLHYPATDIPQASRFLFKQONRVRMIVDCHASAVRVV
QDEALVQPLCLVGSTLRAPHGCHAQYMANMGS TASLVMAVIINGNDEEGVGGRTSMRL
WGLVICHHTSARCIPFPLRYACEFLMQAFGLQLNMELQLAAQSLEKRVLRTQTLLCDM
LLRDSPTGIVTQSPSIMDLVKCDGAALYYQGNYYPLGVTPTEAQIRDIIEWLLAFHRD
STGLSTDSLADAGYPGAASLGDAVCGMAVAYI TEKDFLFWFRSHTAKEI KWGGAKHHP
EDKDDGQRMHPRSSFKAFLEVVKSRSLPWESAEMDAIHSLQLILRDSFKDAEHSNSKA
VLDPRMSELELQGVDELSSVAREMVRLIETATAPIFAVDVDGRINGWNAKVSELTGLP
VEEAMGKSLVRDLVFKESEETVDKLLSRALKGEEDKNVEIKMRTFGPEHQNKAVEVVV
NACSSKDYTNNVVGVCFVGQDVTGQKIVMDKF INIQGDYKAIVHNPNPLIPPIFASDD
NTCCLEWNTAMEKLTGWSRADVIGKMLVGEVFGS CCQLKGSDSITKFMIVLHNALGGH
DTDRFPFSFLDRYGKHVQAFLTANKRVNMDGQIIGAFCFLQIVSPELQQALKAQRQQOE
KNSFARMKELAYICQGVKNPLSGIRFTNSLLEATCLSNEQKQFLETSAACEKQMLKII

HDVDIESIEDG

MASGSRTKHSHHNSSQAQSSGTSNVNYKDSISKAIAQYTADARL
HAVFEQSGESGKFFDYSESVKTTTQSVPERQI TAYLTKIQRGGHIQPFGCMIAVDEAS

FRVIAYSENAFEMLSLTPQSVPSLEKCEILTIGTDVRTLFTPSSSVLLERAFGAREIT

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

7)

8)

9)
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LLNPIWIHSKNSGKPFYAILHRVDVGIAIDLEPARTEDPALSIAGAVQSQKLAVRAIS
HLQSLPGGDIKLLCDTVVESVRELTGYDRVMVYKFHEDEHGEVVAESKRSDLEPYIGL
HYPATDIPQASRFLFKQNRVRMIVDCHATPVRVTQDESLMQPLCLVGSTLRAPHGCHA
QYMANMGS IASLTLAVI INGNDEEAVGGGRNSMRLWGLVVGHHTSVRSIPFPLRYACE
FLMQAFGLQLNMELQLASQLS EKHVLRTQTLLCDMLLRDS PPGIVTQSPSIMDLVKCD
GAALYYQGKYYPLGVTPTEAQIKDIVEWLLAYHGDS TGLSTDSLADAGY PGAASLGDA
VCGMAVAYISSKDFLFWFRSHTAKEIKWGGAKHHPEDKDDGLRMHPRSSFKAFLEVVK
SRSSPWENAEMDATHSLQLILRDSFKDAEASNSKAIVHAHLGEMELQGIDELS SVARE
MVRLIETATAPIFAVDVEGRINGWNAKVAELTGLSVEEAMGKS LVHELVYKESQETAE
KLLYNALRGEEDKNVEIKLRTFGAEQLEKAVFVVVNACASKDY TNNIVGVCFVGQDVT
GEKVVMDKFINIQGDYKAIVHSPNPLIPPIFASDENTCCSEWNTAMEKLTGWSRGEIV
GKMLVGEIFGSCCRLKGPDAMTKFMIVLHNATI GGQDTDKFPFSFFDRNGKYVQALLTA
NKRVNMEGNTIGAFCFIQIASPELOQALRVORQQEKKCYSQMKELAY ICQETKSPLNG
IRFTNSLLEATNLTENQKQYLETSAACERQMSKI IRDVDLENI EDGSLTLEKEDFFLG
SVIDAVVSQVMLLLREKGVQLIRDIPEEIKTLTVHGDQVRIQQVLADFLLNMVRYAPS
PDGWVEIQLRPSMMPISDGVTGVHI ELRIICPGEGLPPELVQDMFHS SRWVTQEGLGL

STCRKMLKLMNGEIQYIRESERCYFLIVLDLPMTRKGPKSVG

SNNNNNRNIKRESLSMRKAIAQYTEDAXLHAVFEKSGDSFDYAQ

SIRVTAATESVPEQQITAYLAKIQRGGFIQPFGSMIAVDETSFRVLAYSENARDMLGI
APQSVPSMEDDSSSSSFFSLGVDVRSLFSASSSVLLEKAFSAREISLMNPIWIHSRST
GKPFYGILHRIDIGVVIDLEPARSEDPALSIAGAVQSQKLAVRAISQLQALPGGDVKL
LCDAVVESVRELTGYDRVMVYKFHEDEHGEVVAESKRVDLEPYIGLHYPATDIPQASR
FLFKQNRVRMIVDCNASPVRVFQDEALVQPVCLVGS TLRAPHGCHAQYMANMGSIASL
AMAVIINGNDEDGGGIGGAARGSMRLWGLVVCHHTSARCIPFPLRYACEFLMQAFGLQ
LNMELQLAVQSLEKRVLKTQTLLCDMLLRDSHTGIVTQSPSIMDLVKCDGAALYYQGN
YHPLGVTPTESQIRDIIDWLLAFHSDSTGLSTDSLADAGYPGAASLGDAVCGMAVAYI
TEKDFLFWFRSHTAKEI KWGGAKHHPEDKDDGQKMHPRSSFKAFLEVVKIRSMQOWDNA
EMDATHSLQLILRDSFKEAENNDSKAVVHTHMAELELQGVDELSSVAREMVRLIETAT
APIFAVDVDGRINGWNAKVSELTGLLVEEAMGKSLVHDLVYKESRETVDKLLSHALKG
EEDKNVEIKMKTFGPGNQNKAVFIVVNACSSKDYTNNIVGVCFVGQDITGQKVVMDKFE
INIQGDYKAIVHSPNPLIPPIFASDDNTCCLEWNNAMEKLSGWSRADVIGKLLVGEVF
GSFCQLKGSDAMTKFMIVLHNALGGHD TDKFPLSFLDRHGKYVHTFLTANKRVNMDGQ
IIGAFCFLQIVNPELQQALTVQRQODSSSLARMKELAY ICQEVKNPLSGIRFTNSLLE
STCLTDEQKQLLETSVACEKQMLKIVRDIALESIEDGSLELEKQEFLLENVINAVVSQ
VMLLLRDRKLQLIRDIPEEIKALAVYGDQLRIQQVLADFLMNVVRYAPSPDGWVEIHV
FPRIKQISEGLTLLHAEFRMVCPGEGLPPELIQDMFHNSRWVTQEGLGLSMSRKIIKL

MNGEVQYVREAERCYFLVLLELPVTRRSSKAIN

MSSGNRGTQSHHQAQSSGTSNLRVYHTDSMSKAIAQYTMDARLH

AVYEQSGESGKSFDYSQSVRTTTQSVPEQQITAYLSKIQRGGHIQPFGCMLAVDEATF

(SEQ ID NO:

(SEQ ID NO:

10)

11)

38
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RVIAFSENAREMLGLTPQSVPSLEKPEILLVGTDVRTLFTPSSAVLLEKAFRAREI TL

LNPVWIHSKNSGKPFYAILHRIDVGIVIDLEPARTEDPALSIAGAVQSQKLAVRAISH
LQSLPGGDINLLCETVVENVRELTGYDRVMVYKFHEDEHGEVVAESKRSDLEPYIGLH
YPATDIPQASRFLFRONRVRMIVDCHATPVLVIQDEGLMQPLCLVGS TLRAPHGCHAQ
YMANMGSTASLAMAVIINGSDEEAIGGRNLMRLWGLVVCHHTSARCIPFPLRYACEFL
MOAFGLQLNMELQLASQLSEKHVLRTQTLLCDMLLRDSPTGIVTQSPSIMDLVKCDGA
ALYYQGKYYPTGVTPTEAQIKDIAEWLLANHADS TGLS TDSLADAGYPGAASLGDAVC
GMAVAYITSRDFLFWFRSHTAKEIKWGGAKHHPEDKDDGQRMHPRSSFKAFLEVVKSR
SLPWENAEMDAIHSLQLILRDSFKDATDGSNSKAVMHAQLGELELQGMDELSSVAREM
VRLIETATAPIFAVDVDGCINGWNAKVAELTGLSVEEAMGKSLVHDLVYKESEETVDK
LLHHALRGEEDKNVEIKLRTFDSQQHKKAVFVVVNACSSRDYTNNIVGVCFVGQDVTG
QKVVMDKFIHIQGDYKAIVHSPNPLIPPIFASDENTVCSEWNTAMEKLTGWSRGDIIG
KILVGEIFGSSCRLKGPDALTKFMIVLHNAIGGODTDKFPFSFFDONGKYVQALLTAN
KRVNIEGQIIGAFCFLQIASPELQQALKVQRQQEKKCFARMKELAYICQEIKNPLSGI
RFTNSLLEATDLTEDQKQFLETSAACEKQMSKIIRDVDLDSIEDGSLELERAEFLLGS
VINAVVSQVMILLRERDLQLIRDIPEEVKTLAVYGDQVRIQQVLADFLLNMVRYAPSP
DGWIEIQVCPRLKQISEEVKLMHIEFRMVCPGEGLPPNLIQDMFHSSRWMTQEGLGLS
MCRKILKLINGEVQYIRESERCYFLISIELPIPHRGSKSVD”

SEQ ID NO: 12
(See FIG. 13)

SEQ ID NO: 13
(See FIG. 13)

SEQ ID NO: 14
(See FIG. 13)

SEQ ID NO: 15
(See FIG. 13)

SEQ ID NO: 16
(See FIG. 13)

SEQ ID NO: 17
(See FIG. 13)

SEQ ID NO: 18
(See FIG. 13)

SEQ ID NO: 19
(See FIG. 13)

SEQ ID NO: 20
(See FIG. 13)

SEQ ID NO: 21
(See FIG. 13)

SEQ ID NO: 22
(See FIG. 13)

Arabidopsis thaliana phytochrome B (PHYB) nucleotide (GenBank Accession No
NM_127435)

(SEQ ID NO: 23)
at ggtttccgga gtcgggggta gtggeggtgg ccgtggeggt
ggcegtggeyg gagaagaaga accgtcgtca agtcacacte ctaataaccg aagaggagga
gaacaagcte aatcgteggyg aacgaaatcet ctcagaccaa gaagcaacac tgaatcaatg

agcaaagcaa ttcaacagta caccgtcgac gcaagactec acgecgtttt cgaacaatcce

ggcgaatcag ggaaatcatt cgactactca caatcactca aaacgacgac gtacggttec



tctgtacctyg

cagecttteg

gaaaacgcca

gagattctag

ctecgagegtyg

aagaatactg

gatttagagce

cagaaactcg

cttttgtgty

gtttataagt

ttagagcett

ttgtttaage

gtccaggacyg

catggttgte

gttataatca

aggctttggg

aggtatgett

ttagctttge

cttetgegty

aaatgtgacg

agtgaagttc

ggattaagca

getgtgtgeg

tctecacactyg

gatgggcaac

cggagtcage

agagactctt

cagccatgta

gagatggtta

tgcatcaatg

atggggaagt

cttetttcte

ttcageeeeyg

gactacttga

atcgtaatgg

aaccctctaa

atggcgatgg

ggggaagtgt

attgtattge

gaccgcaatyg

agcaacagat

gatgtatgat

gagaaatgtt

ctatgggaac

ctttegttge

gtaaaccgtt

cagctagaac

cggttegtge

acactgtegt

ttcatgaaga

atattggact

agaaccgtgt

ataggctaac

actctcagta

atggaaatga

gtttggttgt

gtgagttttt

aaatgtcaga

actecgectge

gtgcagcatt

agataaaaga

ctgatagttt

gtatggcagt

cgaaagaaat

gaatgcatce

catgggaaac

ttaaagaatc

gggatatggc

ggctcattga

gatggaacgce

ctetggttte

gtgctttgag

aactacaagg

acaacattgt

ataagttcat

tccegecaat

aaaagcttac

ttgggagctg

ataatgcgat

ggaagtttgt

41

cacagcttat
cgecegtegat
agggattatg
tgatgtgaga
tcgagagatt
ttacgccatt
tgaagatcct
gatttctcag
ggaaagtgtyg
tgagcatgga
gcattatcct
ccgaatgata
tcagtctatg
tatggctaac
agatgatggg
ttgccatcac
gatgcaggcet
gaaacgcgtt
tggaattgtt
tctttaccac
tgttgtggag
aggcgatgeg
tgcatatatc
caaatgggga
tegttegtec
tgcggaaatg
tgaggcggcet
gggggaacag
gactgcaact
taagattgca
tgatttaata
aggggacgag
gaaagcagtt
cggegtttgt
caacatacaa
ttttgetget
gggttggtet
ttgcatgeta
tggtggccaa

tcaggcteta
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ctctetegaa

gaatccagtt

cctcaatetyg

tctttgttea

accttgttaa

cttcatagga

gegettteta

ttacaggcte

agggacttga

gaagttgtag

gctactgata

gtagattgca

tgcttggtty

atgggatcta

agcaatgtag

acttcttcecte

tteggtttac

ttgagaacgc

acacagagtc

gggaagtatt

tggttgetty

gggtatcccyg

acaaaaagag

ggcgctaage

tttcaggett

gatgcgattce

atgaactcta

gggattgatg

gttecctatat

gagttgacag

tacaaagaga

gaaaagaatg

tttgtggtty

tttgttggac

ggagattaca

gacgagaaca

cgcagtgaag

aagggtcctyg

gatacggata

ttgactgcaa

tccagegagyg
tccggatcat
ttcctactet
cttettegag
atccggttty
ttgatgttgg
ttgctggtge
ttcectggtygy
ctggttatga
ctgagagtaa
ttcctcaage
atgccacacce
gttctactet
ttgegtettt
ctagtggaag
getgcatace
agttaaacat
agacactgtt
ccagtatcat
accegttggy
cgaatcatge
gtgcagctge
actttctttt
atcatccgga
ttcttgaagt
actcgceteca
aagttgtgga
agttaggtge
tcgetgtgga
gtctctcagt
atgaagcaac
tggaggttaa
tgaatgcttyg
aagacgttac
aggctattgt
cgtgetgect
tgattgggaa
atgctttaac

agttccettt

acaagcgggt

tggttacatt

cggttacagt

tgagaaacct

ctcgattcta

gatccattce

tgttgttatt

tgttcaatcyg

agatattaag

tcgtgttatg

acgagatgat

gtcaaggtte

tgttcttgtyg

tagggctect

agcaatggeg

aagctcgatg

gtttcegeta

ggaattgcag

atgtgatatg

ggacttagtg

tgttgctect

ggattcaacc

gttaggggat

ttggtttega

ggataaagat

tgttaagagce

gettattetg

tggtgtggtt

agttgcaaga

tgccggaggc

tgaagaagct

tgtcaataag

gctgaaaact

ttccagcaag

tagtcagaaa

acatagccca

ggaatggaac

aatgattgtce

caagttcatg

cccattettt

tagcctegag
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ggaaaggtta ttggggcttt ctgtttcttg caaatcccga gccctgaget gcagcaaget

ttagcagtce aacggaggca ggacacagag tgtttcacga aggcaaaaga gttggettat

atttgtcagg tgataaagaa tcctttgage ggtatgegtt tegcaaacte attgttggag

gccacagact tgaacgagga ccagaagcag ttacttgaaa caagtgttte ttgcgagaaa

cagatctcaa ggatcegtegg ggacatggat cttgaaagea ttgaagacgg ttcatttgtg

ctaaagaggg aagagttttt ccttggaagt gtcataaacg cgattgtaag tcaagcgatg

ttcttattaa gggacagagg tcttcagetg atccgtgaca ttcecgaaga gatcaaatca

atagaggttt ttggagacca gataaggatt caacagctec tggetgagtt tcetgetgagt

ataatccggt atgcaccatce tcaagagtgg gtggagatcce atttaageca actttcaaag

caaatggctyg atggattege cgecatcege acagaattca gaatggegtyg tccaggtgaa

ggtctgecte cagagctagt ccgagacatyg ttccatagca gcaggtggac aagecectgaa

ggtttaggtc taagcgtatg tcgaaagatt ttaaagctaa tgaacggtga ggttcaatac

atccgagaat cagaacggte ctatttecte atcattetgg aactcectgt acctcgaaag

cgaccattgt caactgctag tggaagtggt gacatgatge tgatgatgece atat

Zea mays phytochrome B nucleotide (Phytozome Accession No. GRMZM2G124532)
(SEQ ID NO: 24)

ATGGCGTCGGGCAGCCGCGCCACGCCCACGCGCTCCCCCTCCTCCGCGCGGCCCGAGGCGCCGCGTCACGCGCACCA

CCACCACCACTCCCAGTCGTCGGGCGGGAGCACGTCCCGCGCGGGCGGGGGAGCCGCGGCCACGGAGTCGGTCTCCA

AGGCCGTCGCCCAGTACACCCTAGACGCGCGCCTACACGCGGTGTTCGAGCAATCGGGCGCGTCGGGCCGCAGCTTC

GACTACTCCCAATCGCTGCGCGCGCCGCCCACGCCGTCCTCCGAGCAGCAGATCGCCGCCTACCTCTCCCGCATCCA

GCGCGGCGGCCACATCCAGCCCTTCGGCTGCACGCTCGCCGTCGCCGACGACTCCTCCTTCCGCCTCCTCGCCTTCT

CCGAGAACTCCCCCGACCTGCTCGACCTGTCGCCTCACCACTCCGTTCCCTCGCTGGACTCCTCTGCGCCGCCCCAC

GTTTCCCTGGGTGCCGACGCGCGCCTCCTCTTCTCCCCCTCGTCCGCGGTCCTCCTAGAGCGCGCCTTCGCCGCGCG

CGAGATCTCGCTGCTCAACCCGATATGGATCCACTCCAGGGTCTCCTCCAAGCCGTTCTACGCCATCCTCCACCGCA

TCGACGTCGGCGTCGTCATCGACCTCGAGCCCGCCCGCACCGAGGACCCCGCTCTCTCCATCGCCGGTGCAGTCCAG

TCCCAGAAACTGGCGGTCCGCGCCATCTCCCGCCTCCAGGCGCTACCCGGCGGGGACGTCAAGCTTCTCTGCGACAC

AGTCGTGGAGCATGTTCGCGAGCTCACGGGTTATGACCGTGTCATGGTGTACAGGTTCCATGAAGACGAGCACGGGG

AAGTTGTCGCCGAGAGCCGGCGCGACAACCTTGAGCCTTACCTCGGATTGCATTATCCCGCCACAGATATCCCCCAG

GCGTCGCGCTTCCTGTTCCGGCAGAACCGCGTGCGAATGATTGCCGATTGCCATGCCACCCCGGTGAGAGTTATTC

AAGATCCTGGGCTGTCGCAGCCTCTGTGTTTGGTAGGCTCCACGCTACGCGCTCCACACGGGTGTCATGCACAGTAC

ATGGCGAACATGGGGTCAATTGCGTCGCTTGTTATGGCAGTCATCATTAGCAGTGGCGGTGACGATGAGCAAACAGG

TCGGGGTGGCATCTCGTCGGCAATGAAGTTGTGGGGGT TAGTGGTGTGCCACCATACATCACCACGGTGTATCCCTT

TTCCATTGAGGTATGCTTGCGAGTTTCTCATGCAGGCATTTGGGTTGCAGCTCAACATGGAGTTGCAGCTTGCGCAC

CAGCTGTCAGAGAAGCACATTCTGCGAACTCAGACGCTATTGTGTGACATGCTACTACGAGATTCACCAACTGGCAT

CGTCACGCAGAGCCCCAGCATCATGGACCTTGTGAAGTGCGACGGGGCTGCACTGTATTATCATGGGAAATACTATC

CATTGGGTGTCACTCCCACTGAGTCTCAGATTAAGGATATCATCGAGTGGTTGACGGTGTTTCATGGGGACTCAACA

GGGCTCAGCACAGATAGCCTGGCTGATGCAGGCTACCTTGGTGCTGCTGCACTAGGGGAGGCTGTGTGTGGAATGGC

GGTGGCTTATATTACACCGAGTGATTACTTGTTTTGGTTTCGGTCACACACAGCTAAAGAGATCAAATGGGGTGGCG

CAAAGCATCACCCTGAGGATAAGGATGATGGT CAGAGGATGCACCCACGGTCGTCATTCAAGGCATTTCTTGAAGTG

GTTAAAAGCAGAAGCCTGCCATGGGAGAATGCAGAAATGGACGCAATACATTCCTTGCAGCTCATATTGCGTGACTC

CTTCAGGGATGCTGCAGAGGGCACCAACAACTCAAAAGCCATTGTCAATGGACAAGTTCAGCTTCGGGAGCTAGAAT

TGCGGGGGATAAATGAGCTTAGTCCGTAGCAAGAGAGATGGTTCGGT TGATAGAGACAGCAACAGTACCCATATT
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TGCAGTAGATACTGATGGGTGTATAAATGGTTGGAATGCAAAGATTGCTGAGT TGACAGGGCTTTCAGT TGAGGAGG
CAATGGGCAAATCTCTGGTAAATGATCTTATCTTCAAGGAATCTGAGGCGACAGTTGAAAAACTACTCTCACGAGCT
TTAAGAGGTGAGGAAGACAAAAATGTGGAGATAAAGTTGAAGACATTTGGGTCAGAGCAATATAAGGGACCAATATT
TGTTGTTGTCAATGCTTGTTCTAGTAGAGATTACACACAAAATATTGTAGGTGTCTGTTTTGTTGGACAAGATGTCA
CAGGACAAAAGGTGGTCATGGATAAATTTGTTAACATACAAGGGGACTACAAAGCTATTGTACACAATCCTAATCCT
CTGATACCACCAATTTTTGCATCAGATGAGAACACTTCTTGTTCAGAATGGAATACAGCCATGGAAAAACTTACAGG
ATGGTCGAGAGGTGAAGTTGT TGGTAAGTTTCTTAT TGGAGAGGTGTTTGGAAATTGTTGTCGACTCAAGGGCCCAG
ATGCATTGACAAAATTCATGGTTATTATTCACAACGCTATAGGAGGACAGGATTATGAGAAGTTCCCTTTTTCATTT
TTTGACAAGAATGGAAAGTATGTGCAGGCCTTATTGACCGCCAATACAAGGAGCAAAATGGATGGTAAATCCATTGG
AGCCTTTTGTTTCCTGCAGATTGCAAGCACTGAAATACAGCAAGCCTTTGAGATTCAGAGACAACAAGAAAAGAAGT
GTTACGCAAGGATGAAAGAATTGGCCTATATT TGCCAGGAGATAAAGAATCCTCTTAGTGGCATCCGATTTACCAAC
TCTCTGTTGCAGATGACTGATTTAAATGATGACCAGAGGCAGTTCCTTGAAACTAGCTCTGCTTGTGAGAAACAGAT
GTCCAAGATTGTTAAGGACGCCAGTCTCCAAAGTATCGAGGACGGCTCTTTGGTGCTTGAGCAAAGTGAGTTTTCT
CTTGGAGACGTTATGAATGCTGTTGTCAGCCAAGCAATGT TATTGTTGAGAGAGAGGGATTTACAACTTATTCGGGA
CATCCCTGATGAAATCAAGGATGCGTCAGCGTATGGTGATCAATGTAGAATTCAACAAGTTTTGGCTGACTTCTTGC
TAAGCATGGTGCGGTCTGCTCCATCCGAGAATGGTTGGGTAGAAATACAAGTCAGACCAAATGTAAAACAGAATTCT
GATGGAACAAATACAGAACTTTTCATATTCAGGTTTGCCTGCCCTGGTGAGGGCCTCCCTGCTGACGTC
GTCCAGGATATGTTCAGCAATTCCCAATGGTCAACACAAGAAGGCGTAGGACTAAGCACATGCAGGAAGATCCTCAA
ATTGATGGGTGGCGAGGTCCAATACATCAGAGAGTCAGAGCGGAGTTTCTTCCTCATCGTCCTCGAGCAGCCCCAAL
CTCGTCCAGCAGCTGGTAGAGAAATCGTC
Oryza sativa Japonica Group isolate SJ-CDI2 phytochrome b (phyB) nucleotide
(GenBank Accession No: JN594210)

(SEQ ID NO: 25)
atgggctegg gtageegege cacgeccacg cgeteccect cetecgegeg geccgeggeg
cegeggeace agcaccacca ctegeagtee tegggeggga geacgtceeceg cgegggaggg
ggtggcgggg gcgggggagyg gggagggggce ggcgeggccg ccgeggagtce ggtgtccaag
geegtggege agtacaccct ggacgegege ctccacgeeg tgttegagea gtegggegeg
tcgggecgea gettegacta cacgcagteg ctgegtgegt cecccaccce gtectcecegag
cagcagatcg ccgectacct cteccgeate cagegeggeg ggcacataca gececttegge
tgcacgcteg cecgtegecga cgactectee ttecgectece tegectacte cgagaacace
gecgacctge tcgacctgte gecccaccac tcegteccct cgetegacte ctecgeggtyg
ccteccceeg tetegetegg cgcagacgeg cgectecttt tegeteccte gtecgecegte
ctecectegage gegecttege cgegegegag atctegetge tcaacccget ctggatccac
tccagggtcet cctctaaace cttctacgee atectccace geatcgatgt cggegtegte
atcgaccteg agccegeceg caccgaggat cctgeactet cecatcgetgg cgcagtcecag
tctcagaage tegeggteeg tgecatctee cgectecagg cgettecegg cggtgacgte
aagctecttt gecgacaccgt tgttgageat gttagagage tcacaggtta tgaccgegtt
atggtgtaca ggttccatga ggatgagcat ggagaagteg ttgecgagag ccggegceagt
aaccttgage cctacatcgg gttgcattat cctgetacag atatcccaca ggcatcacge
ttcectgttee ggcagaaceg tgtgeggatg attgetgatt gecatgetge gecggtgagg
gtcatccagg atcctgcact aacacagccyg ctgtgettgg ttgggtecac getgegtteg

ccgcatggtt gecatgegea gtatatggeg aacatgggtt ccattgecate tcettgttatg
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gcagtgatca ttagtagtgg tggggatgat gatcataaca ttgcacgggg cagcatcccg
tcggecgatga agttgtgggg gttggtagta tgccaccaca catctccacg gtgcatccct
ttcccactac ggtatgcatg cgagttccte atgcaagcect ttgggttgca gctcaacatg
gagttgcagce ttgcacacca actgtcagag aaacacattc tgcggacgca gacactgctg
tgtgatatgc tactccggga ttcaccaact ggcattgtca cacaaagccc cagcatcatg
gaccttgtga agtgtgatgg tgctgctctg tattaccatg ggaagtacta ccctcttggt
gtcactccca cagaagttca gattaaggac atcatcgagt ggttgactat gtgccatgga
gactccacag ggctcagcac agatagcctt gctgatgcag gctactctgg tgctgctgea
ctaggagatg cagtgagcgg aatggcggta gcatatatca cgccaagtga ttatttgttt
tggttceggt cacacacagce taaggagata aagtggggtg gtgcaaagca tcatccagag
gataaggatg atggacaacg aatgcatcca cgatcatcgt tcaaggcatt tcttgaagtt
gtgaagagta ggagcttacc atgggagaat gcagagatgg atgcaataca ttccttgcag
ctcatattgc gggactcttt cagagattct gcagagggca caagtaactc aaaagccata
gtgaatggce aggttcagct tggggagcta gaattacggg gaatagatga gcttagetecg
gtagcgaggg agatggttcg gttgatcgag acagcaacag tacccatctt tgcagtagat
actgatggat gtataaatgg ttggaatgca aaggttgctg agctgacagg cctctcetgtt
gaggaagcaa tgggcaaatc attggtaaat gatctcatct tcaaggaatc tgaggaaaca
gtaaacaagc tactctcacg agctttaaga g
g tgatgaagac aaaaatgtag agataaagtt gaagacattc gggccagaac
aatctaaagg accaatattc gttattgtga atgcttgttc tagcagggat tacactaaaa
atattgttgg tgtttgtttt gttggccaag atgtcacagg acaaaaggtg gtcatggata
aatttatcaa catacaaggg gattacaagg ctatcgtaca caaccctaat cctctcatac
ccccaatatt tgecttcagat gagaatactt gttgtttgga gtggaacaca gcaatggaaa
aactcacagg atggtcaaga ggggaagttg ttggtaagct tctggteggt gaggtcetttg
gtaattgttg tcgactcaag ggcccagatg cattaacgaa attcatgatt gtcctacaca
acgctatagg aggacaggat tgtgaaaagt tcccctttte attttttgac aagaatggga
aatacgtgca ggccttattg actgcaaaca cgaggagcag aatggatggt gaggccatag
gagccttetg tttettgecag attgcaagtc ctgaattaca gcaagecttt gagattcaga
gacaccatga aaagaagtgt tatgcaagga tgaaggaatt ggcttacatt taccaggaaa
taaagaatcc tctcaacggt atccgattta caaactcgtt attggagatg actgatctaa
aggatgacca gaggcagttt cttgaaacca gcactgcttg tgagaaacag atgtccaaaa
ttgttaagga tgctagcctc caaagtattg aggatgg
ctcttt ggtgcttgag aaaggtgaat tttcactagg tagtgttatg
aatgctgttg tcagccaagt gatgatacag ttgagagaaa gagatttaca acttattcga
gatatcecctyg atgaaattaa agaagcctca gcatatggtg accaatatag aattcaacaa
gttttatgtg actttttgct aagcatggtg aggtttgctc cagctgaaaa tggctgggtg
gagatacagg tcagaccaaa tataaaacaa aattctgatg gaacagacac aatgcttttc
ctcttecag
gttt gecctgtcctg gegaaggect tcccccagag attgttcaag acatgtttag

taactccege tggacaacce aagagggtat tggectaage atatgcagga agatcctaaa
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attgatgggt ggcgaggtcc aatatataag ggagtcggag cggagtttct tccatatcgt

acttgagcetyg ccccagecte agcaageage aagtaggggyg acaage
Sorghum bicolor isolate PHYB-Rtx430 phytochrome B (PHYB) nucleotide (GenBank
Accession No: AY466089)

(SEQ ID NO: 26)
atggegtegg gcageegege cacgceccacyg cgetcccect cceteegegeyg accegaggeyg
cegegtcacyg cgcaccacca ccaccaccac cactcegecagt cgtegggegyg gagecacgtece
cgegegggeg ggggaggtgg aggaggagga ggtggcgggg gcaccgegge cacggctacg
gecacggeca cggagteggt ctecaaggece gtggegeagt acaccctaga cgegeggete
cacgeggtgt tcegagecaate gggegegteyg ggecgcaget tegactacte ccagtegetg
cgegegecge ccacgecgte ctecegageag cagategeeg cctacctete cegeatccag
cgeggeggee acatccagece ctteggetge acgetegecg tegecgacga ctectectte
cgectecteg ccttetecga gaacgeegee gacctgeteg acctgtegece gecaccactece
gtteccctege tegatteege ggegecgecee ccegtttece tgggtgecga cgegegecte
ctetteteee cctegteege ggtectectyg gagegegect tegecgegeyg cgagatcteg
ctgctcaace cgctatggat ccactccagg gtetctteca agecgtteta cgecatecte
caccgcateg acgteggegt cgtcategac ctegageceg ceegeacega ggaccccget
ctetecateg ceggegecagt ccagteccag aaactegegyg teegtgecat ctecegecte
caggcgctac ctggegggga catcaagete ctetgegaca cagtegtgga geatgttege
gagctcacgyg gttacgaceyg tgtcatggtg tacaggttce atgaagacga gecatggggaa
gttgtcegeeyg agagccggeg cgataacctt gagecttace teggattgea ttatccegec
acagatatce cccaggcate gegettectyg ttecggcaga accgegtgeyg gatgattget
gattgccatyg ccaccceggt gagagtcata caagatcctyg ggatgtegea gecactgtgt
ttggtagget ccacgetteg tgctecacac gggtgccatyg cgcagtacat ggegaacatg
gggtcaattyg catcacttgt tatggcagte atcattagca gtggtggtga tgacgagcaa
acaggtcggg gaggcatcte cteggcaatyg aagttgtggg ggttagtggt gtgtcaccat
acgtcaccac ggtgtatcce ttttecattyg aggtatgett gegagtttet catgecaggea
tttgggctge agctcaacat ggaattgecag cttgcgecate agetgtcaga gaagcacatt
ttgcgaacte agacgctatt gtgtgacatyg ctattgegag attcaccaac tggecatcgte
acgcagagcee ccagcatcat ggaccttgtyg aagtgtgatyg gggctgcact gtattatcat
gggaagtact atccattggg tgtcactcee actgagtcte agattaagga tatcattgag
tggttgacgg tgtgtcatgg ggactcaaca gggctcagea cagacagect tgetgatgea
ggctaccettyg gtgectgetge attaggggat getgtgtgtyg gaatggeggt ggettatatt
acaccgagtyg attacttgtt ttggtttegyg tcacacacag ctaaagagat caaatggggt
ggcgcaaage atcaccctga ggataaggat gatggtcaga ggatgcacce acggtcatca
ttcaaggcat ttcttgaagt ggttaaaagce agaagcctac catgggagaa tgcagaaatg
gacgcgatac attccttgea actcatattg cgtgactect tcagagatge tgcagaggge
actagcaact caaaagccat tgtcaatgga caagctcage ttggggaget agaattgegg
gggataaatyg agcttagete tgtaccaaga gagatggttce ggttgataga gacagcaaca
gtacccatat ttgcagtaga tactgatgga tgcataaatg gttggaatge gaaaattget
gagttgacag gecctttcagt tgaggaggca atgggcaaat ctectggtaaa cgatcttatce

ttcaaggaat ctgaggagat agtcgaaaag ctactctcac gagctttaag ag
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gtgagg aagacaaaaa tgtggagata aagttgaaga

catttgggtce agagcaatct aacggagcaa tatttgttat tgtcaatget tgttccagta
gagattacac acaaaatatt gttggtgtct gttttgttgg acaagatgtc acaggacaaa
aggtggtcat ggataaattt atcaacatac aaggggacta taaagctatt gtacacaatc
ctaatcctet gataccccca atttttgeat cagatgagaa cacttcettgt tcagaatgga
acacagccat ggaaaaactt acaggatggt cgagaggtga agttgttggt aaatttctta
ttggagaggt gtttggaagt ttttgtcgac tcaagggccce agatgcattyg acaaagttca
tggttgtcat tcacaatgct ataggagggc aggattatga gaagttccct ttttcatttt
tcgacaagaa tggaaagtat gtgcaggect tattgaccge caacacaagyg agcaaaatgg
atggtaaatc cattggcgcce ttttgttttt tgcagattge aagcgctgaa atacagcaag
cctttgagat tcagagacaa caagaaaaga agtgttatge aaggatgaaa gaattggcct
atatttgcca ggagataaag aatcctctta gtggcatceg atttaccaac tctetgttge
aaatgactga tttaaatgat gatcagaggc agttccttga aacttgctet gettgtgaga
aacagatgtc caagattgtt aaggacgcca ctctccaaag tattgaggac gg ctetttggta
cttgagaaaa gtgagttttc ttttggagac gttatgaatg ctgttgtcag ccaagcaatg
ttattgttga gggagaggga tttacaactt attcgggata tccctgatga aatcaaggat
gcatcagcat atggtgatca atttagaatt caacaagttt tggctgactt cttgctaagce
atggtgcgat ctgctececgtce cgagaatgge tgggtagaaa tacaagtcag accaaatgta
aaacagaatt ctgacggaac agatacagag cttttcatct tcag gtttgect gecctggtga
gggectteee getgacattyg tccaggatat gttcagcaat tceccagtggt caacccaaga
aggcgtagga ctaagcacat gcaggaagat cctcaaattg atgggcggtyg aggtccaata
catcagggag tcagagcgga gtttcttect catcgtecte gagetgcecee agectegtece
agcagctgat agagaaatca gt
Glycine max phytochrome B-1 (phyB) nucletoide (GenBank: EU428749)
(SEQ ID NO: 27)
1 atggcttcag caagcggage ggcgaattcce tcegttceege cgecgcaaat ccacacctca
61 cgaacaaagc tgagccacca cagcagcaac aacaacaaca acatcgactc catgagcaag
121 geccatcgege agtacacgga ggacgegcegg ctccacgecg tettegageca gtecggegag
181 tcecgggaggt ccttcaacta ctccgaatca atccgeatceg catcggaatce cgtccccgag
241 cagcagataa cggcttacct tgtcaaaatc cagegeggeg gettcatcca geccttegge
301 tccatgateg cegtcegacga gecctectte cgeatccteg gttactecga caacgeccge
361 gacatgeteg geattactece gecagtcegte ccttegeteg acgacaagaa cgacgecgec
421 ttcgeteteg geaccgatgt ccgagcccte ttcactcact ccagegectt actcctcgaa
481 aaggccttet cegcacgcga aattagcectce atgaacccta tctggatcca ctccagaace
541 tccgggaage ctttetatgyg aatcctcecac cgaattgacg teggaattgt catcgatttg
601 gagcectgege gtacggagga tcctgeccte tcetategetg gagetgteca gtegcagaag
661 ctcgeggtte gegegattte gcagettcaa tetctecceg geggtgatgt taagettetce
721 tgtgacactyg ttgtggaaag tgttagggaa ttgacgggtt atgatagggt tatggtttat
781 aagtttcatg aggatgagca tggagaggtt gtttctgaga gtaagaggcc tgatttggag
841 ccttacattg gattgcatta tcctgctact gatattccte aggcttctag gtttttgttt
901 aagcaaaata gagttaggat gattgtggat tgtcatgett ctgctgtgag ggtggtgecag

