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MANIPULATION OF AMMONIUM
TRANSPORTERS (AMTS) TO IMPROVE
NITROGEN USE EFFICIENCY IN HIGHER
PLANTS

CROSS REFERENCE

[0001] This utility application claims the benefit U.S. Pro-
visional Application No. 60/893,901, filed Mar. 9, 2007,
which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The invention relates generally to the field of
molecular biology.

BACKGROUND OF THE INVENTION

[0003] Nitrogen (N)is the most abundant inorganic nutrient
taken up from the soil by plants for growth and development.
Maize roots absorb most of the N from the soil in the form of
nitrate, the majority of which is transported to the leaf for
reduction and assimilation. Nitrate is reduced to nitrite by
nitrate reductase (NR) in the cytosol and then nitrite is trans-
ported into chloroplast where it is reduced by nitrite reductase
(NiR) to ammonium. Ammonium is assimilated into
glutamine by the glutamine synthase-glutamate synthase sys-
tem (Crawford and Glass, (1998) Trends in Plant Science
3:389-395.). Also, it has long been known that significant
amounts of N are lost from the plant aerial parts by volatil-
ization (Glyan’ko, et al., (1980) “Effect of autumn frost and
forms of nitrogen on translocation of nitrogen compounds to
spring wheat grain”, Agrokhimiya 8:19-26; Hooker, et al.,
(1980) “Gaseous N losses from winter wheat”, Agronomy
Journal 72(5):789-792; Silva, et al., (1981) “Nitrogen vola-
tilization from rice leaves. II. Effects of source of applied
nitrogen in nutrient culture solution”, Crop Science 21(6):
913-916; Stutte, et al., (1981) “Nitrogen volatilization from
rice leaves. 1. Effects of genotype and air temperature”, Crop
Science 21(4):596-600; Foster, et al., (1986) “Glutamine syn-
thetase activity and foliar nitrogen volatilization in response
to temperature and inhibitor chemicals” Arnals of Botany
57(3):305-307; Parton, et al., (1988) “Ammonia volatiliza-
tion from spring wheat plants” Agronomy Journal 80(3):419-
425; Kamiji, et al., (1989) “Measurement of ammonium
nitrogen volatilization rates from rice leaves during the rip-
ening period.” Japanese Journal of Crop Science 58(1):140-
142; Morgan, et al., (1989) “Characteristics of ammonia vola-
tilization from spring wheat”, Crop Science 29(3):726-731;
O’Deen, (1989) “Wheat volatilized ammonia and resulting
nitrogen isotopic fractionation.” Agronomy Journal 81(6):
980-985; Guindo, et al., (1994) “Nitrogen loss from rice
plants during grain fill and oven drying”, Arkansas Farm
Research 43(1):12-13; Heckathorn, et al., (1995) “Ammonia
volatilization during drought in perennial C4 grasses of
tallgrass prairie.” Oecologia 101(3):361-365; Cabezas, et al.,
(1997). “NH3-N volatilization in a maize crop: I Effect of
irrigation and partial substitution of urea by ammonium sul-
phate”, Revista Brasileira de Ciencia do Solo 21(3):481-
487). Experimental evidence supports the loss of N through
ammonium and not through N oxides (Hooker, et al., 1980).
Treatment with chemicals that inhibit glutamine or glutamate
synthase activities led to increased loss of ammonium
through volatilization (Foster, et al., 1986). Loss of N is not
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only limited to C-3 species as C-4 plants have also been
reported to lose N through volatilization (Heckathorn, et al.,
1995).

[0004] Manipulation of AMTs can be utilized to improve
NUE by causing increased dry matter, thereby contributing to
an increase in plant yield. Two of the ways to improved dry
matter accumulation are: 1) reduce N loss through volatiliza-
tion and 2) reduce N content of the plant so that more dry
matter can be accumulated in the form of low-energy con-
stituents, e.g., starch or cellulose.

[0005] For ammonium to be lost from the leaf, it must first
pass through a facilitated channel since it is highly hydro-
philic. Ammonium transporters (AMTs) were originally dis-
covered as ammonium transporters but some recent studies
have shown that at least in some cases AMTs can act as gas
channels (Soupene, et al., (2002) Proc Natl Acad Sci USA
99:3926-3931; Kustu and Inwood, (2006) Transfus Clin Biol
13:103-110). An amtB knock-out mutant of Salmonella
grows better on poor N source, apparently because it can
sequester more N by keeping it from leaking back out
(Soupene, et al., 2002). This application details an invention
which is used to manipulate AMTs in higher plants to
improve NUE. The inventors identified chloroplast-specific
and/or leaf-preferred AMT(s) and knocked them out/down to
minimize the loss of ammonium, which resulting in better N
assimilation/NUE. In addition, work was not limited only to
the chloroplast-localized AMTs but will also down-regula-
tion of the AMTs that are localized to other organelles/mem-
branes.

SUMMARY OF THE INVENTION

[0006] The present invention provides polynucleotides,
related polypeptides and all conservatively modified variants
of the present AMT sequences. The invention provides
sequences for the AMT genes. Six Arabidopsis, 7 maize, 17
rice, and 11 soybean AMT genes were identified. Table 1 lists
these genes and their seq id numbers.

TABLE 1
SEQUENCE ID NUMBER IDENTITY
SEQID NOS: 1 AtAMT 1 polynucleotide
SEQ ID NOS: 2 AtAMT 1 polypeptide
SEQ ID NO: 3 AtAMT 1;2 polynucleotide
SEQ ID NO: 4 AtAMT 1;2 polypeptide
SEQID NO: 5 AtAMT 1;3 polynucleotide
SEQID NO: 6 AtAMT 1;3 polypeptide
SEQID NO: 7 AtAMT 2 polynucleotide
SEQID NO: 8 AtAMT 2 polypeptide
SEQID NO: 9 AtAMT 3 polynucleotide
SEQ ID NO: 10 AtAMT 3 polypeptide
SEQID NO: 11 AtAMT 4 polynucleotide
SEQID NO: 12 AtAMT 4 polypeptide
SEQ ID NO: 13 ZmAMT 1 polynucleotide
SEQ ID NO: 14 ZmAMT 1 polypeptide
SEQ ID NO: 15 ZmAMT 2 polynucleotide
SEQID NO: 16 ZmAMT 2 polypeptide
SEQ ID NO: 17 ZmAMT 3 polynucleotide
SEQID NO: 18 ZmAMT 3 polypeptide
SEQ ID NO: 19 ZmAMT 4 polynucleotide
SEQ ID NO: 20 ZmAMT 4 polypeptide
SEQ ID NO: 21 ZmAMT 5 polynucleotide
SEQ ID NO: 22 ZmAMT 5 polypeptide
SEQ ID NO: 23 ZmAMT 6 polynucleotide
SEQ ID NO: 24 ZmAMT 6 polypeptide
SEQ ID NO: 25 ZmAMT 7 polynucleotide
SEQ ID NO: 26 ZmAMT 7 polypeptide
SEQ ID NO: 27 OsAMT 1 polynucleotide
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TABLE 1-continued

SEQUENCE ID NUMBER IDENTITY
SEQ ID NO: 28 OsAMT 1 polypeptide
SEQ ID NO: 29 OsAMT 2 polynucleotide
SEQ ID NO: 30 OsAMT 2 polypeptide
SEQ ID NO: 31 OsAMT 3 polynucleotide
SEQ ID NO: 32 OsAMT 3 polypeptide
SEQ ID NO: 33 OsAMT 4 polynucleotide
SEQ ID NO: 34 OsAMT 4 polypeptide
SEQ ID NO: 35 OsAMT 5 polynucleotide
SEQ ID NO: 36 OsAMT 5 polypeptide
SEQ ID NO: 37 OsAMT 6 polynucleotide
SEQ ID NO: 38 OsAMT 6 polypeptide
SEQ ID NO: 39 OsAMT 7 polynucleotide
SEQ ID NO: 40 OsAMT 7 polypeptide
SEQ ID NO: 41 OsAMT 8 polynucleotide
SEQ ID NO: 42 OsAMT 8 polypeptide
SEQ ID NO: 43 OsAMT 9 polynucleotide
SEQ ID NO: 44 OsAMT 9 polypeptide
SEQ ID NO: 45 OsAMT 10 polynucleotide
SEQ ID NO: 46 OsAMT 10 polypeptide
SEQ ID NO: 47 OsAMT 11 polynucleotide
SEQ ID NO: 48 OsAMT 11 polypeptide
SEQ ID NO: 49 OsAMT 12 polynucleotide
SEQ ID NO: 50 OsAMT 12 polypeptide
SEQ ID NO: 51 OsAMT 13 polynucleotide
SEQ ID NO: 52 OsAMT 13 polypeptide
SEQ ID NO: 53 OsAMT 14 polynucleotide
SEQ ID NO: 54 OsAMT 14 polypeptide
SEQ ID NO: 55 OsAMT 15 polynucleotide
SEQ ID NO: 56 OsAMT 15 polypeptide
SEQ ID NO: 57 OsAMT 16 polynucleotide
SEQ ID NO: 58 OsAMT 16 polypeptide
SEQ ID NO: 59 OsAMT 17 polynucleotide
SEQ ID NO: 60 OsAMT 17 polynucleotide
SEQ ID NO: 61 GmAMT 1 polynucleotide
SEQ ID NO: 62 GmAMT 1 polypeptide
SEQ ID NO: 63 GmAMT 2 polynucleotide
SEQ ID NO: 64 GmAMT 2 polypeptide
SEQ ID NO: 65 GmAMT 3 polynucleotide
SEQ ID NO: 66 GmAMT 3 polypeptide
SEQ ID NO: 67 GmAMT 4 polynucleotide
SEQ ID NO: 68 GmAMT 4 polypeptide
SEQ ID NO: 69 GmAMT 5 polynucleotide
SEQ ID NO: 70 GmAMT 5 polypeptide
SEQ ID NO: 71 GmAMT 6 polynucleotide
SEQ ID NO: 72 GmAMT 6 polypeptide
SEQ ID NO: 73 GmAMT 7 polynucleotide
SEQ ID NO: 74 GmAMT 7 polypeptide
SEQ ID NO: 75 GmAMT 8 polynucleotide
SEQ ID NO: 76 GmAMT 8 polypeptide
SEQ ID NO: 77 GmAMT 9 polynucleotide
SEQ ID NO: 78 GmAMT 9 polypeptide
SEQ ID NO: 79 GmAMT 10 polynucleotide
SEQ ID NO: 80 GmAMT 10 polypeptide
SEQ ID NO: 81 GmAMT 11 polynucleotide
SEQ ID NO: 82 GmAMT 11 polypeptide
[0007] Therefore, in one aspect, the present invention

relates to an isolated nucleic acid comprising an isolated
polynucleotide sequence encoding an AMT protein. One
embodiment of the invention is an isolated polynucleotide
comprising a nucleotide sequence selected from the group
consisting of: (a) the nucleotide sequence comprising SEQ ID
NO: 1,3,5,7,9,11,13,15,17,19, 21, 23, 25, 27, 29, 31, 33,
35,37,39,41,43,45,47,49, 51, 53, 55,57,59, 61, 63, 65, 67,
69, 71, 73, 75, 77, 79 or 81; (b) the nucleotide sequence
encoding an amino acid sequence comprising SEQ ID NO: 2,
4,6,8,10,12,14,16,18,20,22,24,26,28,30,32, 34,36, 38,
40,42,44, 46,48, 50, 52,54, 56, 58, 60, 62, 64, 66, 68, 70, 72,
74, 76, 78, 80 or 82; and (c) the nucleotide sequence com-
prising at least 70% sequence identity to SEQ ID NO: 1, 3, 5,
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7,9,11,13,15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41,43,45,47,49,51,53,55,57,59,61,63,65,67,69,71,73,
75, 77, 79 or 81, wherein said polynucleotide encodes a
polypeptide having AMT transporter activity.

[0008] Compositions of the invention include an isolated
polypeptide comprising an amino acid sequence selected
from the group consisting of: (a) the amino acid sequence
comprising SEQIDNO: 2,4, 6, 8,10, 12, 14, 16, 18, 20, 22,
24,26,28,30,32,34,36,38, 40,42, 44, 46,48, 50, 52, 54, 56,
58, 60, 62, 64, 66, 68, 70,72, 74, 76,78, 80 or 82; and (b) the
amino acid sequence comprising at least 70% sequence iden-
tityto SEQIDNO: 2, 4,6, 8, 10,12, 14, 16, 18, 20, 22, 24, 26,
28,30,32,34,36,38,40,42, 44, 46, 48, 50,52, 54, 56, 58, 60,
62, 64, 66, 68, 70, 72, 74, 76, 78, 80 or 82, wherein said
polypeptide has AMT transporter activity.

[0009] In another aspect, the present invention relates to a
recombinant expression cassette comprising a nucleic acid as
described. Additionally, the present invention relates to a
vector containing the recombinant expression cassette. Fur-
ther, the vector containing the recombinant expression cas-
sette can facilitate the transcription and translation of the
nucleic acid in a host cell. The present invention also relates to
the host cells able to express the polynucleotide of the present
invention. A number of host cells could be used, such as but
not limited to, microbial, mammalian, plant, or insect.
[0010] Inyetanother embodiment, the present invention is
directed to a transgenic plant or plant cells, containing the
nucleic acids of the present invention. Preferred plants con-
taining the polynucleotides of the present invention include
but are not limited to maize, soybean, sunflower, sorghum,
canola, wheat, alfalfa, cotton, rice, barley, tomato, switch-
grass, myscanthus, triticale and millet. In another embodi-
ment, the transgenic plant is a maize plant or plant cells.
Another embodiment is the transgenic seeds from the trans-
genic plant. Another embodiment of the invention includes
plants comprising an amt polypeptide of the invention oper-
ably linked to a promoter that drives expression in the plant.
The plants of the invention can have altered AMT as com-
pared to a control plant. In some plants, the AMT is altered in
avegetative tissue, areproductive tissue, or a vegetative tissue
and a reproductive tissue. Plants of the invention can have at
least one of the following phenotypes including but not lim-
ited to: increased leaf size, increased ear size, increased seed
size, increased endosperm size, alterations in the relative size
of embryos and endosperms leading to changes in the relative
levels of protein, oil, and/or starch in the seeds, absence of
tassels, absence of functional pollen bearing tassels, or
increased plant size.

[0011] Another embodiment of the invention would be
plants that have been genetically modified ata genomic locus,
wherein the genomic locus encodes an amt polypeptide of the
invention.

[0012] Methods for increasing the activity of an amt
polypeptide in a plant are provided. The method can comprise
introducing into the plant an amt polynucleotide of the inven-
tion. Providing the polypeptide can decrease the number of
cells in plant tissue, modulating the tissue growth and size.
[0013] Methods for reducing or eliminating the level of an
amt polypeptide in the plant are provided. The level or activity
of the polypeptide could also be reduced or eliminated in
specific tissues, causing increased AMT in said tissues.
Reducing the level and/or activity of the AMT polypeptide
increases the number of cells produced in the associated
tissue.
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[0014] Compositions further include plants and seed hav-
ing a DNA construct comprising a nucleotide sequence of
interest operably linked to a promoter of the current inven-
tion. In specific embodiments, the DNA construct is stably
integrated into the genome of the plant. The method com-
prises introducing into a plant a nucleotide sequence of inter-
est operably linked to a promoter of the invention.

BRIEF DESCRIPTION OF THE FIGURES

[0015] FIG. 1: Phylogentic tree of AMTs from Arabidop-
sis, rice, soybean and maize

[0016] Phylogenetic analyses of all the AMTs from Arabi-
dopsis, rice, maize and soybean are shown in FIG. 1. The
length of the line at the base of the figure represents an
equivalent of 10 amino acid differences and could be used to
approximate the amino acid differences between different
ammonium transporter proteins from the individual branch
lengths.

[0017] FIG. 2: Expression analysis of ZM-AMTs

[0018] Inorderto identify leafspecific/preferred/expressed
AMT(s) in maize, Lynx MPSS expression analyses in ~300
libraries reveal that ZmAMT1 (SEQ ID NO: 14), 2, 7 are
expressed both in roots and leaves whereas ZmAMT4 (SEQ
ID NO: 20) is aroot preferred AMT. ZmAMT6 (SEQ ID NO:
24) expresses at very low level in comparison to other Zm-
AMTs. In case of ZmAMTS there was no specific Lynx tag
available.

[0019] FIG. 3: Characterization of atamt1;2 T-DNA knock-
out mutant
[0020] In cTP prediction analyses, AtAMT1:;2 (SEQ ID

NO: 4) posses a putative ¢TP. For functional analyses of
AtAMTT1;2 (SEQ ID NO: 4) and to determine it’s role in
N-assimilation, analyses identified a T-DNA mutant line
(SM__3.15680) from the Arabidopsis T-DNA mutant data
base. In this mutant line T-DNA was inserted in c-terminal of
AtAMTT1;2 (SEQ ID NO: 4) gene (FIG. 4A). Genomic PCRs
using AtAMT1;2 (SEQ ID NO: 4) gene and T-DNA specific
primers show that T-DNA is indeed inserted in the AtAMT1;2
(SEQID NO: 4) (FIG. 4B). AtAMT1;2 (SEQ ID NO: 4) gene
specific primers flanking the T-DNA insert couldn’t amplify
any DNA region in mutant plants where as an expected PCR
product was detected in wild type plant (FIG. 4B, upper
panel). Similarly, genomic PCR with AtAMT1;2 (SEQ ID
NO: 4) specific forward primer and T-DNA specific reverse
primers amplify an expected product in mutant lines and
nothing in wild type plants as expected (FIG. 4B, lower
panel). Saturated RT-PCRs (35 cycles) analyses couldn’t
detect a full length atamtl;2 mRNA in mutant (FIG. 4C,
upper panel) suggesting that AtAMT1;2 (SEQ ID NO: 4) is
completely knocked out in this T-DNA mutant. Actin control
RT-PCR worked fine in both mutant and wild type plants
(FIG. 4C, lower panel).

[0021] FIG.4: Knock-out of multiple AMTs in Arabidopsis
by single RNAi vector

[0022] Six AMT genes are present in Arabidopsis genome.
Hence, it is very likely that due to functional redundancy one
might need to manipulate the expression of multiple AMTs
simultaneously. Analyses of the DNA sequence of all these
AMTs was performed which identified the high homology
regions among them. There is a stretch of ~200 bp among
AtAMT1;2 (SEQ ID NO: 4), AtAMT1 (SEQ ID NO: 2),
AMTT1;3 (SEQ ID NO: 6), At3g24290 (SEQ ID NO: 10) and
At4g28700 (SEQ ID NO: 12) where as AMT2 (SEQ ID NO:
8) stood independent. Amplification of these regions was
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accomplished (bold and underlined in FIG. 4) by PCR from
AtAMT1;2 (SEQ ID NO: 4) and AtAMT2 (SEQ ID NO: 8)
and a multi-way ligation was performed to make an inverted
repeat using ADH-intron as a spacer. The RNAI cassette of
these hybrid inverted repeats is driven by constitutive or root
specific or leaf specific promoter.