961 gatgaggcte ttgtgcagee tttgtgtttg gttgggtceca cccttaggge acctcacggt



1021 tgtcatgcectce
1081 atcaatggga
1141 gttgtctgee
1201 tttctgatgce
1261 ttggagaagc
1321 cctactggca
1381 gcecetttatt
1441 agggatatta
1501 agtctgggtyg
1561 gcggttgett
1621 gagatcaaat
1681 catcceegtt
1741 gagaatgcgg
1801 gatgctgagc
1861 caaggggtgg
1921 actgctccaa
1981 tcagaattaa
2041 gtgtttaagg
2101 gaagataaga
2161l gtgtttttag
2221 tgctttgttg
2281 caaggtgact
2341 tcggacgata
2401 ggcecgtgtgg
2461 ttgaagggtt
2521 caagatacag
2581 ttcctgactg
2641 ttgcaaatca
2701 aattcctttg
2761 agtggcatac
2821 cagtttcttg
2881 gatcttgaaa
2941 aatgtcataa
3001 ttgattcgtg
3061 attcaacaag
3121 ggctgggtag
3181 ctccatgctg
3241 gacatgttca
3301 aagattctaa

3361 ttctatgttce
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agtatatggce
atgacgagga
accataccte
aggcgtttgg
gggttttgag
ttgttactca
tccaagggaa
ttgagtggtt
atgctggata
atattacaga
ggggtggtge
cttecttceaa
aaatggatgce
atagaaattc
atgaactaag
tatttgetgt
caggactcce
agtctgaaga
atgttgagat
tggtgaatge
gtcaggatgt
acaaggctat
acacatgttyg
atgtcattgg
cagattcaat
ataaattccc
caaataagag
tgagtccgga
gtaggatgaa
gcetttacaaa
agactagtgt
gcatcgagga
atgcagttgt
atattcctga
tgttgtctga
agattcatgt
aatttagaat
ataacagtcg
agctaatgaa

ttettgaact
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taacatgggce

aggcgttggt

tgccaggtgt

gctgcagtty

gacacagact

gagtcctagt

ctattatceg

gttggectte

tcecegggget

gaaggatttt

aaagcatcat

ggegttttta

aattcactct

taaggctgtt

ttetgtggec

tgatgtegat

agttgaggag

aactatgaac

aaaaatgagg

ttgctecage

tactggtcaa

tgtacatagc

cttagagtgg

aaaaatgttg

aacaaagttc

tttctecattt

ggttaacatg

acttcagcag

agagttagcet

ctctetttty

tgcttgtgag

tgggtcectyg

tagccaagta

agaaatcaag

tttettgtty

acgtccaaga

ggtatgtect

gtgggggact

cggcgaagtyg

acctgtgaca

tcegattgegt

ggtcgcagtt

attcctttte

aacatggagc

ctgttgtgty

ataatggact

ttgggtgtga

catggagatt

gcectegetty

cttttetggt

cctgaggaca

gaagtggtga

ttgcagetta

gtggatccce

agagagatgg

ggccacgtaa

gctatgggga

aagcttettt

acgtttggec

aaggatttta

aaaattgtaa

ccaaatcctt

aacactgcaa

gtgggagagg

atgattgtet

cttgategge

gagggtcaga

gctettaagy

tatatttgtc

gaggctacaa

aagcaaatgt

gagcttgaaa

atgttactgt

acattggcag

aatatagtgc

ataaaacaaa

ggtgaaggtc

caagaaggtt

cagtatatca

cggagaaget

ctttggtgat

cgatgagget

ccttgaggta

ttcagttgge

atatgettet

tggtgaagtg

ctccaactga

cgaccggttt

gggatgcagt

tcaggtegea

aggatgatgg

aaagcegtag

ttctgegtga

atgtgtcaga

ttagattgat

atgggtggaa

agtccttggt

ctegtgettt

cagaacatca

caaataatgt

tggacaaatt

tgatcecctec

tggaaaagct

tttttggtag

tacacaatgc

acggaaagta

tcataggagce

cacagagaca

aaggagttaa

gcttgaccaa

taaagataat

agggggaatt

taagagaaag

tttatggtga

gctatgcace

tctcagatgg

ttcctectga

tagggctgag

dggaggccga

ctaaaaagtg

ggcagttatt

gtgggggett

tgcttgtgag

cgegeagteg

tagggacteg

tgatggggct

agctcagatt

gagtactgat

ttgtgggatg

cacggccaaa

gcagagaatg

cttgecegtgyg

ctcgtttaaa

acaagagttg

agaaacagcc

tgcaaaggtt

tcacgatctt

aaaaggtgaa

aaataaggca

agttggagtg

catcaacata

catttttgca

tactggttgg

ttgctgteag

acttggtgga

tgtacaaact

tttttgettt

acaagaaaag

gaatccttty

tgagcaaaag

acgcgacgtt

cttgcttgga

aaatttacag

tcaattgagg

atctccagat

gctcactett

attgattcaa

catgagcagg

acggtgctac

t
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Glycine max phytochrome B-2

EU428750.2)
1 atggcttcag
61 ccgeecgecge
121 aacaacaaca
181 gcgceggctece
241 caatcaatcc
301 aaaattcagc
361 tecttecgea
421 tecegtecctt
481 accctettea
541 agcctcatga
601 ctccaccgaa
661 gcccteteca
721 cttcaatcte
781 agggaattga
841 gaggttgttg
901 gctactgata
961 gtggattgtc
1021 tgtttggttg
1081 atgggctcga
1141 gttggtggcce
1201 aggtgtattc
1261 cagttgaaca
1321 cagactctgt
1381 cctagtatta
1441 tatccgttgg
1501 gcetttecata
1561 ggggctgect
1621 gattttecttt
1681 catcatcctg
1741 tttttagaag
1801 cactctttgc
1861 gctgttttgg
1921 gtagccagag
1981 gttgatggcce
2041 gaggaggcta
2101 gtggacaagc
2161 atgaggacgt
2221 tccagcaagg

2281 ggtcaaaaaa

caagcggage

aaatccacac

acaacaacat

acgcegtett

gegtcacate

geggeggett

tccttgecta

cgctegacga

ctcactccag

accctatcetyg

ttgacgtcgyg

tegecggage

tcceeggtygy

cagggtatga
ctgagactaa
ttcctecagge
atgcttetge
ggtccacget
ctgegtegtt
gcacttcgat
cttttcectt
tggagcttca
tgtgtgatat
tggacttggt
gtgtgactce
gagattcgac
cgcttgggga
tctggtteag
aggacaagga
tggtgaaaag
agcttattet
atcccegtat
agatggttag
gcataaatgg
tggggaagte
ttecttteteg
ttggcccaga
attatacaaa

ttgtgatgga
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(phyB) mRNA nucleotide (GenBank

ggagaattcc

ctegeggacy

cgactccacyg

tgagcagtecc

ggaatccgte

catccagecc

ctecgacaac

caagaacgac

cgeegttete

gattcactce

aattgtcatc

tgtccagteg

cgatgttaag

tagggttatg

gaggcctgat

ttctaggttt

tgtgagggtg

cagggegect

ggtgatggct

gaggttgtgg

gaggtatget

gttggccgea

gcttetcagy

gaagtgtgac

aactgaggcet

tggtttgagt

tgcagtttgt

gtcgcacacyg

tgatgggcag

cegtagettyg

gegtgacteg

gtcggaacta

attgatcgaa

gtggaatgca

cttggttege

tgctttaaaa

acatcaaaat

taatgtagtt

caaattcatc

tcegtecege

aagctgagec

agcaaggcca

ggcgagtccg

cceggageagce

ttcggeteca

gceegtgaca

gceegectteg

ctcgaaaagg

agaacctceg

gatttggage

cagaagcteg

cttetttgty

gtttataggt

ttggagectt

ttgtttaage

gtgcaggatg

cacggttgec

gttattatca

gggcttgtta

tgtgagtttce

cagtegttgg

gactctecta

ggagctgete

cagataaggg

actgatagtc

gggatggcegg

gcgaaagaga

agaatgcatc

ccgtgggaga

tttaaagatg

gagttgcaag

acagccactg

aaggtttcag

gatcttgtgt

ggtgaagaag

aaggcagttt

ggagtgtgct

aacatacaag

cgtegeegtt

accaccacca

tcegegeagta

ggaggteett

agataacggc

tgatcgeegt

tgcteggeat

cgcteggaac

cectteteege

ggaagccttt

ctgegeggac

cggttegege

atactgttgt

ttcatgagga

acattggatt

agaatagggt

aggctettgt

atgctcagta

atgggaatga

tttgccacca

tgatgcaggce

agaagcgggt

ctggcattgt

tttattacca

atattattga

tggctgatge

ttgcttatat

tcaaatgggyg

ccegttette

atgcggaaat

ctgagcatag

gggtcgatga

ctccaatatt

aattgacagg

ttaaggagtc

ataagaatgt

ttgtagtggt

ttgttggtca

gcgactacaa

Accession NO:

(SEQ ID NO: 28
gccgectecy

caacaacaac
cacggaggac
tgactactecc
ttaccttcte
cgacgagecc
tactccacag
cgatatcega
gcgegaaatt
ctatggaatc
ggaggatcct
gatttcgcag
tgagagtgtc
tgagcatggg
gcattatcce
taggatgatt
gcagectetyg
tatggctaac
tgaggaaggt
tacctetget
gtttgggety
tttgaggaca
aactcagagt
agggaactat
gtggttgttg
tggctatecet
tacagagaag
tggtgcaaag
cttcaaggea
ggatgcaatt
caattctaag
actaagttcet
tgctgttgat
actcccagtt
tgaagaaact
tgagataaaa
gaatgcttge
ggatgttact

ggctattgta
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2341 cataatccaa
2401 gagtggaaca
2461 atgttggtgg
2521 aagttcatga
2581 tcatttcttg
2641 aacatggatg
2701 caacaggctc
2761 ttagcttata
2821 cttttggagg
2881 tgtgagaagc
2941 tcecectggage
3001 caagtaatgc
3061 atcaagacat
3121 ttattgaata
3181 ccaagaataa
3241 tgtcectggtg
3301 gggactcaag

3361 gaagtgcagt

gagaggtttt
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atcctttgat cccte

ctgcaatgga aaagc

ttgtcttaca caatg

atcggtatgg caagc

gtcagatcat tgggyg

tgaaggcaca gagac

tttgtcaagg agtta

ctacatgett gtecca

aaatgttaaa gataa

ttgaaaaggg ggaat

tactgttaag agaaa

tggctgttta tggtg

tagtgcgcta tgcac

aacaaatctc agatg

aaggtcttee teetg

aaggtttagg gctga

atatcaggga ggccc

3421 gtgacacgga gaagctctaa aaagt

Glycine max phytochrome B-3 (phy
No: EU428751.1)

atgagcaagg
ccatecgegea
ccgggaggte
agcagataac
ccatgatege
acatgctegyg
tegetetegy
aggccttete
cegggaagec
agcctgegeg
tcgeggtteg
gtgacactgt
agtttcatga
cttacattgg
agcaaaatag
atgaggctct
gtcatgctca
tcaatgggaa
ttgtctgeca

ttctgatgeca

gtacacggag

cttcaactac

ggcttacctt

cgtegacgag

cattactceg

caccgatgte

cgcacgcgaa

tttctatgga

tacggaggat

cgcgattteg

tgtggaaagt

ggatgagcat

attgcattat

agttaggatg

tgtgcagect

gtatatggcet

tgacgaggaa

ccatacctcet

ggcgtttggg

gacgcegegge

tccgaatcaa

gtcaaaatce

ccctecttec

cagtcegtec

cgageectet

attagcctca

atcctceccacce

cctgeectet

cagcttcaat

gttagggaat

ggagaggttg

cctgetactyg

attgtggatt

ttgtgtttgg

aacatgggct

ggcgttggtyg

gccaggtgta

ctgcagttga

cggeagttge
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ccatt tttgecatcgg

ttact ggttggagec

cgett ggtggacatg
atgtg caagctttec
cattt tgctttttge
aacaa gagaagaatt
agaat cctttgagtg
atgag caaaaacagt
tacac gatgttgata
tcttg cttggaaatg
gaaat ttacagttga
atcaa ttgaggattc
catct ccagatgget
ggcte actcettetee
aattg attcaaaaca
gcatg agcaggaaga

aacgg tgctacttet

gt

tgtcagttga

B) nucleotide (GenBank

tccacgeegt
tcegecatege
agcgeggegy
gecatcctegy
cttegetega
tcactcacte
tgaaccctat
gaattgacgt
ctatcgetygyg
ctcteccegy
tgacgggtta
tttctgagag
atattcctca
gtcatgette
ttgggtccac
cgattgegte
gtcgecagtte
ttccttttec

acatggagct

cttecgageag

atcggaatcc

cttcatccag

ttactccgac

cgacaagaac

cagcgectta

ctggatccac

cggaattgte

agctgtccag

cggtgatgtt

tgatagggtt

taagaggcct

ggcttcetagg

tgctgtgagg

ccttagggea

tttggtgatg

gatgaggcetg

cttgaggtat

tcagttggee

atgataacac gtgttgctta

gcgeggatgt cattggaaaa

agggttcaga ttcaataaca

atacagatag attccctttt

tgactgcaaa taagagggtt

aaattgtgag tccggaactt

catttgctag gatgaaagag

gcatacgett tacaaactct

ttcttgagac tagtgetget

ttgaaagcat tgaggatggg

tcataaatge agttgttage

ttcgtgatat tcctgaagaa

aacaagtgtt gtctgatttce

gggtagagat tcatgtacat

atgctgaatt tagaatggta

tgttcaataa cagtgggtgyg

ttctaaaget aatgaacggce

atgttecttet tgaactacct

Accession

(SEQ ID NO: 29

tceggegagt
gtcecegage
ceccttegget
aacgcccgeg
gacgcegect
ctcctegaaa
tccagaacct
atcgatttgg
tcgcagaage
aagcttctet
atggtttata
gatttggage
tttttgttta
gtggtgcagg
cctcacggtt
gcagttatta
tgggggcttyg
gettgtgagt

gegeagtegt
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tggagaagcg
ctactggecat
cccetttattt
gggatattat
gtectgggtga
cggttgetta
agatcaaatg
atcccegtte
agaatgcgga
atgctgagca
aaggggtgga
ctgctecaat
cagaattaac
tgtttaagga
aagataagaa
tgtttttagt
getttgttgyg
aaggtgacta
cggacgataa
gecegtgtgga
tgaagggttc
aagatacaga
tcctgactge
tgcaaatcat
attcetttyg
gtggcatacyg
agtttcttga
atcttgaaag
atgtcataaa
tgattcgtga
ttcaacaagt
getgggtaga
tccatgetga
acatgttcaa
agattctaaa

tctatgttet

Glycine max phytochrome B-4

ggttttgagg
tgttactcag
ccaagggaac
tgagtggttyg
tgctggatat
tattacagag
gggtggtgcea
ttccttcaag
aatggatgca
tagaaattct
tgaactaagt
atttgetgtt
aggactccca
gtctgaagaa
tgttgagata
ggtgaatgcet
tcaggatgtt
caaggctatt
cacatgttge
tgtcattgga
agattcaata
taaattccct
aaataagagg
gagtccggaa
taggatgaaa
ctttacaaac
gactagtgtt
catcgaggat
tgcagttgtt
tattcctgaa
gttgtctgat
gattcatgta
atttagaatg
taacagtcgg
gctaatgaac

tcttgaacta

GenBank: EU428752.1
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acacagactc
agtcctagta
tattatcegt
ttggccttee
ceccggggetyg
aaggattttc
aagcatcatc
gegtttttag
attcactctt
aaggctgteg
tctgtggeca
gatgtcgatyg
gttgaggagg
actatgaaca
aaaatgagga
tgctccagea
actggtcaaa
gtacatagce
ttagagtgga
aaaatgttgg
acaaagttca
ttctcattte
gttaacatgg
cttcagcagyg
gagttagett
tetettttyg
gettgtgaga
gggtcectgg
agccaagtaa
gaaatcaaga
ttcttgttga
cgtccaagaa
gtatgtcctyg
tgggggacte
ggcgaagtge

cctgtgacac

at gatcgcegte gacgagecct

(phyB)

US 9,587,247 B2

-continued

tgttgtgtga

taatggactt

tgggtgtgac

atggagattc

cctegettygyg

ttttetggtt

ctgaggacaa

aagtggtgaa

tgcagcttat

cggatcceeg

gagagatggt

gccacgtaaa

ctatggggaa

agcettettte

cgtttggece

aggattttac

aaattgtaat

caaatccttt

acactgcaat

tgggagaggt

tgattgtett

ttgatcggca

agggtcagat

ctcttaagge

atatttgtca

aggctacaag

agcaaatgtt

agcttgaaaa

tgttactgtt

cattggcagt

atatagtgeg

taaaacaaat

gtgaaggtct

aagaaggttt

agtatatcag

ggagaagctce

tatgcttett

ggtgaagtgt

tccaactgaa

gaccggtttyg

ggatgcagtt

caggtcgcac

ggatgatggg

aagccgtage

tctgegtgac

tgtgtcagaa

tagattgata

tgggtggaat

gtccttggtt

tcgtgettta

agaacgtcaa

aaataatgta

ggacaaattc

gatccctece

ggaaaagctt

ttttggtagt

acacaatgca

cggaaagtat

cataggagct

acagagacaa

aggagttaag

cttgaccaat

aaagataata

gggggaattc

aagagaaaga

ttatggtgat

ctatgcacca

ctcagatggyg

tcctectgaa

agggctgagc

ggaggccgaa

taaaaagtgt

nucletoide

cctteegeat ccttgectac tecgacaacg cccgtgacat getceggeatt

cegteectte getegacgac aagaacgacg cegecttege getceggaacce

agggactcge

gatggggcetg

gctcagatta
agtactgata
tgtgggatgg
acggccaaag
cagagaatgce
ttgccegtggy
tcgtttaaag
caagagttge
gaaacagcca
gcaaaggttt
cacgatcttyg
aaaggtgaag
aataaggcag
gttggagtgt
atcaacatac
atttttgecat
actggttggy
tgctgtcagt
cttggtggac
gtacaaactt
ttttgetttt
caagaaaaga
aatcctttga
gagcaaaagc
cgcgacgtty
ttgcttggaa
aatttacagt
caattgagga
tctecagatyg
ctcactctte
ttgattcaag
atgagcagga

cggtgcetact

(SEQ ID NO:

actccacagt

gatatccgaa

30)
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US 9,587,247 B2

-continued
cectettcac tcactccage gecgttetee tcgaaaagge cttcectcecegeg cgcgaaatta

gectcatgaa ccctatcetgg attcactcca gaacctcegg gaagecttte tatggaatec

tccaccgaat tgacgtegga attgtcateg atttggagece tgegeggacyg gaggatcectg

661 ccctetecat

721 ttcaatctcet

781 gggaattgac

841 aggttgttgce

901 ctactgatat

961 tggattgtca
1021 gtttggttgg
1081 tgggctcgac
1141 ttggtggccyg
1201 ggtgtattcc
1261 agttgaacat
1321 agactctgtt
1381 ctagtattat
1441 atcecgttggg
1501 cctttcatag
1561 gggctgecte
1621 attttetttt
1681 atcatcctga
1741 ttttagaagt
1801 actctttgca
1861 ctgttttgga
1921 tagccagaga
1981 ttgatggccyg
2041 aggaggctat
2101 tggacaagct
2161 tgaggacgtt
2221 ccagcaagga
2281 gtcaaaaaat
2341 ataatccaaa
2401 agtggaacac
2461 tgttggtggg
2521 agttcatgat
2581 catttcttga
2641 acatggatgg
2701 aacaggctct
2761 tagcttatat
2821 ttttggaggc

2881 gtgagaagca

cgceggaget
cceceggtgge
agggtatgat
tgagactaag
tcctcagget
tgcttetget
gtccacgete
tgcgtegtty
cacttcgatg
tttteectty
ggagcttcag
gtgtgatatg
ggacttggtg
tgtgactcca
agattcgact
gettggggat
ctggttcagy
ggacaaggat
ggtgaaaagce
gcttattety
tcceegtaty
gatggttaga
cataaatggyg
ggggaagtcce
tetttetegt
tggcccagaa
ttatacaaat
tgtgatggac
tectttgate
tgcaatggaa
agaggtttte
tgtcttacac
tcggtatgge
tcagatcatt
gaaggcacag
ttgtcaagga
tacatgcttyg

aatgttaaag

gtccagtege

gatgttaagce

agggttatgg

aggcctgatt

tctaggtttt

gtgagggtgg

agggegectce

gtgatggcetg

aggttgtggg

aggtatgett

ttggecgeac

cttetecaggyg

aagtgtgacyg

actgaggctce

ggtttgagta

gcagtttgty

tcegeacacgg

gatgggcaga

cgtagettge

cgtgactegt

tceggaactag

ttgatcgaaa

tggaatgcaa

ttggttegeyg

gctttaaaag

catcaaaata

aatgtagttg

aaattcatca

ccteccattt

aagcttactg

ggcagttget

aatgegettyg

aagcatgtge

ggggcatttt

agacaacaag

gttaagaatc

tccaatgagce

ataatacacg

agaagctege

ttetttgtga

tttataggtt

tggagecctta

tgtttaageca

tgcaggatga

acggttgeca

ttattatcaa

ggcttgttat

gtgagtttet

agtcgttgga

actctecctac

gagctgetet

agataaggga

ctgatagtet

ggatggcggt

cgaaagagat

gaatgcatcc

cgtgggagag

ttaaagatgc

agttgcaagg

cagccactge

aggtttcaga

atcttgtgtt

gtgaagaaga

aggcagtttt

gagtgtgett

acatacaagg

ttgcategga

gttggagccg

gtcagttgaa

gtggacatga

aagctttect

getttttgea

agaagaattc

ctttgagtgg

aaaaacagtt

atgttgatat

ggttecgegeg
tactgttgtt
tcatgaggat
cattggattg
gaatagggtt
ggctettgty
tgctcagtat
tgggaatgat
ttgccaccat
gatgcaggcg
gaagcgggtt
tggcattgta
ttattaccaa
tattattgag
ggctgatget
tgcttatatt
caaatggggt
cegttettec
tgcggaaatg
tgagcatagc
ggtcgatgaa
tccaatattt
attgacagga
taaggagtct
taagaatgtt
tgtagtggtyg
tgttggtcag
cgactacaag
tgataacacg
cgeggatgte
gggttcagat
tacagataga
gactgcaaat
aattgtgagt
atttgctagg
catacgettt
tcttgagact

tgaaagcatt

atttcgcage

gagagtgtca

gagcatgggg

cattatceceg

aggatgattg

cagectetgt

atggctaaca

gaggaaggtg

acctctgeta

tttgggetge

ttgaggacac

actcagagtc

gggaactatt

tggttgttgy

ggctatcectyg

acagagaagg

ggtgcaaagce

ttcaaggcat

gatgcaattc

aattctaagg

ctaagttetg

gcetgttgatyg

ctcecagttyg

gaagaaactg

gagataaaaa

aatgcttget

gatgttactg

gctattgtac

tgttgcttag

attggaaaaa

tcaataacaa

ttcecttttt

aagagggtta

ccggaactte

atgaaagagt

acaaactctce

agtgctgett

gaggatgga
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-continued

Solanum tuberosum phytochrome B nucleotide
GenBank: DQ342235.1

1 atggcttcectg

61 ggtacaagta
121 gatgctaggce
181 tcagagtctg
241 actaaaattc
301 gctagttttce
361 caatctgttce
421 ctttttaccce
481 ttactcaacc
541 cacagggttg
601 ttatctattg
661 caatcacttc
721 gagttaaccg
781 gtagtggctg
841 actgatattc
901 gactgtcatg
961 ctagttggtt
1021 gggtctattg
1081 ggtggcggtce
1141 cggtccattce
1201 caattgaaca
1261 caaacactgt
1321 cccagtatta
1381 tatccattag
1441 gcttaccatg
1501 ggagcagctt
1561 gatttcttgt
1621 catcatcctg
1681 tttctggaag
1741 cactctttgce
1801 gctattgtgc
1861 gttgccagag
1921 gtcgaaggtc
1981 gaagaagcaa
2041 gctgagaagce
2101 ttgaggacat
2161 gctagcaaag
2221 ggggaaaaag

2281 cacagcccca

gaagtagaac

atgtaaatta

ttecatgetgt

ttaaaactac

aaagaggagyg

gtgtaatagce

caagccttga

cttectagete

caatttggat

atgttggtat

ctggagcagt

ctggtgggga

ggtatgaccg

agagtaaaag

ctcaagette

ctaccectgt

ccacacttag

cctcattaac

gaaattcaat

ctttcectet

tggagttgca

tatgtgacat

tggaccttgt

gtgtcacacc

gagactcaac

cacttggtga

tttggttteg

aagacaagga

ttgttaaaag

agctaattct

atgctcatct

aaatggttag

gcataaatgg

tggggaagtc

ttctgtataa

ttggagctga

attacacaaa

ttgttatgga

atcctetgat

aaagcattcc

caaagattca

gtttgaacaa

tacacaatct

tcatattcag

ttatagtgaa

gaagtgtgag

tgttttgcta

tcattccaag

tgccattgat

gcagtcacag

cattaagctt

ggttatggta

atcagattta

acggtttttyg

gcgggttact

agcacctcat

actggcagtt

gaggectatgg

taggtatgca

attggegtcea

gctecttega

gaagtgcgat

aactgaagcet

aggtttaagt

tgcagtttgt

ctcccacaca

tgatggactg

tceggagetcea

gcgagattca

tggggaaatg

attgatcgaa

gtggaatgca

cttggttcat

tgctctaaga

acaactggag

caacattgtt

caagtttatt

ccctecaata

catcataatt

ataagcaaag

tctggtgagt

gtgcctgaaa

ccttttggtt

aatgectttyg

atcctcacta

gaaagagcat

aattctggaa

ttggagectyg

aaacttgcag

ttgtgtgata

tataaatttc

gagccctata

tttaagcaga

caggatgaat

ggttgccacy

attatcaacg

ggcttggttg

tgtgaattecc

cagttgtectg

gactctccac

ggtgctgete

cagataaagg

actgacagtt

ggtatggctg

gcgaaagaaa

agaatgcatc

ccatgggaaa

tttaaggatg

gagttgcaag

actgcaacag

aaggtcgetg

gagcttgtgt

dgcgaggaag

aaagctgttt

ggtgtttget

aacatccaag

tttgcatcag

catctcaagce

ctatagcaca

ctggaaagtt

ggcaaatcac

gtatgatagce

aaatgcttag

ttggaactga

ttggggcacg

agcectttta

ctagaactga

tgagggctat

ctgttgttga

atgaggatga

tceggtttgea

acagggtgag

cactgatgca

cacagtacat

gaaatgatga

ttggacacca

ttatgcaggce

agaaacatgt

cggggattgt

tatactacca

acattgtgga

tggctgatge

tcgettatat

taaagtgggg

cacgttette

atgccgaaat

ctgaggcaag

ggatagatga

ctcccatatt

aattgacagg

acaaagaatc

ataaaaatgt

ttgtggtggt

ttgttgggea

gtgattacaa

atgagaacac

(SEQ ID NO:
tcaatcttca

gtacacagct
ttttgattat
tgcttatttg
tgtagatgag
tttaactcca
tgttaggacc
tgagatcact
tgcaattttg
ggaccectget
ttctecatttg
gagtgtcagg
gcatggagag
ttatcctget
aatgattgtg
gectttatgt
ggcaaatatg
ggaagctgtg
cacttetgtt
ctttggactce
tttaaggaca
tacccaaagce
ggggaagtac
gtggttattyg
tgggtatcct
atcttctaaa
tggtgcaaag
cttcaaggea
ggatgcaatc
taattctaag
actgagttet
tgctgttgat
tttatcagtt
acaggagact
agaaataaag
taatgettge
ggatgttact
ggccattgty

ttgttgctec

31)
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2341 gagtggaaca ctgccatgga
2401 atgttagttg gtgagatttt
2461 aagttcatga tcgtgttgca
2521 tcettttttg accgaaatgg
2581 aatatggagg gcaatactat
2641 cagcaagctc taagagttca
2701 ctggcataca tttgtcagga
2761 ttgttggagg ccacaaattt
2821 tgtgagaggc agatgtctaa
2881 tcactgaccc ttgagaaaga
2941 caagtgatgt tattgctgag
3001 attaagacat taacagtaca
3061 ttgttgaaca tggtacggta
3121 ccaagtatga tgccaatatc
3181 tgcectggeg aagggcttece
3241 gtaactcagg aaggcctagg
3301 gaaatccagt atatcagaga
3361 atgacccgca aaggtccaaa

Pisum sativum phytochrome B
GenBank: AF069305.1

1 agcaacaaca ataacaacag

61 gctcagtaca cagaagacgc
121 gattatgccc aatccattcg
181 actgcttact tagccaaaat
241 gccgtegacg aaacttettt
301 ggtatcgecge ctcaatcggt
361 tetttaggceg ttgatgtteg
421 gctttttcag ctcgggagat
481 ggtaagcctt tttatggaat
541 cctgcgagat ctgaggatcc
601 gcggttcegtg cgatttegea
661 gatgctgttg ttgagagtgt
721 tttcatgagg atgagcatgg
781 tatattggtt tgcattatcc
841 cagaataggg ttaggatgat
901 gaggcgcttg ttcagectgt
961 catgctcagt acatggcaaa
1021 aatgggaatg atgaagacgg
1081 tggggtcttyg ttgtttgtca
1141 gcttgtgagt ttctaatgca

1201 gtgcagtcgt tggagaaaag

US 9,587,247 B2

-continued

aaaactcact

tggaagttgt

taatgcaatt

gaaatatgtyg

tggggettte

aaggcaacag

aataaaaagt

gacagaaaat

gatcattagg

agattttttt

ggaaaaaggc

tggtgatcaa

tgcaccatca

tgatggagta

tcectgaattyg

actgagcacyg

atcagaaaga

gagtgttgge

ggttggtcta

tgtcggetea

dgaggacagyg

caagctettt

tgtttcatac

gaaaagaagt

cctettaatg

cagaagcagt

gatgttgatc

cttgggagtg

gtgcagttaa

gtgagaattc

cctgatgggt

actggtgtge

gttcaagata

tgcagaaaaa

tgctatttec

(PHYB) nucleotide

aaatattaaa

aagnctccat

cgteacggeyg

ccaacgeggt

tegegttett

tccttetatg

ttctettttt

tagtttaatg

tcttecaccga

agegettteg

gctecaggeyg

tagggaattg

tgaggttgtt

tgctactgat

tgtggattgt

ttgtttggtt

tatgggttec

tggtgggatt

tcatacttct

ggcttttggg

ggttttgaag

agagaatcgt
getgttttty
gctactgaat
ggtttecatte
gcttactety
gaagatgatt
agtgcttcca
aatcctattt
attgatattg
attgeeggtyg
ctteetggty
actggttatg
gctgagagta
attcctecagg
aatgcttcte
gggagtactce
attgettett
ggtggtgetg
gctaggtgta
cttecagttga

acacagactc

gaggggagat
agggcccaga
atacagacaa
tgactgctaa
agatagccag
gttattctca
gtatacgett
atctagagac
tggaaaacat
taatagatgc
tcegtgatat
aacaggtctt
gggtagaaat
atattgaact
tgttccacag
tgttaaaget

tgattgtect

tatcaatgag
aaaaatccgg
cagttectga
aacctttegg
aaaacgcacyg
cttettette
gttetgtact
ggatccacte
gtgttgttat
ctgttecagte
gtgatgtcaa
atagggttat
agagggttga
cttctaggtt
ctgttagggt
ttegggetec
tggctatgge
cacgtggetce
ttcctttece
atatggaget

tgttgtgtga

tgttggaaaa
tgccatgaca
gtttccattt
caagagagtc
tccecgaactyg
gatgaaagag
tacaaattca
aagtgctget
tgaggacggt
tgttgttagce
accagaggaa
ggcagatttce
ccaacttega
caggattata
cagtcggtgg
tatgaatgga

tgacctgeca

(SEQ ID NO: 32)
aaaagccata

tgactettte
acagcaaatc
ttcaatgatc
tgacatgett
ttcgttttte
tcttgagaaa
tcgttetact
tgatttggag
tcagaagett
gettetttgt
ggtttataag
tttagagect
tttgtttaag
ttttcaggat
tcatggttgt
tgttattatt
gatgaggcett
tcttaggtat
tcagttagec

tatgttactt
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1261 agggattctc atacagggat
1321 gatggggctg ctttgtatta
1381 tctcagataa gggatatcat
1441 agtactgata gtttggctga
1501 tgtggaatgg ctgttgcgta
1561 acggctaaag aaattaaatg
1621 cagaaaatgc atcctcgtte
1681 atgcagtggg ataatgcaga
1741 tcgtttaagg aagctgagaa
1801 ctagagttgc aaggggtgga
1861 gaaacagcca ctgctcccat
1921 gcaaaggttt ctgaattgac
1981 catgatctcg tgtataagga
2041 aaaggtgaag aagataaaaa
2101 aataaggcag tttttatagt
2161 gttggagtgt gctttgttgg
2221 attaacatac aaggtgacta
2281 atttttgcat cggatgacaa
2341 agcggctgga gecgtgcaga
2401 ttctgtcagt tgaagggttce
2461 cttggtggac acgacacaga
2521 gtgcatactt tcttgaccgce
2581 ttttgctttt tacaaattgt
2641 caggatagta gttccttage
2701 aatccecttga gtggcatacg
2761 gagcaaaagc agcttcttga
2821 cgggacattg ctctagaaag
2881 ttgctcgaga atgtcataaa
2941 aagttacagt taattcgtga
3001 cagttgagga ttcaacaagt
3061 tcteccagatg gttgggtaga
3121 ctcactctte tgcatgectga
3181 ttgattcaag acatgttcca
3241 atgagcagga agattataaa
3301 cggtgctact tcttagttet

3361 aat

US 9,587,247 B2

-continued

tgttactcag

tcaaggaaac

agattggttg

tgctggttat

tattactgaa

gggtggtgca

ttctttcaag

aatggatgca

taacgattca

tgaactgagt

atttgetgtt

aggacttctg

gtctcgagaa

tgttgagata

ggtgaatget

ccaggatatt

caaggctatt

cacatgttgce

tgtcattgge

ggatgctatg

caaattccca

aaataagagg

gaaccctgaa

tagaatgaag

ctttacaaac

gactagtgtt

catcgaggat

tgcagttgtt

tattectgaa

cttggetgat

gattcatgta

atttaggatg

taacagtcgg

gttaatgaac

tcttgaacta

agtcctagta ttatggattt ggttaagtgt

taccaccctt tgggtgttac tcecgaccgag

ttggecttte atagtgatte gacgggtttg

cetggggety cttetettgg ggatgeagtt

aaagactttc ttttetggtt cagatctcat

aagcatcacce cggaggataa ggatgacggg

gcectttttag aagtggtgaa gatccgtagt

attcactecct tgcagettat cctgegagac

aaggctgteg tgcataccca tatggcagaa

tctgtggeta gagaaatggt taggttgata

gatgtcgatg gtcgcatcaa tgggtggaat

gtagaggagg ctatgggcaa gtctttggtt

actgtggaca agcttettte tcatgettta

aaaatgaaga cttttggecce ggggaatcaa

tgcteccagea aggattatac aaataatata

actggtcaaa aagttgtaat ggacaaattc

gtacatagtc caaatccatt gatcccteec

ttagagtgga acaatgctat ggaaaagctce

aaattgttag tgggagaggt ttttggtagt

acaaaattca tgattgtttt gcacaatgca

ttgtcattte ttgacagaca tggaaagtat

gttaacatgg atggtcagat cattggcgea

cttcaacagyg ctttgacagt ccagagacaa

gagttagctt atatttgtca agaagtaaag

tctettttgg agtctacatg cctgactgat

gcettgtgaga agcaaatget gaagatagta

gggtcectgyg agcttgaaaa gcaggaattce

agccaagtaa tgctattget aagagataga

gaaatcaagg cattggctgt ttatggtgat

ttcttaatga atgtggtgeg ctatgcacca

tttccaagaa taaaacaaat ttcagagggg

gtgtgtcctyg gtgaaggtet tccacctgaa

tgggtgactc aagaaggctt agggctgage

ggcgaagtce agtatgtaag ggaggcagaa

ccegtgacac ggagaagcetce taaagetatt

Vitis vinifera genotype PN40024 phytochrome B (PHYB)

GenBank: EU436650.1

nucleotide

(SEQ ID NO:

atgagttcagga aacagaggaa cgcagtcgca ccaccaaget cagtegtegg ggacaagcaa

361 tttgagagtt taccacactyg attcaatgag caaagccatt gcgcaatata caatggatge

33)
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421 tecgectecac
481 gtcggttaga
541 aattcaacgg
601 ttttcgggte
661 ggttccgage
721 cactcecteg
781 aaatcccgtg
841 aattgatgtg
901 cattgctggg
961 tctteecggt
1021 tactgggtat
1081 ggctgagagc
1141 cattccacag
1201 ccatgccacg
1261 tggttcaacc
1321 aactgcctca
1381 gcgaaacttyg
1441 tccattteet
1501 catggaactg
1561 cttgtgtgac
1621 tatggatctt
1681 tggggtgacc
1741 tgcggattca
1801 ctcacttggt
1861 attctggttt
1921 agaggacaag
1981 agtggtcaag
2041 gcagcttatt
2101 aatgcatgct
2161 aagagaaatg
2221 tggctgcata
2281 agctatgggg
2341 caagcttett
3361 agaatgtaga
3421 tggtcgttaa
3481 ttggtcagga
3541 attacaaagc
3601 agaacacagt
3661 gggacatcat
3721 gtceggatge

3781 cagacaagtt

69

gecegtatacg
accacaacgce
ggtggccata
attgctttca
cttgagaagce
agcgcagtte
tggattcatt
ggaattgtaa
geggtgeagt
ggtgatatta
gatcgggtca
aagaggtctyg
gettcaaggt
cctgttetygy
cttegggete
ttagcgatgyg
atgaggctat
cttecgatatg
cagttagcat
atgctectte
gtgaagtgtg
ccgactgaag
acaggtttaa
gatgcagttt
cggtcccaca
gacgatgggce
agtcggagtt
ctgegtgact
cagctcegggyg
gttaggttga
aatggttgga
aagtccettygyg
catcatgete
gataaaattg
tgcttgetee
tgttactggt
tattgtacat
ttgctectgag
tgggaagatc
tctgacaaaa

tccattttcece

US 9,587,247 B2

-continued

aacagtcegg

aatcggtecc

tacagcectt

gcgaaaatge

ccgagatect

tcectegaaaa

ccaagaattce

ttgatttgga

cgcagaagtt

accttttgtyg

tggtttacaa

atttggagec

ttttgtttag

tgattcaaga

ctecatggetyg

ctgtcatcat

ggggectggt

cctgtgagtt

cgcaattgte

gtgattccce

atggagcagc

cccagataaa

gcactgacag

gtggaatggc

cagcaaaaga

agaggatgca

tgccatggga

cttttaagga

agctagagtt

ttgaaactgce

atgcaaaggt

ttcatgatet

cgagteeggt

tgagcaacaa

tgggtgtatg

ccgagaaatg

cctagtaggt

ggcgtttcgg

tggaaaaccc

gcectgcaagyg

ggcegttega

tgaaactgtg

atttcacgag

ttatattggg

gcagaatcgg

tgaagggett

ccatgeacag

caatggaagt

tgtttgtcat

cctaatgeag

tgagaaacat

tactggaatt

actttattac

ggatattgca

tttggetgat

tgttgettat

gatcaaatgg

tcctegttet

gaatgcggaa

tgctactgat

gcaagggatg

aacagctccc

tgcggagttg

tgtttacaag

tacgag gt gaagaagata

aggacatttg

agtagggatt

cagaaagtgg

agtcccaacce

tggaacactg

ttggttgggg

ttcatgattyg

ttetttgace

actcacaaca

acacaaataa

taatggacaa

ctttgattec

ccatggaaaa

agatttttgg

tgttgcacaa

agaatggaaa

aagtcatteg

atcactgegt

cttgeggteyg

cteggtetea

actgatgttc

gctegggaaa

ttttacgcaa

actgaggacc

gcaatttecce

gttgagaatg

gatgaacatg

ttacactatc

gttaggatga

atgcagectce

tatatggcca

gatgaggaag

cacacatctg

gcatttggac

gttttaagga

gttacccaaa

caggggaagt

gagtggttgt

gcetggetace

atcacttcaa

ggtggtgcaa

tcattcaagg

atggatgcaa

ggaagcaatt

gatgagttga

atatttgegg

acggggettt

gaatctgaag

gcataagaag

tatagttgga

atttatccat

tcctatattt

gctecactggy

cagtagetgt

tgcaattgga

atatgtgcaa

actactcgea

atttatcgaa

atgaggccac

ctcegeaatce

gcacgetttt

ttacgttgtt

ttttgcatag

ctgetetgte

atcttcaatc

tgagggagct

gtgaggtegt

ctgccacgga

tegttgattyg

tatgcttagt

acatgggttc

ctattggtgg

ctaggtgeat

tccaattgaa

cacagactct

gtcctagtat

attatccaac

tggcaaacca

ctggggcagc

gagattttct

agcatcatcc

catttttaga

ttcattctet

ctaaggetgt

gctetgttge

tcgatgttga

ctgttgagga

aaactgttga

getgtttttyg

gtttgetttyg

atacaaggtg

gcttcagatyg

tggagcaggg

cggctgaagg

gggcaagaca

gcetettttga
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3841 cagcaaataa gagagttaat attgagggcc agattattgg tgccttctge tttttgcaga
3901 ttgcaagtcc tgaattgcag caagctctca aagtccaaag gcaacaggag aaaaaatgtt
3961 ttgcaaggat gaaagagttg gcttacattt gtcaggaaat aaagaaccct ttaagtggca
4021 tacgtttcac taactctctt ttggaggcca ctgacttaac tgaagatcaa aagcagtttce
4081 ttgagactag tgctgcttgt gagaagcaga tgtcaaagat cataagggat gttgatctgg
4141 acagcattga ggatgg ttcactg gagcttgaga
5041 gggctgaatt tttacttgga agtgtcataa atgctgttgt tagccaagta atgatattgt
5101 tgagggaaag agatttacaa ttgatccggg acattcctga ggaagtcaaa acactggctg
5161 tttatggcga tcaagtaaga attcaacagg ttttggctga tttcttactg aatatggtgce
5221 gttatgcacc atccccagac ggttggatag agattcaagt ttgtccaaga ttgaagcaaa
5281 tttctgaaga agtaaaactt atgcatattg aattcag gat ggtatgccct

ggtgaaggtc ttcctcectaa
7621 tctgattcaa gacatgttce atagcagtceg ttggatgact caggaaggtc tagggctgag
7681 catgtgcagg aagatcttaa agctcattaa tggcgaagtc caatatatca gagaatcaga
7741 aagatgttat tttctaatca gcatagaact tcctatacct cacagaggct caaagagcgt
7801 tgac

SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 77
<210> SEQ ID NO 1
<211> LENGTH: 1172
<212> TYPE: PRT
<213> ORGANISM: Arabidopsis thaliana
<400> SEQUENCE: 1
Met Val Ser Gly Val Gly Gly Ser Gly Gly Gly Arg Gly Gly Gly Arg
1 5 10 15
Gly Gly Glu Glu Glu Pro Ser Ser Ser His Thr Pro Asn Asn Arg Arg
20 25 30
Gly Gly Glu Gln Ala Gln Ser Ser Gly Thr Lys Ser Leu Arg Pro Arg
35 40 45

Ser Asn Thr Glu Ser Met Ser Lys Ala Ile Gln Gln Tyr Thr Val Asp

50 55 60
Ala Arg Leu His Ala Val Phe Glu Gln Ser Gly Glu Ser Gly Lys Ser
65 70 75 80
Phe Asp Tyr Ser Gln Ser Leu Lys Thr Thr Thr Tyr Gly Ser Ser Val

85 90 95
Pro Glu Gln Gln Ile Thr Ala Tyr Leu Ser Arg Ile Gln Arg Gly Gly
100 105 110
Tyr Ile Gln Pro Phe Gly Cys Met Ile Ala Val Asp Glu Ser Ser Phe
115 120 125

Arg Ile Ile Gly Tyr Ser Glu Asn Ala Arg Glu Met Leu Gly Ile Met

130 135 140
Pro Gln Ser Val Pro Thr Leu Glu Lys Pro Glu Ile Leu Ala Met Gly
145 150 155 160
Thr Asp Val Arg Ser Leu Phe Thr Ser Ser Ser Ser Ile Leu Leu Glu

165 170 175
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74

Arg

Asp

Ala

225

Ala

Cys

Val

Glu

Ala

305

Val

Asp

Ala

Ala

Ser

385

Val

Ala

Leu

Thr

Thr

465

Phe

Val

Ser

Ala

Thr

545

Ile

Gln

Lys

Ala

Ser

Val

210

Leu

Ile

Asp

Met

Ser

290

Thr

Arg

Asp

Pro

Ser

370

Asn

Cys

Cys

Gln

Leu

450

Gln

Leu

Gln

Thr

Ala

530

Lys

Lys

Arg

Ser

Phe

Lys

195

Gly

Ser

Ser

Thr

Val

275

Lys

Asp

Met

Arg

His

355

Leu

Val

His

Glu

Leu

435

Leu

Ser

Tyr

Ile

Gly

515

Ala

Arg

Trp

Met

Arg

Val

180

Asn

Val

Ile

Gln

Val

260

Tyr

Arg

Ile

Ile

Leu

340

Gly

Ala

Ala

His

Phe

420

Ala

Cys

Pro

His

Lys

500

Leu

Leu

Asp

Gly

His

580

Ser

Ala

Thr

Val

Ala

Leu

245

Val

Lys

Asp

Pro

Val

325

Thr

Cys

Met

Ser

Thr

405

Leu

Leu

Asp

Ser

Gly

485

Asp

Ser

Gly

Phe

Gly
565

Pro

Gln

Arg

Gly

Ile

Gly

230

Gln

Glu

Phe

Asp

Gln

310

Asp

Gln

His

Ala

Gly

390

Ser

Met

Gln

Met

Ile

470

Lys

Val

Thr

Asp

Leu
550
Ala

Arg

Pro

Glu

Lys

Asp

215

Ala

Ala

Ser

His

Leu

295

Ala

Cys

Ser

Ser

Val

375

Arg

Ser

Gln

Met

Leu

455

Met

Tyr

Val

Asp

Ala

535

Phe

Lys

Ser

Trp

Ile

Pro

200

Leu

Val

Leu

Val

Glu

280

Glu

Ser

Asn

Met

Gln

360

Ile

Ser

Arg

Ala

Ser

440

Leu

Asp

Tyr

Glu

Ser

520

Val

Trp

His

Ser

Glu

Thr

185

Phe

Glu

Gln

Pro

Arg

265

Asp

Pro

Arg

Ala

Cys

345

Tyr

Ile

Ser

Cys

Phe

425

Glu

Arg

Leu

Pro

Trp

505

Leu

Cys

Phe

His

Phe
585

Thr

Leu

Tyr

Pro

Ser

Gly

250

Asp

Glu

Tyr

Phe

Thr

330

Leu

Met

Asn

Met

Ile

410

Gly

Lys

Asp

Val

Leu

490

Leu

Gly

Gly

Arg

Pro
570

Gln

Ala

Leu

Ala

Ala

Gln

235

Gly

Leu

His

Ile

Leu

315

Pro

Val

Ala

Gly

Arg

395

Pro

Leu

Arg

Ser

Lys

475

Gly

Leu

Asp

Met

Ser
555
Glu

Ala

Glu

Asn

Ile

Arg

220

Lys

Asp

Thr

Gly

Gly

300

Phe

Val

Gly

Asn

Asn

380

Leu

Phe

Gln

Val

Pro

460

Cys

Val

Ala

Ala

Ala

540

His

Asp

Phe

Met

Pro

Leu

205

Thr

Leu

Ile

Gly

Glu

285

Leu

Lys

Leu

Ser

Met

365

Glu

Trp

Pro

Leu

Leu

445

Ala

Asp

Ala

Asn

Gly

525

Val

Thr

Lys

Leu

Asp

Val

190

His

Glu

Ala

Lys

Tyr

270

Val

His

Gln

Val

Thr

350

Gly

Asp

Gly

Leu

Asn

430

Arg

Gly

Gly

Pro

His

510

Tyr

Ala

Ala

Asp

Glu
590

Ala

Trp

Arg

Asp

Val

Leu

255

Asp

Val

Tyr

Asn

Val

335

Leu

Ser

Asp

Leu

Arg

415

Met

Thr

Ile

Ala

Ser

495

Ala

Pro

Tyr

Lys

Asp

575

Val

Ile

Ile

Ile

Pro

Arg

240

Leu

Arg

Ala

Pro

Arg

320

Gln

Arg

Ile

Gly

Val

400

Tyr

Glu

Gln

Val

Ala

480

Glu

Asp

Gly

Ile

Glu
560
Gly

Val

His
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75

-continued

595 600 605

Ser Leu Gln Leu Ile Leu Arg Asp Ser Phe Lys Glu Ser Glu Ala Ala
610 615 620

Met Asn Ser Lys Val Val Asp Gly Val Val Gln Pro Cys Arg Asp Met
625 630 635 640

Ala Gly Glu Gln Gly Ile Asp Glu Leu Gly Ala Val Ala Arg Glu Met
645 650 655

Val Arg Leu Ile Glu Thr Ala Thr Val Pro Ile Phe Ala Val Asp Ala
660 665 670

Gly Gly Cys Ile Asn Gly Trp Asn Ala Lys Ile Ala Glu Leu Thr Gly
675 680 685

Leu Ser Val Glu Glu Ala Met Gly Lys Ser Leu Val Ser Asp Leu Ile
690 695 700

Tyr Lys Glu Asn Glu Ala Thr Val Asn Lys Leu Leu Ser Arg Ala Leu
705 710 715 720

Arg Gly Asp Glu Glu Lys Asn Val Glu Val Lys Leu Lys Thr Phe Ser
725 730 735

Pro Glu Leu Gln Gly Lys Ala Val Phe Val Val Val Asn Ala Cys Ser
740 745 750

Ser Lys Asp Tyr Leu Asn Asn Ile Val Gly Val Cys Phe Val Gly Gln
755 760 765

Asp Val Thr Ser Gln Lys Ile Val Met Asp Lys Phe Ile Asn Ile Gln
770 775 780

Gly Asp Tyr Lys Ala Ile Val His Ser Pro Asn Pro Leu Ile Pro Pro
785 790 795 800

Ile Phe Ala Ala Asp Glu Asn Thr Cys Cys Leu Glu Trp Asn Met Ala
805 810 815

Met Glu Lys Leu Thr Gly Trp Ser Arg Ser Glu Val Ile Gly Lys Met
820 825 830

Ile Val Gly Glu Val Phe Gly Ser Cys Cys Met Leu Lys Gly Pro Asp
835 840 845

Ala Leu Thr Lys Phe Met Ile Val Leu His Asn Ala Ile Gly Gly Gln
850 855 860

Asp Thr Asp Lys Phe Pro Phe Pro Phe Phe Asp Arg Asn Gly Lys Phe
865 870 875 880

Val Gln Ala Leu Leu Thr Ala Asn Lys Arg Val Ser Leu Glu Gly Lys
885 890 895

Val Ile Gly Ala Phe Cys Phe Leu Gln Ile Pro Ser Pro Glu Leu Gln
900 905 910

Gln Ala Leu Ala Val Gln Arg Arg Gln Asp Thr Glu Cys Phe Thr Lys
915 920 925

Ala Lys Glu Leu Ala Tyr Ile Cys Gln Val Ile Lys Asn Pro Leu Ser
930 935 940

Gly Met Arg Phe Ala Asn Ser Leu Leu Glu Ala Thr Asp Leu Asn Glu
945 950 955 960

Asp Gln Lys Gln Leu Leu Glu Thr Ser Val Ser Cys Glu Lys Gln Ile
965 970 975

Ser Arg Ile Val Gly Asp Met Asp Leu Glu Ser Ile Glu Asp Gly Ser
980 985 990

Phe Val Leu Lys Arg Glu Glu Phe Phe Leu Gly Ser Val Ile Asn Ala
995 1000 1005

Ile Val Ser Gln Ala Met Phe Leu Leu Arg Asp Arg Gly Leu Gln
1010 1015 1020
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-continued

Leu Ile Arg Asp Ile Pro Glu Glu Ile Lys Ser Ile Glu Val Phe
1025 1030 1035

Gly Asp Gln Ile Arg Ile Gln Gln Leu Leu Ala Glu Phe Leu Leu
1040 1045 1050

Ser Ile 1Ile Arg Tyr Ala Pro Ser Gln Glu Trp Val Glu Ile His
1055 1060 1065

Leu Ser Gln Leu Ser Lys Gln Met Ala Asp Gly Phe Ala Ala Ile
1070 1075 1080

Arg Thr Glu Phe Arg Met Ala Cys Pro Gly Glu Gly Leu Pro Pro
1085 1090 1095

Glu Leu Val Arg Asp Met Phe His Ser Ser Arg Trp Thr Ser Pro
1100 1105 1110

Glu Gly Leu Gly Leu Ser Val Cys Arg Lys Ile Leu Lys Leu Met
1115 1120 1125

Asn Gly Glu Val Gln Tyr Ile Arg Glu Ser Glu Arg Ser Tyr Phe
1130 1135 1140

Leu Ile 1Ile Leu Glu Leu Pro Val Pro Arg Lys Arg Pro Leu Ser
1145 1150 1155

Thr Ala Ser Gly Ser Gly Asp Met Met Leu Met Met Pro Tyr
1160 1165 1170

<210> SEQ ID NO 2

<211> LENGTH: 1161

<212> TYPE: PRT

<213> ORGANISM: Zea mays
<400> SEQUENCE: 2

Met Ala Ser Gly Ser Arg Ala Thr Pro Thr Arg Ser Pro Ser Ser Ala
1 5 10 15

Arg Pro Glu Ala Pro Arg His Ala His His His His His Ser Gln Ser
20 25 30

Ser Gly Gly Ser Thr Ser Arg Ala Gly Gly Gly Ala Ala Ala Thr Glu
35 40 45

Ser Val Ser Lys Ala Val Ala Gln Tyr Thr Leu Asp Ala Arg Leu His
Ala Val Phe Glu Gln Ser Gly Ala Ser Gly Arg Ser Phe Asp Tyr Ser
65 70 75 80

Gln Ser Leu Arg Ala Pro Pro Thr Pro Ser Ser Glu Gln Gln Ile Ala
85 90 95

Ala Tyr Leu Ser Arg Ile Gln Arg Gly Gly His Ile Gln Pro Phe Gly
100 105 110

Cys Thr Leu Ala Val Ala Asp Asp Ser Ser Phe Arg Leu Leu Ala Phe
115 120 125

Ser Glu Asn Ser Pro Asp Leu Leu Asp Leu Ser Pro His His Ser Val
130 135 140

Pro Ser Leu Asp Ser Ser Ala Pro Pro His Val Ser Leu Gly Ala Asp
145 150 155 160

Ala Arg Leu Leu Phe Ser Pro Ser Ser Ala Val Leu Leu Glu Arg Ala
165 170 175

Phe Ala Ala Arg Glu Ile Ser Leu Leu Asn Pro Ile Trp Ile His Ser
180 185 190

Arg Val Ser Ser Lys Pro Phe Tyr Ala Ile Leu His Arg Ile Asp Val
195 200 205

Gly Val Val Ile Asp Leu Glu Pro Ala Arg Thr Glu Asp Pro Ala Leu
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80

Ser

225

Ser

Thr

Val

Arg

Asp

305

Met

Gly

Leu

Gly

385

Cys

Cys

Gln

Leu

Gln

465

Tyr

Gln

Thr

Ala

Pro

545

Lys

Arg

Ser

Leu

Asn
625

210

Ile

Arg

Val

Tyr

Arg

290

Ile

Ile

Leu

Gly

Val

370

Arg

His

Glu

Leu

Leu

450

Ser

Tyr

Ile

Gly

Ala

530

Ser

Trp

Met

Arg

Gln
610

Asn

Ala

Leu

Val

Arg

275

Asp

Pro

Ala

Ser

Cys

355

Met

Gly

His

Phe

Ala

435

Cys

Pro

His

Lys

Leu

515

Leu

Asp

Gly

His

Ser
595

Leu

Ser

Gly

Gln

Glu

260

Phe

Asn

Gln

Asp

Gln

340

His

Ala

Gly

Thr

Leu

420

His

Asp

Ser

Gly

Asp

500

Ser

Gly

Tyr

Gly

Pro
580
Leu

Ile

Lys

Ala

Ala

245

His

His

Leu

Ala

Cys

325

Pro

Ala

Val

Ile

Ser

405

Met

Gln

Met

Ile

Lys

485

Ile

Thr

Glu

Leu

Ala

565

Arg

Pro

Leu

Ala

Val

230

Leu

Val

Glu

Glu

Ser

310

His

Leu

Gln

Ile

Ser

390

Pro

Gln

Leu

Leu

Met

470

Tyr

Ile

Asp

Ala

Phe

550

Lys

Ser

Trp

Arg

Ile
630

215

Gln

Pro

Arg

Asp

Pro

295

Arg

Ala

Cys

Tyr

Ile

375

Ser

Arg

Ala

Ser

Leu

455

Asp

Tyr

Glu

Ser

Val

535

Trp

His

Ser

Glu

Asp
615

Val

Ser

Gly

Glu

Glu

280

Tyr

Phe

Thr

Leu

Met

360

Ser

Ala

Cys

Phe

Glu

440

Arg

Leu

Pro

Trp

Leu

520

Cys

Phe

His

Phe

Asn
600

Ser

Asn

Gln

Gly

Leu

265

His

Leu

Leu

Pro

Val

345

Ala

Ser

Met

Ile

Gly

425

Lys

Asp

Val

Leu

Leu

505

Ala

Gly

Arg

Pro

Lys
585
Ala

Phe

Gly

Lys

Asp

250

Thr

Gly

Gly

Phe

Val

330

Gly

Asn

Gly

Lys

Pro

410

Leu

His

Ser

Lys

Gly

490

Thr

Asp

Met

Ser

Glu

570

Ala

Glu

Arg

Gln

Leu

235

Val

Gly

Glu

Leu

Arg

315

Arg

Ser

Met

Gly

Leu

395

Phe

Gln

Ile

Pro

Cys

475

Val

Val

Ala

Ala

His

555

Asp

Phe

Met

Asp

Val
635

220

Ala

Lys

Tyr

Val

His

300

Gln

Val

Thr

Gly

Asp

380

Trp

Pro

Leu

Leu

Thr

460

Asp

Thr

Phe

Gly

Val

540

Thr

Lys

Leu

Asp

Ala
620

Gln

Val

Leu

Asp

Val

285

Tyr

Asn

Ile

Leu

Ser

365

Asp

Gly

Leu

Asn

Arg

445

Gly

Gly

Pro

His

Tyr

525

Ala

Ala

Asp

Glu

Ala
605

Ala

Leu

Arg

Leu

Arg

270

Ala

Pro

Arg

Gln

Arg

350

Ile

Glu

Leu

Arg

Met

430

Thr

Ile

Ala

Thr

Gly

510

Leu

Tyr

Lys

Asp

Val
590
Ile

Glu

Arg

Ala

Cys

255

Val

Glu

Ala

Val

Asp

335

Ala

Ala

Gln

Val

Tyr

415

Glu

Gln

Val

Ala

Glu

495

Asp

Gly

Ile

Glu

Gly

575

Val

His

Gly

Glu

Ile

240

Asp

Met

Ser

Thr

Arg

320

Pro

Pro

Ser

Thr

Val

400

Ala

Leu

Thr

Thr

Leu

480

Ser

Ser

Ala

Thr

Ile

560

Gln

Lys

Ser

Thr

Leu
640
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-continued

Glu Leu Arg Gly Ile Asn Glu Leu Ser Ser Val Ala Arg Glu Met Val
645 650 655

Arg Leu Ile Glu Thr Ala Thr Val Pro Ile Phe Ala Val Asp Thr Asp
660 665 670

Gly Cys Ile Asn Gly Trp Asn Ala Lys Ile Ala Glu Leu Thr Gly Leu
675 680 685

Ser Val Glu Glu Ala Met Gly Lys Ser Leu Val Asn Asp Leu Ile Phe
690 695 700

Lys Glu Ser Glu Ala Thr Val Glu Lys Leu Leu Ser Arg Ala Leu Arg
705 710 715 720

Gly Glu Glu Asp Lys Asn Val Glu Ile Lys Leu Lys Thr Phe Gly Ser
725 730 735

Glu Gln Tyr Lys Gly Pro Ile Phe Val Val Val Asn Ala Cys Ser Ser
740 745 750

Arg Asp Tyr Thr Gln Asn Ile Val Gly Val Cys Phe Val Gly Gln Asp
755 760 765

Val Thr Gly Gln Lys Val Val Met Asp Lys Phe Val Asn Ile Gln Gly
770 775 780

Asp Tyr Lys Ala Ile Val His Asn Pro Asn Pro Leu Ile Pro Pro Ile
785 790 795 800

Phe Ala Ser Asp Glu Asn Thr Ser Cys Ser Glu Trp Asn Thr Ala Met
805 810 815

Glu Lys Leu Thr Gly Trp Ser Arg Gly Glu Val Val Gly Lys Phe Leu
820 825 830

Ile Gly Glu Val Phe Gly Asn Cys Cys Arg Leu Lys Gly Pro Asp Ala
835 840 845

Leu Thr Lys Phe Met Val Ile Ile His Asn Ala Ile Gly Gly Gln Asp
850 855 860

Tyr Glu Lys Phe Pro Phe Ser Phe Phe Asp Lys Asn Gly Lys Tyr Val
865 870 875 880

Gln Ala Leu Leu Thr Ala Asn Thr Arg Ser Lys Met Asp Gly Lys Ser
885 890 895

Ile Gly Ala Phe Cys Phe Leu Gln Ile Ala Ser Thr Glu Ile Gln Gln
900 905 910

Ala Phe Glu Ile Gln Arg Gln Gln Glu Lys Lys Cys Tyr Ala Arg Met
915 920 925

Lys Glu Leu Ala Tyr Ile Cys Gln Glu Ile Lys Asn Pro Leu Ser Gly
930 935 940

Ile Arg Phe Thr Asn Ser Leu Leu Gln Met Thr Asp Leu Asn Asp Asp
945 950 955 960

Gln Arg Gln Phe Leu Glu Thr Ser Ser Ala Cys Glu Lys Gln Met Ser
965 970 975

Lys Ile Val Lys Asp Ala Ser Leu Gln Ser Ile Glu Asp Gly Ser Leu
980 985 990

Val Leu Glu Gln Ser Glu Phe Ser Leu Gly Asp Val Met Asn Ala Val
995 1000 1005

Val Ser Gln Ala Met Leu Leu Leu Arg Glu Arg Asp Leu Gln Leu
1010 1015 1020

Ile Arg Asp Ile Pro Asp Glu 1Ile Lys Asp Ala Ser Ala Tyr Gly
1025 1030 1035

Asp Gln Cys Arg Ile Gln Gln Val Leu Ala Asp Phe Leu Leu Ser
1040 1045 1050
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Met Val Arg Ser Ala Pro Ser Glu Asn Gly Trp Val Glu Ile Gln
1055 1060 1065

Val Arg Pro Asn Val Lys Gln Asn Ser Asp Gly Thr Asn Thr Glu
1070 1075 1080

Leu Phe 1Ile Phe Arg Phe Ala Cys Pro Gly Glu Gly Leu Pro Ala
1085 1090 1095

Asp Val Val Gln Asp Met Phe Ser Asn Ser Gln Trp Ser Thr Gln
1100 1105 1110

Glu Gly Val Gly Leu Ser Thr Cys Arg Lys Ile Leu Lys Leu Met
1115 1120 1125

Gly Gly Glu Val Gln Tyr Ile Arg Glu Ser Glu Arg Ser Phe Phe
1130 1135 1140

Leu Ile Val Leu Glu Gln Pro Gln Pro Arg Pro Ala Ala Gly Arg
1145 1150 1155

Glu Ile Val
1160

<210> SEQ ID NO 3

<211> LENGTH: 1171

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 3

Met Gly Ser Gly Ser Arg Ala Thr Pro Thr Arg Ser Pro Ser Ser Ala
1 5 10 15

Arg Pro Ala Ala Pro Arg His Gln His His His Ser Gln Ser Ser Gly
Gly Ser Thr Ser Arg Ala Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
35 40 45

Gly Gly Gly Ala Ala Ala Ala Glu Ser Val Ser Lys Ala Val Ala Gln
50 55 60

Tyr Thr Leu Asp Ala Arg Leu His Ala Val Phe Glu Gln Ser Gly Ala
65 70 75 80

Ser Gly Arg Ser Phe Asp Tyr Thr Gln Ser Leu Arg Ala Ser Pro Thr
85 90 95

Pro Ser Ser Glu Gln Gln Ile Ala Ala Tyr Leu Ser Arg Ile Gln Arg
100 105 110

Gly Gly His Ile Gln Pro Phe Gly Cys Thr Leu Ala Val Ala Asp Asp
115 120 125

Ser Ser Phe Arg Leu Leu Ala Tyr Ser Glu Asn Thr Ala Asp Leu Leu
130 135 140

Asp Leu Ser Pro His His Ser Val Pro Ser Leu Asp Ser Ser Ala Val
145 150 155 160

Pro Pro Pro Val Ser Leu Gly Ala Asp Ala Arg Leu Leu Phe Ala Pro
165 170 175

Ser Ser Ala Val Leu Leu Glu Arg Ala Phe Ala Ala Arg Glu Ile Ser
180 185 190

Leu Leu Asn Pro Leu Trp Ile His Ser Arg Val Ser Ser Lys Pro Phe
195 200 205

Tyr Ala Ile Leu His Arg Ile Asp Val Gly Val Val Ile Asp Leu Glu
210 215 220

Pro Ala Arg Thr Glu Asp Pro Ala Leu Ser Ile Ala Gly Ala Val Gln
225 230 235 240

Ser Gln Lys Leu Ala Val Arg Ala Ile Ser Arg Leu Gln Ala Leu Pro
245 250 255
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86

Gly

Glu

Glu

Tyr

305

Phe

Ala

Leu

Met

Ser

385

Ser

Arg

Ala

Ser

Leu

465

Asp

Tyr

Glu

Ser

Val

545

Trp

Ser

Glu

Asp

625

Val

Glu

Gly

Leu

His

290

Ile

Leu

Pro

Val

Ala

370

Ser

Ala

Cys

Phe

Glu

450

Arg

Leu

Pro

Trp

Leu

530

Ser

Phe

His

Phe

Asn
610
Ser

Asn

Leu

Asp

Thr

275

Gly

Gly

Phe

Val

Gly

355

Asn

Gly

Met

Ile

Gly

435

Lys

Asp

Val

Leu

Leu

515

Ala

Gly

Arg

Pro

Lys

595

Ala

Phe

Gly

Ser

Val

260

Gly

Glu

Leu

Arg

Arg

340

Ser

Met

Gly

Lys

Pro

420

Leu

His

Ser

Lys

Gly

500

Thr

Asp

Met

Ser

Glu

580

Ala

Glu

Arg

Gln

Ser
660

Lys

Tyr

Val

His

Gln

325

Val

Thr

Gly

Asp

Leu

405

Phe

Gln

Ile

Pro

Cys

485

Val

Met

Ala

Ala

His

565

Asp

Phe

Met

Asp

Val

645

Val

Leu

Asp

Val

Tyr

310

Asn

Ile

Leu

Ser

Asp

390

Trp

Pro

Leu

Leu

Thr

470

Asp

Thr

Cys

Gly

Val

550

Thr

Lys

Leu

Asp

Ser
630

Gln

Ala

Leu

Arg

Ala

295

Pro

Arg

Gln

Arg

Ile

375

Asp

Gly

Leu

Asn

Arg

455

Gly

Gly

Pro

His

Tyr

535

Ala

Ala

Asp

Glu

Ala
615
Ala

Leu

Arg

Cys

Val

280

Glu

Ala

Val

Asp

Ser

360

Ala

His

Leu

Arg

Met

440

Thr

Ile

Ala

Thr

Gly

520

Ser

Tyr

Lys

Asp

Val

600

Ile

Glu

Gly

Glu

Asp

265

Met

Ser

Thr

Arg

Pro

345

Pro

Ser

Asn

Val

Tyr

425

Glu

Gln

Val

Ala

Glu

505

Asp

Gly

Ile

Glu

Gly

585

Val

His

Gly

Glu

Met
665

Thr

Val

Arg

Asp

Met

330

Ala

His

Leu

Ile

Val

410

Ala

Leu

Thr

Thr

Leu

490

Val

Ser

Ala

Thr

Ile

570

Gln

Lys

Ser

Thr

Leu
650

Val

Val

Tyr

Arg

Ile

315

Ile

Leu

Gly

Val

Ala

395

Cys

Cys

Gln

Leu

Gln

475

Tyr

Gln

Thr

Ala

Pro

555

Lys

Arg

Ser

Leu

Ser
635

Glu

Arg

Val Glu His

Arg

Ser

300

Pro

Ala

Thr

Cys

Met

380

Arg

His

Glu

Leu

Leu

460

Ser

Tyr

Ile

Gly

Ala

540

Ser

Trp

Met

Arg

Gln
620
Asn

Leu

Leu

Phe

285

Asn

Gln

Asp

Gln

His

365

Ala

Gly

His

Phe

Ala

445

Cys

Pro

His

Lys

Leu

525

Leu

Asp

Gly

His

Ser

605

Leu

Ser

Arg

Ile

270
His

Leu

Ala

Cys

Pro

350

Ala

Val

Ser

Thr

Leu

430

His

Asp

Ser

Gly

Asp

510

Ser

Gly

Tyr

Gly

Pro

590

Leu

Ile

Lys

Gly

Glu
670

Val

Glu

Glu

Ser

His

335

Leu

Gln

Ile

Ile

Ser

415

Met

Gln

Met

Ile

Lys

495

Ile

Thr

Asp

Leu

Ala

575

Arg

Pro

Leu

Ala

Ile

655

Thr

Arg

Asp

Pro

Arg

320

Ala

Cys

Tyr

Ile

Pro

400

Pro

Gln

Leu

Leu

Met

480

Tyr

Ile

Asp

Ala

Phe

560

Lys

Ser

Trp

Arg

Ile
640

Asp

Ala
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Thr Val Pro Ile Phe Ala Val Asp Thr Asp Gly Cys Ile Asn Gly Trp
675 680 685

Asn Ala Lys Val Ala Glu Leu Thr Gly Leu Ser Val Glu Glu Ala Met
690 695 700

Gly Lys Ser Leu Val Asn Asp Leu Ile Phe Lys Glu Ser Glu Glu Thr
705 710 715 720

Val Asn Lys Leu Leu Ser Arg Ala Leu Arg Gly Asp Glu Asp Lys Asn
725 730 735

Val Glu Ile Lys Leu Lys Thr Phe Gly Pro Glu Gln Ser Lys Gly Pro
740 745 750

Ile Phe Val Ile Val Asn Ala Cys Ser Ser Arg Asp Tyr Thr Lys Asn
755 760 765

Ile Val Gly Val Cys Phe Val Gly Gln Asp Val Thr Gly Gln Lys Val
770 775 780

Val Met Asp Lys Phe Ile Asn Ile Gln Gly Asp Tyr Lys Ala Ile Val
785 790 795 800

His Asn Pro Asn Pro Leu Ile Pro Pro Ile Phe Ala Ser Asp Glu Asn
805 810 815

Thr Cys Cys Leu Glu Trp Asn Thr Ala Met Glu Lys Leu Thr Gly Trp
820 825 830

Ser Arg Gly Glu Val Val Gly Lys Leu Leu Val Gly Glu Val Phe Gly
835 840 845

Asn Cys Cys Arg Leu Lys Gly Pro Asp Ala Leu Thr Lys Phe Met Ile
850 855 860

Val Leu His Asn Ala Ile Gly Gly Gln Asp Cys Glu Lys Phe Pro Phe
865 870 875 880

Ser Phe Phe Asp Lys Asn Gly Lys Tyr Val Gln Ala Leu Leu Thr Ala
885 890 895

Asn Thr Arg Ser Arg Met Asp Gly Glu Ala Ile Gly Ala Phe Cys Phe
900 905 910

Leu Gln Ile Ala Ser Pro Glu Leu Gln Gln Ala Phe Glu Ile Gln Arg
915 920 925

His His Glu Lys Lys Cys Tyr Ala Arg Met Lys Glu Leu Ala Tyr Ile
930 935 940

Tyr Gln Glu Ile Lys Asn Pro Leu Asn Gly Ile Arg Phe Thr Asn Ser
945 950 955 960

Leu Leu Glu Met Thr Asp Leu Lys Asp Asp Gln Arg Gln Phe Leu Glu
965 970 975

Thr Ser Thr Ala Cys Glu Lys Gln Met Ser Lys Ile Val Lys Asp Ala
980 985 990

Ser Leu Gln Ser Ile Glu Asp Gly Ser Leu Val Leu Glu Lys Gly Glu
995 1000 1005

Phe Ser Leu Gly Ser Val Met Asn Ala Val Val Ser Gln Val Met
1010 1015 1020

Ile Gln Leu Arg Glu Arg Asp Leu Gln Leu Ile Arg Asp Ile Pro
1025 1030 1035

Asp Glu Ile Lys Glu Ala Ser Ala Tyr Gly Asp Gln Tyr Arg Ile
1040 1045 1050

Gln Gln Val Leu Cys Asp Phe Leu Leu Ser Met Val Arg Phe Ala
1055 1060 1065

Pro Ala Glu Asn Gly Trp Val Glu Ile Gln Val Arg Pro Asn Ile
1070 1075 1080

Lys Gln Asn Ser Asp Gly Thr Asp Thr Met Leu Phe Leu Phe Arg
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1085 1090 1095