[0023] FIG. 5: Knock-out/down of multiple AMTs in
Maize by single RNAi vector

[0024] Detailed analyses of all 7 maize AMTs were per-
formed to identify the DNA regions showing high homology
among different ZmAMTs. This analysis reveals that
ZmAMT1 (SEQ ID NO: 14) and ZmAMTS5 (SEQ ID NO:
22), ZmAMT3 (SEQ ID NO: 18) and ZmAMT4 (SEQ ID
NO: 20) and ZmAMT2 (SEQ ID NO: 16), ZmAMT6 (SEQ
ID NO: 24) and ZmAMT7 (SEQ ID NO: 26) form three
separate groups and there is a very high homology in stretches
of DNA sequences with in each group. Three DNA fragments
(bold and underlined in FIG. 5) from ZmAMT 1, 4 and 7
(SEQ ID NOS: 14, 20 and 26) representing each of the dif-
ferent groups were amplified by PCR. Multi-way ligations
were performed to make inverted repeats with hybrid of these
3 fragments and ADH intron as a spacer to facilitate the
formation of stem-loop structure. This RNAi cassette of
‘ZmAMT1 (SEQ ID NO: 14):ZmAMT4 (SEQ ID NO: 20):
ZmAMT7 (SEQ ID NO: 26)’ inverted repeats was driven by
a constitutive (Zm-UBI promoter) or leaf-specific promoter.
MOPAT driven by Zm-UBI promoter was used as herbicide
resistance marker for selected. In addition to that RFP driven
by a pericarp specific promoter LTP2 was also used to sort out
the transgenic seeds (red) from there segregating non-trans-
genic seeds.

DETAILED DESCRIPTION OF THE INVENTION

[0025] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Unless mentioned otherwise, the tech-
niques employed or contemplated herein are standard meth-
odologies well known to one of ordinary skill in the art. The
materials, methods and examples are illustrative only and not
limiting. The following is presented by way of illustration and
is not intended to limit the scope of the invention.

[0026] The present inventions now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which some, but not all embodiments of the invention
are shown. Indeed, these inventions may be embodied in
many different forms and should not be construed as limited
to the embodiments set forth herein; rather, these embodi-
ments are provided so that this disclosure will satisfy appli-
cable legal requirements. Like numbers refer to like elements
throughout.

[0027] Many modifications and other embodiments of the
inventions set forth herein will come to mind to one skilled in
the art to which these inventions pertain having the benefit of
the teachings presented in the foregoing descriptions and the
associated drawings. Therefore, it is to be understood that the
inventions are not to be limited to the specific embodiments
disclosed and that modifications and other embodiments are
intended to be included within the scope of the appended
claims. Although specific terms are employed herein, they are
used in a generic and descriptive sense only and not for
purposes of limitation.

[0028] The practice of the present invention will employ,
unless otherwise indicated, conventional techniques of
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botany, microbiology, tissue culture, molecular biology,
chemistry, biochemistry and recombinant DNA technology,
which are within the skill of the art. Such techniques are
explained fully in the literature. See, e.g., Langenheim and
Thimann, BOTANY: PLANT BIOLOGY AND ITS RELA-
TION TO HUMAN AFFAIRS, John Wiley (1982); CELL
CULTURE AND SOMATIC CELL GENETICS OF
PLANTS, vol. 1, Vasil, ed. (1984); Stanier, et al., THE
MICROBIAL WORLD, 57 ed., Prentice-Hall (1986); Dhrin-
gra and Sinclair, BASIC PLANT PATHOLOGY METH-
ODS, CRC Press (1985); Maniatis, et al., MOLECULAR
CLONING: A LABORATORY MANUAL (1982); DNA
CLONING, vols. 1 and II, Glover, ed. (1985); OLIGO-
NUCLEOTIDE SYNTHESIS, Gait, ed. (1984); NUCLEIC
ACID HYBRIDIZATION, Hames and Higgins, eds. (1984);
and the series METHODS IN ENZYMOLOGY, Colowick
and Kaplan, eds, Academic Press, Inc., San Diego, Calif.
[0029] Units, prefixes, and symbols may be denoted in their
SI accepted form. Unless otherwise indicated, nucleic acids
are written left to right in 5' to 3' orientation; amino acid
sequences are written left to right in amino to carboxy orien-
tation, respectively. Numeric ranges are inclusive of the num-
bers defining the range. Amino acids may be referred to
herein by either their commonly known three letter symbols
or by the one-letter symbols recommended by the IUPAC-
IUB Biochemical Nomenclature Commission. Nucleotides,
likewise, may be referred to by their commonly accepted
single-letter codes. The terms defined below are more fully
defined by reference to the specification as a whole.

[0030] In describing the present invention, the following
terms will be employed, and are intended to be defined as
indicated below.

[0031] By “microbe” is meant any microorganism (includ-
ing both eukaryotic and prokaryotic microorganisms), such
as fungi, yeast, bacteria, actinomycetes, algae and protozoa,
as well as other unicellular structures.

[0032] By “amplified” is meant the construction of multiple
copies of a nucleic acid sequence or multiple copies comple-
mentary to the nucleic acid sequence using at least one of the
nucleic acid sequences as a template. Amplification systems
include the polymerase chain reaction (PCR) system, ligase
chain reaction (LCR) system, nucleic acid sequence based
amplification (NASBA, Cangene, Mississauga, Ontario),
Q-Beta Replicase systems, transcription-based amplification
system (TAS), and strand displacement amplification (SDA).
See, e.g.,, DIAGNOSTIC MOLECULAR MICROBIOL-
OGY: PRINCIPLES AND APPLICATIONS, Persing, et al.,
eds., American Society for Microbiology, Washington, D.C.
(1993). The product of amplification is termed an amplicon.
[0033] Theterm “conservatively modified variants” applies
to both amino acid and nucleic acid sequences. With respect
to particular nucleic acid sequences, conservatively modified
variants refer to those nucleic acids that encode identical or
conservatively modified variants of the amino acid
sequences. Because of the degeneracy of the genetic code, a
large number of functionally identical nucleic acids encode
any given protein. For instance, the codons GCA, GCC, GCG
and GCU all encode the amino acid alanine. Thus, at every
position where an alanine is specified by a codon, the codon
can be altered to any of the corresponding codons described
without altering the encoded polypeptide. Such nucleic acid
variations are “silent variations” and represent one species of
conservatively modified variation. Every nucleic acid
sequence herein that encodes a polypeptide also describes
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every possible silent variation of the nucleic acid. One of
ordinary skill will recognize that each codon in a nucleic acid
(except AUG, which is ordinarily the only codon for methion-
ine; one exception is Micrococcus rubens, for which GTG is
the methionine codon (Ishizuka, et al., (1993) J. Gen. Micro-
biol. 139:425-32) can be modified to yield a functionally
identical molecule. Accordingly, each silent variation of a
nucleic acid, which encodes a polypeptide of the present
invention, is implicit in each described polypeptide sequence
and incorporated herein by reference.

[0034] Asto amino acid sequences, one of skill will recog-
nize that individual substitutions, deletions or additions to a
nucleic acid, peptide, polypeptide, or protein sequence which
alters, adds or deletes a single amino acid or a small percent-
age of amino acids in the encoded sequence is a “conserva-
tively modified variant” when the alteration results in the
substitution of an amino acid with a chemically similar amino
acid. Thus, any number of amino acid residues selected from
the group of integers consisting of from 1 to 15 can be so
altered. Thus, for example, 1, 2,3, 4, 5, 7 or 10 alterations can
be made. Conservatively modified variants typically provide
similar biological activity as the unmodified polypeptide
sequence from which they are derived. For example, substrate
specificity, enzyme activity, or ligand/receptor binding is gen-
erally at least 30%, 40%, 50%, 60%, 70%, 80% or 90%,
preferably 60-90% of the native protein for it’s native sub-
strate. Conservative substitution tables providing function-
ally similar amino acids are well known in the art.

[0035] The following six groups each contain amino acids
that are conservative substitutions for one another:

[0036] 1) Alanine (A), Serine (S), Threonine (T);

[0037] 2) Aspartic acid (D), Glutamic acid (E);

[0038] 3) Asparagine (N), Glutamine (Q);

[0039] 4) Arginine (R), Lysine (K);

[0040] 5) Isoleucine (I), Leucine (L), Methionine (M),
Valine (V); and

[0041] 6) Phenylalanine (F), Tyrosine (Y), Tryptophan
(W).

See also, Creighton, PROTEINS, W.H. Freeman and Co.
(1984).

[0042] As used herein, “consisting essentially of” means

the inclusion of additional sequences to an object polynucle-
otide where the additional sequences do not selectively
hybridize, under stringent hybridization conditions, to the
same cDNA as the polynucleotide and where the hybridiza-
tion conditions include a wash step in 0.1xSSC and 0.1%
sodium dodecyl sulfate at 65° C.

[0043] By “encoding” or “encoded,” with respect to a
specified nucleic acid, is meant comprising the information
for translation into the specified protein. A nucleic acid
encoding a protein may comprise non-translated sequences
(e.g., introns) within translated regions of the nucleic acid, or
may lack such intervening non-translated sequences (e.g., as
in cDNA). The information by which a protein is encoded is
specified by the use of codons. Typically, the amino acid
sequence is encoded by the nucleic acid using the “universal”
genetic code. However, variants of the universal code, such as
is present in some plant, animal, and fungal mitochondria, the
bacterium Mycoplasma capricolum (Yamao, et al., (1985)
Proc. Natl. Acad. Sci. USA 82:2306-9), or the ciliate Macro-
nucleus, may be used when the nucleic acid is expressed
using these organisms.

[0044] When the nucleic acid is prepared or altered syn-
thetically, advantage can be taken of known codon prefer-
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ences of the intended host where the nucleic acid is to be
expressed. For example, although nucleic acid sequences of
the present invention may be expressed in both monocotyle-
donous and dicotyledonous plant species, sequences can be
modified to account for the specific codon preferences and
GC content preferences of monocotyledonous plants or
dicotyledonous plants as these preferences have been shown
to differ (Murray, et al., (1989) Nucleic Acids Res. 17:477-98
and herein incorporated by reference). Thus, the maize pre-
ferred codon for a particular amino acid might be derived
from known gene sequences from maize. Maize codon usage
for 28 genes from maize plants is listed in Table 4 of Murray,
et al., supra.

[0045] As used herein, “heterologous™ in reference to a
nucleic acid is a nucleic acid that originates from a foreign
species, or, if from the same species, is substantially modified
from its native form in composition and/or genomic locus by
deliberate human intervention. For example, a promoter oper-
ably linked to a heterologous structural gene is from a species
different from that from which the structural gene was derived
or, if from the same species, one or both are substantially
modified from their original form. A heterologous protein
may originate from a foreign species or, if from the same
species, is substantially modified from its original form by
deliberate human intervention.

[0046] By “host cell” is meant a cell, which comprises a
heterologous nucleic acid sequence of the invention, which
contains a vector and supports the replication and/or expres-
sion of the expression vector. Host cells may be prokaryotic
cells such as F. coli, or eukaryotic cells such as yeast, insect,
plant, amphibian, or mammalian cells. Preferably, host cells
are monocotyledonous or dicotyledonous plant cells, includ-
ing but not limited to maize, sorghum, sunflower, soybean,
wheat, alfalfa, rice, cotton, canola, barley, millet, switchgrass,
myscanthus, triticale, and tomato. A particularly preferred
monocotyledonous host cell is a maize host cell.

[0047] The term “hybridization complex™ includes refer-
ence to a duplex nucleic acid structure formed by two single-
stranded nucleic acid sequences selectively hybridized with
each other.

[0048] The term “introduced” in the context of inserting a
nucleic acid into a cell, means “transfection” or “transforma-
tion” or “transduction” and includes reference to the incor-
poration of a nucleic acid into a eukaryotic or prokaryotic cell
where the nucleic acid may be incorporated into the genome
of the cell (e.g., chromosome, plasmid, plastid or mitochon-
drial DNA), converted into an autonomous replicon, or tran-
siently expressed (e.g., transfected mRNA).

[0049] The terms “isolated” refers to material, such as a
nucleic acid or a protein, which is substantially or essentially
free from components which normally accompany or interact
with it as found in its naturally occurring environment. The
isolated material optionally comprises material not found
with the material in its natural environment. Nucleic acids,
which are “isolated”, as defined herein, are also referred to as
“heterologous™ nucleic acids. Unless otherwise stated, the
term “AMT nucleic acid” means a nucleic acid comprising a
polynucleotide (“AMT polynucleotide”) encoding a full
length or partial length AMT polypeptide.

[0050] As used herein, “nucleic acid” includes reference to
a deoxyribonucleotide or ribonucleotide polymer in either
single- or double-stranded form, and unless otherwise lim-
ited, encompasses known analogues having the essential
nature of natural nucleotides in that they hybridize to single-
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stranded nucleic acids in a manner similar to naturally occur-
ring nucleotides (e.g., peptide nucleic acids).

[0051] By “nucleic acid library” is meant a collection of
isolated DNA or RNA molecules, which comprise and sub-
stantially represent the entire transcribed fraction of a
genome of a specified organism. Construction of exemplary
nucleic acid libraries, such as genomic and cDNA libraries, is
taught in standard molecular biology references such as
Berger and Kimmel, GUIDE TO MOLECULAR CLONING
TECHNIQUES, from the series METHODS IN ENZYMOL.--
OGY, vol. 152, Academic Press, Inc., San Diego, Calif.
(1987); Sambrook, et al., MOLECULAR CLONING: A
LABORATORY MANUAL, 2”4 ed., vols. 1-3 (1989); and
CURRENT PROTOCOLS IN MOLECULAR BIOLOGY,
Ausubel, et al., eds, Current Protocols, a joint venture
between Greene Publishing Associates, Inc. and John Wiley
& Sons, Inc. (1994 Supplement).

[0052] Asusedherein “operably linked” includes reference
to a functional linkage between a first sequence, such as a
promoter, and a second sequence, wherein the promoter
sequence initiates and mediates transcription of the DNA
corresponding to the second sequence. Generally, operably
linked means that the nucleic acid sequences being linked are
contiguous and, where necessary to join two protein coding
regions, contiguous and in the same reading frame.

[0053] As used herein, the term “plant” includes reference
to whole plants, plant organs (e.g., leaves, stems, roots, etc.),
seeds and plant cells and progeny of same. Plant cell, as used
herein includes, without limitation, seeds, suspension cul-
tures, embryos, meristematic regions, callus tissue, leaves,
roots, shoots, gametophytes, sporophytes, pollen, and
microspores. The class of plants, which can be used in the
methods of the invention, is generally as broad as the class of
higher plants amenable to transformation techniques, includ-
ing both monocotyledonous and dicotyledonous plants
including species from the genera: Cucurbita, Rosa, Vitis,
Juglans, Fragaria, Lotus, Medicago, Onobrychis, Trifolium,
Trigonella, Vigna, Citrus, Linum, Geranium, Manihot, Dau-
cus, Arvabidopsis, Brassica, Raphanus, Sinapis, Atropa, Cap-
sicum, Datura, Hyoscyamus, Lycopersicon, Nicotiana,
Solanum, Petunia, Digitalis, Majorana, Ciahorium, Helian-
thus, Lactuca, Bromus, Asparagus, Antirrhinum, Heterocal-
lis, Nemesis, Pelargonium, Panieum, Pennisetum, Ranuncu-
lus, Senecio, Salpiglossis, Cucumis, Browaalia, Glycine,
Pisum, Phaseolus, Lolium, Oryza, Avena, Hordeum, Secale,
Allium, and Triticum. A particularly preferred plant is Zea
mays.

[0054] As used herein, “yield” may include reference to
bushels per acre of a grain crop at harvest, as adjusted for
grain moisture (15% typically for maize, for example). Grain
moisture is measured in the grain at harvest. The adjusted test
weight of grain is determined to be the weight in pounds per
bushel, adjusted for grain moisture level at harvest.

[0055] Asusedherein, “polynucleotide” includes reference
to a deoxyribopolynucleotide, ribopolynucleotide, or analogs
thereof that have the essential nature of a natural ribonucle-
otide in that they hybridize, under stringent hybridization
conditions, to substantially the same nucleotide sequence as
naturally occurring nucleotides and/or allow translation into
the same amino acid(s) as the naturally occurring nucleotide
(s). A polynucleotide can be full-length or a subsequence of a
native or heterologous structural or regulatory gene. Unless
otherwise indicated, the term includes reference to the speci-
fied sequence as well as the complementary sequence thereof.
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Thus, DNAs or RNAs with backbones modified for stability
or for other reasons are “polynucleotides™ as that term is
intended herein. Moreover, DNAs or RNAs comprising
unusual bases, such as inosine, or modified bases, such as
tritylated bases, to name just two examples, are polynucle-
otides as the term is used herein. It will be appreciated that a
great variety of modifications have been made to DNA and
RNA that serve many useful purposes known to those of skill
in the art. The term polynucleotide as it is employed herein
embraces such chemically, enzymatically or metabolically
modified forms of polynucleotides, as well as the chemical
forms of DNA and RNA characteristic of viruses and cells,
including inter alia, simple and complex cells.

[0056] The terms “polypeptide,” “peptide,” and “protein”
are used interchangeably herein to refer to a polymer of amino
acid residues. The terms apply to amino acid polymers in
which one or more amino acid residue is an artificial chemical
analogue of a corresponding naturally occurring amino acid,
as well as to naturally occurring amino acid polymers.

[0057] As used herein “promoter” includes reference to a
region of DNA upstream from the start of transcription and
involved in recognition and binding of RNA polymerase and
other proteins to initiate transcription. A “plant promoter” is
a promoter capable of initiating transcription in plant cells.
Exemplary plant promoters include, but are not limited to,
those that are obtained from plants, plant viruses, and bacteria
which comprise genes expressed in plant cells such Agrobac-
terium or Rhizobium. Examples are promoters that preferen-
tially initiate transcription in certain tissues, such as leaves,
roots, seeds, fibres, xylem vessels, tracheids, or scleren-
chyma. Such promoters are referred to as “tissue preferred.” A
“cell type” specific promoter primarily drives expression in
certain cell types in one or more organs, for example, vascular
cells in roots or leaves. An “inducible” or “regulatable” pro-
moter is a promoter, which is under environmental control.
Examples of environmental conditions that may effect tran-
scription by inducible promoters include anaerobic condi-
tions or the presence of light. Another type of promoter is a
developmentally regulated promoter, for example, a promoter
that drives expression during pollen development. Tissue pre-
ferred, cell type specific, developmentally regulated, and
inducible promoters constitute the class of “non-constitutive”
promoters. A “constitutive” promoter is a promoter, which is
active under most environmental conditions.

[0058] The term “AMT polypeptide” refers to one or more
amino acid sequences. The term is also inclusive of frag-
ments, variants, homologs, alleles or precursors (e.g., prepro-
proteins or proproteins) thereof. A “AMT protein” comprises
an amt polypeptide. Unless otherwise stated, the term “AMT
nucleic acid” means a nucleic acid comprising a polynucle-
otide (“AMT polynucleotide™) encoding an amt polypeptide.

[0059] As used herein “recombinant” includes reference to
a cell or vector, that has been modified by the introduction of
a heterologous nucleic acid or that the cell is derived from a
cell so modified. Thus, for example, recombinant cells
express genes that are not found in identical form within the
native (non-recombinant) form of the cell or express native
genes that are otherwise abnormally expressed, under
expressed or not expressed at all as a result of deliberate
human intervention; or may have reduced or eliminated
expression of a native gene. The term “recombinant” as used
herein does not encompass the alteration of the cell or vector
by naturally occurring events (e.g., spontaneous mutation,
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natural transformation/transduction/transposition) such as
those occurring without deliberate human intervention.
[0060] Asusedherein, a “recombinant expression cassette”
is a nucleic acid construct, generated recombinantly or syn-
thetically, with a series of specified nucleic acid elements,
which permit transcription of a particular nucleic acid in a
target cell. The recombinant expression cassette can be incor-
porated into a plasmid, chromosome, mitochondrial DNA,
plastid DNA, virus, or nucleic acid fragment. Typically, the
recombinant expression cassette portion of an expression
vector includes, among other sequences, a nucleic acid to be
transcribed, and a promoter.

[0061] The term “residue” or “amino acid residue” or
“amino acid” are used interchangeably herein to refer to an
amino acid that is incorporated into a protein, polypeptide, or
peptide (collectively “protein”). The amino acid may be a
naturally occurring amino acid and, unless otherwise limited,
may encompass known analogs of natural amino acids that
can function in a similar manner as naturally occurring amino
acids.

[0062] The term “selectively hybridizes™ includes refer-
ence to hybridization, under stringent hybridization condi-
tions, of a nucleic acid sequence to a specified nucleic acid
target sequence to a detectably greater degree (e.g., at least
2-fold over background) than its hybridization to non-target
nucleic acid sequences and to the substantial exclusion of
non-target nucleic acids. Selectively hybridizing sequences
typically have about at least 40% sequence identity, prefer-
ably 60-90% sequence identity, and most preferably 100%
sequence identity (i.e., complementary) with each other.
[0063] The terms “stringent conditions” or “stringent
hybridization conditions” include reference to conditions
under which a probe will hybridize to its target sequence, to a
detectably greater degree than other sequences (e.g., at least
2-fold over background). Stringent conditions are sequence-
dependent and will be different in different circumstances. By
controlling the stringency of the hybridization and/or wash-
ing conditions, target sequences can be identified which can
be up to 100% complementary to the probe (homologous
probing). Alternatively, stringency conditions can be adjusted
to allow some mismatching in sequences so that lower
degrees of similarity are detected (heterologous probing).
Optimally, the probe is approximately 500 nucleotides in
length, but can vary greatly in length from less than 500
nucleotides to equal to the entire length of the target sequence.
[0064] Typically, stringent conditions will be those in
which the salt concentration is less than about 1.5 M Na ion,
typically about 0.01 to 1.0 M Na ion concentration (or other
salts) at pH 7.0 to 8.3 and the temperature is at least about 30°
C. for short probes (e.g., 10 to 50 nucleotides) and at least
about 60° C. for long probes (e.g., greater than 50 nucle-
otides). Stringent conditions may also be achieved with the
addition of destabilizing agents such as formamide or Den-
hardt’s. Exemplary low stringency conditions include hybrid-
ization with a buffer solution of 30 to 35% formamide, 1 M
NaCl, 1% SDS (sodium dodecyl sulphate) at 37° C., and a
wash in 1x to 2xSSC (20xSSC=3.0 M NaCl/0.3 M trisodium
citrate) at 50 to 55° C. Exemplary moderate stringency con-
ditions include hybridization in 40 to 45% formamide, 1 M
NaCl, 1% SDS at 37° C., and a wash in 0.5x to 1xSSC at 55
to 60° C. Exemplary high stringency conditions include
hybridization in 50% formamide, 1 M NaCl, 1% SDS at 37°
C., and a wash in 0.1xSSC at 60 to 65° C. Specificity is
typically the function of post-hybridization washes, the criti-
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cal factors being the ionic strength and temperature of the
final wash solution. For DNA-DNA hybrids, the T,, can be
approximated from the equation of Meinkoth and Wahl,
(1984) Anal. Biochem., 138:267-84: T, =81.5° C.+16.6 (log
M)+0.41 (% GC)-0.61 (% form)-500/L; where M is the
molarity of monovalent cations, % GC is the percentage of
guanosine and cytosine nucleotides in the DNA, % form is the
percentage of formamide in the hybridization solution, and L.
is the length of the hybrid in base pairs. The T,, is the tem-
perature (under defined ionic strength and pH) at which 50%
of'a complementary target sequence hybridizes to a perfectly
matched probe. T,, is reduced by about 1° C. for each 1% of
mismatching; thus, T,,, hybridization and/or wash conditions
can be adjusted to hybridize to sequences of the desired
identity. For example, if sequences with 290% identity are
sought, the T,, can be decreased 10° C. Generally, stringent
conditions are selected to be about 5° C. lower than the
thermal melting point (T,,) for the specific sequence and its
complement at a defined ionic strength and pH. However,
severely stringent conditions can utilize a hybridization and/
orwash at 1,2, 3 or 4° C.lower than the thermal melting point
(T,,); moderately stringent conditions can utilize a hybridiza-
tion and/or wash at 6,7, 8, 9 or 10° C. lower than the thermal
melting point (T,,); low stringency conditions can utilize a
hybridization and/orwashat 11, 12, 13, 14, 15 or 20° C. lower
than the thermal melting point (T,,). Using the equation,
hybridization and wash compositions, and desired T,,, those
of ordinary skill will understand that variations in the strin-
gency of hybridization and/or wash solutions are inherently
described. If the desired degree of mismatching resultsinaT,,
of'less than 45° C. (aqueous solution) or 32° C. (formamide
solution) it is preferred to increase the SSC concentration so
that a higher temperature can be used. An extensive guide to
the hybridization of nucleic acids is found in Tijssen, LABO-
RATORY TECHNIQUES IN BIOCHEMISTRY AND
MOLECULAR BIOLOGY—HYBRIDIZATION WITH
NUCLEIC ACID PROBES, part 1, chapter 2, “Overview of
principles of hybridization and the strategy of nucleic acid
probe assays,” Elsevier, N.Y. (1993); and CURRENT PRO-
TOCOLS INMOLECULAR BIOLOGY, chapter 2, Ausubel,
et al., eds, Greene Publishing and Wiley-Interscience, New
York (1995). Unless otherwise stated, in the present applica-
tion high stringency is defined as hybridization in 4xSSC,
S5xDenhardt’s (5 g Ficoll, 5 g polyvinylpyrrolidone, 5 g
bovine serum albumin in 500 ml of water), 0.1 mg/ml boiled
salmon sperm DNA, and 25 mM Na phosphate at 65° C., and
a wash in 0.1xSSC, 0.1% SDS at 65° C.

[0065] As used herein, “transgenic plant” includes refer-
ence to a plant, which comprises within its genome a heter-
ologous polynucleotide. Generally, the heterologous poly-
nucleotide is stably integrated within the genome such that
the polynucleotide is passed on to successive generations.
The heterologous polynucleotide may be integrated into the
genome alone or as part of a recombinant expression cassette.
“Transgenic” is used herein to include any cell, cell line,
callus, tissue, plant part or plant, the genotype of which has
been altered by the presence of heterologous nucleic acid
including those transgenics initially so altered as well as those
created by sexual crosses or asexual propagation from the
initial transgenic. The term “transgenic” as used herein does
not encompass the alteration of the genome (chromosomal or
extra-chromosomal) by conventional plant breeding methods
or by naturally occurring events such as random cross-fertili-
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zation, non-recombinant viral infection, non-recombinant
bacterial transformation, non-recombinant transposition, or
spontaneous mutation.

[0066] As used herein, “vector” includes reference to a
nucleic acid used in transfection of a host cell and into which
can be inserted a polynucleotide. Vectors are often replicons.
Expression vectors permit transcription of a nucleic acid
inserted therein.

[0067] The following terms are used to describe the
sequence relationships between two or more nucleic acids or
polynucleotides or polypeptides: (a) “reference sequence,”
(b) “comparison window,” (c) “sequence identity,” (d) “per-
centage of sequence identity,” and (e) “substantial identity.”
[0068] As used herein, “reference sequence” is a defined
sequence used as a basis for sequence comparison. A refer-
ence sequence may be a subset or the entirety of a specified
sequence; for example, as a segment of a full-length cDNA or
gene sequence, or the complete cDNA or gene sequence.
[0069] As used herein, “comparison window” means
includes reference to a contiguous and specified segment of a
polynucleotide sequence, wherein the polynucleotide
sequence may be compared to a reference sequence and
wherein the portion of the polynucleotide sequence in the
comparison window may comprise additions or deletions
(i.e., gaps) compared to the reference sequence (which does
not comprise additions or deletions) for optimal alignment of
the two sequences. Generally, the comparison window is at
least 20 contiguous nucleotides in length, and optionally can
be 30, 40, 50, 100 or longer. Those of skill in the art under-
stand that to avoid a high similarity to a reference sequence
due to inclusion of gaps in the polynucleotide sequence a gap
penalty is typically introduced and is subtracted from the
number of matches.

[0070] Methods of alignment of nucleotide and amino acid
sequences for comparison are well known in the art. The local
homology algorithm (BESTFIT) of Smith and Waterman,
(1981) Adv. Appl. Math 2:482, may conduct optimal align-
ment of sequences for comparison; by the homology align-
ment algorithm (GAP) of Needleman and Wunsch, (1970) J.
Mol. Biol. 48:443-53; by the search for similarity method
(Tfasta and Fasta) of Pearson and Lipman, (1988) Proc. Natl.
Acad. Sci. USA 85:2444; by computerized implementations
of these algorithms, including, but not limited to: CLUSTAL
in the PC/Gene program by Intelligenetics, Mountain View,
Calif., GAP, BESTFIT, BLAST, FASTA, and TFASTA in the
Wisconsin Genetics Software Package, Version 8 (available
from Genetics Computer Group (GCG® programs (Accel-
rys, Inc., San Diego, Calif.).). The CLUSTAL program is well
described by Higgins and Sharp, (1988) Gene 73:237-44;
Higgins and Sharp, (1989) CABIOS 5:151-3; Corpet, et al.,
(1988) Nucleic Acids Res. 16:10881-90; Huang, et al., (1992)
Computer Applications in the Biosciences 8:155-65, and
Pearson, et al., (1994) Meth. Mol. Biol. 24:307-31. The pre-
ferred program to use for optimal global alignment of mul-
tiple sequences is PileUp (Feng and Doolittle, (1987) J. Mol.
Evol., 25:351-60 which is similar to the method described by
Higgins and Sharp, (1989) CABIOS 5:151-53 and hereby
incorporated by reference). The BLAST family of programs
which can be used for database similarity searches includes:
BLASTN for nucleotide query sequences against nucleotide
database sequences; BLASTX for nucleotide query
sequences against protein database sequences; BLASTP for
protein query sequences against protein database sequences;
TBLASTN for protein query sequences against nucleotide
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database sequences; and TBLASTX for nucleotide query
sequences against nucleotide database sequences. See, CUR-
RENT PROTOCOLS IN MOLECULAR BIOLOGY, Chap-
ter 19, Ausubel, et al., eds., Greene Publishing and Wiley-
Interscience, New York (1995).

[0071] GAP uses the algorithm of Needleman and Wunsch,
supra, to find the alignment of two complete sequences that
maximizes the number of matches and minimizes the number
of'gaps. GAP considers all possible alignments and gap posi-
tions and creates the alignment with the largest number of
matched bases and the fewest gaps. It allows for the provision
of'a gap creation penalty and a gap extension penalty in units
of matched bases. GAP must make a profit of gap creation
penalty number of matches for each gap it inserts. If a gap
extension penalty greater than zero is chosen, GAP must, in
addition, make a profit for each gap inserted of the length of
the gap times the gap extension penalty. Default gap creation
penalty values and gap extension penalty values in Version 10
of the Wisconsin Genetics Software Package are 8 and 2,
respectively. The gap creation and gap extension penalties
can be expressed as an integer selected from the group of
integers consisting of from 0 to 100. Thus, for example, the
gap creation and gap extension penaltiescanbe 0,1,2,3,4, 5,
6,7,8,9,10, 15, 20, 30, 40, 50 or greater.

[0072] GAP presents one member of the family of best
alignments. There may be many members of this family, but
no other member has a better quality. GAP displays four
figures of merit for alignments: Quality, Ratio, Identity, and
Similarity. The Quality is the metric maximized in order to
align the sequences. Ratio is the quality divided by the num-
ber of bases in the shorter segment. Percent Identity is the
percent of the symbols that actually match. Percent Similarity
is the percent of the symbols that are similar. Symbols that are
across from gaps are ignored. A similarity is scored when the
scoring matrix value for a pair of symbols is greater than or
equal to 0.50, the similarity threshold. The scoring matrix
used in Version 10 of the Wisconsin Genetics Software Pack-
age is BLOSUMG62 (see, Henikoff and Henikoff, (1989) Proc.
Natl. Acad. Sci. USA 89:10915).

[0073] Unless otherwise stated, sequence identity/similar-
ity values provided herein refer to the value obtained using the
BLAST 2.0 suite of programs using default parameters (Alts-
chul, et al., (1997) Nucleic Acids Res. 25:3389-402).

[0074] As those of ordinary skill in the art will understand,
BLAST searches assume that proteins can be modeled as
random sequences. However, many real proteins comprise
regions of nonrandom sequences, which may be homopoly-
meric tracts, short-period repeats, or regions enriched in one
or more amino acids. Such low-complexity regions may be
aligned between unrelated proteins even though other regions
of the protein are entirely dissimilar. A number of low-com-
plexity filter programs can be employed to reduce such low-
complexity alignments. For example, the SEG (Wooten and
Federhen, (1993) Comput. Chem. 17:149-63) and XNU (Cla-
verie and States, (1993) Comput. Chem. 17:191-201) low-
complexity filters can be employed alone or in combination.
[0075] As used herein, “sequence identity” or “identity” in
the context of two nucleic acid or polypeptide sequences
includes reference to the residues in the two sequences, which
are the same when aligned for maximum correspondence
over a specified comparison window. When percentage of
sequence identity is used in reference to proteins it is recog-
nized that residue positions which are not identical often
differ by conservative amino acid substitutions, where amino
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acid residues are substituted for other amino acid residues
with similar chemical properties (e.g., charge or hydropho-
bicity) and therefore do not change the functional properties
of'the molecule. Where sequences differ in conservative sub-
stitutions, the percent sequence identity may be adjusted
upwards to correct for the conservative nature of the substi-
tution. Sequences, which differ by such conservative substi-
tutions, are said to have “sequence similarity” or “similarity.”
Means for making this adjustment are well known to those of
skill in the art. Typically this involves scoring a conservative
substitution as a partial rather than a full mismatch, thereby
increasing the percentage sequence identity. Thus, for
example, where an identical amino acid is given a score of 1
and a non-conservative substitution is given a score of zero, a
conservative substitution is given a score between zero and 1.
The scoring of conservative substitutions is calculated, e.g.,
according to the algorithm of Meyers and Miller, (1988)
Computer Applic. Biol. Sci. 4:11-17, e.g., as implemented in
the program PC/GENE (Intelligenetics, Mountain View,
Calif., USA).

[0076] As used herein, “percentage of sequence identity”
means the value determined by comparing two optimally
aligned sequences over a comparison window, wherein 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 com-
prise additions or deletions) for optimal alignment of the two
sequences. The percentage is calculated by determining the
number of positions at which the identical nucleic acid base or
amino acid residue occurs in both sequences to yield the
number of matched positions, dividing 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.

[0077] The term “substantial identity” of polynucleotide
sequences means that a polynucleotide comprises a sequence
that has between 50-100% sequence identity, preferably at
least 50% sequence identity, preferably at least 60% sequence
identity, preferably at least 70%, more preferably at least
80%, more preferably at least 90%, and most preferably at
least 95%, compared to a reference sequence using one of the
alignment programs described using standard parameters.
One of skill will recognize that these values can be appropri-
ately adjusted to determine corresponding identity of proteins
encoded by two nucleotide sequences by taking into account
codon degeneracy, amino acid similarity, reading frame posi-
tioning and the like. Substantial identity of amino acid
sequences for these purposes normally means sequence iden-
tity of between 55-100%, preferably at least 55%, preferably
at least 60%, more preferably at least 70%, 80%, 90%, and
most preferably at least 95%.

[0078] Another indication that nucleotide sequences are
substantially identical is if two molecules hybridize to each
other under stringent conditions. The degeneracy of the
genetic code allows for many amino acids substitutions that
lead to variety in the nucleotide sequence that code for the
same amino acid, hence it is possible that the DNA sequence
could code for the same polypeptide but not hybridize to each
other under stringent conditions. This may occur, e.g., when
a copy of a nucleic acid is created using the maximum codon
degeneracy permitted by the genetic code. One indication that
two nucleic acid sequences are substantially identical is that
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the polypeptide, which the first nucleic acid encodes, is
immunologically cross reactive with the polypeptide encoded
by the second nucleic acid.

[0079] The terms “substantial identity” in the context of a
peptide indicates that a peptide comprises a sequence with
between 55-100% sequence identity to a reference sequence
preferably at least 55% sequence identity, preferably 60%
preferably 70%, more preferably 80%, most preferably at
least 90% or 95% sequence identity to the reference sequence
over a specified comparison window. Preferably, optimal
alignment is conducted using the homology alignment algo-
rithm of Needleman and Wunsch, supra. An indication that
two peptide sequences are substantially identical is that one
peptide is immunologically reactive with antibodies raised
against the second peptide. Thus, a peptide is substantially
identical to a second peptide, for example, where the two
peptides differ only by a conservative substitution. In addi-
tion, a peptide can be substantially identical to a second
peptide when they differ by a non-conservative change if the
epitope that the antibody recognizes is substantially identical.
Peptides, which are “substantially similar” share sequences
as, noted above except that residue positions, which are not
identical, may differ by conservative amino acid changes.
[0080] The invention discloses AMT polynucleotides and
polypeptides. The novel nucleotides and proteins of the
invention have an expression pattern which indicates that they
regulate ammonium transport and thus play an important role
in plant development. The polynucleotides are expressed in
various plant tissues. The polynucleotides and polypeptides
thus provide an opportunity to manipulate plant development
to alter seed and vegetative tissue development, timing or
composition. This may be used to create a plant with altered
N composition in source and sink.

Nucleic Acids

[0081] The present invention provides, inter alia, isolated
nucleic acids of RNA, DNA, and analogs and/or chimeras
thereof, comprising an amt polynucleotide.

[0082] The present invention also includes polynucleotides
optimized for expression in different organisms. For
example, for expression of the polynucleotide in a maize
plant, the sequence can be altered to account for specific
codon preferences and to alter GC content as according to
Murray, et al., supra. Maize codon usage for 28 genes from
maize plants is listed in Table 4 of Murray et al., supra.
[0083] The AMT nucleic acids of the present invention
comprise isolated AMT polynucleotides which are inclusive
of:

[0084] (a) a polynucleotide encoding an AMT polypep-
tide and conservatively modified and polymorphic vari-
ants thereof;,

[0085] (b) a polynucleotide having at least 70%
sequence identity with polynucleotides of (a) or (b);

[0086] (c)complementary sequences of polynucleotides
of (a) or (b).