Phe Ala Cys Pro Gly Glu Gly Leu Pro Pro Glu Ile Val Gln Asp
1100 1105 1110

Met Phe Ser Asn Ser Arg Trp Thr Thr Gln Glu Gly Ile Gly Leu
1115 1120 1125

Ser Ile Cys Arg Lys Ile Leu Lys Leu Met Gly Gly Glu Val Gln
1130 1135 1140

Tyr Ile Arg Glu Ser Glu Arg Ser Phe Phe His Ile Val Leu Glu
1145 1150 1155

Leu Pro Gln Pro Gln Gln Ala Ala Ser Arg Gly Thr Ser
1160 1165 1170

<210> SEQ ID NO 4

<211> LENGTH: 1178

<212> TYPE: PRT

<213> ORGANISM: Sorghum bicolor

<400> SEQUENCE: 4

Met Ala Ser Gly Ser Arg Ala Thr Pro Thr Arg Ser Pro Ser Ser Ala
1 5 10 15

Arg Pro Glu Ala Pro Arg His Ala His His His His His His His Ser
20 25 30

Gln Ser Ser Gly Gly Ser Thr Ser Arg Ala Gly Gly Gly Gly Gly Gly
35 40 45

Gly Gly Gly Gly Gly Gly Thr Ala Ala Thr Ala Thr Ala Thr Ala Thr
Glu Ser Val Ser Lys Ala Val Ala Gln Tyr Thr Leu Asp Ala Arg Leu
65 70 75 80

His Ala Val Phe Glu Gln Ser Gly Ala Ser Gly Arg Ser Phe Asp Tyr
85 90 95

Ser Gln Ser Leu Arg Ala Pro Pro Thr Pro Ser Ser Glu Gln Gln Ile
100 105 110

Ala Ala Tyr Leu Ser Arg Ile Gln Arg Gly Gly His Ile Gln Pro Phe
115 120 125

Gly Cys Thr Leu Ala Val Ala Asp Asp Ser Ser Phe Arg Leu Leu Ala
130 135 140

Phe Ser Glu Asn Ala Ala Asp Leu Leu Asp Leu Ser Pro His His Ser
145 150 155 160

Val Pro Ser Leu Asp Ser Ala Ala Pro Pro Pro Val Ser Leu Gly Ala
165 170 175

Asp Ala Arg Leu Leu Phe Ser Pro Ser Ser Ala Val Leu Leu Glu Arg
180 185 190

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

Ser Arg Val Ser Ser Lys Pro Phe Tyr Ala Ile Leu His Arg Ile Asp
210 215 220

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

Leu Ser Ile Ala Gly Ala Val Gln Ser Gln Lys Leu Ala Val Arg Ala
245 250 255

Ile Ser Arg Leu Gln Ala Leu Pro Gly Gly Asp Ile Lys Leu Leu Cys
260 265 270

Asp Thr Val Val Glu His Val Arg Glu Leu Thr Gly Tyr Asp Arg Val
275 280 285
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Met

Ser

305

Thr

Arg

Pro

Pro

Ser

385

Thr

Val

Ala

Leu

Thr

465

Thr

Leu

Ser

Ser

Ala

545

Thr

Ile

Gln

Lys

Ser

625

Thr

Leu

Val

Asp

Leu

Val

290

Arg

Asp

Met

Gly

His

370

Leu

Gly

Cys

Cys

Gln

450

Leu

Gln

Tyr

Gln

Thr

530

Ala

Pro

Lys

Arg

Ser

610

Leu

Ser

Glu

Arg

Gly

690

Ser

Tyr

Arg

Ile

Ile

Met

355

Gly

Val

Arg

His

Glu

435

Leu

Leu

Ser

Tyr

Ile

515

Gly

Ala

Ser

Trp

Met

595

Arg

Gln

Asn

Leu

Leu
675

Cys

Val

Arg

Asp

Pro

Ala

340

Ser

Cys

Met

Gly

His

420

Phe

Ala

Cys

Pro

His

500

Lys

Leu

Leu

Asp

Gly

580

His

Ser

Leu

Ser

Arg
660
Ile

Ile

Glu

Phe

Asn

Gln

325

Asp

Gln

His

Ala

Gly

405

Thr

Leu

His

Asp

Ser

485

Gly

Asp

Ser

Gly

Tyr

565

Gly

Pro

Leu

Ile

Lys

645

Gly

Glu

Asn

Glu

His

Leu

310

Ala

Cys

Pro

Ala

Val

390

Ile

Ser

Met

Gln

Met

470

Ile

Lys

Ile

Thr

Asp

550

Leu

Ala

Arg

Pro

Leu

630

Ala

Ile

Thr

Gly

Ala

Glu

295

Glu

Ser

His

Leu

Gln

375

Ile

Ser

Pro

Gln

Leu

455

Leu

Met

Tyr

Ile

Asp

535

Ala

Phe

Lys

Ser

Trp

615

Arg

Ile

Asn

Ala

Trp
695

Met

Asp

Pro

Arg

Ala

Cys

360

Tyr

Ile

Ser

Arg

Ala

440

Ser

Leu

Asp

Tyr

Glu

520

Ser

Val

Trp

His

Ser

600

Glu

Asp

Val

Glu

Thr
680

Asn

Gly

Glu

Tyr

Phe

Thr

345

Leu

Met

Ser

Ala

Cys

425

Phe

Glu

Arg

Leu

Pro

505

Trp

Leu

Cys

Phe

His

585

Phe

Asn

Ser

Asn

Leu

665

Val

Ala

Lys

His

Leu

Leu

330

Pro

Val

Ala

Ser

Met

410

Ile

Gly

Lys

Asp

Val

490

Leu

Leu

Ala

Gly

Arg

570

Pro

Lys

Ala

Phe

Gly

650

Ser

Pro

Lys

Ser

Gly

Gly

315

Phe

Val

Gly

Asn

Gly

395

Lys

Pro

Leu

His

Ser

475

Lys

Gly

Thr

Asp

Met

555

Ser

Glu

Ala

Glu

Arg

635

Gln

Ser

Ile

Ile

Leu

Glu Val Val Ala

300

Leu

Arg

Arg

Ser

Met

380

Gly

Leu

Phe

Gln

Ile

460

Pro

Cys

Val

Val

Ala

540

Ala

His

Asp

Phe

Met

620

Asp

Ala

Val

Phe

Ala
700

Val

His

Gln

Val

Thr

365

Gly

Asp

Trp

Pro

Leu

445

Leu

Thr

Asp

Thr

Cys

525

Gly

Val

Thr

Lys

Leu

605

Asp

Ala

Gln

Pro

Ala
685

Glu

Asn

Tyr

Asn

Ile

350

Leu

Ser

Asp

Gly

Leu

430

Asn

Arg

Gly

Gly

Pro

510

His

Tyr

Ala

Ala

Asp

590

Glu

Ala

Ala

Leu

Arg
670
Val

Leu

Asp

Pro

Arg

335

Gln

Arg

Ile

Glu

Leu

415

Arg

Met

Thr

Ile

Ala

495

Thr

Gly

Leu

Tyr

Lys

575

Asp

Val

Ile

Glu

Gly

655

Glu

Asp

Thr

Leu

Glu

Ala

320

Val

Asp

Ala

Ala

Gln

400

Val

Tyr

Glu

Gln

Val

480

Ala

Glu

Asp

Gly

Ile

560

Glu

Gly

Val

His

Gly

640

Glu

Met

Thr

Gly

Ile
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705 710 715 720

Phe Lys Glu Ser Glu Glu Ile Val Glu Lys Leu Leu Ser Arg Ala Leu
725 730 735

Arg Gly Glu Glu Asp Lys Asn Val Glu Ile Lys Leu Lys Thr Phe Gly
740 745 750

Ser Glu Gln Ser Asn Gly Ala Ile Phe Val Ile Val Asn Ala Cys Ser
755 760 765

Ser Arg Asp Tyr Thr Gln Asn Ile Val Gly Val Cys Phe Val Gly Gln
770 775 780

Asp Val Thr Gly Gln Lys Val Val Met Asp Lys Phe Ile Asn Ile Gln
785 790 795 800

Gly Asp Tyr Lys Ala Ile Val His Asn Pro Asn Pro Leu Ile Pro Pro
805 810 815

Ile Phe Ala Ser Asp Glu Asn Thr Ser Cys Ser Glu Trp Asn Thr Ala
820 825 830

Met Glu Lys Leu Thr Gly Trp Ser Arg Gly Glu Val Val Gly Lys Phe
835 840 845

Leu Ile Gly Glu Val Phe Gly Ser Phe Cys Arg Leu Lys Gly Pro Asp
850 855 860

Ala Leu Thr Lys Phe Met Val Val Ile His Asn Ala Ile Gly Gly Gln
865 870 875 880

Asp Tyr Glu Lys Phe Pro Phe Ser Phe Phe Asp Lys Asn Gly Lys Tyr
885 890 895

Val Gln Ala Leu Leu Thr Ala Asn Thr Arg Ser Lys Met Asp Gly Lys
900 905 910

Ser Ile Gly Ala Phe Cys Phe Leu Gln Ile Ala Ser Ala Glu Ile Gln
915 920 925

Gln Ala Phe Glu Ile Gln Arg Gln Gln Glu Lys Lys Cys Tyr Ala Arg
930 935 940

Met Lys Glu Leu Ala Tyr Ile Cys Gln Glu Ile Lys Asn Pro Leu Ser
945 950 955 960

Gly Ile Arg Phe Thr Asn Ser Leu Leu Gln Met Thr Asp Leu Asn Asp
965 970 975

Asp Gln Arg Gln Phe Leu Glu Thr Cys Ser Ala Cys Glu Lys Gln Met
980 985 990

Ser Lys Ile Val Lys Asp Ala Thr Leu Gln Ser Ile Glu Asp Gly Ser
995 1000 1005

Leu Val Leu Glu Lys Ser Glu Phe Ser Phe Gly Asp Val Met Asn
1010 1015 1020

Ala Val Val Ser Gln Ala Met Leu Leu Leu Arg Glu Arg Asp Leu
1025 1030 1035

Gln Leu 1Ile Arg Asp Ile Pro 2Asp Glu Ile Lys Asp Ala Ser Ala
1040 1045 1050

Tyr Gly Asp Gln Phe Arg Ile Gln Gln Val Leu Ala Asp Phe Leu
1055 1060 1065

Leu Ser Met Val Arg Ser Ala Pro Ser Glu Asn Gly Trp Val Glu
1070 1075 1080

Ile Gln Val Arg Pro Asn Val Lys Gln Asn Ser Asp Gly Thr Asp
1085 1090 1095

Thr Glu Leu Phe Ile Phe Arg Phe Ala Cys Pro Gly Glu Gly Leu
1100 1105 1110

Pro Ala Asp Ile Val Gln Asp Met Phe Ser Asn Ser Gln Trp Ser
1115 1120 1125
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Thr

Leu

Phe

Asp

Gln Glu
1130

Met Gly
1145

Phe Leu
1160

Arg Glu
1175

Gly Val Gly

Gly Glu Val

Ile Val Leu

Ile Ser

<210> SEQ ID NO 5

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Ala Ser Ala

1

Ile

Asn

Ala

Phe

65

Gln

Gln

Leu

Ser

Thr

145

Lys

Asp

Ala

Ala

225

Cys

Val

Glu

Ala

Val

His Thr

Asn Ile
35

Arg Leu
50

Asn Tyr

Gln Ile

Pro Phe

Gly Tyr
115

Val Pro
130

Asp Val

Ala Phe

Ser Arg

Val Gly
195

Leu Ser
210

Ile Ser

Asp Thr

Met Val

Ser Lys
275

Thr Asp
290

Arg Met

Ser

20

Asp

His

Ser

Thr

Gly

100

Ser

Ser

Arg

Ser

Thr

180

Ile

Ile

Gln

Val

Tyr
260
Arg

Ile

Ile

1137

Glycine

5

Ser

Arg

Ser

Ala

Glu

Ala

85

Ser

Asp

Leu

Ala

Ala

165

Ser

Val

Ala

Leu

Val

245

Lys

Pro

Pro

Val

Gly

Thr

Met

Val

Ser

70

Tyr

Met

Asn

Asp

Leu

150

Arg

Gly

Ile

Gly

Gln

230

Glu

Phe

Asp

Gln

Asp

Leu

Ser Thr Cys Arg Lys Ile Leu Lys

1135

Gln

1140

Tyr Ile Arg Glu Ser Glu Arg Ser

1150

Glu

1155

Leu Pro Gln Pro Arg Pro Ala Ala

1165

max

Ala

Lys

Ser

Phe

55

Ile

Leu

Ile

Ala

Asp

135

Phe

Glu

Lys

Asp

Ala

215

Ser

Ser

His

Leu

Ala
295

Cys

Ala

Leu

Lys

40

Glu

Arg

Val

Ala

Arg

120

Lys

Thr

Ile

Pro

Leu

200

Val

Leu

Val

Glu

Glu
280

Ser

His

Asn

Ser

25

Ala

Gln

Ile

Lys

Val

105

Asp

Asn

His

Ser

Phe

185

Glu

Gln

Pro

Arg

Asp

265

Pro

Arg

Ala

Ser

10

His

Ile

Ser

Ala

Ile

Asp

Met

Asp

Ser

Leu

170

Tyr

Pro

Ser

Gly

Glu

250

Glu

Tyr

Phe

Ser

Ser

His

Ala

Gly

Ser

75

Gln

Glu

Leu

Ala

Ser

155

Met

Gly

Ala

Gln

Gly

235

Leu

His

Ile

Leu

Ala

1170

Val Pro Pro Pro Gln
15

Ser Ser Asn Asn Asn
30

Gln Tyr Thr Glu Asp
45

Glu Ser Gly Arg Ser
60

Glu Ser Val Pro Glu
80

Arg Gly Gly Phe Ile
95

Pro Ser Phe Arg Ile
110

Gly Ile Thr Pro Gln
125

Ala Phe Ala Leu Gly
140

Ala Leu Leu Leu Glu
160

Asn Pro Ile Trp Ile
175

Ile Leu His Arg Ile
190

Arg Thr Glu Asp Pro
205

Lys Leu Ala Val Arg
220

Asp Val Lys Leu Leu
240

Thr Gly Tyr Asp Arg
255

Gly Glu Val Val Ser
270

Gly Leu His Tyr Pro
285

Phe Lys Gln Asn Arg
300

Val Arg Val Val Gln



97

US 9,587,247 B2

-continued

98

305

Asp

Ala

Ala

Val

His

385

Phe

Ala

Cys

Pro

Gln

465

Arg

Leu

Leu

Asp

Gly

545

Ser

Leu

Ala

Glu

625

Thr

Asn

Gly

Met

Val
705

Val

Glu

Pro

Ser

Gly

370

Thr

Leu

Ala

Asp

Ser

450

Gly

Asp

Ser

Gly

Phe

530

Gly

Pro

Leu

Ile

Val

610

Leu

Ala

Ala

Lys

Asn
690

Glu

Phe

Ala

His

Leu

355

Gly

Ser

Met

Gln

Met

435

Ile

Asn

Ile

Thr

Asp

515

Leu

Ala

Arg

Pro

Leu

595

Val

Ser

Pro

Lys

Ser
675
Lys

Ile

Leu

Leu

Gly

340

Val

Arg

Ala

Gln

Ser

420

Leu

Met

Tyr

Ile

Asp

500

Ala

Phe

Lys

Ser

Trp

580

Arg

Asp

Ser

Ile

Val

660

Leu

Leu

Lys

Val

Val

325

Cys

Met

Ser

Arg

Ala

405

Leu

Leu

Asp

Tyr

Glu

485

Ser

Val

Trp

His

Ser

565

Glu

Asp

Pro

Val

Phe

645

Ser

Val

Leu

Met

Val
725

310

Gln

His

Ala

Ser

Cys

390

Phe

Glu

Arg

Leu

Pro

470

Trp

Leu

Cys

Phe

His

550

Phe

Asn

Ser

His

Ala

630

Ala

Glu

His

Ser

Arg
710

Asn

Pro

Ala

Val

Met

375

Ile

Gly

Lys

Asp

Val

455

Leu

Leu

Gly

Gly

Arg

535

Pro

Lys

Ala

Phe

Val

615

Arg

Val

Leu

Asp

Arg

695

Thr

Ala

Leu

Gln

Ile

360

Arg

Pro

Leu

Arg

Ser

440

Lys

Gly

Leu

Asp

Met

520

Ser

Glu

Ala

Glu

Lys

600

Ser

Glu

Asp

Thr

Leu
680
Ala

Phe

Cys

Cys

Tyr

345

Ile

Leu

Phe

Gln

Val

425

Pro

Cys

Val

Ala

Ala

505

Ala

His

Asp

Phe

Met

585

Asp

Glu

Met

Val

Gly

665

Val

Leu

Gly

Ser

Leu

330

Met

Asn

Trp

Pro

Leu

410

Leu

Thr

Asp

Thr

Phe

490

Gly

Val

Thr

Lys

Leu

570

Asp

Ala

Gln

Val

Asp

650

Leu

Phe

Lys

Pro

Ser
730

315

Val

Ala

Gly

Gly

Leu

395

Asn

Arg

Gly

Gly

Pro

475

His

Tyr

Ala

Ala

Asp

555

Glu

Ala

Glu

Glu

Arg

635

Gly

Pro

Lys

Gly

Glu
715

Lys

Gly

Asn

Asn

Leu

380

Arg

Met

Thr

Ile

Ala

460

Thr

Gly

Pro

Tyr

Lys

540

Asp

Val

Ile

His

Leu

620

Leu

His

Val

Glu

Glu
700

His

Asp

Ser

Met

Asp

365

Val

Tyr

Glu

Gln

Val

445

Ala

Glu

Asp

Gly

Ile

525

Glu

Gly

Val

His

Arg

605

Gln

Ile

Val

Glu

Ser
685
Glu

Gln

Phe

Thr

Gly

350

Glu

Val

Ala

Leu

Thr

430

Thr

Leu

Ala

Ser

Ala

510

Thr

Ile

Gln

Lys

Ser

590

Asn

Gly

Glu

Asn

Glu

670

Glu

Asp

Asn

Thr

Leu

335

Ser

Glu

Cys

Cys

Gln

415

Leu

Gln

Tyr

Gln

Thr

495

Ala

Glu

Lys

Arg

Ser

575

Leu

Ser

Val

Thr

Gly

655

Ala

Glu

Lys

Lys

Asn
735

320

Arg

Ile

Gly

His

Glu

400

Leu

Leu

Ser

Phe

Ile

480

Gly

Ser

Lys

Trp

Met

560

Arg

Gln

Lys

Asp

Ala

640

Trp

Met

Thr

Asn

Ala
720

Asn
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100

Val

Val

Thr

785

Gly

Ser

Val

Ser

Asn

865

Leu

Gln

Cys

Leu

Thr

945

Asp

Phe

Leu

Ile

Val

Pro

Ile

Cys

Asn

Ser

Arg

Val

Val

Met

Ser
770

Cys

Arg

Cys

Leu

Phe
850

Lys

Gln

Gln

Gln

Leu
930

Ser

Leu

Leu

Leu

Lys

1010

Leu
1025

Asp
1040

Ser
1055

Pro
1070

Asn
1085

Arg
1100

Glu
1115

Thr
1130

Gly

Asp

755

Pro

Cys

Val

Cys

His

835

Leu

Arg

Ile

Glu

Gly

915

Glu

Val

Glu

Leu

Arg

995

Thr

Ser

Gly

Asp

Gly

Ser

Lys

Ala

Arg

Val Cys
740

Lys Phe

Asn Pro

Leu Glu

Asp Val

805

Gln Leu
820

Asn Ala

Asp Arg

Val Asn

Met Ser
885

Lys Asn
900

Val Lys

Ala Thr

Ala Cys

Ser Ile
965

Gly Asn
980

Glu Arg

Leu Ala Val

Asp Phe

Trp Val

Gly Leu

Glu Gly

Arg Trp

Ile Leu

Glu Arg

Arg Ser

Phe

Ile

Leu

Trp

790

Ile

Lys

Leu

His

Met

870

Pro

Ser

Asn

Ser

Glu

950

Glu

Val

Asn

Val

Asn

Ile

775

Asn

Gly

Gly

Gly

Gly

855

Glu

Glu

Phe

Pro

Leu

935

Lys

Asp

Ile

Leu

Tyr
101

Gly

Ile

760

Pro

Thr

Lys

Ser

Gly

840

Lys

Gly

Leu

Gly

Leu

920

Thr

Gln

Gly

Asn

Gln

1000

Gl
5

Leu Leu As

103

Glu Ile

Thr

104

0

Hi
5

Leu Le

106

Leu Pro

107

Gly Thr

Lys

Cys

Ser

109

0

Pr
5

Gl
0

Leu Me

110

Tyr
112

Lys
113

5

Gln Asp Val

745

Gln Gly Asp

Pro Ile Phe

Ala Met Glu

795

Met Leu Val
810

Asp Ser Ile

825

Gln Asp Thr

Tyr Val Gln

Gln Ile Ile

875

Gln Gln Ala
890

Arg Met Lys

905

Ser Gly Ile

Asn Glu Gln

Met Leu Lys

955

Ser Leu Glu
970

Ala Val Val

985

Leu Ile Arg Asp Ile

Yy Asp

n Ile

s Val

u His

o Glu

n Glu

t Asn

Phe Tyr

0

Lys Cys

5

Gln Leu

Val Arg

Arg Pro

Ala Glu

Leu Ile

Gly Leu

Gly Glu

Val Leu

Thr

Tyr

Ala

780

Lys

Gly

Thr

Asp

Thr

860

Gly

Leu

Glu

Arg

Lys

940

Ile

Leu

Ser

Gly

Lys

765

Ser

Leu

Glu

Lys

Lys

845

Phe

Ala

Lys

Leu

Phe

925

Gln

Ile

Glu

Gln

10

Arg

1020

Tyr

1035

Arg

1050

Phe

1065

Gln

1080

Gly

1095

Val

1110

Leu

1125

Gln

750

Ala

Asp

Thr

Val

Phe

830

Phe

Leu

Phe

Ala

Ala

910

Thr

Phe

Arg

Lys

Val
990

05

Ile

Ala

Ile

Arg

Asp

Leu

Gln

Glu

Lys

Ile

Asp

Gly

Phe

815

Met

Pro

Thr

Cys

Gln

895

Tyr

Asn

Leu

Asp

Gly

975

Met

Gln

Pro

Lys

Met

Met

Ser

Tyr

Leu

Ile

Val

Asn

Trp

800

Gly

Ile

Phe

Ala

Phe

880

Arg

Ile

Ser

Glu

Val

960

Glu

Leu

Pro Glu Glu

Gln

Ser

Gln

Val

Phe

Met

Ile

Pro
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101 102

-continued

<210> SEQ ID NO 6

<211> LENGTH: 1149

<212> TYPE: PRT

<213> ORGANISM: Glycine max

<400> SEQUENCE: 6

Met Ala Ser Ala Ser Gly Ala Glu Asn Ser Ser Val Pro Pro Ser Pro
1 5 10 15

Leu Pro Pro Pro Pro Pro Pro Gln Ile His Thr Ser Arg Thr Lys Leu
20 25 30

Ser His His His His Asn Asn Asn Asn Asn Asn Asn Asn Asn Ile Asp
35 40 45

Ser Thr Ser Lys Ala Ile Ala Gln Tyr Thr Glu Asp Ala Arg Leu His
50 55 60

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

Gln Ser Ile Arg Val Thr Ser Glu Ser Val Pro Glu Gln Gln Ile Thr
85 90 95

Ala Tyr Leu Leu Lys Ile Gln Arg Gly Gly Phe Ile Gln Pro Phe Gly
100 105 110

Ser Met Ile Ala Val Asp Glu Pro Ser Phe Arg Ile Leu Ala Tyr Ser
115 120 125

Asp Asn Ala Arg Asp Met Leu Gly Ile Thr Pro Gln Ser Val Pro Ser
130 135 140

Leu Asp Asp Lys Asn Asp Ala Ala Phe Ala Leu Gly Thr Asp Ile Arg
145 150 155 160

Thr Leu Phe Thr His Ser Ser Ala Val Leu Leu Glu Lys Ala Phe Ser
165 170 175

Ala Arg Glu Ile Ser Leu Met Asn Pro Ile Trp Ile His Ser Arg Thr
180 185 190

Ser Gly Lys Pro Phe Tyr Gly Ile Leu His Arg Ile Asp Val Gly Ile
195 200 205

Val Ile Asp Leu Glu Pro Ala Arg Thr Glu Asp Pro Ala Leu Ser Ile
210 215 220

Ala Gly Ala Val Gln Ser Gln Lys Leu Ala Val Arg Ala Ile Ser Gln
225 230 235 240

Leu Gln Ser Leu Pro Gly Gly Asp Val Lys Leu Leu Cys Asp Thr Val
245 250 255

Val Glu Ser Val Arg Glu Leu Thr Gly Tyr Asp Arg Val Met Val Tyr
260 265 270

Arg Phe His Glu Asp Glu His Gly Glu Val Val Ala Glu Thr Lys Arg
275 280 285

Pro Asp Leu Glu Pro Tyr Ile Gly Leu His Tyr Pro Ala Thr Asp Ile
290 295 300

Pro Gln Ala Ser Arg Phe Leu Phe Lys Gln Asn Arg Val Arg Met Ile
305 310 315 320

Val Asp Cys His Ala Ser Ala Val Arg Val Val Gln Asp Glu Ala Leu
325 330 335

Val Gln Pro Leu Cys Leu Val Gly Ser Thr Leu Arg Ala Pro His Gly
340 345 350

Cys His Ala Gln Tyr Met Ala Asn Met Gly Ser Thr Ala Ser Leu Val
355 360 365

Met Ala Val Ile Ile Asn Gly Asn Asp Glu Glu Gly Val Gly Gly Arg
370 375 380
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103

-continued

104

Thr

385

Arg

Ala

Leu

Leu

Asp

465

Tyr

Glu

Ser

Val

Trp

545

Ser

Glu

Asp

Pro

625

Val

Phe

Ser

Val

Leu

705

Met

Val

Cys

Phe

Pro
785

Ser

Cys

Phe

Glu

Arg

450

Leu

Pro

Trp

Leu

Cys

530

Phe

His

Phe

Asn

Ser

610

Arg

Ala

Ala

Glu

Arg

690

Ser

Arg

Asn

Phe

Ile
770

Leu

Met

Ile

Gly

Lys

435

Asp

Val

Leu

Leu

Ala

515

Gly

Arg

Pro

Lys

Ala

595

Phe

Met

Arg

Val

Leu

675

Asp

Arg

Thr

Ala

Val
755

Asn

Ile

Arg

Pro

Leu

420

Arg

Ser

Lys

Gly

Leu

500

Asp

Met

Ser

Glu

Ala

580

Glu

Lys

Ser

Glu

Asp

660

Thr

Leu

Ala

Phe

Cys

740

Gly

Ile

Pro

Leu

Phe

405

Gln

Val

Pro

Cys

Val

485

Ala

Ala

Ala

His

Asp

565

Phe

Met

Asp

Glu

Met

645

Val

Gly

Val

Leu

Gly

725

Ser

Gln

Gln

Pro

Trp

390

Pro

Leu

Leu

Thr

Asp

470

Thr

Phe

Gly

Val

Thr

550

Lys

Leu

Asp

Ala

Leu

630

Val

Asp

Leu

Phe

Lys

710

Pro

Ser

Asp

Gly

Ile
790

Gly Leu Val Ile Cys His His Thr Ser
395

Leu Arg Tyr Ala Cys Glu Phe Leu Met
410 415

Asn Met Glu Leu Gln Leu Ala Ala Gln
425 430

Arg Thr Gln Thr Leu Leu Cys Asp Met
440 445

Gly Ile Val Thr Gln Ser Pro Ser Ile
455 460

Gly Ala Ala Leu Tyr Tyr Gln Gly Asn
475

Pro Thr Glu Ala Gln Ile Arg Asp Ile
490 495

His Arg Asp Ser Thr Gly Leu Ser Thr
505 510

Tyr Pro Gly Ala Ala Ser Leu Gly Asp
520 525

Ala Tyr Ile Thr Glu Lys Asp Phe Leu
535 540

Ala Lys Glu Ile Lys Trp Gly Gly Ala
555

Asp Asp Gly Gln Arg Met His Pro Arg
570 575

Glu Val Val Lys Ser Arg Ser Leu Pro
585 590

Ala Ile His Ser Leu Gln Leu Ile Leu
600 605

Glu His Ser Asn Ser Lys Ala Val Leu
615 620

Glu Leu Gln Gly Val Asp Glu Leu Ser
635

Arg Leu Ile Glu Thr Ala Thr Ala Pro
650 655

Gly Arg Ile Asn Gly Trp Asn Ala Lys
665 670

Pro Val Glu Glu Ala Met Gly Lys Ser
680 685

Lys Glu Ser Glu Glu Thr Val Asp Lys
695 700

Gly Glu Glu Asp Lys Asn Val Glu Ile
715

Glu His Gln Asn Lys Ala Val Phe Val
730 735

Lys Asp Tyr Thr Asn Asn Val Val Gly
745 750

Val Thr Gly Gln Lys Ile Val Met Asp
760 765

Asp Tyr Lys Ala Ile Val His Asn Pro
775 780

Phe Ala Ser Asp Asp Asn Thr Cys Cys
795

Ala

400

Gln

Ser

Leu

Met

Tyr

480

Ile

Asp

Ala

Phe

Lys

560

Ser

Trp

Arg

Asp

Ser

640

Ile

Val

Leu

Leu

Lys

720

Val

Val

Lys

Asn

Leu
800
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106

-continued
Glu Trp Asn Thr Ala Met Glu Lys Leu Thr Gly Trp Ser Arg Ala Asp
805 810 815
Val Ile Gly Lys Met Leu Val Gly Glu Val Phe Gly Ser Cys Cys Gln
820 825 830
Leu Lys Gly Ser Asp Ser Ile Thr Lys Phe Met Ile Val Leu His Asn
835 840 845
Ala Leu Gly Gly His Asp Thr Asp Arg Phe Pro Phe Ser Phe Leu Asp
850 855 860
Arg Tyr Gly Lys His Val Gln Ala Phe Leu Thr Ala Asn Lys Arg Val
865 870 875 880
Asn Met Asp Gly Gln Ile Ile Gly Ala Phe Cys Phe Leu Gln Ile Val
885 890 895
Ser Pro Glu Leu Gln Gln Ala Leu Lys Ala Gln Arg Gln Gln Glu Lys
900 905 910
Asn Ser Phe Ala Arg Met Lys Glu Leu Ala Tyr Ile Cys Gln Gly Val
915 920 925
Lys Asn Pro Leu Ser Gly Ile Arg Phe Thr Asn Ser Leu Leu Glu Ala
930 935 940
Thr Cys Leu Ser Asn Glu Gln Lys Gln Phe Leu Glu Thr Ser Ala Ala
945 950 955 960
Cys Glu Lys Gln Met Leu Lys Ile Ile His Asp Val Asp Ile Glu Ser
965 970 975
Ile Glu Asp Gly Ser Leu Glu Leu Glu Lys Gly Glu Phe Leu Leu Gly
980 985 990
Asn Val Ile Asn Ala Val Val Ser Gln Val Met Leu Leu Leu Arg Glu
995 1000 1005
Arg Asn Leu Gln Leu Ile Arg Asp Ile Pro Glu Glu Ile Lys Thr
1010 1015 1020
Leu Ala Val Tyr Gly Asp Gln Leu Arg Ile Gln Gln Val Leu Ser
1025 1030 1035
Asp Phe Leu Leu Asn Ile Val Arg Tyr Ala Pro Ser Pro Asp Gly
1040 1045 1050
Trp Val Glu Ile His Val His Pro Arg Ile Lys Gln Ile Ser Asp
1055 1060 1065
Gly Leu Thr Leu Leu His Ala Glu Phe Arg Met Val Cys Pro Gly
1070 1075 1080
Glu Gly Leu Pro Pro Glu Leu Ile Gln Asn Met Phe Asn Asn Ser
1085 1090 1095
Gly Trp Gly Thr Gln Glu Gly Leu Gly Leu Ser Met Ser Arg Lys
1100 1105 1110
Ile Leu Lys Leu Met Asn Gly Glu Val Gln Tyr Ile Arg Glu Ala
1115 1120 1125
Gln Arg Cys Tyr Phe Tyr Val Leu Leu Glu Leu Pro Val Thr Arg
1130 1135 1140
Arg Ser Ser Lys Lys Cys
1145
<210> SEQ ID NO 7
<211> LENGTH: 1100
<212> TYPE: PRT
<213> ORGANISM: Glycine max
<400> SEQUENCE: 7

Met Ser Lys Ala Ile Ala Gln Tyr Thr Glu Asp Ala Arg Leu His Ala

1

5

10

15
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107

-continued

108

Val

Ser

Tyr

Met

65

Asn

Asp

Leu

Arg

Gly

145

Ile

Gly

Gln

Glu

Phe

225

Asp

Gln

Asp

Gln

His

305

Ala

Ser

Cys

Phe

Glu
385

Arg

Leu

Phe

Ile

Leu

50

Ile

Ala

Asp

Phe

Glu

130

Lys

Asp

Ala

Ser

Ser

210

His

Leu

Ala

Cys

Pro

290

Ala

Val

Met

Ile

Gly

370

Lys

Asp

Val

Glu

Arg

35

Val

Ala

Arg

Lys

Thr

115

Ile

Pro

Leu

Val

Leu

195

Val

Glu

Glu

Ser

His

275

Leu

Gln

Ile

Arg

Pro

355

Leu

Arg

Ser

Lys

Gln

20

Ile

Lys

Val

Asp

Asn

100

His

Ser

Phe

Glu

Gln

180

Pro

Arg

Asp

Pro

Arg

260

Ala

Cys

Tyr

Ile

Leu

340

Phe

Gln

Val

Pro

Cys
420

Ser

Ala

Ile

Asp

Met

85

Asp

Ser

Leu

Tyr

Pro

165

Ser

Gly

Glu

Glu

Tyr

245

Phe

Ser

Leu

Met

Asn

325

Trp

Pro

Leu

Leu

Thr

405

Asp

Gly

Ser

Gln

Glu

70

Leu

Ala

Ser

Met

Gly

150

Ala

Gln

Gly

Leu

His

230

Ile

Leu

Ala

Val

Ala

310

Gly

Gly

Leu

Asn

Arg
390

Gly

Gly

Glu Ser Gly Arg Ser Phe Asn Tyr Ser
25 30

Glu Ser Val Pro Glu Gln Gln Ile Thr
40 45

Arg Gly Gly Phe Ile Gln Pro Phe Gly
55 60

Pro Ser Phe Arg Ile Leu Gly Tyr Ser
75

Gly Ile Thr Pro Gln Ser Val Pro Ser
90 95

Ala Phe Ala Leu Gly Thr Asp Val Arg
105 110

Ala Leu Leu Leu Glu Lys Ala Phe Ser
120 125

Asn Pro Ile Trp Ile His Ser Arg Thr
135 140

Ile Leu His Arg Ile Asp Val Gly Ile
155

Arg Thr Glu Asp Pro Ala Leu Ser Ile
170 175

Lys Leu Ala Val Arg Ala Ile Ser Gln
185 190

Asp Val Lys Leu Leu Cys Asp Thr Val
200 205

Thr Gly Tyr Asp Arg Val Met Val Tyr
215 220

Gly Glu Val Val Ser Glu Ser Lys Arg
235

Gly Leu His Tyr Pro Ala Thr Asp Ile
250 255

Phe Lys Gln Asn Arg Val Arg Met Ile
265 270

Val Arg Val Val Gln Asp Glu Ala Leu
280 285

Gly Ser Thr Leu Arg Ala Pro His Gly
295 300

Asn Met Gly Ser Ile Ala Ser Leu Val
315

Asn Asp Glu Glu Gly Val Gly Gly Arg
330 335

Leu Val Val Cys His His Thr Ser Ala
345 350

Arg Tyr Ala Cys Glu Phe Leu Met Gln
360 365

Met Glu Leu Gln Leu Ala Ala Gln Ser
375 380

Thr Gln Thr Leu Leu Cys Asp Met Leu
395

Ile Val Thr Gln Ser Pro Ser Ile Met
410 415

Ala Ala Leu Tyr Phe Gln Gly Asn Tyr
425 430

Glu

Ala

Ser

Asp

80

Leu

Ala

Ala

Ser

Val

160

Ala

Leu

Val

Lys

Pro

240

Pro

Val

Val

Cys

Met

320

Ser

Arg

Ala

Leu

Leu
400

Asp

Tyr
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-continued

110

Pro

Trp

Leu

465

Cys

Phe

Phe

Asn

545

Ser

Arg

Ala

Ala

Glu

625

Ser

Arg

Asn

Phe

705

Ile

Leu

Trp

Ile

Lys

785

Leu

Met

Pro

Leu

Leu

450

Gly

Gly

Arg

Pro

Lys

530

Ala

Phe

Val

Arg

Val

610

Leu

Asp

Arg

Thr

Ala

690

Val

Asn

Ile

Asn

Gly

770

Gly

Gly

Gly

Glu

Glu

Gly

435

Leu

Asp

Met

Ser

Glu

515

Ala

Glu

Lys

Ser

Glu

595

Asp

Thr

Leu

Ala

Phe

675

Cys

Gly

Ile

Pro

Thr

755

Lys

Ser

Gly

Lys

Gly

835

Leu

Val

Ala

Ala

Ala

His

500

Asp

Phe

Met

Asp

Glu

580

Met

Val

Gly

Val

Leu

660

Gly

Ser

Gln

Gln

Pro

740

Ala

Met

Asp

Gln

Tyr
820

Gln

Gln

Thr

Phe

Gly

Val

485

Thr

Lys

Leu

Asp

Ala

565

Gln

Val

Asp

Leu

Phe

645

Lys

Pro

Ser

Asp

Gly

725

Ile

Met

Leu

Ser

Asp
805
Val

Ile

Gln

Pro

His

Tyr

470

Ala

Ala

Asp

Glu

Ala

550

Glu

Glu

Arg

Gly

Pro

630

Lys

Gly

Glu

Lys

Val

710

Asp

Phe

Glu

Val

Ile

790

Thr

Gln

Ile

Ala

Thr

Gly

455

Pro

Tyr

Lys

Asp

Val

535

Ile

His

Leu

Leu

His

615

Val

Glu

Glu

Arg

Asp

695

Thr

Tyr

Ala

Lys

Gly

775

Thr

Asp

Thr

Gly

Leu

Glu

440

Asp

Gly

Ile

Glu

Gly

520

Val

His

Arg

Gln

Ile

600

Val

Glu

Ser

Glu

Gln

680

Phe

Gly

Lys

Ser

Leu

760

Glu

Lys

Lys

Phe

Ala
840

Lys

Ala

Ser

Ala

Thr

Ile

505

Gln

Lys

Ser

Asn

Gly

585

Glu

Asn

Glu

Glu

Asp

665

Asn

Thr

Gln

Ala

Asp

745

Thr

Val

Phe

Phe

Leu
825

Phe

Ala

Gln

Thr

Ala

Glu

490

Lys

Arg

Ser

Leu

Ser

570

Val

Thr

Gly

Ala

Glu

650

Lys

Lys

Asn

Lys

Ile

730

Asp

Gly

Phe

Met

Pro
810
Thr

Cys

Gln

Ile

Gly

Ser

475

Lys

Trp

Met

Arg

Gln

555

Lys

Asp

Ala

Trp

Met

635

Thr

Asn

Ala

Asn

Ile

715

Val

Asn

Trp

Gly

Ile

795

Phe

Ala

Phe

Arg

Arg

Leu

460

Leu

Asp

Gly

His

Ser

540

Leu

Ala

Glu

Thr

Asn

620

Gly

Met

Val

Val

Val

700

Val

His

Thr

Gly

Ser

780

Val

Ser

Asn

Leu

Gln

Asp

445

Ser

Gly

Phe

Gly

Pro

525

Leu

Ile

Val

Leu

Ala

605

Ala

Lys

Asn

Glu

Phe

685

Val

Met

Ser

Cys

Arg

765

Cys

Leu

Phe

Lys

Gln
845

Gln

Ile

Thr

Asp

Leu

Ala

510

Arg

Pro

Leu

Ala

Ser

590

Pro

Lys

Ser

Lys

Ile

670

Leu

Gly

Asp

Pro

Cys

750

Val

Cys

His

Leu

Arg
830

Ile

Glu

Ile

Asp

Ala

Phe

495

Lys

Ser

Trp

Arg

Asp

575

Ser

Ile

Val

Leu

Leu

655

Lys

Val

Val

Lys

Asn

735

Leu

Asp

Gln

Asn

Asp

815

Val

Met

Lys

Glu

Ser

Val

480

Trp

His

Ser

Glu

Asp

560

Pro

Val

Phe

Ser

Val

640

Leu

Met

Val

Cys

Phe

720

Pro

Glu

Val

Leu

Ala

800

Arg

Asn

Ser

Asn
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-continued

112

Ser

865

Asn

Ser

Glu

Glu

Val

945

Asn

Val

Leu

Leu

Pro

Gln

Met

Phe

Lys

850

Phe

Pro

Leu

Lys

Asp

930

Ile

Leu

Tyr

Asn

Val

1010
His
1025

Glu
1040

Glu
1055

Asn
1070

Tyr
1085

Cys
1100

Gly

Leu

Thr

Gln

915

Gly

Asn

Gln

Gly

Ile
995

Arg Pro

Ala

Leu

Gly

Gly

Val

<210> SEQ ID

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

Arg

Ser

Asn

900

Met

Ser

Ala

Leu

Asp

980

Val

Met

Gly

885

Glu

Leu

Leu

Val

Ile

965

Gln

Arg

Lys

870

Ile

Gln

Lys

Glu

Val

950

Arg

Leu

Tyr

855

Glu

Arg

Lys

Ile

Leu

935

Ser

Asp

Arg

Ala

Arg Ile Lys

Glu Phe

Ile

Gln

Leu Gly

Glu Val

Leu Leu

NO

PRT

<400> SEQUENCE:

Met Ile Ala Val

1

Asn

Asp

Leu

Arg

65

Gly

Ile

Ala

Asp

Phe

50

Glu

Lys

Asp

Arg

Lys

35

Thr

Ile

Pro

Leu

Asp
20

Asn

His

Ser

Phe

Glu
100

8

867

Glyc
8

Asp

Met

Asp

Ser

Leu

Tyr

85

Pro

101

Arg Met

103

Asp Met

104

Leu Ser

106

Gln Tyr

107

Leu Al

a Tyr Ile

Phe Thr As

Gln Phe

90

89

5

Ile Arg As

920

Glu Lys Gl

Gln Va

Ile Pr

Ile G1
98

Pro Ser Pro Asp Gly Trp Val Glu Ile

1000

Gln
5

Val
0

Phe

5

0

Ile
5

Glu Leu Pro

ine

Glu

Leu

Ala

Ser

Met

70

Gly

Ala

109

max

Pro

Gly

Ala

Ala

55

Asn

Ile

Arg

0

1 Me
o Gl
97

n Gl

5

Ile

Cys

Asn

Ser

Arg

Val

Ser Phe Ar

Ile Thr Pr

25

Phe Al

40

Val Le

Pro Il

Leu Hi

Thr G1
10

a Le

u Le

e Tr

s Ar

90

u As
5

875

n Ser
o]

Leu Glu

p Val

y Glu

t Leu
955

u Glu
o]

n Val

860

Cys

Leu

Thr

Asp

Phe

940

Leu

Ile

Leu

Gln Gly Val

Leu Glu Ala

Ser

Val
910

895

Ala

Leu Glu Ser

925

Leu Leu Gly

Leu

Lys

Ser

10

Arg

Thr

Asp
990

05

Ser Asp Gly Leu
1020

Pro Gly

Asn Ser

Arg Lys

Glu Ala

Thr Arg

g Ile

o Gln

u Gly

u Glu

p Ile

75

g Ile

P Pro

Glu

1035

Arg

1050

Ile

1065

Glu

1080

Arg

1095

Leu

Ser

Thr

Lys

60

His

Asp

Ala

Ala

Val

Asp

45

Ala

Ser

Val

Leu

Gly

Trp

Leu

Arg

Ser

Tyr

Pro

30

Ile

Phe

Arg

Gly

Ser
110

Glu
Leu
975

Phe

Thr

Leu

Gly

Lys

Cys

Ser

Ser

15

Ser

Arg

Ser

Thr

Ile
95

Ile

Lys

880

Thr

Cys

Ile

Asn

Arg

960

Ala

Leu

Leu

Pro

Thr

Leu

Tyr

Lys

Asp

Leu

Thr

Ala

Ser

80

Val

Ala
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-continued

114

Gly

Gln

Glu

145

Phe

Asp

Gln

Asp

Gln

225

Ala

Ser

Cys

Phe

305

Glu

Arg

Leu

Pro

Trp

385

Leu

Cys

Phe

Phe

465

Ser

Ser

Arg

Ala

Ala

Ser

130

Ser

His

Leu

Ala

Cys

210

Pro

Ala

Val

Met

Ile

290

Gly

Lys

Asp

Val

Leu

370

Leu

Ala

Gly

Arg

Pro

450

Lys

Ala

Phe

Met

Arg

Val

115

Leu

Val

Glu

Glu

Ser

195

His

Leu

Gln

Ile

Arg

275

Pro

Leu

Arg

Ser

Lys

355

Gly

Leu

Asp

Met

Ser

435

Glu

Ala

Glu

Lys

Ser
515

Glu

Gln

Pro

Arg

Asp

Pro

180

Arg

Ala

Cys

Tyr

Ile

260

Leu

Phe

Gln

Val

Pro

340

Cys

Val

Ala

Ala

Ala

420

His

Asp

Phe

Met

Asp
500

Glu

Met

Ser

Gly

Glu

Glu

165

Tyr

Phe

Ser

Leu

Met

245

Asn

Trp

Pro

Leu

Leu

325

Thr

Asp

Thr

Phe

Gly

405

Val

Thr

Lys

Leu

Asp
485
Ala

Leu

Val

Gln

Gly

Leu

150

His

Ile

Leu

Ala

Val

230

Ala

Gly

Gly

Leu

Asn

310

Arg

Gly

Gly

Pro

His

390

Tyr

Ala

Ala

Asp

Glu

470

Ala

Glu

Glu

Arg

Lys

Asp

135

Thr

Gly

Gly

Phe

Val

215

Gly

Asn

Asn

Leu

Arg

295

Met

Thr

Ile

Ala

Thr

375

Arg

Pro

Tyr

Lys

Asp

455

Val

Ile

His

Leu

Leu

Leu

120

Val

Gly

Glu

Leu

Lys

200

Arg

Ser

Met

Asp

Val

280

Tyr

Glu

Gln

Val

Ala

360

Glu

Asp

Gly

Ile

Glu

440

Gly

Val

His

Ser

Gln
520

Ile

Ala

Lys

Tyr

Val

His

185

Gln

Val

Thr

Gly

Glu

265

Ile

Ala

Leu

Thr

Thr

345

Leu

Ala

Ser

Ala

Thr

425

Ile

Gln

Lys

Ser

Asn
505

Gly

Glu

Val

Leu

Asp

Val

170

Tyr

Asn

Val

Leu

Ser

250

Glu

Cys

Cys

Gln

Leu

330

Gln

Tyr

Gln

Thr

Ala

410

Glu

Lys

Arg

Ser

Leu

490

Ser

Val

Thr

Arg

Leu

Arg

155

Ala

Pro

Arg

Gln

Arg

235

Thr

Gly

His

Glu

Leu

315

Leu

Ser

Tyr

Ile

Gly

395

Ser

Lys

Trp

Met

Arg

475

Gln

Lys

Asp

Ala

Ala

Cys

140

Val

Glu

Ala

Val

Asp

220

Ala

Ala

Val

His

Phe

300

Ala

Cys

Pro

Gln

Arg

380

Leu

Leu

Asp

Gly

His

460

Ser

Leu

Ala

Glu

Thr

Ile

125

Asp

Met

Thr

Thr

Arg

205

Glu

Pro

Ser

Gly

Thr

285

Leu

Ala

Asp

Ser

Gly

365

Asp

Ser

Gly

Phe

Gly

445

Pro

Leu

Ile

Val

Leu
525

Ala

Ser

Thr

Val

Lys

Asp

190

Met

Ala

His

Leu

Gly

270

Ser

Met

Gln

Met

Ile

350

Asn

Ile

Thr

Asp

Leu

430

Ala

Arg

Pro

Leu

Leu
510

Ser

Pro

Gln

Val

Tyr

Arg

175

Ile

Ile

Leu

Gly

Val

255

Arg

Ala

Gln

Ser

Leu

335

Met

Tyr

Ile

Asp

Ala

415

Phe

Lys

Ser

Trp

Arg

495

Asp

Ser

Ile

Leu

Val

Arg

160

Pro

Pro

Val

Val

Cys

240

Met

Thr

Arg

Ala

Leu

320

Leu

Asp

Tyr

Glu

Ser

400

Val

Trp

His

Ser

Glu

480

Asp

Pro

Val

Phe
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-continued

116

Ala

545

Glu

Arg

Ser

Arg

Asn

625

Phe

Ile

Leu

Trp

Ile

705

Lys

Leu

Tyr

Met

Pro

785

Ser

Asn

Cys

Glu

Glu
865

530

Val

Leu

Asp

Arg

Thr

610

Ala

Val

Asn

Ile

Asn

690

Gly

Gly

Gly

Gly

Asp

770

Glu

Phe

Pro

Leu

Lys

850

Asp

Asp

Thr

Leu

Ala

595

Phe

Cys

Gly

Ile

Pro

675

Thr

Lys

Ser

Gly

Lys

755

Gly

Leu

Ala

Leu

Ser

835

Gln

Gly

Val

Gly

Val

580

Leu

Gly

Ser

Gln

Gln

660

Pro

Ala

Met

Asp

His

740

His

Gln

Gln

Arg

Ser

820

Asn

Met

Asp

Leu

565

Phe

Lys

Pro

Ser

Asp

645

Gly

Ile

Met

Leu

Ser

725

Asp

Val

Ile

Gln

Met

805

Gly

Glu

Leu

<210> SEQ ID NO 9

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Solanum tuberosum

PRT

<400> SEQUENCE:

1130

9

Gly

550

Pro

Lys

Gly

Glu

Lys

630

Val

Asp

Phe

Glu

Val

710

Ile

Thr

Gln

Ile

Ala

790

Lys

Ile

Gln

Lys

535

Arg

Val

Glu

Glu

His

615

Asp

Thr

Tyr

Ala

Lys

695

Gly

Thr

Asp

Ala

Gly

775

Leu

Glu

Arg

Lys

Ile
855

Ile

Glu

Ser

Glu

600

Gln

Tyr

Gly

Lys

Ser

680

Leu

Glu

Lys

Arg

Phe

760

Ala

Lys

Leu

Phe

Gln

840

Ile

Asn Gly

Glu Ala
570

Glu Glu
585

Asp Lys

Asn Lys

Thr Asn

Gln Lys
650

Ala Ile
665

Asp Asp

Thr Gly

Val Phe

Phe Met
730

Phe Pro
745

Leu Thr

Phe Cys

Ala Gln

Ala Tyr

810

Thr Asn
825

Phe Leu

His Asp

540

Trp Asn
555

Met Gly

Thr Val

Asn Val

Ala Val
620

Asn Val
635

Ile Val

Val His

Asn Thr

Trp Ser

700

Gly Ser
715

Ile Val

Phe Ser

Ala Asn

Phe Leu

780

Arg Gln

795

Ile Cys

Ser Leu

Glu Thr

Val Asp
860

Ala

Lys

Asp

Glu

605

Phe

Val

Met

Asn

Cys

685

Arg

Cys

Leu

Phe

Lys

765

Gln

Gln

Gln

Leu

Ser

845

Ile

Lys

Ser

Lys

590

Ile

Val

Gly

Asp

Pro

670

Cys

Ala

Cys

His

Leu

750

Arg

Ile

Glu

Gly

Glu

830

Ala

Glu

Val

Leu

575

Leu

Lys

Val

Val

Lys

655

Asn

Leu

Asp

Gln

Asn

735

Asp

Val

Val

Lys

Val

815

Ala

Ala

Ser

Ser

560

Val

Leu

Met

Val

Cys

640

Phe

Pro

Glu

Val

Leu

720

Ala

Arg

Asn

Ser

Asn

800

Lys

Thr

Cys

Ile

Met Ala Ser Gly Ser Arg Thr Lys His Ser His His Asn Ser Ser Gln

1

5

10

15

Ala Gln Ser Ser Gly Thr Ser Asn Val Asn Tyr Lys Asp Ser Ile Ser

20

25

30
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-continued

118

Lys

Glu

Lys

65

Thr

Ala

Phe

Cys

Ser

145

Leu

Tyr

Pro

Ser

Gly

225

Glu

Glu

Tyr

Phe

Thr

305

Leu

Met

Asn

Leu

Phe

385

Gln

Val

Pro

Cys

Ala

Gln

50

Thr

Lys

Val

Glu

Glu

130

Ser

Leu

Ala

Ala

Gln

210

Gly

Leu

His

Ile

Leu

290

Pro

Val

Ala

Gly

Trp

370

Pro

Leu

Leu

Pro

Asp

Ile

Ser

Thr

Ile

Asp

Met

115

Ile

Ser

Asn

Ile

Arg

195

Lys

Asp

Thr

Gly

Gly

275

Phe

Val

Gly

Asn

Asn

355

Gly

Leu

Asn

Arg

Gly

435

Gly

Ala

Gly

Thr

Gln

Glu

100

Leu

Leu

Val

Pro

Leu

180

Thr

Leu

Ile

Gly

Glu

260

Leu

Lys

Arg

Ser

Met

340

Asp

Leu

Arg

Met

Thr
420

Ile

Ala

Gln

Glu

Gln

Arg

85

Ala

Ser

Thr

Leu

Ile

165

His

Glu

Ala

Lys

Tyr

245

Val

His

Gln

Val

Thr

325

Gly

Glu

Val

Tyr

Glu
405
Gln

Val

Ala

Tyr

Ser

Ser

70

Gly

Ser

Leu

Ile

Leu

150

Trp

Arg

Asp

Val

Leu

230

Asp

Val

Tyr

Asn

Thr

310

Leu

Ser

Glu

Val

Ala

390

Leu

Thr

Thr

Leu

Thr

Gly

55

Val

Gly

Phe

Thr

Gly

135

Glu

Ile

Val

Pro

Arg

215

Leu

Arg

Ala

Pro

Arg

295

Gln

Arg

Ile

Ala

Gly

375

Cys

Gln

Leu

Gln

Tyr

Ala

Lys

Pro

His

Arg

Pro

120

Thr

Arg

His

Asp

Ala

200

Ala

Cys

Val

Glu

Ala

280

Val

Asp

Ala

Ala

Val

360

His

Glu

Leu

Leu

Ser
440

Tyr

Asp

Phe

Glu

Ile

Val

105

Gln

Asp

Ala

Ser

Val

185

Leu

Ile

Asp

Met

Ser

265

Thr

Arg

Glu

Pro

Ser

345

Gly

His

Phe

Ala

Cys
425

Pro

Gln

Ala

Phe

Arg

Gln

90

Ile

Ser

Val

Phe

Lys

170

Gly

Ser

Ser

Thr

Val

250

Lys

Asp

Met

Ser

His

330

Leu

Gly

Thr

Leu

Ser
410
Asp

Ser

Gly

Arg

Asp

Gln

75

Pro

Ala

Val

Arg

Gly

155

Asn

Ile

Ile

His

Val

235

Tyr

Arg

Ile

Ile

Leu

315

Gly

Thr

Gly

Ser

Met

395

Gln

Met

Ile

Lys

Leu

Tyr

60

Ile

Phe

Tyr

Pro

Thr

140

Ala

Ser

Ala

Ala

Leu

220

Val

Lys

Ser

Pro

Val

300

Met

Cys

Leu

Arg

Val

380

Gln

Leu

Leu

Met

Tyr

His

45

Ser

Thr

Gly

Ser

Ser

125

Leu

Arg

Gly

Ile

Gly

205

Gln

Glu

Phe

Asp

Gln

285

Asp

Gln

His

Ala

Asn

365

Arg

Ala

Ser

Leu

Asp
445

Tyr

Ala

Glu

Ala

Cys

Glu

110

Leu

Phe

Glu

Lys

Asp

190

Ala

Ser

Ser

His

Leu

270

Ala

Cys

Pro

Ala

Val

350

Ser

Ser

Phe

Glu

Arg
430

Leu

Pro

Val

Ser

Tyr

Met

95

Asn

Glu

Thr

Ile

Pro

175

Leu

Val

Leu

Val

Glu

255

Glu

Ser

His

Leu

Gln

335

Ile

Met

Ile

Gly

Lys

415

Asp

Val

Leu

Phe

Val

Leu

80

Ile

Ala

Lys

Pro

Thr

160

Phe

Glu

Gln

Pro

Arg

240

Asp

Pro

Arg

Ala

Cys

320

Tyr

Ile

Arg

Pro

Leu

400

His

Ser

Lys

Gly
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119

-continued

120

Val
465
Ala

Ala

Ala

Asp

545

Phe

Met

Asp

Glu

Met

625

Val

Gly

Val

Leu

Gly

705

Ala

Gln

Gln

Pro

Ala

785

Met

Asp

Gln

Tyr

865

450

Thr

Tyr

Gly

Val

Thr

530

Lys

Leu

Asp

Ala

Met

610

Val

Glu

Leu

Tyr

Arg

690

Ala

Ser

Asp

Gly

Ile

770

Met

Leu

Ala

Asp

Val
850

Thr

Pro

His

Tyr

Ala

515

Ala

Asp

Glu

Ala

Glu

595

Glu

Arg

Gly

Ser

Lys

675

Gly

Glu

Lys

Val

Asp

755

Phe

Glu

Val

Met

Thr
835

Gln

Ile

Thr

Gly

Pro

500

Tyr

Lys

Asp

Val

Ile

580

Ala

Leu

Leu

Arg

Val

660

Glu

Glu

Gln

Asp

Thr

740

Tyr

Ala

Lys

Gly

Thr
820
Asp

Ala

Gly

Glu

Asp

485

Gly

Ile

Glu

Gly

Val

565

His

Ser

Gln

Ile

Ile

645

Glu

Ser

Glu

Leu

Tyr

725

Gly

Lys

Ser

Leu

Glu

805

Lys

Lys

Leu

Ala

Ala

470

Ser

Ala

Ser

Ile

Leu

550

Lys

Ser

Asn

Gly

Glu

630

Asn

Glu

Gln

Asp

Glu

710

Thr

Glu

Ala

Asp

Thr

790

Ile

Phe

Phe

Leu

Phe
870

455 460

Gln Ile Lys Asp Ile Val Glu Trp Leu
475

Thr Gly Leu Ser Thr Asp Ser Leu Ala
490 495

Ala Ser Leu Gly Asp Ala Val Cys Gly
505 510

Ser Lys Asp Phe Leu Phe Trp Phe Arg
520 525

Lys Trp Gly Gly Ala Lys His His Pro
535 540

Arg Met His Pro Arg Ser Ser Phe Lys
555

Ser Arg Ser Ser Pro Trp Glu Asn Ala
570 575

Leu Gln Leu Ile Leu Arg Asp Ser Phe
585 590

Ser Lys Ala Ile Val His Ala His Leu
600 605

Ile Asp Glu Leu Ser Ser Val Ala Arg
615 620

Thr Ala Thr Ala Pro Ile Phe Ala Val
635

Gly Trp Asn Ala Lys Val Ala Glu Leu
650 655

Ala Met Gly Lys Ser Leu Val His Glu
665 670

Glu Thr Ala Glu Lys Leu Leu Tyr Asn
680 685

Lys Asn Val Glu Ile Lys Leu Arg Thr
695 700

Lys Ala Val Phe Val Val Val Asn Ala
715

Asn Asn Ile Val Gly Val Cys Phe Val
730 735

Lys Val Val Met Asp Lys Phe Ile Asn
745 750

Ile Val His Ser Pro Asn Pro Leu Ile
760 765

Glu Asn Thr Cys Cys Ser Glu Trp Asn
775 780

Gly Trp Ser Arg Gly Glu Ile Val Gly
795

Phe Gly Ser Cys Cys Arg Leu Lys Gly
810 815

Met Ile Val Leu His Asn Ala Ile Gly
825 830

Pro Phe Ser Phe Phe Asp Arg Asn Gly
840 845

Thr Ala Asn Lys Arg Val Asn Met Glu
855 860

Cys Phe Ile Gln Ile Ala Ser Pro Glu
875

Leu

480

Asp

Met

Ser

Glu

Ala

560

Glu

Lys

Gly

Glu

Asp

640

Thr

Leu

Ala

Phe

Cys

720

Gly

Ile

Pro

Thr

Lys

800

Pro

Gly

Lys

Gly

Leu
880
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121 122

-continued

Gln Gln Ala Leu Arg Val Gln Arg Gln Gln Glu Lys Lys Cys Tyr Ser
885 890 895

Gln Met Lys Glu Leu Ala Tyr Ile Cys Gln Glu Ile Lys Ser Pro Leu
900 905 910

Asn Gly Ile Arg Phe Thr Asn Ser Leu Leu Glu Ala Thr Asn Leu Thr
915 920 925

Glu Asn Gln Lys Gln Tyr Leu Glu Thr Ser Ala Ala Cys Glu Arg Gln
930 935 940

Met Ser Lys Ile Ile Arg Asp Val Asp Leu Glu Asn Ile Glu Asp Gly
945 950 955 960

Ser Leu Thr Leu Glu Lys Glu Asp Phe Phe Leu Gly Ser Val Ile Asp
965 970 975

Ala Val Val Ser Gln Val Met Leu Leu Leu Arg Glu Lys Gly Val Gln
980 985 990

Leu Ile Arg Asp Ile Pro Glu Glu Ile Lys Thr Leu Thr Val His Gly
995 1000 1005

Asp Gln Val Arg Ile Gln Gln Val Leu Ala Asp Phe Leu Leu Asn
1010 1015 1020

Met Val Arg Tyr Ala Pro Ser Pro Asp Gly Trp Val Glu Ile Gln
1025 1030 1035

Leu Arg Pro Ser Met Met Pro Ile Ser Asp Gly Val Thr Gly Val
1040 1045 1050

His Ile Glu Leu Arg Ile Ile Cys Pro Gly Glu Gly Leu Pro Pro
1055 1060 1065

Glu Leu Val Gln Asp Met Phe His Ser Ser Arg Trp Val Thr Gln
1070 1075 1080

Glu Gly Leu Gly Leu Ser Thr Cys Arg Lys Met Leu Lys Leu Met
1085 1090 1095

Asn Gly Glu Ile Gln Tyr Ile Arg Glu Ser Glu Arg Cys Tyr Phe
1100 1105 1110

Leu Ile Val Leu Asp Leu Pro Met Thr Arg Lys Gly Pro Lys Ser
1115 1120 1125

Val Gly
1130

<210> SEQ ID NO 10

<211> LENGTH: 1121

<212> TYPE: PRT

<213> ORGANISM: Pisum sativum

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (28)..(28)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
(Ser or Arg)

<400> SEQUENCE: 10

Ser Asn Asn Asn Asn Asn Arg Asn Ile Lys Arg Glu Ser Leu Ser Met
1 5 10 15

Arg Lys Ala Ile Ala Gln Tyr Thr Glu Asp Ala Xaa Leu His Ala Val
20 25 30

Phe Glu Lys Ser Gly Asp Ser Phe Asp Tyr Ala Gln Ser Ile Arg Val
35 40 45

Thr Ala Ala Thr Glu Ser Val Pro Glu Gln Gln Ile Thr Ala Tyr Leu
50 55 60

Ala Lys Ile Gln Arg Gly Gly Phe Ile Gln Pro Phe Gly Ser Met Ile
65 70 75 80
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123

-continued

124

Ala

Arg

Asp

Leu

Arg

145

Gly

Ile

Gly

Gln

Glu

225

Phe

Asp

Gln

Asp

Gln

305

Ala

Ala

Thr

Leu

385

Val

Asp

Ser

Gly

Asp

465

Ser

Val

Asp

Ser

Phe

130

Glu

Lys

Asp

Ala

Ala

210

Ser

His

Leu

Ala

Cys

290

Pro

Ala

Val

Ala

Ser

370

Met

Gln

Met

Ile

Asn
450

Ile

Thr

Asp

Met

Ser

115

Ser

Ile

Pro

Leu

Val

195

Leu

Val

Glu

Glu

Ser

275

Asn

Val

Gln

Ile

Arg

355

Ala

Gln

Ser

Leu

Met

435

Tyr

Ile

Asp

Glu

Leu

100

Ser

Ala

Ser

Phe

Glu

180

Gln

Pro

Arg

Asp

Pro

260

Arg

Ala

Cys

Tyr

Ile

340

Gly

Arg

Ala

Leu

Leu

420

Asp

His

Asp

Ser

Thr

85

Gly

Ser

Ser

Leu

Tyr

165

Pro

Ser

Gly

Glu

Glu

245

Tyr

Phe

Ser

Leu

Met

325

Asn

Ser

Cys

Phe

Glu

405

Arg

Leu

Pro

Trp

Leu
485

Ser

Ile

Ser

Ser

Met

150

Gly

Ala

Gln

Gly

Leu

230

His

Ile

Leu

Pro

Val

310

Ala

Gly

Met

Ile

Gly

390

Lys

Asp

Val

Leu

Leu
470

Ala

Phe Arg Val Leu Ala Tyr Ser Glu Asn
90 95

Ala Pro Gln Ser Val Pro Ser Met Glu
105 110

Phe Phe Ser Leu Gly Val Asp Val Arg
120 125

Ser Val Leu Leu Glu Lys Ala Phe Ser
135 140

Asn Pro Ile Trp Ile His Ser Arg Ser
155

Ile Leu His Arg Ile Asp Ile Gly Val
170 175

Arg Ser Glu Asp Pro Ala Leu Ser Ile
185 190

Lys Leu Ala Val Arg Ala Ile Ser Gln
200 205

Asp Val Lys Leu Leu Cys Asp Ala Val
215 220

Thr Gly Tyr Asp Arg Val Met Val Tyr
235

Gly Glu Val Val Ala Glu Ser Lys Arg
250 255

Gly Leu His Tyr Pro Ala Thr Asp Ile
265 270

Phe Lys Gln Asn Arg Val Arg Met Ile
280 285

Val Arg Val Phe Gln Asp Glu Ala Leu
295 300

Gly Ser Thr Leu Arg Ala Pro His Gly
315

Asn Met Gly Ser Ile Ala Ser Leu Ala
330 335

Asn Asp Glu Asp Gly Gly Gly Ile Gly
345 350

Arg Leu Trp Gly Leu Val Val Cys His
360 365

Pro Phe Pro Leu Arg Tyr Ala Cys Glu
375 380

Leu Gln Leu Asn Met Glu Leu Gln Leu
395

Arg Val Leu Lys Thr Gln Thr Leu Leu
410 415

Ser His Thr Gly Ile Val Thr Gln Ser
425 430

Lys Cys Asp Gly Ala Ala Leu Tyr Tyr
440 445

Gly Val Thr Pro Thr Glu Ser Gln Ile
455 460

Leu Ala Phe His Ser Asp Ser Thr Gly
475

Asp Ala Gly Tyr Pro Gly Ala Ala Ser
490 495

Ala

Asp

Ser

Ala

Thr

160

Val

Ala

Leu

Val

Lys

240

Val

Pro

Val

Val

Cys

320

Met

Gly

His

Phe

Ala

400

Cys

Pro

Gln

Arg

Leu
480

Leu
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-continued

126

Gly

Phe

Gly

Pro

545

Met

Ile

Val

Leu

Ala

625

Ala

Lys

Asp

Glu

Phe

705

Val

Met

Ser

Cys

Arg

785

Phe

Leu

Phe

Lys

Gln
865
Gln

Gln

Leu

Asp

Leu

Ala

530

Arg

Gln

Leu

Val

Ser

610

Pro

Lys

Ser

Lys

Ile

690

Ile

Gly

Asp

Pro

Cys

770

Ala

Cys

His

Leu

Arg

850

Ile

Asp

Glu

Glu

Ala

Phe

515

Lys

Ser

Trp

Arg

His

595

Ser

Ile

Val

Leu

Leu

675

Lys

Val

Val

Lys

Asn

755

Leu

Asp

Gln

Asn

Asp

835

Val

Val

Ser

Val

Ser

Val

500

Trp

His

Ser

Asp

Asp

580

Thr

Val

Phe

Ser

Val

660

Leu

Met

Val

Cys

Phe

740

Pro

Glu

Val

Leu

Ala

820

Arg

Asn

Asn

Ser

Lys
900

Thr

Cys

Phe

His

Phe

Asn

565

Ser

His

Ala

Ala

Glu

645

Ser

Lys

Asn

Phe

725

Ile

Leu

Trp

Ile

Lys

805

Leu

His

Met

Pro

Ser
885

Asn

Cys

Gly

Arg

Pro

Lys

550

Ala

Phe

Met

Arg

Val

630

Leu

Asp

His

Thr

Ala

710

Val

Asn

Ile

Asn

Gly

790

Gly

Gly

Gly

Asp

Glu
870
Leu

Pro

Leu

Met

Ser

Glu

535

Ala

Glu

Lys

Ala

Glu

615

Asp

Thr

Leu

Ala

Phe

695

Cys

Gly

Ile

Pro

Asn

775

Lys

Ser

Gly

Lys

Gly

855

Leu

Ala

Leu

Thr

Ala

His

520

Asp

Phe

Met

Glu

Glu

600

Met

Val

Gly

Val

Leu

680

Gly

Ser

Gln

Gln

Pro

760

Ala

Leu

Asp

His

Tyr

840

Gln

Gln

Arg

Ser

Asp

Val

505

Thr

Lys

Leu

Asp

Ala

585

Leu

Val

Asp

Leu

Tyr

665

Lys

Pro

Ser

Asp

Gly

745

Ile

Met

Leu

Ala

Asp

825

Val

Ile

Gln

Met

Gly
905

Glu

Ala

Ala

Asp

Glu

Ala

570

Glu

Glu

Arg

Gly

Leu

650

Lys

Gly

Gly

Lys

Ile

730

Asp

Phe

Glu

Val

Met

810

Thr

His

Ile

Ala

Lys
890

Ile

Gln

Tyr

Lys

Asp

Val

555

Ile

Asn

Leu

Leu

Arg

635

Val

Glu

Glu

Asn

Asp

715

Thr

Tyr

Ala

Lys

Gly

795

Thr

Asp

Thr

Gly

Leu
875
Glu

Arg

Lys

Ile

Glu

Gly

540

Val

His

Asn

Gln

Ile

620

Ile

Glu

Ser

Glu

Gln

700

Tyr

Gly

Lys

Ser

Leu

780

Glu

Lys

Lys

Phe

Ala

860

Thr

Leu

Phe

Gln

Thr

Ile

525

Gln

Lys

Ser

Asp

Gly

605

Glu

Asn

Glu

Arg

Asp

685

Asn

Thr

Gln

Ala

Asp

765

Ser

Val

Phe

Phe

Leu

845

Phe

Val

Ala

Thr

Leu

Glu

510

Lys

Lys

Ile

Leu

Ser

590

Val

Thr

Gly

Ala

Glu

670

Lys

Lys

Asn

Lys

Ile

750

Asp

Gly

Phe

Met

Pro

830

Thr

Cys

Gln

Tyr

Asn
910

Leu

Lys

Trp

Met

Arg

Gln

575

Lys

Asp

Ala

Trp

Met

655

Thr

Asn

Ala

Asn

Val

735

Val

Asn

Trp

Gly

Ile

815

Leu

Ala

Phe

Arg

Ile
895

Ser

Glu

Asp

Gly

His

Ser

560

Leu

Ala

Glu

Thr

Asn

640

Gly

Val

Val

Val

Ile

720

Val

His

Thr

Ser

Ser

800

Val

Ser

Asn

Leu

Gln
880
Cys

Leu

Thr



127

US 9,587,247 B2

128

-continued
915 920 925
Ser Val Ala Cys Glu Lys Gln Met Leu Lys Ile Val Arg Asp Ile Ala
930 935 940
Leu Glu Ser Ile Glu Asp Gly Ser Leu Glu Leu Glu Lys Gln Glu Phe
945 950 955 960
Leu Leu Glu Asn Val Ile Asn Ala Val Val Ser Gln Val Met Leu Leu
965 970 975
Leu Arg Asp Arg Lys Leu Gln Leu Ile Arg Asp Ile Pro Glu Glu Ile
980 985 990
Lys Ala Leu Ala Val Tyr Gly Asp Gln Leu Arg Ile Gln Gln Val Leu
995 1000 1005
Ala Asp Phe Leu Met Asn Val Val Arg Tyr Ala Pro Ser Pro Asp
1010 1015 1020
Gly Trp Val Glu Ile His Val Phe Pro Arg Ile Lys Gln Ile Ser
1025 1030 1035
Glu Gly Leu Thr Leu Leu His Ala Glu Phe Arg Met Val Cys Pro
1040 1045 1050
Gly Glu Gly Leu Pro Pro Glu Leu Ile Gln Asp Met Phe His Asn
1055 1060 1065
Ser Arg Trp Val Thr Gln Glu Gly Leu Gly Leu Ser Met Ser Arg
1070 1075 1080
Lys Ile 1Ile Lys Leu Met Asn Gly Glu Val Gln Tyr Val Arg Glu
1085 1090 1095
Ala Glu Arg Cys Tyr Phe Leu Val Leu Leu Glu Leu Pro Val Thr
1100 1105 1110
Arg Arg Ser Ser Lys Ala Ile Asn
1115 1120
<210> SEQ ID NO 11
<211> LENGTH: 1129
<212> TYPE: PRT
<213> ORGANISM: Vitis vinifera
<400> SEQUENCE: 11
Met Ser Ser Gly Asn Arg Gly Thr Gln Ser His His Gln Ala Gln Ser
1 5 10 15
Ser Gly Thr Ser Asn Leu Arg Val Tyr His Thr Asp Ser Met Ser Lys
20 25 30
Ala Ile Ala Gln Tyr Thr Met Asp Ala Arg Leu His Ala Val Tyr Glu
35 40 45
Gln Ser Gly Glu Ser Gly Lys Ser Phe Asp Tyr Ser Gln Ser Val Arg
50 55 60
Thr Thr Thr Gln Ser Val Pro Glu Gln Gln Ile Thr Ala Tyr Leu Ser
65 70 75 80
Lys Ile Gln Arg Gly Gly His Ile Gln Pro Phe Gly Cys Met Leu Ala
85 90 95
Val Asp Glu Ala Thr Phe Arg Val Ile Ala Phe Ser Glu Asn Ala Arg
100 105 110
Glu Met Leu Gly Leu Thr Pro Gln Ser Val Pro Ser Leu Glu Lys Pro
115 120 125
Glu Ile Leu Leu Val Gly Thr Asp Val Arg Thr Leu Phe Thr Pro Ser
130 135 140
Ser Ala Val Leu Leu Glu Lys Ala Phe Arg Ala Arg Glu Ile Thr Leu
145 150 155 160
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130