Construction of Nucleic Acids

[0087] The isolated nucleic acids of the present invention
can be made using (a) standard recombinant methods, (b)
synthetic techniques, or combinations thereof. In some
embodiments, the polynucleotides of the present invention
will be cloned, amplified, or otherwise constructed from a
fungus or bacteria.
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[0088] The nucleic acids may conveniently comprise
sequences in addition to a polynucleotide of the present
invention. For example, a multi-cloning site comprising one
or more endonuclease restriction sites may be inserted into
the nucleic acid to aid in isolation of the polynucleotide. Also,
translatable sequences may be inserted to aid in the isolation
of the translated polynucleotide of the present invention. For
example, a hexa-histidine marker sequence provides a con-
venient means to purify the proteins of the present invention.
The nucleic acid of the present invention—excluding the
polynucleotide sequence—is optionally a vector, adapter, or
linker for cloning and/or expression of a polynucleotide of the
present invention. Additional sequences may be added to such
cloning and/or expression sequences to optimize their func-
tion in cloning and/or expression, to aid in isolation of the
polynucleotide, or to improve the introduction of the poly-
nucleotide into a cell. Typically, the length of a nucleic acid of
the present invention less the length of its polynucleotide of
the present invention is less than 20 kilobase pairs, often less
than 15 kb, and frequently less than 10 kb. Use of cloning
vectors, expression vectors, adapters, and linkers is well
known in the art. Exemplary nucleic acids include such vec-
tors as: M13, lambda ZAP Express, lambda ZAP II, lambda
gtl10, lambda gt11, pBK-CMV, pBK-RSV, pBluescript I,
lambda DASH II, lambda EMBL 3, lambda EMBL 4,
pWEL1S, SuperCos 1, SurfZap, Uni-ZAP, pBC, pBS+/-,
pSGS, pBK, pCR-Script, pET, pSPUTK, p3’SS, pGEM,
pSK+/-, pGEX, pSPORTI and II, pOPRSVI CAT, pOPI3
CAT, pXT1, pSGS, pPbac, pMbac, pMClneo, pOG44,
pOG45, pFRTPGAL, pNEOPGAL, pRS403, pRS404,
pRS405, pRS406, pRS413, pRS414, pRS415, pRS416,
lambda MOSSIox, and lambda MOSElox. Optional vectors
for the present invention, include but are not limited to,
lambda ZAP II, and pGEX. For a description of various
nucleic acids see, e.g., Stratagene Cloning Systems, Catalogs
1995, 1996, 1997 (La Jolla, Calif.); and, Amersham Life
Sciences, Inc, Catalog *97 (Arlington Heights, I11.).

Synthetic Methods for Constructing Nucleic Acids

[0089] The isolated nucleic acids of the present invention
can also be prepared by direct chemical synthesis by methods
such as the phosphotriester method of Narang, et al., (1979)
Meth. Enzymol. 68:90-9; the phosphodiester method of
Brown, et al., (1979) Meth. Enzymol. 68:109-51; the dieth-
ylphosphoramidite method of Beaucage, et al., (1981) Tetra.
Letts. 22(20):1859-62; the solid phase phosphoramidite tri-
ester method described by Beaucage, et al., supra, e.g., using
an automated synthesizer, e.g., as described in Needham-
VanDevanter, et al., (1984) Nucleic Acids Res. 12:6159-68;
and, the solid support method of U.S. Pat. No. 4,458,066.
Chemical synthesis generally produces a single stranded oli-
gonucleotide. This may be converted into double stranded
DNA by hybridization with a complementary sequence or by
polymerization with a DNA polymerase using the single
strand as a template. One of skill will recognize that while
chemical synthesis of DNA is limited to sequences of about
100 bases, longer sequences may be obtained by the ligation
of shorter sequences.

UTRs and Codon Preference

[0090] Ingeneral, translational efficiency has been found to
be regulated by specific sequence elements in the 5' non-
coding or untranslated region (5' UTR) of the RNA. Positive
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sequence motifs include translational initiation consensus
sequences (Kozak, (1987) Nucleic Acids Res. 15:8125) and
the 5<G> 7 methyl GpppG RNA cap structure (Drummond, et
al., (1985) Nucleic Acids Res. 13:7375). Negative elements
include stable intramolecular 5' UTR stem-loop structures
(Muesing, et al., (1987) Cell 48:691) and AUG sequences or
short open reading frames preceded by an appropriate AUG in
the 5' UTR (Kozak, supra, Rao, et al., (1988) Mol. and Cell.
Biol. 8:284). Accordingly, the present invention provides 5'
and/or 3' UTR regions for modulation of translation of heter-
ologous coding sequences.

[0091] Further, the polypeptide-encoding segments of the
polynucleotides of the present invention can be modified to
alter codon usage. Altered codon usage can be employed to
alter translational efficiency and/or to optimize the coding
sequence for expression in a desired host or to optimize the
codon usage in a heterologous sequence for expression in
maize. Codon usage in the coding regions of the polynucle-
otides of the present invention can be analyzed statistically
using commercially available software packages such as
“Codon Preference” available from the University of Wiscon-
sin Genetics Computer Group. See, Devereaux, et al., (1984)
Nucleic Acids Res. 12:387-395; or MacVector 4.1 (Eastman
Kodak Co., New Haven, Conn.). Thus, the present invention
provides a codon usage frequency characteristic of the coding
region of at least one of the polynucleotides of the present
invention. The number of polynucleotides (3 nucleotides per
amino acid) that can be used to determine a codon usage
frequency can be any integer from 3 to the number of poly-
nucleotides of the present invention as provided herein.
Optionally, the polynucleotides will be full-length sequences.
An exemplary number of sequences for statistical analysis
can be at least 1, 5, 10, 20, 50 or 100.

Sequence Shuffling

[0092] The present invention provides methods for
sequence shuffling using polynucleotides of the present
invention, and compositions resulting therefrom. Sequence
shuftling is described in PCT publication No. 96/19256. See
also, Zhang, et al., (1997) Proc. Natl. Acad. Sci. USA
94:4504-9; and Zhao, et al., (1998) Nature Biotech 16:258-
61. Generally, sequence shuffling provides a means for gen-
erating libraries of polynucleotides having a desired charac-
teristic, which can be selected or screened for. Libraries of
recombinant polynucleotides are generated from a population
of related sequence polynucleotides, which comprise
sequence regions, which have substantial sequence identity
and can be homologously recombined in vitro or in vivo. The
population of sequence-recombined polynucleotides com-
prises a subpopulation of polynucleotides which possess
desired or advantageous characteristics and which can be
selected by a suitable selection or screening method. The
characteristics can be any property or attribute capable of
being selected for or detected in a screening system, and may
include properties of: an encoded protein, a transcriptional
element, a sequence controlling transcription, RNA process-
ing, RNA stability, chromatin conformation, translation, or
other expression property of a gene or transgene, a replicative
element, a protein-binding element, or the like, such as any
feature which confers a selectable or detectable property. In
some embodiments, the selected characteristic will be an
altered K, and/or K_,,, over the wild-type protein as provided
herein. In other embodiments, a protein or polynucleotide
generated from sequence shuffling will have a ligand binding
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affinity greater than the non-shuffled wild-type polynucle-
otide. In yet other embodiments, a protein or polynucleotide
generated from sequence shuffling will have an altered pH
optimum as compared to the non-shuffled wild-type poly-
nucleotide. The increase in such properties can be at least
110%, 120%, 130%, 140% or greater than 150% of the wild-
type value.

Recombinant Expression Cassettes

[0093] The present invention further provides recombinant
expression cassettes comprising a nucleic acid of the present
invention. A nucleic acid sequence coding for the desired
polynucleotide of the present invention, for example a cDNA
or a genomic sequence encoding a polypeptide long enough
to code for an active protein of the present invention, can be
used to construct a recombinant expression cassette which
can be introduced into the desired host cell. A recombinant
expression cassette will typically comprise a polynucleotide
of the present invention operably linked to transcriptional
initiation regulatory sequences which will direct the tran-
scription of the polynucleotide in the intended host cell, such
as tissues of a transformed plant.

[0094] For example, plant expression vectors may include
(1) a cloned plant gene under the transcriptional control of 5'
and 3' regulatory sequences and (2) a dominant selectable
marker. Such plant expression vectors may also contain, if
desired, a promoter regulatory region (e.g., one conferring
inducible or constitutive, environmentally- or developmen-
tally-regulated, or cell- or tissue-specific/selective expres-
sion), a transcription initiation start site, a ribosome binding
site, an RNA processing signal, a transcription termination
site, and/or a polyadenylation signal.

[0095] A plant promoter fragment can be employed which
will direct expression of a polynucleotide of the present
invention in all tissues of a regenerated plant. Such promoters
are referred to herein as “constitutive” promoters and are
active under most environmental conditions and states of
development or cell differentiation. Examples of constitutive
promoters include the 1'- or 2'-promoter derived from T-DNA
of Agrobacterium tumefaciens, the Smas promoter, the cin-
namyl alcohol dehydrogenase promoter (U.S. Pat. No. 5,683,
439), the Nos promoter, the rubisco promoter, the GRP1-8
promoter, the 35S promoter from cauliflower mosaic virus
(CaMV), as described in Odell, etal., (1985) Nature 313:810-
2; rice actin (McElroy, et al., (1990) Plant Cell 163-171);
ubiquitin (Christensen, et al., (1992) Plant Mol. Biol. 12:619-
632 and Christensen, et al., (1992) Plant Mol. Biol. 18:675-
89); PEMU (Last, et al., (1991) Theor. Appl. Genet. 81:581-
8); MAS (Velten, et al., (1984) EMBO J. 3:2723-30); and
maize H3 histone (Lepetit, et al., (1992) Mol. Gen. Genet.
231:276-85; and Atanassvoa, et al., (1992) Plant Journal
2(3):291-300); ALS promoter, as described in PCT Applica-
tion Number WO 96/30530; and other transcription initiation
regions from various plant genes known to those of skill. For
the present invention ubiquitin is the preferred promoter for
expression in monocot plants.

[0096] Alternatively, the plant promoter can direct expres-
sion of a polynucleotide of the present invention in a specific
tissue or may be otherwise under more precise environmental
or developmental control. Such promoters are referred to here
as “inducible” promoters. Environmental conditions that may
effect transcription by inducible promoters include pathogen
attack, anaerobic conditions, or the presence of light.
Examples of inducible promoters are the Adhl promoter,
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which is inducible by hypoxia or cold stress, the Hsp70 pro-
moter, which is inducible by heat stress, and the PPDK pro-
moter, which is inducible by light.

[0097] Examples of promoters under developmental con-
trol include promoters that initiate transcription only, or pref-
erentially, in certain tissues, such as leaves, roots, fruit, seeds,
or flowers. The operation of a promoter may also vary
depending on its location in the genome. Thus, an inducible
promoter may become fully or partially constitutive in certain
locations.

[0098] If polypeptide expression is desired, it is generally
desirable to include a polyadenylation region at the 3'-end of
a polynucleotide coding region. The polyadenylation region
can be derived from a variety of plant genes, or from T-DNA.
The 3' end sequence to be added can be derived from, for
example, the nopaline synthase or octopine synthase genes,
or alternatively from another plant gene, or less preferably
from any other eukaryotic gene. Examples of such regulatory
elements include, but are not limited to, 3' termination and/or
polyadenylation regions such as those of the Agrobacterium
tumefaciens nopaline synthase (nos) gene (Bevan, et al.,
(1983) Nucleic Acids Res. 12:369-85); the potato proteinase
inhibitor 1T (PINII) gene (Keil, et al., (1986) Nucleic Acids
Res. 14:5641-50; and An, et al., (1989) Plant Cell 1:115-22),
and the CaMV 19S gene (Mogen, et al., (1990) Plant Cell
2:1261-72).

[0099] An intron sequence can be added to the 5' untrans-
lated region or the coding sequence of the partial coding
sequence to increase the amount of the mature message that
accumulates in the cytosol. Inclusion of a spliceable intron in
the transcription unit in both plant and animal expression
constructs has been shown to increase gene expression at both
the mRNA and protein levels up to 1000-fold (Buchman and
Berg, (1988) Mol. Cell Biol. 8:4395-4405; Callis, et al.,
(1987) Genes Dev. 1:1183-200). Such intron enhancement of
gene expression is typically greatest when placed near the 5'
end of the transcription unit. Use of maize introns Adhl-S
intron 1, 2, and 6, the Bronze-1 intron are known in the art.
See generally, THE MAIZE HANDBOOK, Chapter 116,
Freeling and Walbot, eds., Springer, N.Y. (1994).

[0100] Plantsignal sequences, including, but not limited to,
signal-peptide encoding DNA/RNA sequences which target
proteins to the extracellular matrix of the plant cell
(Dratewka-Kos, et al., (1989) J. Biol. Chem. 264:4896-900),
such as the Nicotiana plumbaginifolia extension gene (De-
Loose, et al., (1991) Gene 99:95-100); signal peptides which
target proteins to the vacuole, such as the sweet potato
sporamin gene (Matsuka, et al., (1991) Proc. Natl. Acad. Sci.
USA 88:834) and the barley lectin gene (Wilkins, et al.,
(1990) Plant Cell, 2:301-13); signal peptides which cause
proteins to be secreted, such as that of PRIb (Lind, et al.,
(1992) Plant Mol. Biol. 18:47-53) or the barley alpha amylase
(BAA) (Rahmatullah, et al., (1989) Plant Mol. Biol. 12:119,
and hereby incorporated by reference), or signal peptides
which target proteins to the plastids such as that of rapeseed
enoyl-Acp reductase (Verwaert, etal., (1994) Plant Mol. Biol.
26:189-202) are useful in the invention. The barley alpha
amylase signal sequence fused to the AMT polynucleotide is
the preferred construct for expression in maize for the present
invention.

[0101] The vector comprising the sequences from a poly-
nucleotide of the present invention will typically comprise a
marker gene, which confers a selectable phenotype on plant
cells. Usually, the selectable marker gene will encode antibi-
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otic resistance, with suitable genes including genes coding for
resistance to the antibiotic spectinomycin (e.g., the aada
gene), the streptomycin phosphotransterase (SPT) gene cod-
ing for streptomycin resistance, the neomycin phosphotrans-
ferase (NPTII) gene encoding kanamycin or geneticin resis-
tance, the hygromycin phosphotransferase (HPT) gene
coding for hygromycin resistance, genes coding for resis-
tance to herbicides which act to inhibit the action of aceto-
lactate synthase (ALS), in particular the sulfonylurea-type
herbicides (e.g., the acetolactate synthase (ALS) gene con-
taining mutations leading to such resistance in particular the
S4 and/or Hra mutations), genes coding for resistance to
herbicides which act to inhibit action of glutamine synthase,
such as phosphinothricin or basta (e.g., the bar gene), or other
such genes known in the art. The bar gene encodes resistance
to the herbicide basta, and the ALS gene encodes resistance to
the herbicide chlorsulfuron.

[0102] Typical vectors useful for expression of genes in
higher plants are well known in the art and include vectors
derived from the tumor-inducing (T1) plasmid of Agrobacte-
rium tumefaciens described by Rogers, et al., (1987) Meth.
Enzymol. 153:253-77. These vectors are plant integrating
vectors in that on transformation, the vectors integrate a por-
tion of vector DNA into the genome of the host plant. Exem-
plary A. tumefaciens vectors useful herein are plasmids
pPKYLX6 and pKYLX7 of Schardl, et al., (1987) Gene 61:1-
11, and Berger, et al., (1989) Proc. Natl. Acad. Sci. USA,
86:8402-6. Another useful vector herein is plasmid pBI101.2
that is available from CLONTECH Laboratories, Inc. (Palo
Alto, Calif).

Expression of Proteins in Host Cells

[0103] Usingthe nucleic acids of the present invention, one
may express a protein of the present invention in a recombi-
nantly engineered cell such as bacteria, yeast, insect, mam-
malian, or preferably plant cells. The cells produce the protein
in a non-natural condition (e.g., in quantity, composition,
location, and/or time), because they have been genetically
altered through human intervention to do so.

[0104] TItis expected that those of skill in the art are knowl-
edgeable in the numerous expression systems available for
expression of a nucleic acid encoding a protein of the present
invention. No attempt to describe in detail the various meth-
ods known for the expression of proteins in prokaryotes or
eukaryotes will be made.

[0105] In brief summary, the expression of isolated nucleic
acids encoding a protein of the present invention will typi-
cally be achieved by operably linking, for example, the DNA
or cDNA to a promoter (which is either constitutive or induc-
ible), followed by incorporation into an expression vector.
The vectors can be suitable for replication and integration in
either prokaryotes or eukaryotes. Typical expression vectors
contain transcription and translation terminators, initiation
sequences, and promoters useful for regulation of the expres-
sion of the DNA encoding a protein of the present invention.
To obtain high level expression of a cloned gene, it is desir-
able to construct expression vectors which contain, at the
minimum, a strong promoter, such as ubiquitin, to direct
transcription, a ribosome binding site for translational initia-
tion, and a transcription/translation terminator. Constitutive
promoters are classified as providing for a range of constitu-
tive expression. Thus, some are weak constitutive promoters,
and others are strong constitutive promoters. Generally, by
“weak promoter” is intended a promoter that drives expres-
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sion of a coding sequence at a low level. By “low level” is
intended at levels of about 1/10,000 transcripts to about
1/100,000 transcripts to about 1/500,000 transcripts. Con-
versely, a “strong promoter” drives expression of a coding
sequence at a “high level,” or about 1/10 transcripts to about
1/100 transcripts to about 1/1,000 transcripts.

[0106] One of skill would recognize that modifications
could be made to a protein of the present invention without
diminishing its biological activity. Some modifications may
be made to facilitate the cloning, expression, or incorporation
of the targeting molecule into a fusion protein. Such modifi-
cations are well known to those of skill in the art and include,
for example, a methionine added at the amino terminus to
provide an initiation site, or additional amino acids (e.g., poly
His) placed on either terminus to create conveniently located
restriction sites or termination codons or purification
sequences.

Expression in Prokaryotes

[0107] Prokaryotic cells may be used as hosts for expres-
sion. Prokaryotes most frequently are represented by various
strains of . coli; however, other microbial strains may also be
used. Commonly used prokaryotic control sequences which
are defined herein to include promoters for transcription ini-
tiation, optionally with an operator, along with ribosome
binding site sequences, include such commonly used promot-
ers as the beta lactamase (penicillinase) and lactose (lac)
promoter systems (Chang, et al., (1977) Nature 198:1056),
the tryptophan (trp) promoter system (Goeddel, et al., (1980)
Nucleic Acids Res. 8:4057) and the lambda derived P L pro-
moter and N-gene ribosome binding site (Shimatake, et al.,
(1981) Nature 292:128). The inclusion of selection markers
in DNA vectors transfected in E. coli is also useful. Examples
of such markers include genes specifying resistance to ampi-
cillin, tetracycline, or chloramphenicol.

[0108] The vector is selected to allow introduction of the
gene of interest into the appropriate host cell. Bacterial vec-
tors are typically of plasmid or phage origin. Appropriate
bacterial cells are infected with phage vector particles or
transfected with naked phage vector DNA. Ifa plasmid vector
is used, the bacterial cells are transfected with the plasmid
vector DNA. Expression systems for expressing a protein of
the present invention are available using Bacillus sp. and
Salmonella (Palva, et al., (1983) Gene 22:229-35; Mosbach,
et al., (1983) Nature 302:543-5). The pGEX-4T-1 plasmid
vector from Pharmacia is the preferred E. coli expression
vector for the present invention.

Expression in Eukaryotes

[0109] A variety of eukaryotic expression systems such as
yeast, insect cell lines, plant and mammalian cells, are known
to those of skill in the art. As explained briefly below, the
present invention can be expressed in these eukaryotic sys-
tems. In some embodiments, transformed/transfected plant
cells, as discussed infra, are employed as expression systems
for production of the proteins of the instant invention.

[0110] Synthesis of heterologous proteins in yeast is well
known. Sherman, et al., METHODS INYEAST GENETICS,
Cold Spring Harbor Laboratory (1982) is a well recognized
work describing the various methods available to produce the
protein in yeast. Two widely utilized yeasts for production of
eukaryotic proteins are Saccharomyces cerevisiae and Pichia
pastoris. Vectors, strains, and protocols for expression in
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Saccharomyces and Pichia are known in the art and available
from commercial suppliers (e.g., Invitrogen). Suitable vec-
tors usually have expression control sequences, such as pro-
moters, including 3-phosphoglycerate kinase or alcohol oxi-
dase, and an origin of replication, termination sequences and
the like as desired.

[0111] A protein of the present invention, once expressed,
can be isolated from yeast by lysing the cells and applying
standard protein isolation techniques to the lysates or the
pellets. The monitoring of the purification process can be
accomplished by using Western blot techniques or radioim-
munoassay of other standard immunoassay techniques.
[0112] The sequences encoding proteins of the present
invention can also be ligated to various expression vectors for
use in transfecting cell cultures of, for instance, mammalian,
insect, or plant origin. Mammalian cell systems often will be
in the form of monolayers of cells although mammalian cell
suspensions may also be used. A number of suitable host cell
lines capable of expressing intact proteins have been devel-
oped in the art, and include the HEK293, BHK?21, and CHO
cell lines. Expression vectors for these cells can include
expression control sequences, such as an origin of replication,
a promoter (e.g., the CMV promoter, a HSV tk promoter or
pgk (phosphoglycerate kinase) promoter), an enhancer
(Queen, et al., (1986) Immunol. Rev. 89:49), and necessary
processing information sites, such as ribosome binding sites,
RNA splice sites, polyadenylation sites (e.g., an SV40 large T
Ag poly A addition site), and transcriptional terminator
sequences. Other animal cells useful for production of pro-
teins of the present invention are available, for instance, from
the American Type Culture Collection Catalogue of Cell
Lines and Hybridomas (7% ed., 1992).

[0113] Appropriate vectors for expressing proteins of the
present invention in insect cells are usually derived from the
SF9 baculovirus. Suitable insect cell lines include mosquito
larvae, silkworm, armyworm, moth, and Drosophila cell lines
such as a Schneider cell line (see, e.g., Schneider, (1987) J.
Embryol. Exp. Morphol. 27:353-65).

[0114] Aswith yeast, when higher animal or plant host cells
are employed, polyadenylation or transcription terminator
sequences are typically incorporated into the vector. An
example of a terminator sequence is the polyadenylation
sequence from the bovine growth hormone gene. Sequences
for accurate splicing of the transcript may also be included.
An example of a splicing sequence is the VP1 intron from
SV40 (Sprague, et al., (1983) J. Virol. 45:773-81). Addition-
ally, gene sequences to control replication in the host cell may
be incorporated into the vector such as those found in bovine
papilloma virus type-vectors (Saveria-Campo, “Bovine Pap-
illoma Virus DNA a Eukaryotic Cloning Vector,” in DNA
CLONING: A PRACTICAL APPROACH, vol. 11, Glover,
ed., IRL Press, Arlington, Va., pp. 213-38 (1985)).

[0115] In addition, the gene for AMT placed in the appro-
priate plant expression vector can be used to transform plant
cells. The polypeptide can then be isolated from plant callus
or the transformed cells can be used to regenerate transgenic
plants. Such transgenic plants can be harvested, and the
appropriate tissues (seed or leaves, for example) can be sub-
jected to large scale protein extraction and purification tech-
niques.

Plant Transformation Methods

[0116] Numerous methods for introducing foreign genes
into plants are known and can be used to insert an amt poly-
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nucleotide into a plant host, including biological and physical
plant transformation protocols. See, e.g., Miki, et al., “Proce-
dure for Introducing Foreign DNA into Plants,” in METH-
ODS IN PLANT MOLECULAR BIOLOGY AND BIO-
TECHNOLOGY, Glick and Thompson, eds., CRC Press,
Inc., Boca Raton, pp. 67-88 (1993). The methods chosen vary
with the host plant, and include chemical transfection meth-
ods such as calcium phosphate, microorganism-mediated
gene transfer such as Agrobacterium (Horsch, et al., (1985)
Science 227:1229-31), electroporation, micro-injection, and
biolistic bombardment.

[0117] Expression cassettes and vectors and in vitro culture
methods for plant cell or tissue transformation and regenera-
tion of plants are known and available. See, e.g., Gruber, et al.,
“Vectors for Plant Transformation,” in METHODS IN
PLANT MOLECULAR BIOLOGY AND BIOTECHNOL-
OGY, supra, pp. 89-119.

[0118] The isolated polynucleotides or polypeptides may
be introduced into the plant by one or more techniques typi-
cally used for direct delivery into cells. Such protocols may
vary depending on the type of organism, cell, plant or plant
cell, i.e. monocot or dicot, targeted for gene modification.
Suitable methods of transforming plant cells include micro-
injection (Crossway, et al., (1986) Biotechniques 4:320-334;
and U.S. Pat. No. 6,300,543), electroporation (Riggs, et al.,
(1986) Proc. Natl. Acad. Sci. USA 83:5602-5606, direct gene
transfer (Paszkowski, et al., (1984) EMBO J. 3:2717-2722),
and ballistic particle acceleration (see, for example, Sanford,
etal., U.S. Pat. No. 4,945,050, WO 91/10725; and McCabe, et
al., (1988) Biotechnology 6:923-926). Also see, Tomes, et al.,
Direct DNA Transfer into Intact Plant Cells Via Microprojec-
tile Bombardment. pp. 197-213 in Plant Cell, Tissue and
Organ Culture, Fundamental Methods. eds. O. L. Gamborg &
G. C. Phillips. Springer-Verlag Berlin Heidelberg N.Y., 1995;
U.S. Pat. No. 5,736,369 (meristem); Weissinger, etal., (1988)
Ann. Rev. Genet. 22:421-477; Sanford, et al., (1987) Particu-
late Science and Technology 5:27-37 (onion); Christou, et al.,
(1988) Plant Physiol. 87:671-674 (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); WO 91/10725
(maize); Klein, et al., (1988) Plant Physiol. 91:440-444
(maize); Fromm, et al., (1990) Biotechnology 8:833-839; and
Gordon-Kamm, et al., (1990) Plant Cell 2:603-618 (maize);
Hooydaas-Van Slogteren and Hooykaas (1984) Nature (Lon-
don) 311:763-764; 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. G. P.
Chapman, et al., pp. 197-209 Longman, N.Y. (pollen); Kaep-
pler, et al., (1990) Plant Cell Reports 9:415-418; and Kaep-
pler, et al., (1992) Theor. Appl. Genet. 84:560-566 (whisker-
mediated transformation); U.S. Pat. No. 5,693,512
(sonication); D’Halluin, etal., (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 Biotech. 14:745-750;
Agrobacterium mediated maize transformation (U.S. Pat. No.
5,981,840); silicon carbide whisker methods (Frame, et al.,
(1994) Plant J. 6:941-948); laser methods (Guo, et al., (1995)
Physiologia Plantarum 93:19-24); sonication methods (Bao,
etal., (1997) Ultrasound in Medicine & Biology 23:953-959;
Finer and Finer (2000) Lett Appl Microbiol. 30:406-10;
Amoah, et al., (2001) J Exp Bot 52:1135-42); polyethylene
glycol methods (Krens, et al., (1982) Nature 296:72-77);
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protoplasts of monocot and dicot cells can be transformed
using electroporation (Fromm, et al., (1985) Proc. Natl. Acad.
Sci. USA 82:5824-5828) and microinjection (Crossway, etal.,
(1986) Mol. Gen. Genet. 202:179-185); all of which are
herein incorporated by reference.

Agrobacterium-Mediated Transformation

[0119] The most widely utilized method for introducing an
expression vector into plants is based on the natural transfor-
mation system of Agrobacterium. A. tumefaciens and A.
rhizogenes are plant pathogenic soil bacteria, which geneti-
cally transform plant cells. The Ti and Ri plasmids of 4.
tumefaciens and A. rhizogenes, respectively, carry genes
responsible for genetic transformation of plants. See, e.g.,
Kado, (1991) Crit. Rev. Plant Sci. 10:1. Descriptions of the
Agrobacterium vector systems and methods for Agrobacte-
rium-mediated gene transfer are provided in Gruber, et al.,
supra; Miki, et al., supra; and Moloney, et al., (1989) Plant
Cell Reports 8:238.

[0120] Similarly, the gene can be inserted into the T-DNA
region of a Ti or Ri plasmid derived from A. tumefaciens or A.
rhizogenes, respectively. Thus, expression cassettes can be
constructed as above, using these plasmids. Many control
sequences are known which when coupled to a heterologous
coding sequence and transformed into a host organism show
fidelity in gene expression with respect to tissue/organ speci-
ficity of the original coding sequence. See, e¢.g., Benfey and
Chua, (1989) Science 244:174-81. Particularly suitable con-
trol sequences for use in these plasmids are promoters for
constitutive leaf-specific expression of the gene in the various
target plants. Other useful control sequences include a pro-
moter and terminator from the nopaline synthase gene (NOS).
The NOS promoter and terminator are present in the plasmid
pARC2, available from the American Type Culture Collec-
tion and designated ATCC 67238. If such a system is used, the
virulence (vir) gene from either the Ti or Ri plasmid must also
be present, either along with the T-DNA portion, or via a
binary system where the vir gene is present on a separate
vector. Such systems, vectors for use therein, and methods of
transforming plant cells are described in U.S. Pat. No. 4,658,
082; US Patent Application Number 913,914, filed Oct. 1,
1986, as referenced in U.S. Pat. No. 5,262,306, issued Nov.
16, 1993; and Simpson, et al., (1986) Plant Mol. Biol. 6:403-
15 (also referenced in the *306 patent); all incorporated by
reference in their entirety.

[0121] Once constructed, these plasmids can be placed into
A. rhizogenes or A. tumefaciens and these vectors used to
transform cells of plant species, which are ordinarily suscep-
tible to Fusarium or Alternaria infection. Several other trans-
genic plants are also contemplated by the present invention
including but not limited to soybean, corn, sorghum, alfalfa,
rice, clover, cabbage, banana, coffee, celery, tobacco, cow-
pea, cotton, melon, switchgrass, myscanthus, triticale and
pepper. The selection of either A. tumefaciens or A. rhizo-
genes will depend on the plant being transformed thereby. In
general A. tumefaciens is the preferred organism for transfor-
mation. Most dicotyledonous plants, some gymnosperms,
and a few monocotyledonous plants (e.g., certain members of
the Liliales and Arales) are susceptible to infection with A.
tumefaciens. A. rhizogenes also has a wide host range,
embracing most dicots and some gymnosperms, which
includes members of the Leguminosae, Compositae, and
Chenopodiaceae. Monocot plants can now be transformed
with some success. EP Patent Application Number 604 662
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Al discloses a method for transforming monocots using
Agrobacterium. EP Application Number 672 752 Al dis-
closes a method for transforming monocots with Agrobacte-
rium using the scutellum of immature embryos. Ishida, et al.,
discuss a method for transforming maize by exposing imma-
ture embryos to A. tumefaciens (Nature Biotechnology
14:745-50 (1996)).

[0122] Once transformed, these cells can be used to regen-
erate transgenic plants. For example, whole plants can be
infected with these vectors by wounding the plant and then
introducing the vector into the wound site. Any part of the
plant can be wounded, including leaves, stems and roots.
Alternatively, plant tissue, in the form of an explant, such as
cotyledonary tissue or leaf disks, can be inoculated with these
vectors, and cultured under conditions, which promote plant
regeneration. Roots or shoots transformed by inoculation of
plant tissue with 4. rhizogenes or A. tumefaciens, containing
the gene coding for the fumonisin degradation enzyme, can
be used as a source of plant tissue to regenerate fumonisin-
resistant transgenic plants, either via somatic embryogenesis
ororganogenesis. Examples of such methods for regenerating
plant tissue are disclosed in Shahin, (1985) Theor Appl.
Genet. 69:235-40; U.S. Pat. No. 4,658,082; Simpson, et al.,
supra; and US Patent Application Numbers 913,913 and 913,
914, both filed Oct. 1, 1986, as referenced in U.S. Pat. No.
5,262,306, issued Nov. 16, 1993, the entire disclosures
therein incorporated herein by reference.

Direct Gene Transfer

[0123] Despite the fact that the host range for Agrobacte-
rium-mediated transformation is broad, some major cereal
crop species and gymnosperms have generally been recalci-
trant to this mode of gene transfer, even though some success
has recently been achieved in rice (Hiei, et al., (1994) The
Plant Journal 6:271-82). Several methods of plant transfor-
mation, collectively referred to as direct gene transfer, have
been developed as an alternative to Agrobacterium-mediated
transformation.

[0124] A generally applicable method of plant transforma-
tion is microprojectile-mediated transformation, where DNA
is carried on the surface of microprojectiles measuring about
1 to 4 um. The expression vector is introduced into plant
tissues with a biolistic device that accelerates the micro-
projectiles to speeds of 300 to 600 m/s which is sufficient to
penetrate the plant cell walls and membranes (Sanford, et al.,
(1987) Part. Sci. Technol. 5:27; Sanford, (1988) Trends Bio-
tech 6:299; Sanford, (1990) Physiol. Plant 79:206; and Klein,
etal., (1992) Biotechnology 10:268).

[0125] Another method for physical delivery of DNA to
plants is sonication of target cells as described in Zang, et al.,
(1991) BioTechnology 9:996. Alternatively, liposome or
spheroplast fusions have been used to introduce expression
vectors into plants. See, e.g., Deshayes, et al., (1985) EMBO
J. 4:2731; and Christou, et al., (1987) Proc. Natl. Acad. Sci.
US4 84:3962. Direct uptake of DNA into protoplasts using
CaCl, precipitation, polyvinyl alcohol, or poly-L-omithine
has also been reported. See, e.g., Hain, et al., (1985) Mol.
Gen. Genet. 199:161; and Draper, et al., (1982) Plant Cell
Physiol. 23:451.

[0126] Electroporation of protoplasts and whole cells and

tissues has also been described. See, e.g., Donn, et al., (1990)
in Abstracts of the VIIth Int’l. Congress on Plant Cell and
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Tissue Culture IAPTC, A2-38, p. 53; D’Halluin, et al., (1992)
Plant Cell 4:1495-505; and Spencer, et al., (1994) Plant Mol.
Biol. 24:51-61.

Increasing the Activity and/or Level of an amt Polypeptide
[0127] Methods are provided to increase the activity and/or
level of the AMT polypeptide of the invention. An increase in
the level and/or activity of the AMT polypeptide of the inven-
tion can be achieved by providing to the plant an amt polypep-
tide. The AMT polypeptide can be provided by introducing
the amino acid sequence encoding the AMT polypeptide into
the plant, introducing into the plant a nucleotide sequence
encoding an amt polypeptide or alternatively by modifying a
genomic locus encoding the AMT polypeptide of the inven-
tion.

[0128] As discussed elsewhere herein, many methods are
known the art for providing a polypeptide to a plant including,
but not limited to, direct introduction of the polypeptide into
the plant, introducing into the plant (transiently or stably) a
polynucleotide construct encoding a polypeptide having
AMT transporter activity. It is also recognized that the meth-
ods of the invention may employ a polynucleotide that is not
capable of directing, in the transformed plant, the expression
of a protein or an RNA. Thus, the level and/or activity of an
amt polypeptide may be increased by altering the gene encod-
ing the AMT polypeptide or its promoter. See, e.g., Kmiec,
U.S. Pat. No. 5,565,350; Zarling, et al., PCT/US93/03868.
Therefore mutagenized plants that carry mutations in AMT
genes, where the mutations increase expression of the AMT
gene or increase the AMT transporter activity of the encoded
AMT polypeptide are provided.

Reducing the Activity and/or Level of an amt Polypeptide
[0129] Methods are provided to reduce or eliminate the
activity of an amt polypeptide of the invention by transform-
ing a plant cell with an expression cassette that expresses a
polynucleotide that inhibits the expression of the AMT
polypeptide. The polynucleotide may inhibit the expression
of'the AMT polypeptide directly, by preventing transcription
or translation of the AMT messenger RNA, or indirectly, by
encoding a polypeptide that inhibits the transcription or trans-
lation of an amt gene encoding an amt polypeptide. Methods
for inhibiting or eliminating the expression ofa gene in a plant
are well known in the art, and any such method may be used
in the present invention to inhibit the expression of an amt
polypeptide.

[0130] In accordance with the present invention, the
expression of an amt polypeptide is inhibited if the protein
level of the AMT polypeptide is less than 70% of the protein
level of'the same AMT polypeptide in a plant that has notbeen
genetically modified or mutagenized to inhibit the expression
of that AMT polypeptide. In particular embodiments of the
invention, the protein level of the AMT polypeptide in a
modified plant according to the invention is less than 60%,
less than 50%, less than 40%, less than 30%, less than 20%,
less than 10%, less than 5% or less than 2% ofthe protein level
of'the same AMT polypeptide in a plant that is not a mutant or
that has not been genetically modified to inhibit the expres-
sion of that AMT polypeptide. The expression level of the
AMT polypeptide may be measured directly, for example, by
assaying for the level of AMT polypeptide expressed in the
plant cell or plant, or indirectly, for example, by measuring
the AMT transporter activity of the AMT polypeptide in the
plant cell or plant, or by measuring the AMT in the plant.
Methods for performing such assays are described elsewhere
herein.
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[0131] In other embodiments of the invention, the activity
of the AMT polypeptides is reduced or eliminated by trans-
forming a plant cell with an expression cassette comprising a
polynucleotide encoding a polypeptide that inhibits the activ-
ity of an amt polypeptide. The AMT transporter activity of an
amt polypeptide is inhibited according to the present inven-
tion if the AMT transporter activity of the AMT polypeptide
is less than 70% of the AMT transporter activity of the same
AMT polypeptide in a plant that has not been modified to
inhibit the AMT transporter activity of that AMT polypeptide.
In particular embodiments of the invention, the AMT trans-
porter activity of the AMT polypeptide in a modified plant
according to the invention is less than 60%, less than 50%,
less than 40%, less than 30%, less than 20%, less than 10% or
less than 5% of the AMT transporter activity of the same
AMT polypeptide in a plant that that has not been modified to
inhibit the expression of that AMT polypeptide. The AMT
transporter activity of an amt polypeptide is “eliminated”
according to the invention when it is not detectable by the
assay methods described elsewhere herein. Methods of deter-
mining the AMT transporter activity of an amt polypeptide
are described elsewhere herein.