Leu

Ala

Ala

Gln

Gly

225

Leu

Ile

Leu

Pro

305

Val

Ala

Gly

Gly

Leu

385

Asn

Arg

Gly

Gly

Pro

465

Tyr

Ala

Ala

Asp
545

Glu

Ala

Asn

Ile

Arg

Lys

210

Asp

Thr

Gly

Gly

Phe

290

Val

Gly

Asn

Ser

Leu

370

Arg

Met

Thr

Ile

Ala

450

Thr

Ala

Pro

Tyr

Lys

530

Asp

Val

Ile

Pro

Leu

Thr

195

Leu

Ile

Gly

Glu

Leu

275

Arg

Leu

Ser

Met

Asp

355

Val

Tyr

Glu

Gln

Val

435

Ala

Glu

Asp

Gly

Ile

515

Glu

Gly

Val

His

Val

His

180

Glu

Ala

Asn

Tyr

Val

260

His

Gln

Val

Thr

Gly

340

Glu

Val

Ala

Leu

Thr

420

Thr

Leu

Ala

Ser

Ala

500

Thr

Ile

Gln

Lys

Ser

Trp

165

Arg

Asp

Val

Leu

Asp

245

Val

Tyr

Asn

Ile

Leu

325

Ser

Glu

Cys

Cys

Gln

405

Leu

Gln

Tyr

Gln

Thr

485

Ala

Ser

Lys

Arg

Ser
565

Leu

Ile

Ile

Pro

Arg

Leu

230

Arg

Ala

Pro

Arg

Gln

310

Arg

Thr

Ala

His

Glu

390

Leu

Leu

Ser

Tyr

Ile

470

Gly

Ser

Arg

Trp

Met
550

Arg

Gln

His

Asp

Ala

Ala

215

Cys

Val

Glu

Ala

Val

295

Asp

Ala

Ala

Ile

His

375

Phe

Ala

Cys

Pro

Gln

455

Lys

Leu

Leu

Asp

Gly

535

His

Ser

Leu

Ser

Val

Leu

200

Ile

Glu

Met

Ser

Thr

280

Arg

Glu

Pro

Ser

Gly

360

Thr

Leu

Ser

Asp

Ser

440

Gly

Asp

Ser

Gly

Phe

520

Gly

Pro

Leu

Ile

Lys

Gly

185

Ser

Ser

Thr

Val

Lys

265

Asp

Met

Gly

His

Leu

345

Gly

Ser

Met

Gln

Met

425

Ile

Lys

Ile

Thr

Asp

505

Leu

Ala

Arg

Pro

Leu

Asn

170

Ile

Ile

His

Val

Tyr

250

Arg

Ile

Ile

Leu

Gly

330

Ala

Arg

Ala

Gln

Leu

410

Leu

Met

Tyr

Ala

Asp

490

Ala

Phe

Lys

Ser

Trp
570

Arg

Ser

Val

Ala

Leu

Val

235

Lys

Ser

Pro

Val

Met

315

Cys

Met

Asn

Arg

Ala

395

Ser

Leu

Asp

Tyr

Glu

475

Ser

Val

Trp

His

Ser
555

Glu

Asp

Gly

Ile

Gly

Gln

220

Glu

Phe

Asp

Gln

Asp

300

Gln

His

Ala

Leu

Cys

380

Phe

Glu

Arg

Leu

Pro

460

Trp

Leu

Cys

Phe

His
540
Phe

Asn

Ser

Lys

Asp

Ala

205

Ser

Asn

His

Leu

Ala

285

Cys

Pro

Ala

Val

Met

365

Ile

Gly

Lys

Asp

Val

445

Thr

Leu

Ala

Gly

Arg

525

Pro

Lys

Ala

Phe

Pro

Leu

190

Val

Leu

Val

Glu

Glu

270

Ser

His

Leu

Gln

Ile

350

Arg

Pro

Leu

His

Ser

430

Lys

Gly

Leu

Asp

Met

510

Ser

Glu

Ala

Glu

Lys

Phe

175

Glu

Gln

Pro

Arg

Asp

255

Pro

Arg

Ala

Cys

Tyr

335

Ile

Leu

Phe

Gln

Val

415

Pro

Cys

Val

Ala

Ala

495

Ala

His

Asp

Phe

Met
575

Asp

Tyr

Pro

Ser

Gly

Glu

240

Glu

Tyr

Phe

Thr

Leu

320

Met

Asn

Trp

Pro

Leu

400

Leu

Thr

Asp

Thr

Asn

480

Gly

Val

Thr

Lys

Leu
560

Asp

Ala
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131

-continued

132

Thr

Leu

Val

625

Asp

Leu

Tyr

Arg

Ser

705

Ser

Asp

Gly

Ile

Met

785

Leu

Ala

Asp

Val

Ile

865

Gln

Met

Gly

Asp

Ser
945
Leu

Val

Ile

Asp

Glu

610

Arg

Gly

Ser

Lys

Gly

690

Gln

Arg

Val

Asp

Phe

770

Glu

Val

Leu

Thr

Gln

850

Ile

Ala

Lys

Ile

Gln

930

Lys

Glu

Val

Arg

Gly

595

Leu

Leu

Cys

Val

Glu

675

Glu

Gln

Asp

Thr

Tyr

755

Ala

Lys

Gly

Thr

Asp

835

Ala

Gly

Leu

Glu

Arg

915

Lys

Ile

Leu

Ser

Asp
995

580

Ser

Gln

Ile

Ile

Glu

660

Ser

Glu

His

Tyr

Gly

740

Lys

Ser

Leu

Glu

Lys

820

Lys

Leu

Ala

Lys

Leu

900

Phe

Gln

Ile

Glu

Gln
980

Ile

Asn

Gly

Glu

Asn

645

Glu

Glu

Asp

Lys

Thr

725

Gln

Ala

Asp

Thr

Ile

805

Phe

Phe

Leu

Phe

Val

885

Ala

Thr

Phe

Arg

Arg

965

Val

Pro

Ser

Met

Thr

630

Gly

Ala

Glu

Lys

Lys

710

Asn

Lys

Ile

Glu

Gly

790

Phe

Met

Pro

Thr

Cys

870

Gln

Tyr

Asn

Leu

Asp
950
Ala

Met

Glu

585 590

Lys Ala Val Met His Ala Gln Leu Gly
600 605

Asp Glu Leu Ser Ser Val Ala Arg Glu
615 620

Ala Thr Ala Pro Ile Phe Ala Val Asp
635

Trp Asn Ala Lys Val Ala Glu Leu Thr
650 655

Met Gly Lys Ser Leu Val His Asp Leu
665 670

Thr Val Asp Lys Leu Leu His His Ala
680 685

Asn Val Glu Ile Lys Leu Arg Thr Phe
695 700

Ala Val Phe Val Val Val Asn Ala Cys
715

Asn Ile Val Gly Val Cys Phe Val Gly
730 735

Val Val Met Asp Lys Phe Ile His Ile
745 750

Val His Ser Pro Asn Pro Leu Ile Pro
760 765

Asn Thr Val Cys Ser Glu Trp Asn Thr
775 780

Trp Ser Arg Gly Asp Ile Ile Gly Lys
795

Gly Ser Ser Cys Arg Leu Lys Gly Pro
810 815

Ile Val Leu His Asn Ala Ile Gly Gly
825 830

Phe Ser Phe Phe Asp Gln Asn Gly Lys
840 845

Ala Asn Lys Arg Val Asn Ile Glu Gly
855 860

Phe Leu Gln Ile Ala Ser Pro Glu Leu
875

Arg Gln Gln Glu Lys Lys Cys Phe Ala
890 895

Ile Cys Gln Glu Ile Lys Asn Pro Leu
905 910

Ser Leu Leu Glu Ala Thr Asp Leu Thr
920 925

Glu Thr Ser Ala Ala Cys Glu Lys Gln
935 940

Val Asp Leu Asp Ser Ile Glu Asp Gly
955

Glu Phe Leu Leu Gly Ser Val Ile Asn
970 975

Ile Leu Leu Arg Glu Arg Asp Leu Gln
985 990

Glu Val Lys Thr Leu Ala Val Tyr Gly Asp

1000 1005

Glu

Met

Val

640

Gly

Val

Leu

Asp

Ser

720

Gln

Gln

Pro

Ala

Ile

800

Asp

Gln

Tyr

Gln

Gln

880

Arg

Ser

Glu

Met

Ser
960

Ala

Leu
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134

-continued
Gln Val Arg Ile Gln Gln Val Leu Ala Asp Phe Leu Leu Asn Met
1010 1015 1020
Val Arg Tyr Ala Pro Ser Pro Asp Gly Trp Ile Glu Ile Gln Val
1025 1030 1035
Cys Pro Arg Leu Lys Gln Ile Ser Glu Glu Val Lys Leu Met His
1040 1045 1050
Ile Glu Phe Arg Met Val Cys Pro Gly Glu Gly Leu Pro Pro Asn
1055 1060 1065
Leu Ile Gln Asp Met Phe His Ser Ser Arg Trp Met Thr Gln Glu
1070 1075 1080
Gly Leu Gly Leu Ser Met Cys Arg Lys Ile Leu Lys Leu Ile Asn
1085 1090 1095
Gly Glu Val Gln Tyr Ile Arg Glu Ser Glu Arg Cys Tyr Phe Leu
1100 1105 1110
Ile Ser Ile Glu Leu Pro Ile Pro His Arg Gly Ser Lys Ser Val
1115 1120 1125
Asp
<210> SEQ ID NO 12
<211> LENGTH: 200
<212> TYPE: PRT
<213> ORGANISM: Arabidopsis thaliana
<400> SEQUENCE: 12
Ser Gln Lys Leu Ala Val Arg Ala Ile Ser Gln Leu Gln Ala Leu Pro
1 5 10 15
Gly Gly Asp Ile Lys Leu Leu Cys Asp Thr Val Val Glu Ser Val Arg
20 25 30
Asp Leu Thr Gly Tyr Asp Arg Val Met Val Tyr Lys Phe His Glu Asp
35 40 45
Glu His Gly Glu Val Val Ala Glu Ser Lys Arg Asp Asp Leu Glu Pro
50 55 60
Tyr Ile Gly Leu His Tyr Pro Ala Thr Asp Ile Pro Gln Ala Ser Arg
65 70 75 80
Phe Leu Phe Lys Gln Asn Arg Val Arg Met Ile Val Asp Cys Asn Ala
85 90 95
Thr Pro Val Leu Val Val Gln Asp Asp Arg Leu Thr Gln Ser Met Cys
100 105 110
Leu Val Gly Ser Thr Leu Arg Ala Pro His Gly Cys His Ser Gln Tyr
115 120 125
Met Ala Asn Met Gly Ser Ile Ala Ser Leu Ala Met Ala Val Ile Ile
130 135 140
Asn Gly Asn Glu Asp Asp Gly Ser Asn Val Ala Ser Gly Arg Ser Ser
145 150 155 160
Met Arg Leu Trp Gly Leu Val Val Cys His His Thr Ser Ser Arg Cys
165 170 175
Ile Pro Phe Pro Leu Arg Tyr Ala Cys Glu Phe Leu Met Gln Ala Phe
180 185 190
Gly Leu Gln Leu Asn Met Glu Leu
195 200

<210> SEQ ID NO 13
<211> LENGTH: 201
<212> TYPE:
<213> ORGANISM: Zea

PRT

mays
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-continued

<400> SEQUENCE: 13

Ser Gln Lys Leu Ala Val Arg Ala Ile Ser Arg Leu Gln Ala Leu Pro
1 5 10 15

Gly Gly Asp Val Lys Leu Leu Cys Asp Thr Val Val Glu His Val Arg
20 25 30

Glu Leu Thr Gly Tyr Asp Arg Val Met Val Tyr Arg Phe His Glu Asp
35 40 45

Glu His Gly Glu Val Val Ala Glu Ser Arg Arg Asp Asn Leu Glu Pro
Tyr Leu Gly Leu His Tyr Pro Ala Thr Asp Ile Pro Gln Ala Ser Arg
65 70 75 80

Phe Leu Phe Arg Gln Asn Arg Val Arg Met Ile Ala Asp Cys His Ala
85 90 95

Thr Pro Val Arg Val Ile Gln Asp Pro Gly Leu Ser Gln Pro Leu Cys
100 105 110

Leu Val Gly Ser Thr Leu Arg Ala Pro His Gly Cys His Ala Gln Tyr
115 120 125

Met Ala Asn Met Gly Ser Ile Ala Ser Leu Val Met Ala Val Ile Ile
130 135 140

Ser Ser Gly Gly Asp Asp Glu Gln Thr Gly Arg Gly Gly Ile Ser Ser
145 150 155 160

Ala Met Lys Leu Trp Gly Leu Val Val Cys His His Thr Ser Pro Arg
165 170 175

Cys Ile Pro Phe Pro Leu Arg Tyr Ala Cys Glu Phe Leu Met Gln Ala
180 185 190

Phe Gly Leu Gln Leu Asn Met Glu Leu
195 200

<210> SEQ ID NO 14

<211> LENGTH: 202

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 14

Ser Gln Lys Leu Ala Val Arg Ala Ile Ser Arg Leu Gln Ala Leu Pro
1 5 10 15

Gly Gly Asp Val Lys Leu Leu Cys Asp Thr Val Val Glu His Val Arg
20 25 30

Glu Leu Thr Gly Tyr Asp Arg Val Met Val Tyr Arg Phe His Glu Asp
35 40 45

Glu His Gly Glu Val Val Ala Glu Ser Arg Arg Ser Asn Leu Glu Pro

Tyr Ile Gly Leu His Tyr Pro Ala Thr Asp Ile Pro Gln Ala Ser Arg
65 70 75 80

Phe Leu Phe Arg Gln Asn Arg Val Arg Met Ile Ala Asp Cys His Ala
85 90 95

Ala Pro Val Arg Val Ile Gln Asp Pro Ala Leu Thr Gln Pro Leu Cys
100 105 110

Leu Val Gly Ser Thr Leu Arg Ser Pro His Gly Cys His Ala Gln Tyr
115 120 125

Met Ala Asn Met Gly Ser Ile Ala Ser Leu Val Met Ala Val Ile Ile
130 135 140

Ser Ser Gly Gly Asp Asp Asp His Asn Ile Ala Arg Gly Ser Ile Pro
145 150 155 160
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138

Ser Ala Met Lys

Arg Cys Ile Pro

180

Leu
165

Phe

Ala Phe Gly Leu Gln

195

<210> SEQ ID NO 15

<211> LENGTH:

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Ser

1

Gly

Glu

Glu

Tyr

65

Phe

Thr

Leu

Met

Ser

145

Ala

Cys

Phe

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

<400>

Ser

1

Gly

Glu

Glu

Tyr
65

Gln

Gly

Leu

His

50

Leu

Leu

Pro

Val

Ala

130

Ser

Met

Ile

Gly

Gln

Gly

Leu

His

50

Ile

Lys Leu

Asp Ile
20

Thr Gly
35

Gly Glu

Gly Leu

Phe Arg

Val Arg
100

Gly Ser
115

Asn Met

Gly Gly

Lys Leu

Pro Phe

180

Leu Gln
195

SEQUENCE :

Lys Leu

Asp Val
20

Thr Gly
35

Gly Glu

Gly Leu

201

Trp

Pro

Leu

Sorghum

15

Ala

Lys

Tyr

Val

His

Gln

85

Val

Thr

Gly

Asp

Trp

165

Pro

Leu

SEQ ID NO 16
LENGTH:
TYPE: PRT
ORGANISM:

197

Val

Leu

Asp

Val

Tyr

70

Asn

Ile

Leu

Ser

Asp

150

Gly

Leu

Asn

Glycine

16

Ala

Lys

Tyr

Val

His

Val

Leu

Asp

Val

Tyr
70

Gly Leu

Leu Arg

Asn Met
200

bicolor

Arg Ala

Leu Cys

Arg Val

Ala Glu

55

Pro Ala

Arg Val

Gln Asp

Arg Ala

120

Ile Ala

135

Glu Gln

Leu Val

Arg Tyr

Met Glu
200

max

Arg Ala

Leu Cys

Arg Val
40

Ser Glu
55

Pro Ala

Val
Tyr
185

Glu

Ile

Asp

25

Met

Ser

Thr

Arg

Pro

105

Pro

Ser

Thr

Val

Ala

185

Leu

Ile

Asp

25

Met

Ser

Thr

Val Cys His His Thr Ser Pro

170

Ala

Leu

Ser

10

Thr

Val

Arg

Asp

Met

90

Gly

His

Leu

Gly

Cys

170

Cys

Ser

10

Thr

Val

Lys

Asp

175

Cys Glu Phe Leu Met Gln

Arg

Val

Tyr

Arg

Ile

75

Ile

Met

Gly

Val

Arg

155

His

Glu

Gln

Val

Tyr

Arg

Ile
75

Leu

Val

Arg

Asp

60

Pro

Ala

Ser

Cys

Met

140

Gly

His

Phe

Leu

Val

Lys

Pro

60

Pro

Gln

Glu

Phe

45

Asn

Gln

Asp

Gln

His

125

Ala

Gly

Thr

Leu

Gln

Glu

Phe

45

Asp

Gln

190

Ala

His

30

His

Leu

Ala

Cys

Pro

110

Ala

Val

Ile

Ser

Met
190

Ser

Ser

30

His

Leu

Ala

Leu

15

Val

Glu

Glu

Ser

His

95

Leu

Gln

Ile

Ser

Pro

175

Gln

Leu

15

Val

Glu

Glu

Ser

Pro

Arg

Asp

Pro

Arg

80

Ala

Cys

Tyr

Ile

Ser

160

Arg

Ala

Pro

Arg

Asp

Pro

Arg
80
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140

Phe

Ser

Leu

Met

Asn

145

Trp

Pro

Leu

Leu

Ala

Val

Ala

130

Gly

Gly

Leu

Asn

Phe

Val

Gly

115

Asn

Asn

Leu

Arg

Met
195

Lys

Arg

100

Ser

Met

Asp

Val

Tyr

180

Glu

Gln

85

Val

Thr

Gly

Glu

Val

165

Ala

Leu

<210> SEQ ID NO 17

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Ser

1

Gly

Glu

Glu

Tyr

65

Phe

Ser

Leu

Met

Asn

145

Trp

Pro

Leu

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

<400>

Gln Lys Leu

Gly

Leu

His

50

Ile

Leu

Ala

Val

Ala

130

Gly

Gly

Leu

Asn

Asp

Thr

35

Gly

Gly

Phe

Val

Gly

115

Asn

Asn

Leu

Arg

Met
195

Val

Gly

Glu

Leu

Lys

Arg

100

Ser

Met

Asp

Val

Tyr

180

Glu

PRT

SEQUENCE :

197

Asn

Val

Leu

Ser

Glu

150

Cys

Cys

Glycine

17

Ala

Lys

Tyr

Val

His

Gln

85

Val

Thr

Gly

Glu

Ile

165

Ala

Leu

SEQ ID NO 18
LENGTH:
TYPE :
ORGANISM: Glycine

197

18

Val

Leu

Asp

Val

Tyr

70

Asn

Val

Leu

Ser

Glu

150

Cys

Cys

Arg

Gln

Arg

Ile

135

Gly

His

Glu

max

Arg

Leu

Arg

Ala

55

Pro

Arg

Gln

Arg

Thr

135

Gly

His

Glu

max

Val

Asp

Ala

120

Ala

Val

His

Phe

Ala

Cys

Val

40

Glu

Ala

Val

Asp

Ala

120

Ala

Val

His

Phe

Arg

Glu

105

Pro

Ser

Gly

Thr

Leu
185

Ile

Asp

Met

Thr

Thr

Arg

Glu

105

Pro

Ser

Gly

Thr

Leu
185

Met

90

Ala

His

Leu

Gly

Ser

170

Met

Ser

10

Thr

Val

Lys

Asp

Met

90

Ala

His

Leu

Gly

Ser

170

Met

Ile

Leu

Gly

Val

Arg

155

Ala

Gln

Gln

Val

Tyr

Arg

Ile

75

Ile

Leu

Gly

Val

Arg

155

Ala

Gln

Val

Val

Cys

Met

140

Ser

Arg

Ala

Leu

Val

Arg

Pro

60

Pro

Val

Val

Cys

Met

140

Thr

Arg

Ala

Asp

Gln

His

125

Ala

Ser

Cys

Phe

Gln

Glu

Phe

45

Asp

Gln

Asp

Gln

His

125

Ala

Ser

Cys

Phe

Cys

Pro

110

Ala

Val

Met

Ile

Gly
190

Ser

Ser

30

His

Leu

Ala

Cys

Pro

110

Ala

Val

Met

Ile

Gly
190

His

Leu

Gln

Ile

Arg

Pro

175

Leu

Leu

15

Val

Glu

Glu

Ser

His

Leu

Gln

Ile

Arg

Pro

175

Leu

Ala

Cys

Tyr

Ile

Leu

160

Phe

Gln

Pro

Arg

Asp

Pro

Arg

80

Ala

Cys

Tyr

Ile

Leu

160

Phe

Gln
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141 142

-continued

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

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

Glu His Gly Glu Val Val Ser Glu Ser Lys Arg Pro Asp Leu Glu Pro
50 55 60

Tyr Ile Gly Leu His Tyr Pro Ala Thr Asp Ile Pro Gln Ala Ser Arg
65 70 75 80

Phe Leu Phe Lys Gln Asn Arg Val Arg Met Ile Val Asp Cys His Ala
85 90 95

Ser Ala Val Arg Val Val Gln Asp Glu Ala Leu Val Gln Pro Leu Cys
100 105 110

Leu Val Gly Ser Thr Leu Arg Ala Pro His Gly Cys His Ala Gln Tyr
115 120 125

Met Ala Asn Met Gly Ser Ile Ala Ser Leu Val Met Ala Val Ile Ile
130 135 140

Asn Gly Asn Asp Glu Glu Gly Val Gly Gly Arg Ser Ser Met Arg Leu
145 150 155 160

Trp Gly Leu Val Val Cys His His Thr Ser Ala Arg Cys Ile Pro Phe
165 170 175

Pro Leu Arg Tyr Ala Cys Glu Phe Leu Met Gln Ala Phe Gly Leu Gln
180 185 190

Leu Asn Met Glu Leu
195

<210> SEQ ID NO 19

<211> LENGTH: 197

<212> TYPE: PRT

<213> ORGANISM: Glycine max
<400> SEQUENCE: 19

Ser Gln Lys Leu Ala Val Arg Ala Ile Ser Gln Leu Gln Ser Leu Pro
1 5 10 15

Gly Gly Asp Val Lys Leu Leu Cys Asp Thr Val Val Glu Ser Val Arg
20 25 30

Glu Leu Thr Gly Tyr Asp Arg Val Met Val Tyr Arg Phe His Glu Asp
35 40 45

Glu His Gly Glu Val Val Ala Glu Thr Lys Arg Pro Asp Leu Glu Pro

Tyr Ile Gly Leu His Tyr Pro Ala Thr Asp Ile Pro Gln Ala Ser Arg
65 70 75 80

Phe Leu Phe Lys Gln Asn Arg Val Arg Met Ile Val Asp Cys His Ala
85 90 95

Ser Ala Val Arg Val Val Gln Asp Glu Ala Leu Val Gln Pro Leu Cys
100 105 110

Leu Val Gly Ser Thr Leu Arg Ala Pro His Gly Cys His Ala Gln Tyr
115 120 125

Met Ala Asn Met Gly Ser Thr Ala Ser Leu Val Met Ala Val Ile Ile
130 135 140

Asn Gly Asn Asp Glu Glu Gly Val Gly Gly Arg Thr Ser Met Arg Leu
145 150 155 160

Trp Gly Leu Val Ile Cys His His Thr Ser Ala Arg Cys Ile Pro Phe
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143 144

-continued

165 170 175

Pro Leu Arg Tyr Ala Cys Glu Phe Leu Met Gln Ala Phe Gly Leu Gln
180 185 190

Leu Asn Met Glu Leu
195

<210> SEQ ID NO 20

<211> LENGTH: 198

<212> TYPE: PRT

<213> ORGANISM: Solanum tuberosum

<400> SEQUENCE: 20

Ser Gln Lys Leu Ala Val Arg Ala Ile Ser His Leu Gln Ser Leu Pro
1 5 10 15

Gly Gly Asp Ile Lys Leu Leu Cys Asp Thr Val Val Glu Ser Val Arg
20 25 30

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

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

Tyr Ile Gly Leu His Tyr Pro Ala Thr Asp Ile Pro Gln Ala Ser Arg
65 70 75 80

Phe Leu Phe Lys Gln Asn Arg Val Arg Met Ile Val Asp Cys His Ala
85 90 95

Thr Pro Val Arg Val Thr Gln Asp Glu Ser Leu Met Gln Pro Leu Cys
100 105 110

Leu Val Gly Ser Thr Leu Arg Ala Pro His Gly Cys His Ala Gln Tyr
115 120 125

Met Ala Asn Met Gly Ser Ile Ala Ser Leu Thr Leu Ala Val Ile Ile
130 135 140

Asn Gly Asn Asp Glu Glu Ala Val Gly Gly Gly Arg Asn Ser Met Arg
145 150 155 160

Leu Trp Gly Leu Val Val Gly His His Thr Ser Val Arg Ser Ile Pro
165 170 175

Phe Pro Leu Arg Tyr Ala Cys Glu Phe Leu Met Gln Ala Phe Gly Leu
180 185 190

Gln Leu Asn Met Glu Leu
195

<210> SEQ ID NO 21

<211> LENGTH: 201

<212> TYPE: PRT

<213> ORGANISM: Pisum sativum

<400> SEQUENCE: 21

Ser Gln Lys Leu Ala Val Arg Ala Ile Ser Gln Leu Gln Ala Leu Pro
1 5 10 15

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

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

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

Tyr Ile Gly Leu His Tyr Pro Ala Thr Asp Ile Pro Gln Ala Ser Arg
65 70 75 80

Phe Leu Phe Lys Gln Asn Arg Val Arg Met Ile Val Asp Cys Asn Ala
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145 146

-continued

85 90 95

Ser Pro Val Arg Val Phe Gln Asp Glu Ala Leu Val Gln Pro Val Cys
100 105 110

Leu Val Gly Ser Thr Leu Arg Ala Pro His Gly Cys His Ala Gln Tyr
115 120 125

Met Ala Asn Met Gly Ser Ile Ala Ser Leu Ala Met Ala Val Ile Ile
130 135 140

Asn Gly Asn Asp Glu Asp Gly Gly Gly Ile Gly Gly Ala Ala Arg Gly
145 150 155 160

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

Cys Ile Pro Phe Pro Leu Arg Tyr Ala Cys Glu Phe Leu Met Gln Ala
180 185 190

Phe Gly Leu Gln Leu Asn Met Glu Leu
195 200

<210> SEQ ID NO 22

<211> LENGTH: 197

<212> TYPE: PRT

<213> ORGANISM: Vitis vinifera

<400> SEQUENCE: 22

Ser Gln Lys Leu Ala Val Arg Ala Ile Ser His Leu Gln Ser Leu Pro
1 5 10 15

Gly Gly Asp Ile Asn Leu Leu Cys Glu Thr Val Val Glu Asn Val Arg
Glu Leu Thr Gly Tyr Asp Arg Val Met Val Tyr Lys Phe His Glu Asp
35 40 45

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

Tyr Ile Gly Leu His Tyr Pro Ala Thr Asp Ile Pro Gln Ala Ser Arg
65 70 75 80

Phe Leu Phe Arg Gln Asn Arg Val Arg Met Ile Val Asp Cys His Ala
85 90 95

Thr Pro Val Leu Val Ile Gln Asp Glu Gly Leu Met Gln Pro Leu Cys
100 105 110

Leu Val Gly Ser Thr Leu Arg Ala Pro His Gly Cys His Ala Gln Tyr
115 120 125

Met Ala Asn Met Gly Ser Thr Ala Ser Leu Ala Met Ala Val Ile Ile
130 135 140

Asn Gly Ser Asp Glu Glu Ala Ile Gly Gly Arg Asn Leu Met Arg Leu
145 150 155 160

Trp Gly Leu Val Val Cys His His Thr Ser Ala Arg Cys Ile Pro Phe
165 170 175

Pro Leu Arg Tyr Ala Cys Glu Phe Leu Met Gln Ala Phe Gly Leu Gln
180 185 190

Leu Asn Met Glu Leu

195

<210> SEQ ID NO 23

<211> LENGTH: 3516

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 23

atggtttccg gagtcggggg tagtggcggt ggCCgtggCg gtggccgtgg cggagaagaa 60
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148

gaaccgtegt

ggaacgaaat

tacaccgteg

ttcgactact

atcacagett

atcgecegteg

ttagggatta

actgatgtga

getcegagaga

ttttacgeca

actgaagatc

gegatttete

gtggaaagtg

gatgagcatg

ctgcattatce

gtccgaatga

actcagtcta

tatatggcta

gaagatgatg

gtttgccate

ttgatgcagyg

gagaaacgcg

getggaattyg

tttctttacc

gatgttgtgg

ttaggcgatg

gttgcatata

atcaaatggg

cctegttegt

actgcggaaa

tetgaggegg

dcgggggaac

gagactgcaa

gctaagattyg

tctgatttaa

agaggggacyg

gggaaagcag

gteggegttt

atcaacatac

caagtcacac

ctcteagace

acgcaagact

cacaatcact

atctcteteg

atgaatccag

tgccteaate

gatctttgtt

ttaccttgtt

ttctteatag

ctgegettte

agttacaggc

tgagggactt

gagaagttgt

ctgctactga

tagtagattg

tgtgcttggt

acatgggatc

ggagcaatgt

acacttcttce

cttteggttt

ttttgagaac

ttacacagag

acgggaagta

agtggttgcet

cggggtatce

tcacaaaaag

gaggcgctaa

ccttteagge

tggatgcgat

ctatgaactce

aggggattga

ctgttectat

cagagttgac

tatacaaaga

aggaaaagaa

tttttgtggt

gttttgttgg

aaggagatta

tcctaataac

aagaagcaac

ccacgeegtt

caaaacgacg

aatccagega

tttccggate

tgttcctact

cacttetteg

aaatcecggtt

gattgatgtt

tattgctggt

tcettectggt

gactggttat

agctgagagt

tattcctcaa

caatgccaca

tggttctact

tattgegtet

agctagtgga

tcgetgeata

acagttaaac

gcagacactyg

tcccagtate

ttaccegttyg

tgcgaatcat

cggtgeaget

agactttett

gecatcatccyg

ttttcttgaa

tcactegete

taaagttgtg

tgagttaggt

attcgetgtyg

aggtctctca

gaatgaagca

tgtggaggtt

tgtgaatgct

acaagacgtt

caaggctatt

c¢gaagaggag

actgaatcaa

ttcgaacaat

acgtacggtt

ggtggttaca

atcggttaca

cttgagaaac

agctcgatte

tggatccatt

ggtgttgtta

getgttcaat

ggagatatta

gatcgtgtta

aaacgagatg

gegtcaaggt

cctgttetty

cttagggete

ttagcaatgg

agaagctcga

cegttteege

atggaattge

ttatgtgata

atggacttag

ggtgttgete

geggattcaa

gegttagggy

ttttggttte

gaggataaag

gttgttaaga

cagcttatte

gatggtgtgg

gcagttgcaa

gatgccggag

gttgaagaag

actgtcaata

aagctgaaaa

tgttccagea

actagtcaga

gtacatagce

gagaacaagc tcaatcgtcg

tgagcaaagc aattcaacag

ccggegaate agggaaatca

cctetgtace tgagcaacag

ttcageccttt cggatgtatg

gtgaaaacgc cagagaaatg

ctgagattct agctatggga

tactcgageg tgctttegtt

ccaagaatac tggtaaaccyg

ttgatttaga gccagctaga

cgcagaaact cgcggttegt

agcttttgtyg tgacactgte

tggtttataa gtttcatgaa

atttagagcc ttatattgga

tcttgtttaa gcagaaccgt

tggtccagga cgataggcta

ctcatggttyg tcactctcag

cggttataat caatggaaat

tgaggcttty gggtttggtt

taaggtatgc ttgtgagttt

agttagcttt gcaaatgtca

tgcttetgeyg tgactegect

tgaaatgtga cggtgcagca

ctagtgaagt tcagataaaa

ccggattaag cactgatagt

atgctgtgtyg cggtatggca

gatctcacac tgcgaaagaa

atgatgggca acgaatgcat

gecggagtca gecatgggaa

tgagagactc ttttaaagaa

ttcagccatyg tagggatatg

gagagatggt taggctcatt

getgcatcaa tggatggaac

ctatggggaa gtctetggtt

agcttettte tegtgetttg

ctttcagece cgaactacaa

aggactactt gaacaacatt

aaatcgtaat ggataagttce

caaaccctet aatccegeca

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400
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150

-continued
atttttgectg ctgacgagaa cacgtgctgce ctggaatgga acatggcgat ggaaaagctt 2460
acgggttggt ctcgcagtga agtgattggg aaaatgattg tcggggaagt gtttgggagce 2520
tgttgcatgce taaagggtcc tgatgcttta accaagttca tgattgtatt gcataatgceg 2580
attggtggcce aagatacgga taagttccct ttecccattet ttgaccgcaa tgggaagttt 2640
gttcaggcte tattgactgc aaacaagcgg gttageccteg agggaaaggt tattgggget 2700
ttetgtttet tgcaaatccc gagccctgag ctgcagcaag ctttagcagt ccaacggagg 2760
caggacacag agtgtttcac gaaggcaaaa gagttggctt atatttgtca ggtgataaag 2820
aatcctttga gcggtatgeg tttecgcaaac tcattgttgg aggccacaga cttgaacgag 2880
gaccagaagc agttacttga aacaagtgtt tcttgcgaga aacagatctc aaggatcgtce 2940
ggggacatgg atcttgaaag cattgaagac ggttcatttg tgctaaagag ggaagagttt 3000
ttccttggaa gtgtcataaa cgcgattgta agtcaagcga tgttcttatt aagggacaga 3060
ggtcttcage tgatccgtga cattcccgaa gagatcaaat caatagaggt ttttggagac 3120
cagataagga ttcaacagct cctggctgag tttectgctga gtataatccg gtatgcacca 3180
tctcaagagt gggtggagat ccatttaagc caactttcaa agcaaatggc tgatggattce 3240
gccgecatee gcacagaatt cagaatggcg tgtccaggtg aaggtctgec tccagagceta 3300
gtccgagaca tgttccatag cagcaggtgg acaagccctg aaggtttagg tctaagegta 3360
tgtcgaaaga ttttaaagct aatgaacggt gaggttcaat acatccgaga atcagaacgg 3420
tcectatttee tcatcattet ggaactccct gtacctcecgaa agcgaccatt gtcaactget 3480
agtggaagtg gtgacatgat gctgatgatg ccatat 3516
<210> SEQ ID NO 24
<211> LENGTH: 3483
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<400> SEQUENCE: 24
atggegtegg gcagecgege cacgcccacg cgetcccect ccetecgegeyg gceccgaggceyg 60
cegegteacyg cgcaccacca ccaccactece cagtegtegyg gegggagcac gtcccgegeg 120
ggcgggggayg ccgeggcecac ggagteggte tccaaggecg tegcccagta caccctagac 180
gegegectac acgeggtgtt cgagcaatcg ggcegegtegg gecgcagett cgactactec 240
caatcgetge gegegecgece cacgccgtece tecgagcage agatcgecge ctacctetee 300
cgcatccage gceggeggeca catccagecce tteggcetgea cgetegeegt cgecgacgac 360
tectecttee gectectege cttetecgag aactccceeyg acctgctega cctgtegect 420
caccactceg ttcecteget ggactectet gegecgecee acgtttceect gggtgecgac 480
gegegectee tettetecee ctegtecgeg gtectectag agegegectt cgecgegege 540
gagatctege tgctcaacce gatatggatce cactccaggg tctectecaa gecgttctac 600
gecatcctee accgcatcga cgteggegte gtcatcgace tegageccge cegcaccgag 660
gaccccgete tcetecatcge cggtgecagte cagtcccaga aactggeggt cegegcecatce 720
tceegectee aggegetace cggcggggac gtcaagette tetgcgacac agtegtggag 780
catgttcgeg agctcacggg ttatgaccgt gtcatggtgt acaggttceca tgaagacgag 840
cacggggaag ttgtcgecga gagccggege gacaaccttyg agecttacct cggattgcat 900
tatcececgeca cagatatcce ccaggegteg cgettectgt tecggcagaa ccgegtgcga 960
atgattgcecg attgccatge cacccceggtg agagttattc aagatcctgg getgtcegecag 1020
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cctetgtgtt tggtaggctce cacgctacgce gctceccacacg ggtgtcatge acagtacatg 1080
gcgaacatgg ggtcaattge gtcegecttgtt atggcagtca tcattagcag tggcggtgac 1140
gatgagcaaa caggtcgggg tggcatctcg tcggcaatga agttgtgggg gttagtggtg 1200
tgccaccata catcaccacg gtgtatccct tttceccattga ggtatgcttg cgagtttcte 1260
atgcaggcat ttgggttgca gctcaacatg gagttgcagce ttgcgcacca gcectgtcagag 1320
aagcacattc tgcgaactca gacgctattg tgtgacatgc tactacgaga ttcaccaact 1380
ggcatcgtca cgcagagcce cagcatcatg gaccttgtga agtgcgacgg ggctgcactg 1440
tattatcatg ggaaatacta tccattgggt gtcactccca ctgagtctca gattaaggat 1500
atcatcgagt ggttgacggt gtttcatggg gactcaacag ggctcagcac agatagcctg 1560
gctgatgcag gctaccttgg tgctgctgca ctaggggagg ctgtgtgtgg aatggcggtyg 1620
gcttatatta caccgagtga ttacttgttt tggtttcggt cacacacagc taaagagatc 1680
aaatggggtyg gcgcaaagca tcaccctgag gataaggatg atggtcagag gatgcaccca 1740
cggtcgtecat tcaaggcatt tcecttgaagtg gttaaaagca gaagcctgcce atgggagaat 1800
gcagaaatgg acgcaataca ttccttgcag ctcatattge gtgactcecctt cagggatgcet 1860
gcagagggca ccaacaactc aaaagccatt gtcaatggac aagttcagct tcgggagcta 1920
gaattgcggg ggataaatga gcttagttcc gtagcaagag agatggttcg gttgatagag 1980
acagcaacag tacccatatt tgcagtagat actgatgggt gtataaatgg ttggaatgca 2040
aagattgctg agttgacagg gctttcagtt gaggaggcaa tgggcaaatc tctggtaaat 2100
gatcttatct tcaaggaatc tgaggcgaca gttgaaaaac tactctcacg agctttaaga 2160
ggtgaggaag acaaaaatgt ggagataaag ttgaagacat ttgggtcaga gcaatataag 2220
ggaccaatat ttgttgttgt caatgcttgt tctagtagag attacacaca aaatattgta 2280
ggtgtctgtt ttgttggaca agatgtcaca ggacaaaagg tggtcatgga taaatttgtt 2340
aacatacaag gggactacaa agctattgta cacaatccta atcctctgat accaccaatt 2400
tttgcatcag atgagaacac ttcttgttca gaatggaata cagccatgga aaaacttaca 2460
ggatggtcga gaggtgaagt tgttggtaag tttcttattg gagaggtgtt tggaaattgt 2520
tgtcgactca agggcccaga tgcattgaca aaattcatgg ttattattca caacgctata 2580
ggaggacagg attatgagaa gttccctttt tcattttttg acaagaatgg aaagtatgtg 2640
caggccttat tgaccgccaa tacaaggagc aaaatggatg gtaaatccat tggagccttt 2700
tgtttectge agattgcaag cactgaaata cagcaagcect ttgagattca gagacaacaa 2760
gaaaagaagt gttacgcaag gatgaaagaa ttggcctata tttgccagga gataaagaat 2820
cctecttagtg gecatccgatt taccaactct ctgttgcaga tgactgattt aaatgatgac 2880
cagaggcagt tccttgaaac tagctctgct tgtgagaaac agatgtccaa gattgttaag 2940
gacgccagte tccaaagtat cgaggacggce tcectttggtge ttgagcaaag tgagttttcet 3000
cttggagacg ttatgaatgc tgttgtcagc caagcaatgt tattgttgag agagagggat 3060
ttacaactta ttcgggacat ccctgatgaa atcaaggatg cgtcagcgta tggtgatcaa 3120
tgtagaattc aacaagtttt ggctgacttc ttgctaagca tggtgcggtce tgctccatcce 3180
gagaatggtt gggtagaaat acaagtcaga ccaaatgtaa aacagaattc tgatggaaca 3240
aatacagaac ttttcatatt caggtttgcc tgcecctggtg agggcctcece tgctgacgtce 3300
gtccaggata tgttcagcaa ttcccaatgg tcaacacaag aaggcgtagg actaagcaca 3360
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tgcaggaaga tcctcaaatt gatgggtggce gaggtccaat acatcagaga gtcagagcgg 3420
agtttcttece tcatcgtect cgagcagccce caacctegtce cagcagctgg tagagaaatce 3480
gtc 3483
<210> SEQ ID NO 25