[0132] In other embodiments, the activity of an amt
polypeptide may be reduced or eliminated by disrupting the
gene encoding the AMT polypeptide. The invention encom-
passes mutagenized plants that carry mutations in AMT
genes, where the mutations reduce expression of the AMT
gene or inhibit the AMT transporter activity of the encoded
AMT polypeptide.

[0133] Thus, many methods may be used to reduce or
eliminate the activity of an amt polypeptide. In addition, more
than one method may be used to reduce the activity of a single
AMT polypeptide. Non-limiting examples of methods of
reducing or eliminating the expression of AMT polypeptides
are given below.

[0134] 1. Polynucleotide-Based Methods:

[0135] In some embodiments of the present invention, a
plant is transformed with an expression cassette that is
capable of expressing a polynucleotide that inhibits the
expression of an amt polypeptide of the invention. The term
“expression” as used herein refers to the biosynthesis of a
gene product, including the transcription and/or translation of
said gene product. For example, for the purposes of the
present invention, an expression cassette capable of express-
ing a polynucleotide that inhibits the expression of at least one
AMT polypeptide is an expression cassette capable of pro-
ducing an RNA molecule that inhibits the transcription and/or
translation of at least one AMT polypeptide of the invention.
The “expression” or “production” of a protein or polypeptide
from a DNA molecule refers to the transcription and transla-
tion of the coding sequence to produce the protein or polypep-
tide, while the “expression” or “production” of a protein or
polypeptide from an RNA molecule refers to the translation
of the RNA coding sequence to produce the protein or
polypeptide.

[0136] Examples of polynucleotides that inhibit the expres-
sion of an amt polypeptide are given below.

[0137] 1. Sense Suppression/Cosuppression

[0138] Insomeembodiments of the invention, inhibition of
the expression of an amt polypeptide may be obtained by
sense suppression or cosuppression. For cosuppression, an
expression cassette is designed to express an RNA molecule
corresponding to all or part of a messenger RNA encoding an
amt polypeptide in the “sense” orientation. Over expression
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of'the RNA molecule can result in reduced expression of the
native gene. Accordingly, multiple plant lines transformed
with the cosuppression expression cassette are screened to
identify those that show the greatest inhibition of AMT
polypeptide expression.

[0139] The polynucleotide used for cosuppression may
correspond to all or part of the sequence encoding the AMT
polypeptide, all or part of the 5' and/or 3' untranslated region
of an amt polypeptide transcript, or all or part of both the
coding sequence and the untranslated regions of a transcript
encoding an amt polypeptide. In some embodiments where
the polynucleotide comprises all or part of the coding region
for the AMT polypeptide, the expression cassette is designed
to eliminate the start codon of the polynucleotide so that no
protein product will be translated.

[0140] Cosuppression may be used to inhibit the expression
of plant genes to produce plants having undetectable protein
levels for the proteins encoded by these genes. See, for
example, Broin, et al., (2002) Plant Cell 14:1417-1432.
Cosuppression may also be used to inhibit the expression of
multiple proteins in the same plant. See, for example, U.S.
Pat. No. 5,942,657. Methods for using cosuppression to
inhibit the expression of endogenous genes in plants are
described in Flavell, et al., (1994) Proc. Natl. Acad. Sci. USA
91:3490-3496; Jorgensen, et al., (1996) Plant Mol. Biol.
31:957-973; Johansen and Carrington (2001) Plant Physiol.
126:930-938; Broin, et al., (2002) Plant Cell 14:1417-1432;
Stoutjesdijk, et al., (2002) Plant Physiol. 129:1723-1731; Yu,
etal., (2003) Phytochemistry 63:753-763; and U.S. Pat. Nos.
5,034,323, 5,283,184, and 5,942,657, each of which is herein
incorporated by reference. The efficiency of cosuppression
may be increased by including a poly-dT region in the expres-
sion cassette at a position 3'to the sense sequence and 5' of the
polyadenylation signal. See, US Patent Application Publica-
tion Number 20020048814, herein incorporated by reference.
Typically, such a nucleotide sequence has substantial
sequence identity to the sequence of the transcript of the
endogenous gene, optimally greater than about 65%
sequence identity, more optimally greater than about 85%
sequence identity, most optimally greater than about 95%
sequence identity. See, U.S. Pat. Nos. 5,283,184 and 5,034,
323; herein incorporated by reference.

[0141] 1ii. Antisense Suppression

[0142] Insomeembodiments of the invention, inhibition of
the expression of the AMT polypeptide may be obtained by
antisense suppression. For antisense suppression, the expres-
sion cassette is designed to express an RNA molecule
complementary to all or part of a messenger RNA encoding
the AMT polypeptide. Over expression of the antisense RNA
molecule can result in reduced expression of the native gene.
Accordingly, multiple plant lines transformed with the anti-
sense suppression expression cassette are screened to identify
those that show the greatest inhibition of AMT polypeptide
expression.

[0143] The polynucleotide for use in antisense suppression
may correspond to all or part of the complement of the
sequence encoding the AMT polypeptide, all or part of the
complement of the 5' and/or 3' untranslated region of the
AMT transcript, or all or part of the complement of both the
coding sequence and the untranslated regions of a transcript
encoding the AMT polypeptide. In addition, the antisense
polynucleotide may be fully complementary (i.e., 100% iden-
tical to the complement of the target sequence) or partially
complementary (i.e., less than 100% identical to the comple-
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ment of the target sequence) to the target sequence. Antisense
suppression may be used to inhibit the expression of multiple
proteins in the same plant. See, for example, U.S. Pat. No.
5,942,657 Furthermore, portions of the antisense nucleotides
may be used to disrupt the expression of the target gene.
Generally, sequences of at least 50 nucleotides, 100 nucle-
otides, 200 nucleotides, 300, 400, 450, 500, 550 or greater
may be used. Methods for using antisense suppression to
inhibit the expression of endogenous genes in plants are
described, for example, in Liu, et al., (2002) Plant Physiol.
129:1732-1743 and U.S. Pat. Nos. 5,759,829 and 5,942,657,
each of which is herein incorporated by reference. Efficiency
of antisense suppression may be increased by including a
poly-dT region in the expression cassette at a position 3' to the
antisense sequence and 5' of the polyadenylation signal. See,
US Patent Application Publication Number 20020048814,
herein incorporated by reference.

[0144] iii. Double-Stranded RNA Interference

[0145] Insomeembodiments of the invention, inhibition of
the expression of an amt polypeptide may be obtained by
double-stranded RNA (dsRNA) interference. For dsRNA
interference, a sense RNA molecule like that described above
for cosuppression and an antisense RNA molecule that is
fully or partially complementary to the sense RNA molecule
are expressed in the same cell, resulting in inhibition of the
expression of the corresponding endogenous messenger
RNA.

[0146] Expression ofthe sense and antisense molecules can
be accomplished by designing the expression cassette to com-
prise both a sense sequence and an antisense sequence. Alter-
natively, separate expression cassettes may be used for the
sense and antisense sequences. Multiple plant lines trans-
formed with the dsRNA interference expression cassette or
expression cassettes are then screened to identify plant lines
that show the greatest inhibition of AMT polypeptide expres-
sion. Methods for using dsRNA interference to inhibit the
expression of endogenous plant genes are described in Water-
house, et al., (1998) Proc. Natl. Acad. Sci. USA 95:13959-
13964, Liu, et al., (2002) Plant Physiol. 129:1732-1743, and
WO 99/49029, WO 99/53050, WO 99/61631, and WO
00/49035; each of which is herein incorporated by reference.
[0147] iv. Hairpin RNA Interference and Intron-Containing
Hairpin RNA Interference

[0148] Insomeembodiments of the invention, inhibition of
the expression of an amt polypeptide may be obtained by
hairpin RNA (hpRNA) interference or intron-containing hair-
pin RNA (ihpRNA) interference. These methods are highly
efficient at inhibiting the expression of endogenous genes.
See, Waterhouse and Helliwell (2003 ) Nat. Rev. Genet. 4:29-
38 and the references cited therein.

[0149] For hpRNA interference, the expression cassette is
designed to express an RNA molecule that hybridizes with
itself to form a hairpin structure that comprises a single-
stranded loop region and a base-paired stem. The base-paired
stem region comprises a sense sequence corresponding to all
or part of the endogenous messenger RNA encoding the gene
whose expression is to be inhibited, and an antisense
sequence that is fully or partially complementary to the sense
sequence. Alternatively, the base-paired stem region may cor-
respond to a portion of a promoter sequence controlling
expression of the gene to be inhibited. Thus, the base-paired
stem region of the molecule generally determines the speci-
ficity of the RNA interference. hpRNA molecules are highly
efficient at inhibiting the expression of endogenous genes,
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and the RNA interference they induce is inherited by subse-
quent generations of plants. See, for example, Chuang and
Meyerowitz (2000) Proc. Natl. Acad. Sci. USA 97:4985-
4990; Stoutjesdijk, et al., (2002) Plant Physiol. 129:1723-
1731; and Waterhouse and Helliwell (2003) Nat. Rev. Genet.
4:29-38. Methods for using hpRNA interference to inhibit or
silence the expression of genes are described, for example, in
Chuang and Meyerowitz (2000) Proc. Natl. Acad. Sci. USA
97:4985-4990; Stoutjesdijk, et al., (2002) Plant Physiol. 129:
1723-1731; Waterhouse and Helliwell (2003) Nat. Rev.
Genet. 4:29-38; Pandolfini, et al., BMC Biotechnology 3:7,
and US Patent Application Publication Number
20030175965; each of which is herein incorporated by refer-
ence. A transient assay for the efficiency of hpRNA constructs
to silence gene expression in vivo has been described by
Panstruga, et al., (2003) Mol. Biol. Rep. 30:135-140, herein
incorporated by reference.

[0150] For ihpRNA, the interfering molecules have the
same general structure as for hpRNA, but the RNA molecule
additionally comprises an intron that is capable of being
spliced in the cell in which the ihpRNA is expressed. The use
of an intron minimizes the size of the loop in the hairpin RNA
molecule following splicing, and this increases the efficiency
of interference. See, for example, Smith, et al., (2000) Nature
407:319-320. In fact, Smith, et al., show 100% suppression of
endogenous gene expression using ihpRNA-mediated inter-
ference. Methods forusing ihpRNA interference to inhibit the
expression of endogenous plant genes are described, for
example, in Smith, et al., (2000) Nature 407:319-320; Wes-
ley, et al., (2001) Plant J. 27:581-590; Wang and Waterhouse
(2001) Curr. Opin. Plant Biol. 5:146-150; Waterhouse and
Helliwell (2003) Nat. Rev. Genet. 4:29-38; Helliwell and
Waterhouse (2003) Methods 30:289-295, and US Patent
Application Publication Number 20030180945, each of
which is herein incorporated by reference.

[0151] The expression cassette for hpRNA interference
may also be designed such that the sense sequence and the
antisense sequence do not correspond to an endogenous
RNA. In this embodiment, the sense and antisense sequence
flank a loop sequence that comprises a nucleotide sequence
corresponding to all or part of the endogenous messenger
RNA of the target gene. Thus, it is the loop region that deter-
mines the specificity of the RNA interference. See, for
example, WO 02/00904, Mette, et al., (2000) EMBO J.
19:5194-5201; Matzke, et al., (2001) Curr. Opin. Genet.
Devel. 11:221-227; Scheid, et al., (2002) Proc. Natl. Acad.
Sci., USA 99:13659-13662; Aufsaftz, et al., (2002) Proc.
Nat’l. Acad. Sci. 99(4):16499-16506; Sijen, et al., Curr. Biol.
(2001) 11:436-440), herein incorporated by reference.

[0152]

[0153] Amplicon expression cassettes comprise a plant
virus-derived sequence that contains all or part of the target
gene but generally not all of the genes of the native virus. The
viral sequences present in the transcription product of the
expression cassette allow the transcription product to direct
its own replication. The transcripts produced by the amplicon
may be either sense or antisense relative to the target sequence
(i.e., the messenger RNA for the AMT polypeptide). Methods
of using amplicons to inhibit the expression of endogenous
plant genes are described, for example, in Angell and Baul-
combe (1997) EMBO J. 16:3675-3684, Angell and Baul-
combe (1999) Plant J. 20:357-362, and U.S. Pat. No. 6,646,
805, each of which is herein incorporated by reference.

v. Amplicon-Mediated Interference
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[0154] vi. Ribozymes

[0155] In some embodiments, the polynucleotide
expressed by the expression cassette of the invention is cata-
Iytic RNA or has ribozyme activity specific for the messenger
RNA of the AMT polypeptide. Thus, the polynucleotide
causes the degradation of the endogenous messenger RNA,
resulting in reduced expression of the AMT polypeptide. This
method is described, for example, in U.S. Pat. No. 4,987,071,
herein incorporated by reference.

[0156] vii. Small Interfering RNA or Micro RNA

[0157] Insomeembodiments of the invention, inhibition of
the expression of an amt polypeptide may be obtained by
RNA interference by expression of a gene encoding a micro
RNA (miRNA). miRNAs are regulatory agents consisting of
about 22 ribonucleotides. miRNA are highly efficient at
inhibiting the expression of endogenous genes. See, for
example, Javier, et al., (2003) Nature 425:257-263, herein
incorporated by reference.

[0158] For miRNA interference, the expression cassette is
designed to express an RNA molecule that is modeled on an
endogenous miRNA gene. The miRNA gene encodes an
RNA that forms a hairpin structure containing a 22-nucle-
otide sequence that is complementary to another endogenous
gene (target sequence). For suppression of AMT expression,
the 22-nucleotide sequence is selected from an amt transcript
sequence and contains 22 nucleotides of said AMT sequence
in sense orientation and 21 nucleotides of a corresponding
antisense sequence that is complementary to the sense
sequence. miRNA molecules are highly efficient at inhibiting
the expression of endogenous genes, and the RNA interfer-
ence they induce is inherited by subsequent generations of

plants.

[0159] 2. Polypeptide-Based Inhibition of Gene Expres-
sion

[0160] In one embodiment, the polynucleotide encodes a

zinc finger protein that binds to a gene encoding an amt
polypeptide, resulting in reduced expression of the gene. In
particular embodiments, the zinc finger protein binds to a
regulatory region of an amt gene. In other embodiments, the
zinc finger protein binds to a messenger RNA encoding an
amt polypeptide and prevents its translation. Methods of
selecting sites for targeting by zinc finger proteins have been
described, for example, in U.S. Pat. No. 6,453,242, and meth-
ods for using zinc finger proteins to inhibit the expression of
genes in plants are described, for example, in US Patent
Application Publication Number 20030037355; each of
which is herein incorporated by reference.

[0161] 3. Polypeptide-Based Inhibition of Protein Activity
[0162] In some embodiments of the invention, the poly-
nucleotide encodes an antibody that binds to atleastone AMT
polypeptide, and reduces the AMT transporter activity of the
AMT polypeptide. In another embodiment, the binding of the
antibody results in increased turnover of the antibody-AMT
complex by cellular quality control mechanisms. The expres-
sion of antibodies in plant cells and the inhibition of molecu-
lar pathways by expression and binding of antibodies to pro-
teins in plant cells are well known in the art. See, for example,
Conrad and Sonnewald (2003) Nature Biotech. 21:35-36,
incorporated herein by reference.

[0163] 4. Gene Disruption

[0164] In some embodiments of the present invention, the
activity of an amt polypeptide is reduced or eliminated by
disrupting the gene encoding the AMT polypeptide. The gene
encoding the AMT polypeptide may be disrupted by any
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method known in the art. For example, in one embodiment,
the gene is disrupted by transposon tagging. In another
embodiment, the gene is disrupted by mutagenizing plants
using random or targeted mutagenesis, and selecting for
plants that have reduced AMT transporter activity.

[0165]

[0166] Inoneembodiment of the invention, transposon tag-
ging is used to reduce or eliminate the AMT activity of one or
more AMT polypeptide. Transposon tagging comprises
inserting a transposon within an endogenous AMT gene to
reduce or eliminate expression of the AMT polypeptide.
“AMT gene” is intended to mean the gene that encodes an amt
polypeptide according to the invention.

[0167] In this embodiment, the expression of one or more
AMT polypeptide is reduced or eliminated by inserting a
transposon within a regulatory region or coding region of the
gene encoding the AMT polypeptide. A transposon that is
within an exon, intron, 5' or 3' untranslated sequence, a pro-
moter, or any other regulatory sequence of an amt gene may
be used to reduce or eliminate the expression and/or activity
of'the encoded AMT polypeptide.

[0168] Methods for the transposon tagging of specific
genes in plants are well known in the art. See, for example,
Maes, et al., (1999) Trends Plant Sci. 4:90-96; Dharmapuri
and Sonti (1999) FEMS Microbiol. Lett. 179:53-59; Meiss-
ner, etal., (2000) Plant J. 22:265-274; Phogat, et al., (2000) J.
Biosci. 25:57-63; Walbot (2000) Curr. Opin. Plant Biol.
2:103-107; Gai, et al., (2000) Nucleic Acids Res. 28:94-96;
Fitzmaurice, et al., (1999) Genetics 153:1919-1928). In addi-
tion, the TUSC process for selecting Mu insertions in selected
genes has been described in Bensen, et al., (1995) Plant Cell
7:75-84; Mena, et al., (1996) Science 274:1537-1540; and
U.S. Pat. No. 5,962,764; each of which is herein incorporated
by reference.

[0169] 1ii. Mutant Plants with Reduced Activity

[0170] Additional methods for decreasing or eliminating
the expression of endogenous genes in plants are also known
in the art and can be similarly applied to the instant invention.
These methods include other forms of mutagenesis, such as
ethyl methanesulfonate-induced mutagenesis, deletion
mutagenesis, and fast neutron deletion mutagenesis used in a
reverse genetics sense (with PCR) to identify plant lines in
which the endogenous gene has been deleted. For examples
of these methods see, Ohshima, et al., (1998) Virology 243:
472-481; Okubara, et al., (1994) Genetics 137:867-874; and
Quesada, et al., (2000) Genetics 154:421-436; each of which
is herein incorporated by reference. In addition, a fast and
automatable method for screening for chemically induced
mutations, TILLING (Targeting Induced Local Lesions In
Genomes), using denaturing HPLC or selective endonuclease
digestion of selected PCR products is also applicable to the
instant invention. See, McCallum, et al., (2000) Nat. Biotech-
nol. 18:455-457, herein incorporated by reference.

[0171] Mutations that impact gene expression or that inter-
fere with the function (AMT transporter activity) of the
encoded protein are well known in the art. Insertional muta-
tions in gene exons usually result in null-mutants. Mutations
in conserved residues are particularly effective in inhibiting
the AMT transporter activity of the encoded protein. Con-
served residues of plant AMT polypeptides suitable for
mutagenesis with the goal to eliminate AMT transporter
activity have been described. Such mutants can be isolated
according to well-known procedures, and mutations in dif-

i. Transposon Tagging
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ferent AMT loci can be stacked by genetic crossing. See, for
example, Gruis, et al., (2002) Plant Cell 14:2863-2882.
[0172] In another embodiment of this invention, dominant
mutants can be used to trigger RNA silencing due to gene
inversion and recombination of a duplicated gene locus. See,
for example, Kusaba, et al., (2003) Plant Cell 15:1455-1467.
[0173] The invention encompasses additional methods for
reducing or eliminating the activity of one or more AMT
polypeptide. Examples of other methods for altering or
mutating a genomic nucleotide sequence in a plant are known
in the art and include, but are not limited to, the use of
RNA:DNA vectors, RNA:DNA mutational vectors, RNA:
DNA repair vectors, mixed-duplex oligonucleotides, self-
complementary RNA:DNA oligonucleotides, and recombi-
nogenic oligonucleobases. Such vectors and methods of use
are known in the art. See, for example, U.S. Pat. Nos. 5,565,
350, 5,731,181; 5,756,325, 5,760,012; 5,795,972; and 5,871,
984; each of which are herein incorporated by reference. See
also, WO 98/49350, WO 99/07865, WO 99/25821, and
Beetham, et al., (1999) Proc. Natl. Acad. Sci. USA 96:8774-
8778; each of which is herein incorporated by reference.
[0174] iii. Modulating AMT Transporter Activity

[0175] In specific methods, the level and/or activity of an
amt regulator in a plant is decreased by increasing the level or
activity of the AMT polypeptide in the plant. Methods for
increasing the level and/or activity of AMT polypeptides in a
plant are discussed elsewhere herein. Briefly, such methods
comprise providing an amt polypeptide of the invention to a
plant and thereby increasing the level and/or activity of the
AMT polypeptide. In other embodiments, an amt nucleotide
sequence encoding an amt polypeptide can be provided by
introducing into the plant a polynucleotide comprising an amt
nucleotide sequence of the invention, expressing the AMT
sequence, increasing the activity of the AMT polypeptide,
and thereby decreasing the ammonium uptake or transport in
the plant or plant part. In other embodiments, the AMT nucle-
otide construct introduced into the plant is stably incorpo-
rated into the genome of the plant.

[0176] As discussed above, one of skill will recognize the
appropriate promoter to use to modulate the level/activity of
an amt transporter in the plant. Exemplary promoters for this
embodiment have been disclosed elsewhere herein.

[0177] Accordingly, the present invention further provides
plants having a modified number of cells when compared to
the number of cells of a control plant tissue. In one embodi-
ment, the plant of the invention has an increased level/activity
of the AMT polypeptide of the invention and thus has an
increased Ammonium transport in the plant tissue. In other
embodiments, the plant of the invention has a reduced or
eliminated level of the AMT polypeptide of the invention and
thus has an increased NUE in the plant tissue. In other
embodiments, such plants have stably incorporated into their
genome a nucleic acid molecule comprising an amt nucle-
otide sequence of the invention operably linked to a promoter
that drives expression in the plant cell.

[0178] iv. Modulating Root Development

[0179] Methods for modulating root development in a plant
are provided. By “modulating root development” is intended
any alteration in the development of the plant root when
compared to a control plant. Such alterations in root devel-
opment include, but are not limited to, alterations in the
growth rate of the primary root, the fresh root weight, the
extent of lateral and adventitious root formation, the vascu-
lature system, meristem development, or radial expansion.
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[0180] Methods for modulating root development in a plant
are provided. The methods comprise modulating the level
and/or activity of the AMT polypeptide in the plant. In one
method, an amt sequence of the invention is provided to the
plant. In another method, the AMT nucleotide sequence is
provided by introducing into the plant a polynucleotide com-
prising an amt nucleotide sequence of the invention, express-
ing the AMT sequence, and thereby modifying root develop-
ment. In still other methods, the AMT nucleotide construct
introduced into the plant is stably incorporated into the
genome of the plant.

[0181] Inother methods, root development is modulated by
altering the level or activity of the AMT polypeptide in the
plant. A decrease in AMT activity can result in at least one or
more of the following alterations to root development, includ-
ing, but not limited to, larger root meristems, increased in root
growth, enhanced radial expansion, an enhanced vasculature
system, increased root branching, more adventitious roots,
and/or an increase in fresh root weight when compared to a
control plant.

[0182] As used herein, “root growth” encompasses all
aspects of growth of the different parts that make up the root
system at different stages of its development in both mono-
cotyledonous and dicotyledonous plants. It is to be under-
stood that enhanced root growth can result from enhanced
growth of one or more of its parts including the primary root,
lateral roots, adventitious roots, etc.

[0183] Methods of measuring such developmental alter-
ations in the root system are known in the art. See, for
example, US Patent Application Publication Number 2003/
0074698 and Werner, et al., (2001) PNAS 18:10487-10492,
both of which are herein incorporated by reference.

[0184] As discussed above, one of skill will recognize the
appropriate promoter to use to modulate root development in
the plant. Exemplary promoters for this embodiment include
constitutive promoters and root-preferred promoters. Exem-
plary root-preferred promoters have been disclosed else-
where herein.

[0185] Stimulating root growth and increasing root mass by
decreasing the activity and/or level of the AMT polypeptide
also finds use in improving the standability of a plant. The
term “resistance to lodging” or “standability” refers to the
ability of a plant to fix itselfto the soil. For plants with an erect
or semi-erect growth habit, this term also refers to the ability
to maintain an upright position under adverse (environmen-
tal) conditions. This trait relates to the size, depth and mor-
phology of the root system. In addition, stimulating root
growth and increasing root mass by decreasing the level and/
or activity of the AMT polypeptide also finds use in promot-
ing in vitro propagation of explants.

[0186] Furthermore, higher root biomass production due to
andecreased level and/or activity of AMT activity has a direct
effect on the yield and an indirect effect of production of
compounds produced by root cells or transgenic root cells or
cell cultures of said transgenic root cells. One example of an
interesting compound produced in root cultures is shikonin,
the yield of which can be advantageously enhanced by said
methods.

[0187] Accordingly, the present invention further provides
plants having modulated root development when compared to
the root development of a control plant. In some embodi-
ments, the plant of the invention has an increased level/activ-
ity of the AMT polypeptide of the invention and has enhanced
root growth and/or root biomass. In other embodiments, such
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plants have stably incorporated into their genome a nucleic
acid molecule comprising an amt nucleotide sequence of the
invention operably linked to a promoter that drives expression
in the plant cell.

[0188] v. Modulating Shoot and Leaf Development

[0189] Methods are also provided for modulating shootand
leaf development in a plant. By “modulating shoot and/or leaf
development” is intended any alteration in the development
of'the plant shoot and/or leaf. Such alterations in shoot and/or
leaf development include, but are not limited to, alterations in
shoot meristem development, in leaf number, leaf size, leaf
and stem vasculature, internode length, and leaf senescence.
Asused herein, “leaf development” and “shoot development™
encompasses all aspects of growth of the different parts that
make up the leaf system and the shoot system, respectively, at
different stages of their development, both in monocotyle-
donous and dicotyledonous plants. Methods for measuring
such developmental alterations in the shoot and leaf system
are known in the art. See, for example, Werner, et al., (2001)
PNAS 98:10487-10492 and US Patent Application Publica-
tion Number 2003/0074698, each of which is herein incor-
porated by reference.

[0190] The method for modulating shoot and/or leaf devel-
opment in a plant comprises modulating the activity and/or
level of an AMT polypeptide of the invention. In one embodi-
ment, an amt sequence of the invention is provided. In other
embodiments, the AMT nucleotide sequence can be provided
by introducing into the plant a polynucleotide comprising an
amt nucleotide sequence of the invention, expressing the
AMT sequence, and thereby modifying shoot and/or leaf
development. In other embodiments, the AMT nucleotide
construct introduced into the plant is stably incorporated into
the genome of the plant.

[0191] In specific embodiments, shoot or leaf development
is modulated by increasing the level and/or activity of the
AMT polypeptide in the plant. An increase in AMT activity
can result in at least one or more of the following alterations
in shoot and/or leaf development, including, but not limited
to, reduced leaf number, reduced leaf surface, reduced vas-
cular, shorter internodes and stunted growth, and retarded leaf
senescence, when compared to a control plant.

[0192] As discussed above, one of skill will recognize the
appropriate promoter to use to modulate shoot and leaf devel-
opment of the plant. Exemplary promoters for this embodi-
ment include constitutive promoters, shoot-preferred pro-
moters, shoot meristem-preferred promoters, and leaf-
preferred promoters. Exemplary promoters have been
disclosed elsewhere herein.

[0193] Increasing AMT activity and/or level in a plant
results in shorter internodes and stunted growth. Thus, the
methods of the invention find use in producing dwarf plants.
In addition, as discussed above, modulation AMT activity in
the plant modulates both root and shoot growth. Thus, the
present invention further provides methods for altering the
root/shoot ratio. Shoot or leaf development can further be
modulated by decreasing the level and/or activity of the AMT
polypeptide in the plant.

[0194] Accordingly, the present invention further provides
plants having modulated shoot and/or leaf development when
compared to a control plant. In some embodiments, the plant
of the invention has an increased level/activity of the AMT
polypeptide of the invention. In other embodiments, the plant
of the invention has a decreased level/activity of the AMT
polypeptide of the invention.
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[0195] vi Modulating Reproductive Tissue Development
[0196] Methods for modulating reproductive tissue devel-
opment are provided. In one embodiment, methods are pro-
vided to modulate floral development in a plant. By “modu-
lating floral development” is intended any alteration in a
structure of a plant’s reproductive tissue as compared to a
control plant in which the activity or level of the AMT
polypeptide has not been modulated. “Modulating floral
development” further includes any alteration in the timing of
the development of a plant’s reproductive tissue (i.e., a
delayed or a accelerated timing of floral development) when
compared to a control plant in which the activity or level of
the AMT polypeptide has not been modulated. Macroscopic
alterations may include changes in size, shape, number, or
location of reproductive organs, the developmental time
period that these structures form, or the ability to maintain or
proceed through the flowering process in times of environ-
mental stress. Microscopic alterations may include changes
to the types or shapes of cells that make up the reproductive
organs.

[0197] The method for modulating floral development in a
plant comprises modulating AMT activity in a plant. In one
method, an AMT sequence of the invention is provided. AN
AMT nucleotide sequence can be provided by introducing
into the plant a polynucleotide comprising an amt nucleotide
sequence of the invention, expressing the AMT sequence, and
thereby modifying floral development. In other embodi-
ments, the AMT nucleotide construct introduced into the
plant is stably incorporated into the genome of the plant.
[0198] In specific methods, floral development is modu-
lated by increasing the level or activity of the AMT polypep-
tide in the plant. An increase in AMT activity can result in at
least one or more of the following alterations in floral devel-
opment, including, but not limited to, retarded flowering,
reduced number of flowers, partial male sterility, and reduced
seed set, when compared to a control plant. Inducing delayed
flowering or inhibiting flowering can be used to enhance yield
in forage crops such as alfalfa. Methods for measuring such
developmental alterations in floral development are known in
the art. See, for example, Mouradov, et al., (2002) The Plant
Cell S11-8130, herein incorporated by reference.

[0199] As discussed above, one of skill will recognize the
appropriate promoter to use to modulate floral development
of the plant. Exemplary promoters for this embodiment
include constitutive promoters, inducible promoters, shoot-
preferred promoters, and inflorescence-preferred promoters.
[0200] In other methods, floral development is modulated
by decreasing the level and/or activity of the AMT sequence
of the invention. Such methods can comprise introducing an
amt nucleotide sequence into the plant and decreasing the
activity of the AMT polypeptide. In other methods, the AMT
nucleotide construct introduced into the plant is stably incor-
porated into the genome of the plant. Decreasing expression
of the AMT sequence of the invention can modulate floral
development during periods of stress. Such methods are
described elsewhere herein. Accordingly, the present inven-
tion further provides plants having modulated floral develop-
ment when compared to the floral development of a control
plant. Compositions include plants having a decreased level/
activity of the AMT polypeptide of the invention and having
an altered floral development. Compositions also include
plants having a decreased level/activity of the AMT polypep-
tide of the invention wherein the plant maintains or proceeds
through the flowering process in times of stress.
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[0201] Methods are also provided for the use of the AMT
sequences of the invention to increase nitrogen use efficiency.
The method comprises decreasing or increasing the activity
of the AMT sequences in a plant or plant part, such as the
roots, shoot, epidermal cells, etc.

[0202] As discussed above, one of skill will recognize the
appropriate promoter to use to manipulate the expression of
AMTs. Exemplary promoters of this embodiment include
constitutive promoters, inducible promoters, and root or
shoot or leaf preferred promoters.

[0203] vii. Method of Use for AMT Promoter Polynucle-
otides
[0204] The polynucleotides comprising the AMT promot-

ers disclosed in the present invention, as well as variants and
fragments thereof, are useful in the genetic manipulation of
any host cell, preferably plant cell, when assembled with a
DNA construct such that the promoter sequence is operably
linked to a nucleotide sequence comprising a polynucleotide
of interest. In this manner, the AMT promoter polynucle-
otides of the invention are provided in expression cassettes
along with a polynucleotide sequence of interest for expres-
sion in the host cell of interest. As discussed in Example XX
below, the AMT promoter sequences of the invention are
expressed in a variety of tissues and thus the promoter
sequences can find use in regulating the temporal and/or the
spatial expression of polynucleotides of interest.

[0205] Synthetic hybrid promoter regions are known in the
art. Such regions comprise upstream promoter elements of
one polynucleotide operably linked to the promoter element
of another polynucleotide. In an embodiment of the inven-
tion, heterologous sequence expression is controlled by a
synthetic hybrid promoter comprising the AMT promoter
sequences of the invention, or a variant or fragment thereof,
operably linked to upstream promoter element(s) from a het-
erologous promoter. Upstream promoter elements that are
involved in the plant defense system have been identified and
may be used to generate a synthetic promoter. See, for
example, Rushton, et al., (1998) Curr. Opin. Plant Biol.
1:311-315. Alternatively, a synthetic AMT promoter
sequence may comprise duplications of the upstream pro-
moter elements found within the AMT promoter sequences.

[0206] It is recognized that the promoter sequence of the
invention may be used with its native AMT coding sequences.
A DNA construct comprising the AMT promoter operably
linked with its native AMT gene may be used to transform any
plant of interest to bring about a desired phenotypic change,
such as, modulating root, shoot, leaf, floral, and embryo
development, stress tolerance, and any other phenotype
described elsewhere herein.

[0207] The promoter nucleotide sequences and methods
disclosed herein are useful in regulating expression of any
heterologous nucleotide sequence in a host plant in order to
vary the phenotype of a plant. Various changes in phenotype
are of interest including moditfying the fatty acid composition
in a plant, altering the amino acid content of a plant, altering
a plant’s pathogen defense mechanism, and the like. These
results can be achieved by providing expression of heterolo-
gous products or increased expression of endogenous prod-
ucts in plants. Alternatively, the results can be achieved by
providing for a reduction of expression of one or more endog-
enous products, particularly enzymes or cofactors in the
plant. These changes result in a change in phenotype of the
transformed plant.
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[0208] Genes of interest are reflective of the commercial
markets and interests of those involved in the development of
the crop. Crops and markets of interest change, and as devel-
oping nations open up world markets, new crops and tech-
nologies will emerge also. In addition, as our understanding
of agronomic traits and characteristics such as yield and het-
erosis increase, the choice of genes for transformation will
change accordingly. General categories of genes of interest
include, for example, those genes involved in information,
such as zinc fingers, those involved in communication, such
as kinases, and those involved in housekeeping, such as heat
shock proteins. More specific categories of transgenes, for
example, include genes encoding important traits for agro-
nomics, insect resistance, disease resistance, herbicide resis-
tance, sterility, grain characteristics, and commercial prod-
ucts. Genes of interest include, generally, those involved in
oil, starch, carbohydrate, or nutrient metabolism as well as
those affecting kernel size, sucrose loading, and the like.

[0209] In certain embodiments the nucleic acid sequences
of the present invention can be used in combination
(“stacked”) with other polynucleotide sequences of interest in
order to create plants with a desired phenotype. The combi-
nations generated can include multiple copies of any one or
more of the polynucleotides of interest. The polynucleotides
of the present invention may be stacked with any gene or
combination of genes to produce plants with a variety of
desired trait combinations, including but not limited to traits
desirable for animal feed such as high oil genes (e.g., U.S. Pat.
No. 6,232,529); balanced amino acids (e.g., hordothionins
(U.S. Pat. Nos. 5,990,389; 5,885,801, 5,885,802; and 5,703,
409); barley high lysine (Williamson, et al., (1987) Eur. J.
Biochem. 165:99-106; and WO 98/20122); and high methion-
ine proteins (Pedersen, et al., (1986) J. Biol. Chem. 261:6279;
Kirihara, et al., (1988) Gene 71:359; and Musumura, et al.,
(1989) Plant Mol. Biol. 12: 123)); increased digestibility
(e.g., modified storage proteins (U.S. patent application Ser.
No. 10/053,410, filed Nov. 7, 2001); and thioredoxins (U.S.
patent application Ser. No. 10/005,429, filed Dec. 3, 2001)),
the disclosures of which are herein incorporated by reference.
The polynucleotides of the present invention can also be
stacked with traits desirable for insect, disease or herbicide
resistance (e.g., Bacillus thuringiensis toxic proteins (U.S.
Pat. Nos. 5,366,892, 5,747,450, 5,737,514, 5,723,756, 5,593,
881; Geiser, etal., (1986) Gene 48:109); lectins (Van Damme,
etal., (1994) Plant Mol. Biol. 24:825); fumonisin detoxifica-
tion genes (U.S. Pat. No. 5,792,931); avirulence and disease
resistance genes (Jones, et al., (1994) Science 266:789; Mar-
tin, et al., (1993) Science 262:1432; Mindrinos, et al., (1994)
Cell 78:1089); acetolactate synthase (ALS) mutants that lead
to herbicide resistance such as the S4 and/or Hra mutations;
inhibitors of glutamine synthase such as phosphinothricin or
basta (e.g., bar gene); and glyphosate resistance (EPSPS
gene)); and traits desirable for processing or process products
such as high oil (e.g., U.S. Pat. No. 6,232,529); modified oils
(e.g., fatty acid desaturase genes (U.S. Pat. No. 5,952,544
WO 94/11516)); modified starches (e.g., ADPG pyrophos-
phorylases (AGPase), starch synthases (SS), starch branching
enzymes (SBE) and starch debranching enzymes (SDBE));
and polymers or bioplastics (e.g., U.S. Pat. No. 5,602,321;
beta-ketothiolase, polyhydroxybutyrate synthase, and
acetoacetyl-CoA reductase (Schubert, et al., (1988) J. Bacte-
riol. 170:5837-5847) facilitate expression of polyhydroxyal-
kanoates (PHAs)), the disclosures of which are herein incor-
porated by reference. One could also combine the
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polynucleotides of the present invention with polynucle-
otides affecting agronomic traits such as male sterility (e.g.,
see, U.S. Pat. No. 5,583,210), stalk strength, flowering time,
or transformation technology traits such as cell cycle regula-
tion or gene targeting (e.g., WO 99/61619; WO 00/17364;
WO 99/25821), the disclosures of which are herein incorpo-
rated by reference.