<211> LENGTH: 3513

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 25

atgggctcegg gtagecgege cacgcccacg cgetcccect ccetecgegeyg gececgeggeyg 60

cegeggeace agcaccacca ctegeagtee tegggeggga geacgtceeceg cgegggaggg 120

ggtggcgggg gcgggggagyg gggagggggce ggcgeggccg ccgeggagtce ggtgtccaag 180

geegtggege agtacaccct ggacgegege ctccacgeeg tgttegagea gtegggegeg 240
tcgggecgea gettegacta cacgcagteg ctgegtgegt cecccaccce gtectcecegag 300
cagcagatcg ccgectacct cteccgeate cagegeggeg ggcacataca gececttegge 360
tgcacgcteg cecgtegecga cgactectee ttecgectece tegectacte cgagaacace 420
gecgacctge tcgacctgte gecccaccac tcegteccct cgetegacte ctecgeggtyg 480
ccteccceeg tetegetegg cgcagacgeg cgectecttt tegeteccte gtecgecegte 540
ctecectegage gegecttege cgegegegag atctegetge tcaacccget ctggatccac 600
tccagggtcet cctctaaace cttctacgee atectccace geatcgatgt cggegtegte 660
atcgaccteg agccegeceg caccgaggat cctgeactet cecatcgetgg cgcagtcecag 720
tctcagaage tegeggteeg tgecatctee cgectecagg cgettecegg cggtgacgte 780
aagctecttt gecgacaccgt tgttgageat gttagagage tcacaggtta tgaccgegtt 840
atggtgtaca ggttccatga ggatgagcat ggagaagteg ttgecgagag ccggegceagt 900
aaccttgage cctacatcgg gttgcattat cctgetacag atatcccaca ggcatcacge 960

ttectgttee ggcagaaccyg tgtgcggatg attgctgatt geccatgcectge gecggtgagg 1020
gtcatccagg atcctgcact aacacagccg ctgtgettgg ttgggtccac gctgegtteg 1080
ccgcatggtt geccatgcgca gtatatggcg aacatgggtt ccattgcatce tettgttatg 1140
gcagtgatca ttagtagtgg tggggatgat gatcataaca ttgcacgggg cagcatcccg 1200
tcggcgatga agttgtgggg gttggtagta tgccaccaca catctccacg gtgcatccect 1260
ttcccactac ggtatgcatg cgagttecte atgcaagect ttgggttgca gcectcaacatg 1320
gagttgcagc ttgcacacca actgtcagag aaacacattc tgcggacgca gacactgcetg 1380
tgtgatatgc tactccggga ttcaccaact ggcattgtca cacaaagccce cagcatcatg 1440
gaccttgtga agtgtgatgg tgctgctectg tattaccatg ggaagtacta ccctettggt 1500
gtcactccecca cagaagttca gattaaggac atcatcgagt ggttgactat gtgccatgga 1560
gactccacag ggctcagcac agatagcctt gcectgatgcag gctactcectgg tgctgctgea 1620
ctaggagatg cagtgagcgg aatggcggta gcatatatca cgccaagtga ttatttgttt 1680
tggttceggt cacacacagce taaggagata aagtggggtg gtgcaaagca tcatccagag 1740
gataaggatg atggacaacg aatgcatcca cgatcatcgt tcaaggcatt tcttgaagtt 1800
gtgaagagta ggagcttacc atgggagaat gcagagatgg atgcaataca ttccttgcag 1860
ctcatattgc gggactcttt cagagattct gcagagggca caagtaactc aaaagccata 1920

gtgaatggcc aggttcagct tggggagcta gaattacggg gaatagatga gcttagetceg 1980
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gtagcgaggg agatggttcg
actgatggat gtataaatgg
gaggaagcaa tgggcaaatc
gtaaacaagc tactctcacyg
ttgaagacat tcgggccaga
tctagcaggyg attacactaa
ggacaaaagg tggtcatgga
cacaacccta atccteteat
gagtggaaca cagcaatgga
cttetggteyg gtgaggtett
aaattcatga ttgtcctaca
tcattttttyg acaagaatgg
agaatggatyg gtgaggccat
cagcaagcct ttgagattca
ttggcttaca tttaccagga
ttattggaga tgactgatct
tgtgagaaac agatgtccaa
tctttggtge ttgagaaagg
caagtgatga tacagttgag
attaaagaag cctcagcata
ttgctaagca tggtgaggtt
ccaaatataa aacaaaattc
tgtcctggeyg aaggecttec
acaacccaag agggtattgg
gaggtccaat atataaggga
cagcctcage aagcagcaag
<210> SEQ ID NO 26

<211> LENGTH: 3534
<212> TYPE: DNA

gttgatcgag

ttggaatgca

attggtaaat

agctttaaga

acaatctaaa

aaatattgtt

taaatttatc

acccccaata

aaaactcaca

tggtaattgt

caacgctata

gaaatacgtyg

aggagcectte

gagacaccat

aataaagaat

aaaggatgac

aattgttaag

tgaattttca

agaaagagat

tggtgaccaa

tgctccaget

tgatggaaca

cccagagatt

cctaagcata

gtecggagegyg

tagggggaca

<213> ORGANISM: Sorghum bicolor

<400> SEQUENCE: 26

atggecgtegyg gcagccgege

ccgegtcacyg cgcaccacca

cgcgegggceg ggggaggtgyg

gecacggeca cggagteggt

cacgcggtgt tcgagcaatc

cgegegeage ccacgecgte

cgeggeggee acatccagec

cgectecteg ccttetecga

gttcectege tegatteege

cacgcecacyg

ccaccaccac

aggaggagga

ctccaaggec

gggcgegteg

ctcecgageag

ctteggetge

gaacgccgece

ggcgeegece

acagcaacag

aaggttgcetg

gatctcatcet

ggtgatgaag

ggaccaatat

ggtgtttgtt

aacatacaag

tttgctteag

ggatggtcaa

tgtcgactca

dgaggacagyg

caggccttat

tgtttettge

gaaaagaagt

ccteteaacy

cagaggcagt

gatgctagee

ctaggtagtyg

ttacaactta

tatagaattc

gaaaatggct

gacacaatgce

gttcaagaca

tgcaggaaga

agtttcttee

age

cgcteccect

cactcgcagt

ggtggegggy

gtggcgcagt

ggcegeaget

cagatcgeeg

acgctegeeg

gacctgeteg

ccegtttece

tacccatctt tgcagtagat

agctgacagg cctetetgtt

tcaaggaatc tgaggaaaca

acaaaaatgt agagataaag

tcgttattgt gaatgettgt

ttgttggcca agatgtcaca

gggattacaa ggctatcgta

atgagaatac ttgttgtttg

gaggggaagt tgttggtaag

agggcccaga tgcattaacg

attgtgaaaa gttcccettt

tgactgcaaa cacgaggagce

agattgcaag tcctgaatta

gttatgcaag gatgaaggaa

gtatcegatt tacaaactcg

ttcttgaaac cagcactget

tccaaagtat tgaggatgge

ttatgaatgc tgttgtcage

ttcgagatat ccctgatgaa

aacaagtttt atgtgacttt

gggtggagat acaggtcaga

ttttectett caggtttgece

tgtttagtaa ctccegetygyg

tcctaaaatt gatgggtgge

atatcgtact tgagctgece

cctecgegeyg acccgaggeg

cgtegggegyg gagcacgtec

gecaccgegge cacggctacg

acaccctaga cgcgeggete

tcgactacte ccagtegetg

cctacctete cegeatccag

tcgecgacga ctectectte

acctgtcgee gcaccactee

tgggtgcega cgcegegecte

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3513

60

120

180

240

300

360

420

480

540
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ctettetece cctegtecge ggtcectectyg gagegegect tegecgegeyg cgagatcteg 600
ctgctcaace cgctatggat ccactccagg gtetctteca agecgttceta cgccatcecte 660
caccgcateg acgteggegt cgtcatcgac ctegageceg cecgcaccga ggacccecget 720
ctctecateg cceggegeagt ccagtceccag aaactcegegyg tceegtgecat cteceegecte 780
caggcgctac ctggegggga catcaagetce ctetgcgaca cagtegtgga gcatgttege 840
gagctcacygyg gttacgaccg tgtcatggtg tacaggttcce atgaagacga gcatggggaa 900
gttgtcgeeyg agagccggeg cgataacctt gagecttace teggattgca ttatcccgece 960
acagatatcc cccaggcatc gegcttectg ttecggcaga accgcgtgeg gatgattget 1020
gattgccatg ccaccceggt gagagtcata caagatcctg ggatgtcgca gccactgtgt 1080
ttggtaggct ccacgctteg tgctccacac gggtgccatg cgcagtacat ggcgaacatg 1140
gggtcaattg catcacttgt tatggcagtc atcattagca gtggtggtga tgacgagcaa 1200
acaggtcggg gaggcatcte ctecggcaatg aagttgtggg ggttagtggt gtgtcaccat 1260
acgtcaccac ggtgtatccce ttttccattg aggtatgcett gecgagtttcet catgcaggca 1320
tttgggctge agctcaacat ggaattgcag cttgcgcatc agctgtcaga gaagcacatt 1380
ttgcgaactc agacgctatt gtgtgacatg ctattgcgag attcaccaac tggcatcgtce 1440
acgcagagcce ccagcatcat ggaccttgtg aagtgtgatg gggctgcact gtattatcat 1500
gggaagtact atccattggg tgtcactccc actgagtctc agattaagga tatcattgag 1560
tggttgacgg tgtgtcatgg ggactcaaca gggctcagca cagacagcct tgctgatgca 1620
ggctaccttg gtgctgectge attaggggat gectgtgtgtg gaatggceggt ggcttatatt 1680
acaccgagtg attacttgtt ttggtttcgg tcacacacag ctaaagagat caaatggggt 1740
ggcgcaaage atcaccctga ggataaggat gatggtcaga ggatgcaccce acggtcatca 1800
ttcaaggcat ttcttgaagt ggttaaaagc agaagcctac catgggagaa tgcagaaatg 1860
gacgcgatac attccttgca actcatattg cgtgactccet tcagagatgc tgcagagggce 1920
actagcaact caaaagccat tgtcaatgga caagctcagc ttggggagct agaattgegg 1980
gggataaatg agcttagctc tgtaccaaga gagatggttc ggttgataga gacagcaaca 2040
gtacccatat ttgcagtaga tactgatgga tgcataaatg gttggaatgc gaaaattgct 2100
gagttgacag gcctttcagt tgaggaggca atgggcaaat ctctggtaaa cgatcttatce 2160
ttcaaggaat ctgaggagat agtcgaaaag ctactctcac gagctttaag aggtgaggaa 2220
gacaaaaatg tggagataaa gttgaagaca tttgggtcag agcaatctaa cggagcaata 2280
tttgttattg tcaatgcttyg ttccagtaga gattacacac aaaatattgt tggtgtctgt 2340
tttgttggac aagatgtcac aggacaaaag gtggtcatgg ataaatttat caacatacaa 2400
ggggactata aagctattgt acacaatcct aatcctctga tacccccaat ttttgcatca 2460
gatgagaaca cttcttgttc agaatggaac acagccatgg aaaaacttac aggatggtcg 2520
agaggtgaag ttgttggtaa atttcttatt ggagaggtgt ttggaagttt ttgtcgactc 2580
aagggcccag atgcattgac aaagttcatg gttgtcattc acaatgctat aggagggcag 2640
gattatgaga agttcccttt ttcatttttc gacaagaatg gaaagtatgt gcaggcctta 2700
ttgaccgcca acacaaggag caaaatggat ggtaaatcca ttggcgcectt ttgttttttg 2760
cagattgcaa gcgctgaaat acagcaagcec tttgagatte agagacaaca agaaaagaag 2820
tgttatgcaa ggatgaaaga attggcctat atttgccagg agataaagaa tcctcttagt 2880
ggcatccgat ttaccaactc tctgttgcaa atgactgatt taaatgatga tcagaggcag 2940
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ttccttgaaa cttgctctge ttgtgagaaa cagatgtceca agattgttaa ggacgccact 3000
ctccaaagta ttgaggacgg ctcectttggta cttgagaaaa gtgagttttce ttttggagac 3060
gttatgaatg ctgttgtcag ccaagcaatg ttattgttga gggagaggga tttacaactt 3120
attcgggata tccctgatga aatcaaggat gcatcagcat atggtgatca atttagaatt 3180
caacaagttt tggctgactt cttgctaagc atggtgcgat ctgctccgte cgagaatggce 3240
tgggtagaaa tacaagtcag accaaatgta aaacagaatt ctgacggaac agatacagag 3300
cttttcatct tcaggtttge ctgccctggt gagggccttce ccgctgacat tgtccaggat 3360
atgttcagca attcccagtyg gtcaacccaa gaaggcgtag gactaagcac atgcaggaag 3420
atcctcaaat tgatgggcgg tgaggtccaa tacatcaggg agtcagagcg gagtttcette 3480
ctcatcgtcece tcgagctgece ccagectcegt ccagcagetg atagagaaat cagt 3534
<210> SEQ ID NO 27
<211> LENGTH: 3411
<212> TYPE: DNA
<213> ORGANISM: Glycine max
<400> SEQUENCE: 27
atggcttcag caagcggagce ggcgaattcce teegttceege cgecgcaaat ccacacctca 60
cgaacaaagc tgagccacca cagcagcaac aacaacaaca acatcgactce catgagcaag 120
gecatcegege agtacacgga ggacgegegg ctcecacgecg tettcegagca gtecggcegag 180
tcegggaggt ccttcaacta ctccgaatca atccgcateg catcggaatce cgtcecccgag 240
cagcagataa cggcttacct tgtcaaaatc cagcgceggeg gcettcatcca gcccttegge 300
tccatgateg ccegtegacga gecctectte cgeatcecteg gttactcecga caacgceccge 360
gacatgcteg gcattactce gcagtcegte ccecttegeteyg acgacaagaa cgacgccgec 420
ttegeteteg gcaccgatgt ccgagececte ttcactcact ccagegectt actectcgaa 480
aaggccttet ccgcacgcga aattagecte atgaacccta tcetggatcca ctccagaace 540
tcegggaage ctttectatgg aatcctecac cgaattgacyg tceggaattgt catcgatttg 600
gagectgege gtacggagga tcctgeccte tcetategetg gagetgteca gtegcagaag 660
ctegeggtte gegegattte gecagettcaa tetcteceeyg geggtgatgt taagettcete 720
tgtgacactg ttgtggaaag tgttagggaa ttgacgggtt atgatagggt tatggtttat 780
aagtttcatg aggatgagca tggagaggtt gtttctgaga gtaagaggcce tgatttggag 840
ccttacattg gattgcatta tcecctgctact gatattectce aggcttctag gtttttgttt 900
aagcaaaata gagttaggat gattgtggat tgtcatgctt ctgctgtgag ggtggtgcag 960
gatgaggctce ttgtgcagce tttgtgtttg gttgggtcca cccttagggce acctcacggt 1020
tgtcatgctc agtatatggc taacatgggc tcgattgegt ctttggtgat ggcagttatt 1080
atcaatggga atgacgagga aggcgttggt ggtcgcagtt cgatgaggct gtgggggcett 1140
gttgtctgee accataccte tgccaggtgt attcctttte ccttgaggta tgcttgtgag 1200
tttctgatge aggcgtttgg getgcagttg aacatggage ttcagttgge cgcgcagtcg 1260
ttggagaagc gggttttgag gacacagact ctgttgtgtg atatgcttct tagggactcg 1320
cctactggca ttgttactca gagtcctagt ataatggact tggtgaagtg tgatggggct 1380
gccctttatt tccaagggaa ctattatcecg ttgggtgtga ctccaactga agctcagatt 1440
agggatatta ttgagtggtt gttggccttce catggagatt cgaccggttt gagtactgat 1500
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agtctgggtg atgctggata tcccggggct gcectegettg gggatgcagt ttgtgggatg 1560
gcggttgett atattacaga gaaggatttt cttttcectggt tcaggtcgca cacggccaaa 1620
gagatcaaat ggggtggtgc aaagcatcat cctgaggaca aggatgatgg gcagagaatg 1680
catccecegtt cttecttcaa ggcgttttta gaagtggtga aaagccgtag cttgccegtgg 1740
gagaatgcgg aaatggatgc aattcactct ttgcagctta ttcectgcgtga ctcgtttaaa 1800
gatgctgagce atagaaattc taaggctgtt gtggatccecc atgtgtcaga acaagagttg 1860
caaggggtgg atgaactaag ttctgtggcce agagagatgg ttagattgat agaaacagcc 1920
actgctccaa tatttgctgt tgatgtcgat ggccacgtaa atgggtggaa tgcaaaggtt 1980
tcagaattaa caggactccc agttgaggag gctatgggga agtccttggt tcacgatctt 2040
gtgtttaagg agtctgaaga aactatgaac aagcttcttt ctcgtgecttt aaaaggtgaa 2100
gaagataaga atgttgagat aaaaatgagg acgtttggcc cagaacatca aaataaggca 2160
gtgtttttag tggtgaatgc ttgctccagce aaggatttta caaataatgt agttggagtg 2220
tgctttgttg gtcaggatgt tactggtcaa aaaattgtaa tggacaaatt catcaacata 2280
caaggtgact acaaggctat tgtacatagc ccaaatcctt tgatccctecce catttttgceca 2340
tcggacgata acacatgttg cttagagtgg aacactgcaa tggaaaagct tactggttgg 2400
ggcegtgtgg atgtcattgg aaaaatgttg gtgggagagg tttttggtag ttgctgtcag 2460
ttgaagggtt cagattcaat aacaaagttc atgattgtct tacacaatgc acttggtgga 2520
caagatacag ataaattccc tttctcattt cttgatcggce acggaaagta tgtacaaact 2580
ttecctgactyg caaataagag ggttaacatg gagggtcaga tcataggagce tttttgettt 2640
ttgcaaatca tgagtccgga acttcagcag gctcttaagg cacagagaca acaagaaaag 2700
aattcctttg gtaggatgaa agagttagct tatatttgtc aaggagttaa gaatcctttg 2760
agtggcatac gctttacaaa ctctcttttg gaggctacaa gcttgaccaa tgagcaaaag 2820
cagtttcttg agactagtgt tgcttgtgag aagcaaatgt taaagataat acgcgacgtt 2880
gatcttgaaa gcatcgagga tgggtccctg gagcttgaaa agggggaatt cttgcttgga 2940
aatgtcataa atgcagttgt tagccaagta atgttactgt taagagaaag aaatttacag 3000
ttgattcecgtg atattcctga agaaatcaag acattggcag tttatggtga tcaattgagg 3060
attcaacaag tgttgtctga tttcttgttg aatatagtgc gctatgcacc atctccagat 3120
ggctgggtag agattcatgt acgtccaaga ataaaacaaa tctcagatgg gctcactcett 3180
ctccatgetg aatttagaat ggtatgtcct ggtgaaggtc ttcctcecctga attgattcaa 3240
gacatgttca ataacagtcg gtgggggact caagaaggtt tagggctgag catgagcagg 3300
aagattctaa agctaatgaa cggcgaagtg cagtatatca gggaggccga acggtgctac 3360
ttctatgtte ttcttgaact acctgtgaca cggagaagct ctaaaaagtg t 3411
<210> SEQ ID NO 28
<211> LENGTH: 3447
<212> TYPE: DNA
<213> ORGANISM: Glycine max
<400> SEQUENCE: 28
atggcttcag caagcggagce ggagaattcce teegtcecege cgtegecegtt gecgectcecg 60
cegecgecge aaatccacac ctcgcggacg aagctgagec accaccacca caacaacaac 120
aacaacaaca acaacaacat cgactccacg agcaaggcca tcegegcagta cacggaggac 180
gegeggcetee acgecgtett tgagecagtcee ggcgagtcceg ggaggtectt tgactactec 240
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caatcaatce gcegtcacatc ggaatcegte ceggagcage agataacgge ttaccttcete 300
aaaattcagce gcggeggett catccagecce tteggceteca tgatcgeegt cgacgagcce 360
tcettecgea tecttgecta cteccgacaac geccgtgaca tgcteggeat tactccacag 420
tcegtecctt cgctegacga caagaacgac gecgectteg cgceteggaac cgatatccga 480
accctettea ctcacteccag cgccgttete ctecgaaaagg ccettetceege gegegaaatt 540
agcctcatga accctatetg gattcactee agaaccteeyg ggaagecttt ctatggaate 600
ctccaccgaa ttgacgtcegg aattgtcatce gatttggage ctgegceggac ggaggatcct 660
geecteteca tegecggage tgtccagteg cagaageteg cggttegege gatttegeag 720
cttcaatctce tccceceggtgg cgatgttaag cttetttgtg atactgttgt tgagagtgtce 780
agggaattga cagggtatga tagggttatg gtttataggt ttcatgagga tgagcatggg 840
gaggttgttyg ctgagactaa gaggcctgat ttggagectt acattggatt gecattatccce 900
gctactgata ttecctcagge ttctaggttt ttgtttaage agaatagggt taggatgatt 960
gtggattgtc atgcttctge tgtgagggtg gtgcaggatg aggctcttgt gcagectcetg 1020
tgtttggttg ggtccacgcect cagggcgcct cacggttgcce atgctcagta tatggctaac 1080
atgggctcga ctgcgtcecgtt ggtgatggct gttattatca atgggaatga tgaggaaggt 1140
gttggtggcc gcacttcgat gaggttgtgg gggcttgtta tttgccacca tacctctget 1200
aggtgtattc cttttccett gaggtatgct tgtgagtttce tgatgcagge gtttgggetg 1260
cagttgaaca tggagcttca gttggccgca cagtcgttgg agaagcgggt tttgaggaca 1320
cagactctgt tgtgtgatat gcttctcagg gactctecta ctggcattgt aactcagagt 1380
cctagtatta tggacttggt gaagtgtgac ggagctgctc tttattacca agggaactat 1440
tatccgttgg gtgtgactcec aactgaggct cagataaggg atattattga gtggttgttg 1500
gcctttcata gagattcgac tggtttgagt actgatagtc tggctgatgce tggctatcect 1560
ggggctgect cgcttgggga tgcagtttgt gggatggcgg ttgcttatat tacagagaag 1620
gattttcttt tectggttcag gtcgcacacg gcgaaagaga tcaaatgggg tggtgcaaag 1680
catcatcctg aggacaagga tgatgggcag agaatgcatc cccgttctte cttcaaggca 1740
tttttagaag tggtgaaaag ccgtagcttg ccgtgggaga atgcggaaat ggatgcaatt 1800
cactctttge agcttattcect gegtgactcg tttaaagatg ctgagcatag caattctaag 1860
gctgttttgg atcccecgtat gtecggaacta gagttgcaag gggtcgatga actaagttcet 1920
gtagccagag agatggttag attgatcgaa acagccactg ctccaatatt tgctgttgat 1980
gttgatggcc gcataaatgg gtggaatgca aaggtttcag aattgacagg actcccagtt 2040
gaggaggcta tggggaagtc cttggttecge gatcttgtgt ttaaggagtc tgaagaaact 2100
gtggacaagc ttctttcteg tgctttaaaa ggtgaagaag ataagaatgt tgagataaaa 2160
atgaggacgt ttggcccaga acatcaaaat aaggcagttt ttgtagtggt gaatgcttgc 2220
tccagcaagg attatacaaa taatgtagtt ggagtgtgct ttgttggtca ggatgttact 2280
ggtcaaaaaa ttgtgatgga caaattcatc aacatacaag gcgactacaa ggctattgta 2340
cataatccaa atcctttgat ccctcccatt tttgcatcecgg atgataacac gtgttgectta 2400
gagtggaaca ctgcaatgga aaagcttact ggttggagcc gcgcggatgt cattggaaaa 2460
atgttggtgg gagaggtttt cggcagttgc tgtcagttga agggttcaga ttcaataaca 2520
aagttcatga ttgtcttaca caatgcgctt ggtggacatg atacagatag attccctttt 2580
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tcatttettg atcggtatgg caagcatgtg caagctttcce tgactgcaaa taagagggtt 2640
aacatggatg gtcagatcat tggggcattt tgctttttgc aaattgtgag tccggaactt 2700
caacaggctce tgaaggcaca gagacaacaa gagaagaatt catttgctag gatgaaagag 2760
ttagcttata tttgtcaagg agttaagaat cctttgagtg gcatacgctt tacaaactct 2820
cttttggagg ctacatgctt gtccaatgag caaaaacagt ttcttgagac tagtgctgcet 2880
tgtgagaagc aaatgttaaa gataatacac gatgttgata ttgaaagcat tgaggatggg 2940
tcectggage ttgaaaaggg ggaattcecttg cttggaaatg tcataaatgce agttgttagce 3000
caagtaatgc tactgttaag agaaagaaat ttacagttga ttcgtgatat tcctgaagaa 3060
atcaagacat tggctgttta tggtgatcaa ttgaggattc aacaagtgtt gtctgatttce 3120
ttattgaata tagtgcgcta tgcaccatct ccagatggct gggtagagat tcatgtacat 3180
ccaagaataa aacaaatctc agatgggctc actcttcectecce atgctgaatt tagaatggta 3240
tgtcctggtg aaggtcttec tectgaattg attcaaaaca tgttcaataa cagtgggtgg 3300
gggactcaag aaggtttagg gctgagcatg agcaggaaga ttctaaagct aatgaacggce 3360
gaagtgcagt atatcaggga ggcccaacgg tgctacttet atgttcecttct tgaactacct 3420
gtgacacgga gaagctctaa aaagtgt 3447
<210> SEQ ID NO 29

<211> LENGTH: 3300

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 29

atgagcaagg ccatcgcgca gtacacggag gacgcgcegge tccacgceegt cttegagcag 60
tceggegagt ccgggaggtce cttcaactac tecgaatcaa tcecgcatcege atcggaatce 120
gtecccgage agcagataac ggcttacctt gtcaaaatce agegceggegg cttcatccag 180
cecttegget ccatgatcege cgtcgacgag cectecttece geatectegyg ttactccgac 240
aacgcccgeg acatgetegg cattacteeg cagtccegtece cttegetega cgacaagaac 300
gacgccgect tegetetegg caccgatgte cgagcecectet tcactcactce cagegectta 360
ctectegaaa aggecttete cgcacgegaa attagcectcea tgaaccctat ctggatccac 420
tccagaacct ccgggaagcece tttctatgga atcctccace gaattgacgt cggaattgte 480
atcgatttgg agcctgegeg tacggaggat cctgccctet ctatcgetgyg agetgtecag 540
tcgcagaage tcegeggtteg cgcgattteg cagettcaat cteteccegyg cggtgatgtt 600
aagcttctet gtgacactgt tgtggaaagt gttagggaat tgacgggtta tgatagggtt 660
atggtttata agtttcatga ggatgagcat ggagaggttyg tttctgagag taagaggcct 720
gatttggage cttacattgg attgcattat cctgctactg atattcctca ggettctagg 780
tttttgttta agcaaaatag agttaggatg attgtggatt gtcatgcttc tgctgtgagg 840
gtggtgcagyg atgaggctct tgtgcagect ttgtgtttgg ttgggtecac ccttagggea 900
cctcacggtt gtcatgctca gtatatgget aacatggget cgattgegte tttggtgatg 960

gcagttatta tcaatgggaa tgacgaggaa ggcgttggtg gtcgcagttc gatgaggcetg 1020

tgggggcttg ttgtctgcca ccatacctct gccaggtgta ttcecttttee cttgaggtat 1080

gcttgtgagt ttectgatgca ggegtttggg ctgcagttga acatggagcet tcagttggece 1140

gcgcagtegt tggagaagcg ggttttgagg acacagactc tgttgtgtga tatgettett 1200

agggactcgce ctactggcat tgttactcag agtcctagta taatggactt ggtgaagtgt 1260
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gatggggctg

gctcagatta

agtactgata

tgtgggatgg

acggccaaag

cagagaatgc

tthCgtggg

tcgtttaaag

caagagttge

gaaacagcca

gcaaaggttt

cacgatcttg

aaaggtgaag

aataaggcag

gttggagtgt

atcaacatac

atttttgeat

actggttggg

tgctgtcagt

cttggtggac

gtacaaactt

ttttgetttt

caagaaaaga

aatcctttga

gagcaaaagc

cgcgacgttyg

ttgcttggaa

aatttacagt

caattgagga

tctecagatg

ctcactctte

ttgattcaag

atgagcagga

cggtgetact

ccctttattt

gggatattat

gtctgggtga

cggttgetta

agatcaaatg

atcccegtte

agaatgcgga

atgctgagca

aaggggtgga

ctgctecaat

cagaattaac

tgtttaagga

aagataagaa

tgtttttagt

getttgttgg

aaggtgacta

cggacgataa

gecegtgtgga

tgaagggttce

aagatacaga

tcctgactge

tgcaaatcat

attcctttygg

gtggcatacyg

agtttcttga

atcttgaaag

atgtcataaa

tgattcgtga

ttcaacaagt

gctgggtaga

tccatgetga

acatgttcaa

agattctaaa

tctatgttet

<210> SEQ ID NO 30
<211> LENGTH: 2601

<212> TYPE:

DNA

ccaagggaac

tgagtggttg

tgctggatat

tattacagag

gggtggtgcea

ttccttcaag

aatggatgca

tagaaattct

tgaactaagt

atttgetgtt

aggactccca

gtctgaagaa

tgttgagata

ggtgaatgcet

tcaggatgtt

caaggctatt

cacatgttge

tgtcattgga

agattcaata

taaattccct

aaataagagg

gagtcceggaa

taggatgaaa

ctttacaaac

gactagtgtt

catcgaggat

tgcagttgtt

tattcctgaa

gttgtctgat

gattcatgta

atttagaatg

taacagtcgg

gctaatgaac

tcttgaacta

<213> ORGANISM: Glycine max

<400> SEQUENCE: 30

tattatcegt

ttggccettee

CCngggCtg

aaggattttc

aagcatcatc

gegtttttag

attcactctt

aaggctgteg

tctgtggeca

gatgtcgatg

gttgaggagg

actatgaaca

aaaatgagga

tgctccagea

actggtcaaa

gtacatagce

ttagagtgga

aaaatgttgg

acaaagttca

ttctcattte

gttaacatgg

cttcagcagyg

gagttagett

tctettttgy

gettgtgaga

gggtCCCtgg

agccaagtaa

gaaatcaaga

ttettgttga

cgtccaagaa

gtatgtccetyg

tgggggactc

ggcgaagtgc

cctgtgacac

tgggtgtgac tccaactgaa

atggagattc gaccggtttyg

cctegettgyg ggatgcagtt

ttttctggtt caggtcgcac

ctgaggacaa ggatgatggg

aagtggtgaa aagccgtage

tgcagcttat tctgegtgac

cggatcceeyg tgtgtcagaa

gagagatggt tagattgata

gccacgtaaa tgggtggaat

ctatggggaa gtccttggtt

agcttettte tcgtgettta

cgtttggece agaacgtcaa

aggattttac aaataatgta

aaattgtaat ggacaaattc

caaatccttt gatccctece

acactgcaat ggaaaagctt

tgggagaggt ttttggtagt

tgattgtctt acacaatgca

ttgatcggca cggaaagtat

agggtcagat cataggagct

ctcttaagge acagagacaa

atatttgtca aggagttaag

aggctacaag cttgaccaat

agcaaatgtt aaagataata

agcttgaaaa gggggaattce

tgttactgtt aagagaaaga

cattggcagt ttatggtgat

atatagtgcg ctatgcacca

taaaacaaat ctcagatggg

gtgaaggtct tcctectgaa

aagaaggttt agggctgage

agtatatcag ggaggccgaa

ggagaagcte taaaaagtgt

atgatcgeeg tcgacgagece ctectteege atecttgect actecgacaa cgeccegtgac

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

60
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atgctecggcea ttactccaca gtccegtecct tegetcegacyg acaagaacga cgccgectte 120
gegetceggaa ccgatatceg aaccctette actcactcca gegecgttet cctcgaaaag 180
gectteteeyg cgegecgaaat tagectcatg aaccctatcet ggattcactce cagaacctece 240
gggaagcctt tctatggaat cctccaccga attgacgtceg gaattgtcat cgatttggag 300
cctgegegga cggaggatce tgccctetece ategecggag ctgtecagte gcagaagcete 360
geggttegeyg cgatttcegea gettcaatcet ctecceggtyg gegatgttaa gettetttgt 420
gatactgttyg ttgagagtgt cagggaattg acagggtatg atagggttat ggtttatagg 480
tttcatgagg atgagcatgg ggaggttgtt gectgagacta agaggcctga tttggagcect 540
tacattggat tgcattatcc cgctactgat attcctcagg cttctaggtt tttgtttaag 600
cagaataggg ttaggatgat tgtggattgt catgcttcectyg ctgtgagggt ggtgcaggat 660
gaggctettyg tgcagectet gtgtttggtt gggtccacge tcagggegec tcacggttge 720
catgctcagt atatggctaa catgggetceg actgegtegt tggtgatgge tgttattate 780
aatgggaatg atgaggaagg tgttggtgge cgcacttcga tgaggttgtyg ggggettgtt 840
atttgccacc atacctctge taggtgtatt cctttteect tgaggtatge ttgtgagttt 900
ctgatgcagg cgtttgggct gcagttgaac atggagcette agttggccege acagtcegttg 960
gagaagcggg ttttgaggac acagactctg ttgtgtgata tgcttctcag ggactctect 1020
actggcattg taactcagag tcctagtatt atggacttgg tgaagtgtga cggagctgcet 1080
ctttattacc aagggaacta ttatccgttg ggtgtgactc caactgaggc tcagataagg 1140
gatattattg agtggttgtt ggcctttcat agagattcga ctggtttgag tactgatagt 1200
ctggctgatg ctggctatce tggggctgce tcegettgggg atgcagtttg tgggatggeg 1260
gttgcttata ttacagagaa ggattttctt ttctggttca ggtcgcacac ggcgaaagag 1320
atcaaatggg gtggtgcaaa gcatcatcct gaggacaagg atgatgggca gagaatgcat 1380
ccecgttett ccecttcaagge atttttagaa gtggtgaaaa geccgtagctt gecgtgggag 1440
agtgcggaaa tggatgcaat tcactctttg cagcttattc tgcgtgactce gtttaaagat 1500
gctgagcata gcaattctaa ggectgttttg gatccccgta tgtcggaact agagttgcaa 1560
ggggtcgatg aactaagttc tgtagccaga gagatggtta gattgatcga aacagccact 1620
gctccaatat ttgctgttga tgttgatgge cgcataaatg ggtggaatgc aaaggtttca 1680
gaattgacag gactcccagt tgaggaggct atggggaagt ccttggttcg cgatcttgtg 1740
tttaaggagt ctgaagaaac tgtggacaag cttctttcectc gtgctttaaa aggtgaagaa 1800
gataagaatg ttgagataaa aatgaggacg tttggcccag aacatcaaaa taaggcagtt 1860
tttgtagtgg tgaatgcttyg ctccagcaag gattatacaa ataatgtagt tggagtgtgc 1920
tttgttggtc aggatgttac tggtcaaaaa attgtgatgg acaaattcat caacatacaa 1980
ggcgactaca aggctattgt acataatcca aatcctttga teccctceccat ttttgcatceg 2040
gatgataaca cgtgttgctt agagtggaac actgcaatgg aaaagcttac tggttggagce 2100
cgcgcggatg tcattggaaa aatgttggtg ggagaggttt tcggcagttg ctgtcagttg 2160
aagggttcag attcaataac aaagttcatg attgtcttac acaatgcgct tggtggacat 2220
gatacagata gattcccttt ttcatttectt gatcggtatg gcaagcatgt gcaagctttce 2280
ctgactgcaa ataagagggt taacatggat ggtcagatca ttggggcatt ttgctttttg 2340
caaattgtga gtccggaact tcaacaggcet ctgaaggcac agagacaaca agagaagaat 2400
tcatttgcta ggatgaaaga gttagcttat atttgtcaag gagttaagaa tcctttgagt 2460
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ggcatacgct ttacaaactc tcttttggag gctacatget tgtccaatga gcaaaaacag

tttcttgaga ctagtgetge ttgtgagaag caaatgttaa agataataca cgatgttgat

attgaaagca ttgaggatgg a

<210> SEQ ID NO 31
<211> LENGTH: 3390

<212> TYPE:

DNA

<213> ORGANISM: Solanum tuberosum

<400> SEQUENCE: 31

atggcttetg

ggtacaagta

gatgctagge

tcagagtctyg

actaaaattc

gctagtttte

caatctgtte

ctttttaccce

ttactcaacc

cacagggttyg

ttatctattg

caatcacttce

gagttaaccyg

gtagtggetg

actgatattc

gactgtcatg

ctagttggtt

gggtctattyg

ggtggeggte

cggtecatte

caattgaaca

caaacactgt

cccagtatta

tatccattag

gcttaccatyg

ggagcagcett

gatttettgt

catcatcetyg

tttectggaag

cactctttge

gctattgtge

gttgccagag

gaagtagaac

atgtaaatta

ttecatgetgt

ttaaaactac

aaagaggagg

gtgtaatagce

caagccttga

cttectagete

caatttggat

atgttggtat

ctggagcagt

ctggtgggga

ggtatgaccyg

agagtaaaag

ctcaagette

ctaccectgt

ccacacttag

cctcattaac

gaaattcaat

ctttecectet

tggagttgca

tatgtgacat

tggaccttgt

gtgtcacacc

gagactcaac

cacttggtga

tttggttteg

aagacaagga

ttgttaaaag

agctaattct

atgctcatct

aaatggttag

aaagcattcc

caaagattca

gtttgaacaa

tacacaatct

tcatattcag

ttatagtgaa

gaagtgtgag

tgttttgcta

tcattccaag

tgccattgat

gcagtcacag

cattaagcett

ggttatggta

atcagattta

acggtttttyg

gegggttact

agcacctcat

actggcagtt

gaggctatgg

taggtatgca

attggcgtca

gcetecttega

gaagtgcgat

aactgaagct

aggtttaagt

tgcagtttgt

ctcccacaca

tgatggactg

tcggagetca

gcgagattca

tggggaaatg

attgatcgaa

catcataatt

ataagcaaag

tctggtgagt

gtgcctgaaa

ccttttggtt

aatgcetttyg

atcctcacta

gaaagagcat

aattctggaa

ttggagccetyg

aaacttgcag

ttgtgtgata

tataaatttc

gagccctata

tttaagcaga

caggatgaat

ggttgccacy

attatcaacg

ggcttggttg

tgtgaattcc

cagttgtcetg

gactctccac

ggtgctgete

cagataaagg

actgacagtt

ggtatggctg

gcgaaagaaa

agaatgcatc

ccatgggaaa

tttaaggatg

gagttgcaag

actgcaacag

catctcaage

ctatagcaca

ctggaaagtt

ggcaaatcac

gtatgatagce

aaatgcttag

ttggaactga

ttggggcacg

agcectttta

ctagaactga

tgagggctat

ctgttgttga

atgaggatga

tcggtttgea

acagggtgag

cactgatgca

cacagtacat

gaaatgatga

ttggacacca

ttatgcagge

agaaacatgt

cggggattgt

tatactacca

acattgtgga

tggctgatge

tcgettatat

taaagtgggg

cacgttctte

atgccgaaat

ctgaggcaag

ggatagatga

ctcccatatt

tcaatcttca

gtacacagct

ttttgattat

tgcttatttyg

tgtagatgag

tttaactcca

tgttaggacc

tgagatcact

tgcaattttg

ggaccetget

ttctcatttyg

gagtgtcagg

gcatggagag

ttatcctget

aatgattgtyg

gectttatgt

ggcaaatatg

ggaagctgtg

cacttectgtt

ctttggacte

tttaaggaca

tacccaaagce

ggggaagtac

gtggttattg

tgggtatcct

atcttctaaa

tggtgcaaag

cttcaaggca

ggatgcaatc

taattctaag

actgagttct

tgctgttgat

2520

2580

2601

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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gtcgaaggte gcataaatgg gtggaatgca

gaagaagcaa tggggaagtc cttggttcat

getgagaage ttctgtataa tgctctaaga

ttgaggacat ttggagctga acaactggag

gctagcaaag attacacaaa caacattgtt

ggggaaaaag ttgttatgga caagtttatt

cacagcccca atcctetgat cectecaata

gagtggaaca ctgccatgga aaaactcact

atgttagttg gtgagatttt tggaagttgt

aagttcatga tcgtgttgea taatgcaatt

tccttttttyg accgaaatgg gaaatatgtg

aatatggagg gcaatactat tggggcettte

cagcaagcte taagagttca aaggcaacag

ctggcataca tttgtcagga aataaaaagt

ttgttggagg ccacaaattt gacagaaaat

tgtgagaggce agatgtctaa gatcattagg

tcactgacce ttgagaaaga agattttttt

caagtgatgt tattgctgag ggaaaaaggce

attaagacat taacagtaca tggtgatcaa

ttgttgaaca tggtacggta tgcaccatca

ccaagtatga tgccaatate tgatggagta

tgccctggeg aagggettee tectgaattg

gtaactcagg aaggcctagg actgagcacyg

gaaatccagt atatcagaga atcagaaaga

atgacccgca aaggtccaaa gagtgttgge

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 32

LENGTH: 3363

TYPE: DNA

ORGANISM: Pisum sativum
FEATURE:

NAME/KEY: misc_feature
LOCATION: (84)..(84)
OTHER INFORMATION: n is a,

SEQUENCE: 32

agcaacaaca ataacaacag aaatattaaa

getcagtaca cagaagacgc aagnctccat

gattatgcce aatccatteg cgtcacggeg

actgcttact tagccaaaat ccaacgeggt

gecgtegacyg aaacttettt tegegttett

ggtatcgege ctcaateggt tecttcetatg

tctttaggeg ttgatgtteg ttotettttt

getttttecag ctegggagat tagtttaatg

ggtaagcctt tttatggaat tcttcaccga

aaggtcgetyg
gagettgtgt
ggcgaggaag
aaagctgttt
ggtgtttget
aacatccaag
tttgcatcag
ggttggtcta
tgtcggetea
ggaggacagg
caagctettt
tgtttcatac
gaaaagaagt
cctettaatg
cagaagcagt
gatgttgatc
cttgggagtg
gtgcagttaa
gtgagaattc
cctgatgggt
actggtgtge
gttcaagata
tgcagaaaaa

tgctatttee

agagaatcgt

getgttttty

gctactgaat

ggttteatte

gcettactety

gaagatgatt

agtgctteca

aatcctattt

attgatattg

aattgacagg tttatcagtt

acaaagaatc acaggagact

ataaaaatgt agaaataaag

ttgtggtggt taatgcttge

ttgttgggca ggatgttact

gtgattacaa ggccattgtg

atgagaacac ttgttgctce

gaggggagat tgttggaaaa

agggcccaga tgccatgaca

atacagacaa gtttccattt

tgactgctaa caagagagtc

agatagccag tcccgaactyg

gttattctca gatgaaagag

gtatacgcett tacaaattca

atctagagac aagtgctget

tggaaaacat tgaggacggt

taatagatgc tgttgttage

tccgtgatat accagaggaa

aacaggtctt ggcagatttce

gggtagaaat ccaacttcga

atattgaact caggattata

tgttccacag cagtceggtygyg

tgttaaagct tatgaatgga

tgattgtcct tgacctgeca

tatcaatgag aaaagccata

aaaaatccgg tgactcettte

cagttcctga acagcaaatc

aacctttegg ttcaatgatce

aaaacgcacg tgacatgett

cttettette ttegttttte

gttetgtact tcttgagaaa

ggatccacte tcgttctact

gtgttgttat tgatttggag

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3390

60

120

180

240

300

360

420

480

540
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cctgegagat ctgaggatcce agecgcettteg attgceggtyg ctgttcagte tcagaagett 600
geggttegtyg cgatttcegea getcecaggeg cttectggtyg gtgatgtcaa gettetttgt 660
gatgctgttyg ttgagagtgt tagggaattg actggttatg atagggttat ggtttataag 720
tttcatgagg atgagcatgg tgaggttgtt gectgagagta agagggttga tttagagcct 780
tatattggtt tgcattatcc tgctactgat attcctcagg cttctaggtt tttgtttaag 840
cagaataggg ttaggatgat tgtggattgt aatgcttctc ctgttagggt ttttcaggat 900
gaggcgcttg ttcagecctgt ttgtttggtt gggagtactc ttegggctcece tcatggttgt 960
catgctcagt acatggcaaa tatgggttcc attgcttett tggctatgge tgttattatt 1020
aatgggaatg atgaagacgg tggtgggatt ggtggtgctg cacgtggctce gatgaggcett 1080
tggggtcettg ttgtttgtca tcatacttct gctaggtgta ttcctttceece tettaggtat 1140
gcttgtgagt ttctaatgca ggettttggg cttcagttga atatggagcet tcagttagece 1200
gtgcagtcegt tggagaaaag ggttttgaag acacagactc tgttgtgtga tatgttactt 1260
agggattctc atacagggat tgttactcag agtcctagta ttatggattt ggttaagtgt 1320
gatggggctg ctttgtatta tcaaggaaac taccaccctt tgggtgttac tccgaccgag 1380
tctcagataa gggatatcat agattggttg ttggcctttce atagtgattc gacgggtttg 1440
agtactgata gtttggctga tgctggttat cctggggcetg cttctettgg ggatgcagtt 1500
tgtggaatgg ctgttgcgta tattactgaa aaagactttc ttttctggtt cagatctcat 1560
acggctaaag aaattaaatg gggtggtgca aagcatcacc cggaggataa ggatgacggg 1620
cagaaaatgc atcctcgtte ttetttcaag gcctttttag aagtggtgaa gatccgtagt 1680
atgcagtggg ataatgcaga aatggatgca attcactcct tgcagcttat cctgcgagac 1740
tcgtttaagg aagctgagaa taacgattca aaggctgtcg tgcataccca tatggcagaa 1800
ctagagttgc aaggggtgga tgaactgagt tctgtggcta gagaaatggt taggttgata 1860
gaaacagcca ctgctcccat atttgectgtt gatgtcgatg gtecgcatcaa tgggtggaat 1920
gcaaaggttt ctgaattgac aggacttctg gtagaggagg ctatgggcaa gtctttggtt 1980
catgatctcg tgtataagga gtctcgagaa actgtggaca agcttcttte tcatgcttta 2040
aaaggtgaag aagataaaaa tgttgagata aaaatgaaga cttttggccc ggggaatcaa 2100
aataaggcag tttttatagt ggtgaatgct tgctccagca aggattatac aaataatata 2160
gttggagtgt gctttgttgg ccaggatatt actggtcaaa aagttgtaat ggacaaattc 2220
attaacatac aaggtgacta caaggctatt gtacatagtc caaatccatt gatccctcce 2280
atttttgcat cggatgacaa cacatgttgc ttagagtgga acaatgctat ggaaaagctc 2340
agcggctgga geccgtgcaga tgtcattgge aaattgttag tgggagaggt ttttggtagt 2400
ttctgtcagt tgaagggttc ggatgctatg acaaaattca tgattgtttt gcacaatgca 2460
cttggtggac acgacacaga caaattccca ttgtcatttc ttgacagaca tggaaagtat 2520
gtgcatactt tcttgaccgc aaataagagg gttaacatgg atggtcagat cattggcgca 2580
ttttgctttt tacaaattgt gaaccctgaa cttcaacagg ctttgacagt ccagagacaa 2640
caggatagta gttccttage tagaatgaag gagttagcett atatttgtca agaagtaaag 2700
aatcccttga gtggcatacg ctttacaaac tctettttgg agtctacatg cctgactgat 2760
gagcaaaagc agcttcttga gactagtgtt gecttgtgaga agcaaatgct gaagatagta 2820
cgggacattg ctctagaaag catcgaggat gggtccctgg agcttgaaaa gcaggaattce 2880
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ttgctcegaga atgtcataaa
aagttacagt taattcgtga
cagttgagga ttcaacaagt
tctecagatyg gttgggtaga
ctcactctte tgcatgetga
ttgattcaag acatgttcca
atgagcagga agattataaa
cggtgetact tcettagttet
aat

<210> SEQ ID NO 33
<211> LENGTH: 3387
<212> TYPE: DNA
<213> ORGANISM: Vitis
<400> SEQUENCE: 33
atgagttcag gaaacagagg
aatttgagag tttaccacac
getegectee acgccgtata
cagtcggtta gaaccacaac
aaaattcaac ggggtggcca
acttttcggg tcattgettt
tcggttecega gecttgagaa
ttcactcecct cgagegcagt
ttaaatcceg tgtggattca
agaattgatyg tgggaattgt
tccattgety gggeggtgea
tctetteceyg gtggtgatat
cttactgggt atgatcgggt
gtggctgaga gcaagaggte
gacattccac aggcttcaag
tgccatgeca cgectgttet
gttggttcaa cccttceggge
tcaactgect cattagcgat
gggcgaaact tgatgaggcet
attccattte ctcttegata
aacatggaac tgcagttage
ctecttgtgtyg acatgetect
attatggatc ttgtgaagtg
actggggtga ccccgactga
catgcggatt caacaggttt

gectcactty gtgatgcagt

ctattctggt tteggtecca

tgcagttgtt

tattcctgaa

cttggetgat

gattcatgta

atttaggatg

taacagtcgg

gttaatgaac

tcttgaacta

vinifera

aacgcagteg

tgattcaatg

cgaacagtcc

gcaatcggte

tatacagccc

cagcgaaaat

gecegagate

tctectegaa

ttccaagaat

aattgatttg

gtcgcagaag

taaccttttyg

catggtttac

tgatttggag

gtttttgttt

ggtgattcaa

tcctecatgge

ggctgtcatce

atggggcctg

tgcctgtgag

atcgcaattg

tcgtgattee

tgatggagca

agcccagata

aagcactgac

ttgtggaatg

cacagcaaaa

agccaagtaa

gaaatcaagg

ttcttaatga

tttccaagaa

gtgtgtccety

tgggtgactc

ggcgaagtee

ccegtgacac

caccaccaag

agcaaagcca

ggcgagtccg

cctgagcaac

tttgggtgta

geccgagaaa

ctcctagtag

aaggcgttte

tctggaaaac

gagcctgcaa

ttggcegtte

tgtgaaactg

aaatttcacg

ccttatattg

aggcagaatc

gatgaagggc

tgccatgcac

atcaatggaa

gttgtttgte

ttcctaatge

tctgagaaac

cctactggaa

gcactttatt

aaggatattg

agtttggetg

getgttgett

gagatcaaat

tgctattgcet aagagataga

cattggctgt ttatggtgat

atgtggtgcg ctatgcacca

taaaacaaat ttcagagggyg

gtgaaggtct tccacctgaa

aagaaggctt agggctgage

agtatgtaag ggaggcagaa

ggagaagcte taaagctatt

ctcagtcegte ggggacaage

ttgcgcaata tacaatggat

gtaagtcatt cgactactcg

aaatcactgce gtatttatcg

tgcttgeggt cgatgaggece

tgctcggtet cactccgcaa

gtactgatgt tcgcacgcett

gggceteggga aattacgttg

ccttttacge aattttgeat

ggactgagga ccctgetetg

gagcaattte ccatcttcaa

tggttgagaa tgtgagggag

aggatgaaca tggtgaggtc

ggttacacta tcctgccacg

gggttaggat gatcgttgat

ttatgcagce tctatgetta

agtatatggc caacatgggt

gtgatgagga agctattggt

atcacacatc tgctaggtge

aggcatttgg actccaattg

atgttttaag gacacagact

ttgttaccca aagtcctagt

accaggggaa gtattatcca

cagagtggtt gttggcaaac

atgctggceta ccctggggcea

atatcacttc aagagatttt

ggggtggtgc aaagcatcat

2940

3000

3060

3120

3180

3240

3300

3360

3363

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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ccagaggaca aggacgatgg gcagaggatg catcctegtt cttcattcaa ggcattttta 1680
gaagtggtca agagtcggag tttgccatgg gagaatgcgg aaatggatgc aattcattcect 1740
ctgcagctta ttctgcgtga ctettttaag gatgctactg atggaagcaa ttctaaggcet 1800
gtaatgcatg ctcagctcgg ggagctagag ttgcaaggga tggatgagtt gagctctgtt 1860
gcaagagaaa tggttaggtt gattgaaact gcaacagctc ccatatttgc ggtcgatgtt 1920
gatggctgca taaatggttg gaatgcaaag gttgcggagt tgacggggct ttctgttgag 1980
gaagctatgg ggaagtcctt ggttcatgat cttgtttaca aggaatctga agaaactgtt 2040
gacaagcttc ttcatcatgce tctacgaggt gaagaagata agaatgtaga gataaaattg 2100
aggacatttg actcacaaca gcataagaag gctgtttttg tggtcgttaa tgcttgctcce 2160
agtagggatt acacaaataa tatagttgga gtttgctttg ttggtcagga tgttactggt 2220
cagaaagtgg taatggacaa atttatccat atacaaggtg attacaaagc tattgtacat 2280
agtcccaacc ctttgattcecce tectatattt gcttcagatg agaacacagt ttgctcectgag 2340
tggaacactg ccatggaaaa gctcactggg tggagcaggg gggacatcat tgggaagatc 2400
ttggttgggg agatttttgg cagtagctgt cggctgaagg gtccggatgce tcetgacaaaa 2460
ttcatgattg tgttgcacaa tgcaattgga gggcaagaca cagacaagtt tccattttcc 2520
ttctttgacce agaatggaaa atatgtgcaa gctcecttttga cagcaaataa gagagttaat 2580
attgagggcce agattattgg tgccttectge tttttgcaga ttgcaagtcce tgaattgcag 2640
caagctctca aagtccaaag gcaacaggag aaaaaatgtt ttgcaaggat gaaagagttg 2700
gcttacattt gtcaggaaat aaagaaccct ttaagtggca tacgtttcac taactctcett 2760
ttggaggcca ctgacttaac tgaagatcaa aagcagtttc ttgagactag tgctgcttgt 2820
gagaagcaga tgtcaaagat cataagggat gttgatctgg acagcattga ggatggttca 2880
ctggagcecttg agagggctga atttttactt ggaagtgtca taaatgctgt tgttagccaa 2940
gtaatgatat tgttgaggga aagagattta caattgatcc gggacattcc tgaggaagtce 3000
aaaacactgg ctgtttatgg cgatcaagta agaattcaac aggttttggc tgatttctta 3060
ctgaatatgg tgcgttatgc accatcccca gacggttgga tagagattca agtttgtcca 3120
agattgaagc aaatttctga agaagtaaaa cttatgcata ttgaattcag gatggtatgc 3180
cctggtgaag gtcttcecctece taatctgatt caagacatgt tccatagcag tegttggatg 3240
actcaggaag gtctagggct gagcatgtgc aggaagatct taaagctcat taatggcgaa 3300
gtccaatata tcagagaatc agaaagatgt tattttctaa tcagcataga acttcctata 3360
cctcacagag gctcaaagag cgttgac 3387
<210> SEQ ID NO 34
<211> LENGTH: 187
<212> TYPE: PRT
<213> ORGANISM: Synechocystis PCC6803
<400> SEQUENCE: 34
Leu Gly Phe Tyr His Met Ala Asn Ala Ala Leu Asn Arg Leu Arg Gln
1 5 10 15
Gln Ala Asn Leu Arg Asp Phe Tyr Asp Val Ile Val Glu Glu Val Arg
20 25 30
Arg Met Thr Gly Phe Asp Arg Val Met Leu Tyr Arg Phe Asp Glu Asn
35 40 45
Asn His Gly Asp Val Ile Ala Glu Asp Lys Arg Asp Asp Met Glu Pro
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50 55 60

Tyr Leu Gly Leu His Tyr Pro Glu Ser Asp Ile Pro Gln Pro Ala Arg
65 70 75 80

Arg Leu Phe Ile His Asn Pro Ile Arg Val Ile Pro Asp Val Tyr Gly
85 90 95

Val Ala Val Pro Leu Thr Pro Ala Val Asn Pro Ser Thr Asn Arg Ala
100 105 110

Val Asp Leu Thr Glu Ser Ile Leu Arg Ser Ala Tyr His Cys His Leu
115 120 125

Thr Tyr Leu Lys Asn Met Gly Val Gly Ala Ser Leu Thr Ile Ser Leu
130 135 140

Ile Lys Asp Gly His Leu Trp Gly Leu Ile Ala Cys His His Gln Thr
145 150 155 160

Pro Lys Val Ile Pro Phe Glu Leu Arg Lys Ala Cys Glu Phe Phe Gly
165 170 175

Arg Val Val Phe Ser Asn Ile Ser Ala Gln Glu
180 185

<210> SEQ ID NO 35

<211> LENGTH: 187

<212> TYPE: PRT

<213> ORGANISM: Deinococcus radiodurans

<400> SEQUENCE: 35

Ser Thr Gly Pro His Ala Leu Arg Asn Ala Met Phe Ala Leu Glu Ser
1 5 10 15

Ala Pro Asn Leu Arg Ala Leu Ala Glu Val Ala Thr Gln Thr Val Arg
20 25 30

Glu Leu Thr Gly Phe Asp Arg Val Met Leu Tyr Lys Phe Ala Pro Asp
35 40 45

Ala Thr Gly Glu Val Ile Ala Glu Ala Arg Arg Glu Gly Leu His Ala
50 55 60

Phe Leu Gly His Arg Phe Pro Ala Ser Asp Ile Pro Ala Gln Ala Arg
65 70 75 80

Ala Leu Tyr Thr Arg His Leu Leu Arg Leu Thr Ala Asp Thr Arg Ala
85 90 95

Ala Ala Val Pro Leu Asp Pro Val Leu Asn Pro Gln Thr Asn Ala Pro
100 105 110

Thr Pro Leu Gly Gly Ala Val Leu Arg Ala Thr Ser Pro Met His Met
115 120 125

Gln Tyr Leu Arg Asn Met Gly Val Gly Ser Ser Leu Ser Val Ser Val
130 135 140

Val Val Gly Gly Gln Leu Trp Gly Leu Ile Ala Cys His His Gln Thr
145 150 155 160

Pro Tyr Val Leu Pro Pro Asp Leu Arg Thr Thr Leu Glu Tyr Leu Gly
165 170 175

Arg Leu Leu Ser Leu Gln Val Gln Val Lys Glu

180 185

<210> SEQ ID NO 36

<211> LENGTH: 187

<212> TYPE: PRT

<213> ORGANISM: Pseudomonas aeruginosa

<400> SEQUENCE: 36

Thr Ser Phe Thr Leu Asn Ala Gln Arg Ile Ile Ala Gln Val Gln Leu
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1 5 10 15

His Asn Asp Thr Ala Ser Leu Leu Ser Asn Val Thr Asp Glu Leu Arg
20 25 30

Arg Met Thr Gly Tyr Asp Arg Val Met Ala Tyr Arg Phe Arg His Asp
35 40 45

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

Tyr Leu Gly Gln Arg Tyr Pro Ala Ser Asp Ile Pro Ala Gln Ala Arg
65 70 75 80

Arg Leu Tyr Ile Gln Asn Pro Ile Arg Leu Ile Ala Asp Val Ala Tyr
85 90 95

Thr Pro Met Arg Val Phe Pro Ala Leu Asn Pro Glu Thr Asn Glu Ser
100 105 110

Phe Asp Leu Ser Tyr Ser Val Leu Arg Ser Val Ser Pro Ile His Cys
115 120 125

Glu Tyr Leu Thr Asn Met Gly Val Arg Ala Ser Met Ser Ile Ser Ile
130 135 140

Val Val Gly Gly Lys Leu Trp Gly Leu Phe Ser Cys His His Met Ser
145 150 155 160

Pro Lys Leu Ile Pro Tyr Pro Val Arg Met Ser Phe Gln Ile Phe Ser
165 170 175

Gln Val Cys Ser Ala Ile Val Glu Arg Leu Glu
180 185

<210> SEQ ID NO 37

<211> LENGTH: 187

<212> TYPE: PRT

<213> ORGANISM: Rhodopseudomonas palustris

<400> SEQUENCE: 37

Asn Glu Phe Phe Arg Ser Val Arg Val Ala Ile Arg Arg Leu Gln Thr
1 5 10 15

Ala Ala Asp Leu Pro Thr Ala Cys Trp Ile Ala Ala Ser Glu Val Arg
20 25 30

Arg Ile Thr Gly Phe Asp Arg Ile Lys Val Tyr Gln Phe Ala Ala Asp
35 40 45

Trp Ser Gly Gln Val Ile Ala Glu Asp Arg Asp Ser Gly Ile Pro Ser
50 55 60

Leu Leu Asp Phe His Phe Pro Ser Ser Asp Ile Pro Ala Gln Ser Arg
65 70 75 80

Ala Leu Tyr Thr Ile Asn Pro Val Arg Ile Ile Pro Asp Ile Gly Tyr
Arg Pro Ser Pro Leu Val Pro Asp Ile Asn Pro Arg Leu Gly Gly Pro
100 105 110

Ile Asp Leu Ser Phe Ser Val Leu Arg Ser Val Ser Pro Thr His Leu
115 120 125

Glu Tyr Met Val Asn Met Gly Met His Ala Ala Met Ser Ile Ser Ile
130 135 140

Val Arg Asp Asn Arg Leu Trp Gly Met Ile Ser Cys His Asn Leu Thr
145 150 155 160

Pro Arg Phe Val Ser Tyr Glu Val Arg Gln Ala Cys Glu Leu Ile Ala
165 170 175

Gln Val Leu Thr Trp Gln Ile Gly Val Leu Glu
180 185
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<210> SEQ ID NO 38

<211> LENGTH: 187

<212> TYPE: PRT

<213> ORGANISM: Synechococcus

<400> SEQUENCE: 38

Ser Arg Asp Ala Leu Ile Asn Arg Ile Thr His Gln Ile Arg Gln Ser
1 5 10 15

Leu Glu Leu Asp Gln Ile Leu Arg Ala Thr Val Glu Glu Val Arg Ala
20 25 30

Phe Leu Gly Thr Asp Arg Val Lys Val Tyr Arg Phe Asp Pro Glu Gly
35 40 45

His Gly Thr Val Val Ala Glu Ala Arg Gly Gly Glu Arg Leu Pro Ser
50 55 60

Leu Leu Gly Leu Thr Phe Pro Ala Gly Asp Ile Pro Glu Glu Ala Arg
65 70 75 80

Arg Leu Phe Arg Leu Ala Gln Val Arg Val Ile Val Asp Val Glu Ala
85 90 95

Gln Ser Arg Ser Ile Ser Gln Pro Glu Ser Trp Gly Leu Ser Ala Arg
100 105 110

Val Pro Leu Gly Glu Pro Leu Gln Arg Pro Val Asp Pro Cys His Val
115 120 125

His Tyr Leu Lys Ser Met Gly Val Ala Ser Ser Leu Val Val Pro Leu
130 135 140

Met His His Gln Glu Leu Trp Gly Leu Leu Val Ser His His Ala Glu
145 150 155 160

Pro Arg Pro Tyr Ser Gln Glu Glu Leu Gln Val Val Gln Leu Leu Ala
165 170 175

Asp Gln Val Ser Ile Ala Ile Ala Gln Ala Glu
180 185

<210> SEQ ID NO 39

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 39

Lys Leu His His His His His His
1 5

<210> SEQ ID NO 40

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 40

Gly Gly Gly Asp Tyr Lys Asp Asp Asp Asp Lys
1 5 10

<210> SEQ ID NO 41

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 41
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Gly Gly Asp Tyr
1

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Glu Ser Asp Ile
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Pro Ile Arg Val
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Ile Leu Arg Ser
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Leu Thr Tyr Leu
1

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
His Pro Arg Gln

1

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Ala Ser Asp Ile

1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Leu Leu Arg Leu

Lys Asp Asp Asp Asp Lys
5 10

42

Synechocystis PCC6803
42

Pro Gln
5

43

Synechocystis PCC6803
43

Ile

44

Synechocystis PCC6803
44

Ala

45

Synechocystis PCC6803
45

Lys

46

Synechocystis PCC6803
46

Ser Phe
5

47

Deinococcus radiodurans
47

Pro Ala

5

48

Deinococcus radiodurans
48

Thr
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190

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Val Leu Arg Ala
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Met Gln Tyr Leu
1

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Gly Pro Arg His
1

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Ala Ser Asp Ile
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Pro Ile Arg Leu
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Val Leu Arg Ser
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Cys Glu Tyr Leu
1

49

Deinococcus
49

Thr

50

Deinococcus
50

Arg

51

Deinococcus
51

Ser Phe
5

52

Pseudomonas
52

Pro Ala
5

53

Pseudomonas
53

Ile

54

Pseudomonas
54

Val

55

Pseudomonas

55

Thr

radiodurans

radiodurans

radiodurans

aeruginosa

aeruginosa

aeruginosa

aeruginosa
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-continued

192

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Thr Pro Arg Gly
1

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Ser Ser Asp Ile
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Pro Val Arg Ile
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Val Leu Arg Ser
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Leu Glu Tyr Met

1

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Gln Thr Arg Ala

1

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Ala Gly Asp Ile

1

<210> SEQ ID NO

56

Pseudomonas aeruginosa
56

Ser Phe

5

57

Rhodopseudomonas palustris
57

Pro Ala

5

58

Rhodopseudomonas palustris
58

Ile

59

Rhodopseudomonas palustris
59

Val

Rhodopseudomonas palustris
60

Val

Rhodopseudomonas palustris
61

Ser Phe
5

Synechococcus 0S-B
62

Pro Glu
5
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194

<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Gln Val Arg Val
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Leu Gln Arg Pro
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Val His Tyr Leu
1

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Leu Pro Leu Ile
1

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Ala Thr Asp Ile
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Lys Val Arg Met
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Arg Val Arg Met

1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT

Synechococcus 0S-B
63

Ile

Synechococcus 0S-B
64

Val

Synechococcus 0S-B
65

Lys

Synechococcus 0S-B
66

Ser Phe
5

Arabidopsis thaliana
67

Pro Gln
5

Arabidopsis thaliana
68

Ile

Arabidopsis thaliana
69

Ile

70
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196

<213> ORGANISM:
<400> SEQUENCE:

Thr Leu Arg Ala
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Leu Gln Tyr Met
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Ser Gln Tyr Met
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Ala Gln Tyr Met
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Ala Gln Tyr Met
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Thr Gln Tyr Met
1

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

His Pro Arg Ser
1

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

Arabidopsis thaliana
70

Pro

71

Arabidopsis thaliana
71

Ala

72

Arabidopsis thaliana
72

Ala

73

Arabidopsis thaliana
73

Ser

74

Arabidopsis thaliana
74

Thr

75

Arabidopsis thaliana
75

Ala

76

Arabidopsis thaliana
76

Ser Phe

5

77

Arabidopsis thaliana
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198

-continued

<400> SEQUENCE: 77

Asn Pro Arg Ser Ser Phe
1 5

What is claimed is:

1. An isolated polynucleotide comprising a contiguous
coding sequence encoding a polypeptide having at least 95%
identity to at least one amino acid sequence selected from
SEQ ID NOs: 1-22, and having an amino acid other than
tyrosine at the position corresponding to Y361 of SEQ ID
NO:1, wherein the polypeptide confers increased light sen-
sitivity in a plant expressing the polypeptide relative to a
control plant lacking the polypeptide.

2. A vector comprising the polynucleotide of claim 1.

3. A polynucleotide construct comprising a promoter not
natively associated with the polynucleotide of claim 1
operably linked to the polynucleotide of claim 1.

4. A plant cell comprising the polynucleotide of claim 1
operably linked to a promoter not natively associated with
the polynucleotide of claim 1.

5. A plant comprising the plant cell of claim 4.

6. The plant of claim 5, wherein the plant exhibits
increased light sensitivity relative to a control plant lacking
the polynucleotide.

7. The plant of claim 5, wherein the plant exhibits a
decreased height, decreased diameter or a combination
thereof relative to a control plant lacking the polynucleotide.

8. The plant of claim 5, wherein the plant exhibits at least
one characteristic selected from, increased hyponasty,
decreased petiole length, decreased internode length, and
decreased hypocotyl length under an R fluence rate of less
than 1 umole m™2 sec™’, relative to a control plant lacking
the polynucleotide.

9. The plant of claim 5, wherein the plant exhibits
enhanced germination relative to the control plant.

10. The plant of claim 9, wherein the plant is corn,
soybean or rice.

11. The plant of claim 9, wherein the plant is an orna-
mental plant.

12. A method of producing a transgenic plant comprising:

(a) introducing into a plant cell a polynucleotide encoding

a polypeptide comprising an amino acid sequence
having at least 95% identity to at least one amino acid
sequence selected from SEQ ID NOs: 1-22 and having
an amino acid other than tyrosine at the position
corresponding to Y361 of SEQ ID NO:1, wherein the
polypeptide confers increased light sensitivity in a plant

20

25

30

35

40

45

expressing the polypeptide relative to a control plant
lacking the polypeptide; and

(b) regenerating the transformed cell to produce a trans-

genic plant.

13. The method of claim 12, wherein the transgenic plant
exhibits increased light sensitivity relative to a control plant
lacking the polynucleotide.

14. The method of claim 13, wherein the transgenic plant
exhibits decreased height, decreased diameter, or a combi-
nation thereof relative to a control plant lacking the poly-
nucleotide.

15. The method of claim 13, wherein the transgenic plant
exhibits at least one characteristic selected from decreased
petiole length, decreased internode number, increased hypo-
nasty, and decreased hypocotyl length under an R fluence
rate of less than 1 umole m~2 sec™, relative to a control plant
lacking the polynucleotide.

16. The method of claim 12, wherein the transgenic plant
exhibits enhanced germination relative to the control plant.

17. The method of claim 16, wherein the transgenic plant
is a corn, soybean or rice plant.

18. The method of claim 16, wherein the transgenic plant
is an ornamental plant.

19. A transgenic plant produced by the method of claim
12.

20. An isolated polypeptide comprising an amino acid
sequence having at least 95% identity to at least one amino
acid sequence selected from SEQ ID NOs: 1-22, and having
an amino acid other than tyrosine at the position correspond-
ing to Y361 of SEQ ID NO:1, wherein the polypeptide
confers increased light sensitivity in a plant expressing the
polypeptide relative to a control plant lacking the polypep-
tide.

21. The isolated polynucleotide of claim 1, further com-
prising at least one of (i) an amino acid other than aspartate
(D) at the position corresponding to 307 of SEQ ID NO:1,
(i1) an amino acid other than arginine (R) at the position
corresponding to 322 of SEQ ID NO: 1, (iii) an amino acid
other than arginine (R) at the position corresponding to 352
of SEQ ID NO: 1, and (iv) an amino acid other than arginine
(R) at the position corresponding to 582 of SEQ ID NO: 1.

#* #* #* #* #*
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