[0210] In one embodiment, sequences of interest improve
plant growth and/or crop yields. For example, sequences of
interest include agronomically important genes that result in
improved primary or lateral root systems. Such genes include,
but are not limited to, nutrient/water transporters and growth
induces. Examples of such genes, include but are not limited
to, maize plasma membrane H*-ATPase (MHA2) (Frias, et
al., (1996) Plant Cell 8:1533-44); AKT1, a component of the
potassium uptake apparatus in Arabidopsis, (Spalding, et al.,
(1999) J Gen Physiol 113:909-18); RML genes which acti-
vate cell division cycle in the root apical cells (Cheng, et al.,
(1995) Plant Physiol 108:881); maize glutamine synthetase
genes (Sukanya, et al., (1994) Plant Mol Biol 26:1935-46)
and hemoglobin (Duff, et al., (1997) J. Biol. Chem. 27:16749-
16752, Arredondo-Peter, et al., (1997) Plant Physiol. 115:
1259-1266; Arredondo-Peter, et al., (1997) Plant Physiol
114:493-500 and references sited therein). The sequence of
interest may also be useful in expressing antisense nucleotide
sequences of genes that that negatively affects root develop-
ment.

[0211] Additional, agronomically important traits such as
oil, starch, and protein content can be genetically altered in
addition to using traditional breeding methods. Modifications
include increasing content of oleic acid, saturated and unsat-
urated oils, increasing levels of lysine and sulfur, providing
essential amino acids, and also modification of starch. Hor-
dothionin protein modifications are described in U.S. Pat.
Nos. 5,703,049, 5,885,801, 5,885,802, and 5,990,389, herein
incorporated by reference. Another example is lysine and/or
sulfur rich seed protein encoded by the soybean 2S albumin
described in U.S. Pat. No. 5,850,016, and the chymotrypsin
inhibitor from barley, described in Williamson, et al., (1987)
FEur. J. Biochem. 165:99-106, the disclosures of which are
herein incorporated by reference.

[0212] Derivatives of the coding sequences can be made by
site-directed mutagenesis to increase the level of preselected
amino acids in the encoded polypeptide. For example, the
gene encoding the barley high lysine polypeptide (BHL) is
derived from barley chymotrypsin inhibitor, U.S. patent
application Ser. No. 08/740,682, filed Nov. 1, 1996, and WO
98/20133, the disclosures of which are herein incorporated by
reference. Other proteins include methionine-rich plant pro-
teins such as from sunflower seed (Lilley, et al., (1989) Pro-
ceedings of the World Congress on Vegetable Protein Utiliza-
tion in Human Foods and Animal Feedstuffs, ed. Applewhite
(American Oil Chemists Society, Champaign, I11.), pp. 497-
502; herein incorporated by reference); corn (Pedersen, et al.,
(1986) J. Biol. Chem. 261:6279; Kirihara, et al., (1988) Gene
71:359; both of which are herein incorporated by reference);
and rice (Musumura, et al., (1989) Plant Mol. Biol. 12:123,
herein incorporated by reference). Other agronomically
important genes encode latex, Floury 2, growth factors, seed
storage factors, and transcription factors.

[0213] Insect resistance genes may encode resistance to
pests that have great yield drag such as rootworm, cutworm,
European Corn Borer, and the like. Such genes include, for
example, Bacillus thuringiensis toxic protein genes (U.S. Pat.
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Nos. 5,366,892, 5,747,450, 5,736,514, 5,723,756, 5,593,881,
and Geiser, et al., (1986) Gene 48:109); and the like.

[0214] Genes encoding disease resistance traits include
detoxification genes, such as against fumonosin (U.S. Pat.
No. 5,792,931); avirulence (avr) and disease resistance (R)
genes (Jones, et al., (1994) Science 266:789; Martin, et al.,
(1993) Science 262:1432; and Mindrinos, et al., (1994) Cell
78:1089); and the like.

[0215] Herbicide resistance traits may include genes cod-
ing for resistance to herbicides that act to inhibit the action of
acetolactate synthase (ALS), in particular the sulfonylurea-
type herbicides (e.g., the acetolactate synthase (ALS) gene
containing mutations leading to such resistance, in particular
the S4 and/or Hra mutations), genes coding for resistance to
herbicides that act to inhibit action of glutamine synthase,
such as phosphinothricin or basta (e.g., the bar gene), or other
such genes known in the art. The bar gene encodes resistance
to the herbicide basta, the nptll gene encodes resistance to the
antibiotics kanamycin and geneticin, and the ALS-gene
mutants encode resistance to the herbicide chlorsulfuron.
[0216] Sterility genes can also be encoded in an expression
cassette and provide an alternative to physical detasseling.
Examples of genes used in such ways include male tissue-
preferred genes and genes with male sterility phenotypes
such as QM, described in U.S. Pat. No. 5,583,210. Other
genes include kinases and those encoding compounds toxic to
either male or female gametophytic development.

[0217] The quality of grain is reflected in traits such as
levels and types of oils, saturated and unsaturated, quality and
quantity of essential amino acids, and levels of cellulose. In
corn, modified hordothionin proteins are described in U.S.
Pat. Nos. 5,703,049, 5,885,801, 5,885,802 and 5,990,389.
[0218] Commercial traits can also be encoded on a gene or
genes that could increase for example, starch for ethanol
production, or provide expression of proteins. Another impor-
tant commercial use of transformed plants is the production
of'polymers and bioplastics such as described in U.S. Pat. No.
5,602,321. Genes such as -Ketothiolase, PHBase (polyhy-
droxyburyrate synthase), and acetoacetyl-CoA reductase
(see, Schubert, et al., (1988) J. Bacteriol. 170:5837-5847)
facilitate expression of polyhyroxyalkanoates (PHAs).
[0219] Exogenous products include plant enzymes and
products as well as those from other sources including pro-
caryotes and other eukaryotes. Such products include
enzymes, cofactors, hormones, and the like. The level of
proteins, particularly modified proteins having improved
amino acid distribution to improve the nutrient value of the
plant, can be increased. This is achieved by the expression of
such proteins having enhanced amino acid content.

[0220] This invention can be better understood by reference
to the following non-limiting examples. It will be appreciated
by those skilled in the art that other embodiments of the
invention may be practiced without departing from the spirit
and the scope of the invention as herein disclosed and
claimed.

EXAMPLES
Example 1
Isolation of AMT Sequences

[0221] A routine for identifying all members of a given
species’ ammonium transporter (AMT) gene family was
employed. First, a diverse set of all the known available
members of the gene family as protein sequences was pre-
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pared from public and proprietary sources. This data could
include orthologous sequences from other species besides
these four. Then, as in the example of maize, these protein
query sequences were BLAST algorithm searched against a
combination of proprietary and public maize, genomic or
transcript, nucleotide sequence datasets, and a non-redundant
set of candidate AMTs or ‘hits’ was identified. These
sequences were combined with any existing maize gene fam-
ily sequences, and then curated and edited to arrive at a new
working set of unique maize AMT gene or transcript
sequences and their translations. This search for gene family
members was repeated. If there were recovered new
sequences whose nucleotide sequences were unique (not
same-gene matches), the process repeated until completion,
that is until no new and distinct nucleotide sequences were
found. In this way it was determined that the maize AMT
family of genes consisted of at least seven members. Eleven
distinct soybean sequences were found. Without the complete
genome sequences of maize or soybean available, researchers
were less certain of the exact gene family size, than they were
for Arabidopsis (6 members) and rice (17 members). The
availability of complete genome sequences for Arabidopsis
and rice simplified the search, aided also by availability of
fairly mature gene models and annotations for these species.

Example 2

Transformation and Regeneration of Transgenic
Plants

[0222] Immature maize embryos from greenhouse donor
plants are bombarded with a plasmid containing the AMT
sequence operably linked to the drought-inducible promoter
RAB17 promoter (Vilardell, et al., (1990) Plant Mol Biol
14:423-432) and the selectable marker gene PAT, which con-
fers resistance to the herbicide Bialaphos. Alternatively, the
selectable marker gene is provided on a separate plasmid.
Transformation is performed as follows. Media recipes fol-
low below.

[0223] Preparation of Target Tissue:

[0224] The ears are husked and surface sterilized in 30%
Clorox bleach plus 0.5% Micro detergent for 20 minutes, and
rinsed two times with sterile water. The immature embryos
are excised and placed embryo axis side down (scutellum side
up), 25 embryos per plate, on 560Y medium for 4 hours and
then aligned within the 2.5-cm target zone in preparation for
bombardment.

[0225] Preparation of DNA:

[0226] A plasmid vector comprising the AMT sequence
operably linked to an ubiquitin promoter is made. This plas-
mid DNA plus plasmid DNA containing a PAT selectable
marker is precipitated onto 1.1 um (average diameter) tung-
sten pellets using a CaCl, precipitation procedure as follows:

[0227] 100 pl prepared tungsten particles in water

[0228] 10 pl (1 pg) DNA in Tris EDTA buffer (1 pg total
DNA)

[0229] 100 pl 2.5 M CaCl,

[0230] 10 pl 0.1 M spermidine

[0231] Each reagent is added sequentially to the tungsten

particle suspension, while maintained on the multitube vor-
texer. The final mixture is sonicated briefly and allowed to
incubate under constant vortexing for 10 minutes. After the
precipitation period, the tubes are centrifuged briefly, liquid
removed, washed with 500 ml 100% ethanol, and centrifuged
for 30 seconds. Again the liquid is removed, and 105 pl 100%
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ethanol is added to the final tungsten particle pellet. For
particle gun bombardment, the tungsten/DNA particles are
briefly sonicated and 10 pl spotted onto the center of each
macrocarrier and allowed to dry about 2 minutes before bom-
bardment.

[0232] Particle Gun Treatment:

[0233] The sample plates are bombarded at level #4 in
particle gun #HE34-1 or #HE34-2. All samples receive a
single shot at 650 PSI, with a total of ten aliquots taken from
each tube of prepared particles/DNA.

[0234] Subsequent Treatment:

[0235] Following bombardment, the embryos are kept on
560Y medium for 2 days, then transferred to S60R selection
medium containing 3 mg/liter Bialaphos, and subcultured
every 2 weeks. After approximately 10 weeks of selection,
selection-resistant callus clones are transferred to 288]
medium to initiate plant regeneration. Following somatic
embryo maturation (2-4 weeks), well-developed somatic
embryos are transferred to medium for germination and trans-
ferred to the lighted culture room. Approximately 7-10 days
later, developing plantlets are transterred to 272V hormone-
free medium in tubes for 7-10 days until plantlets are well
established. Plants are then transferred to inserts in flats
(equivalent to 2.5" pot) containing potting soil and grown for
1 week in a growth chamber, subsequently grown an addi-
tional 1-2 weeks in the greenhouse, then transferred to classic
600 pots (1.6 gallon) and grown to maturity. Plants are moni-
tored and scored for increased drought tolerance. Assays to
measure improved drought tolerance are routine in the art and
include, for example, increased kernel-earring capacity
yields under drought conditions when compared to control
maize plants under identical environmental conditions. Alter-
natively, the transformed plants can be monitored for a modu-
lation in meristem development (i.e., a decrease in spikelet
formation on the ear). See, for example, Bruce, et al., (2002)
Journal of Experimental Botany 53:1-13.

[0236] Bombardment and Culture Media:

[0237] Bombardment medium (560Y) comprises 4.0 g/l
N6 basal salts (SIGMA C-1416), 1.0 ml/1 Eriksson’s Vitamin
Mix (1000xSIGMA-1511), 0.5 mg/1 thiamine HCI, 120.0 g/1
sucrose, 1.0 mg/l 2,4-D, and 2.88 g/l L-proline (brought to
volume with D-1 H,O following adjustment to pH 5.8 with
KOH); 2.0 g/1 Gelrite (added after bringing to volume with
D-1 H,0); and 8.5 mg/1 silver nitrate (added after sterilizing
the medium and cooling to room temperature). Selection
medium (560R) comprises 4.0 g/l N6 basal salts (SIGMA
C-1416), 1.0 ml/1 Eriksson’s Vitamin Mix (1000xSIGMA.-
1511), 0.5 mg/1 thiamine HCI, 30.0 g/1 sucrose, and 2.0 mg/1
2,4-D (brought to volume with D-1 H,O following adjustment
to pH 5.8 with KOH); 3.0 g/l Gelrite (added after bringing to
volume with D-I H,0); and 0.85 mg/1 silver nitrate and 3.0
mg/1 bialaphos (both added after sterilizing the medium and
cooling to room temperature).

[0238] Plant regeneration medium (288J) comprises 4.3 g/1
MS salts (GIBCO 11117-074), 5.0 ml/1 MS vitamins stock
solution (0.100 g nicotinic acid, 0.02 g/I thiamine HCL, 0.10
g/l pyridoxine HCL,, and 0.40 g/ glycine brought to volume
with polished D-I H,O) (Murashige and Skoog (1962)
Physiol. Plant. 15:473), 100 mg/l myo-inositol, 0.5 mg/1
zeatin, 60 g/1 sucrose, and 1.0 ml/1 of 0.1 mM abscisic acid
(brought to volume with polished D-1 H,O after adjusting to
pH 5.6); 3.0 g/1 Gelrite (added after bringing to volume with
D-1 H,0); and 1.0 mg/1 indoleacetic acid and 3.0 mg/1 biala-
phos (added after sterilizing the medium and cooling to 60°
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C.). Hormone-free medium (272V) comprises 4.3 g/l MS
salts (GIBCO 11117-074), 5.0 ml/1 MS vitamins stock solu-
tion (0.100 g/l nicotinic acid, 0.02 g/1 thiamine HCL, 0.10 g/1
pyridoxine HCL, and 0.40 g/1 glycine brought to volume with
polished D-1 H,0), 0.1 g/1 myo-inositol, and 40.0 g/l sucrose
(brought to volume with polished D-1 H,O after adjusting pH
t0 5.6); and 6 g/l bacto-agar (added after bringing to volume
with polished D-1 H,O), sterilized and cooled to 60° C.

Example 3
Agrobacterium-Mediated Transformation

[0239] For Agrobacterium-mediated transformation of
maize with an antisense sequence of the AMT sequence of the
present invention, preferably the method of Zhao is employed
(U.S. Pat. No. 5,981,840, and PCT patent publication WO98/
32326; the contents of which are hereby incorporated by
reference). Briefly, immature embryos are isolated from
maize and the embryos contacted with a suspension of Agro-
bacterium, where the bacteria are capable of transferring the
antisense AMT sequences to at least one cell of at least one of
the immature embryos (step 1: the infection step). In this step
the immature embryos are preferably immersed in an Agro-
bacterium suspension for the initiation of inoculation. The
embryos are co-cultured for a time with the Agrobacterium
(step 2: the co-cultivation step). Preferably the immature
embryos are cultured on solid medium following the infection
step. Following this co-cultivation period an optional “rest-
ing” step is contemplated. In this resting step, the embryos are
incubated in the presence of at least one antibiotic known to
inhibit the growth of Agrobacterium without the addition of a
selective agent for plant transformants (step 3: resting step).
Preferably the immature embryos are cultured on solid
medium with antibiotic, but without a selecting agent, for
elimination of Agrobacterium and for a resting phase for the
infected cells. Next, inoculated embryos are cultured on
medium containing a selective agent and growing trans-
formed callus is recovered (step 4: the selection step). Pref-
erably, the immature embryos are cultured on solid medium
with a selective agent resulting in the selective growth of
transformed cells. The callus is then regenerated into plants
(step 5: the regeneration step), and preferably calli grown on
selective medium are cultured on solid medium to regenerate
the plants. Plants are monitored and scored for a modulation
in tissue development.

Example 4
Soybean Embryo Transformation

[0240] Soybean embryos are bombarded with a plasmid
containing an antisense AMT sequences operably linked to an
ubiquitin promoter as follows. To induce somatic embryos,
cotyledons, 3-5 mm in length dissected from surface-steril-
ized, immature seeds of the soybean cultivar A2872, are cul-
tured in the light or dark at 26° C. on an appropriate agar
medium for six to ten weeks. Somatic embryos producing
secondary embryos are then excised and placed into a suitable
liquid medium. After repeated selection for clusters of
somatic embryos that multiplied as early, globular-staged
embryos, the suspensions are maintained as described below.
[0241] Soybean embryogenic suspension cultures can be
maintained in 35 ml liquid media on a rotary shaker, 150 rpm,
at 26° C. with florescent lights on a 16:8 hour day/night
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schedule. Cultures are subcultured every two weeks by inocu-
lating approximately 35 mg of tissue into 35 ml of liquid
medium.

[0242] Soybean embryogenic suspension cultures may
then be transformed by the method of particle gun bombard-
ment (Klein, et al., (1987) Nature (London) 327:70-73, U.S.
Pat. No. 4,945,050). A Du Pont Biolistic PDS1000/HE instru-
ment (helium retrofit) can be used for these transformations.
[0243] A selectable marker gene that can be used to facili-
tate soybean transformation is a transgene composed of the
35S promoter from Cauliflower Mosaic Virus (Odell, et al.,
(1985) Nature 313:810-812), the hygromycin phosphotrans-
ferase gene from plasmid pJR225 (from E. coli; Gritz, et al.,
(1983) Gene 25:179-188), and the 3' region of the nopaline
synthase gene from the T-DNA of the Ti plasmid of Agrobac-
terium tumefaciens. The expression cassette comprising an
antisense AMT sequence operably linked to the ubiquitin
promoter can be isolated as a restriction fragment. This frag-
ment can then be inserted into a unique restriction site of the
vector carrying the marker gene.

[0244] To 50 ul ofa 60 mg/ml 1 um gold particle suspension
is added (in order): 5 ul DNA (1 pg/ul), 20 pl spermidine (0.1
M), and 50 pl CaCl, (2.5 M). The particle preparation is then
agitated for three minutes, spun in a microfuge for 10 seconds
and the supernatant removed. The DNA-coated particles are
then washed once in 400 pl 70% ethanol and resuspended in
40 ul of anhydrous ethanol. The DNA/particle suspension can
be sonicated three times for one second each. Five microliters
of the DNA-coated gold particles are then loaded on each
macro carrier disk.

[0245] Approximately 300-400 mg of a two-week-old sus-
pension culture is placed in an empty 60x15 mm petri dish
and the residual liquid removed from the tissue with a pipette.
For each transformation experiment, approximately 5-10
plates of tissue are normally bombarded. Membrane rupture
pressure is set at 1100 psi, and the chamber is evacuated to a
vacuum of 28 inches mercury. The tissue is placed approxi-
mately 3.5 inches away from the retaining screen and bom-
barded three times. Following bombardment, the tissue can
be divided in half and placed back into liquid and cultured as
described above.

[0246] Five to seven days post bombardment, the liquid
media may be exchanged with fresh media, and eleven to
twelve days post-bombardment with fresh media containing
50 mg/ml hygromycin. This selective media can be refreshed
weekly. Seven to eight weeks post-bombardment, green,
transformed tissue may be observed growing from untrans-
formed, necrotic embryogenic clusters. Isolated green tissue
is removed and inoculated into individual flasks to generate
new, clonally propagated, transformed embryogenic suspen-
sion cultures. Each new line may be treated as an independent
transformation event. These suspensions can then be subcul-
tured and maintained as clusters of immature embryos or
regenerated into whole plants by maturation and germination
of individual somatic embryos.

Example 5
Sunflower Meristem Tissue Transformation

[0247] Sunflower meristem tissues are transformed with an
expression cassette containing an antisense AMT sequences
operably linked to a ubiquitin promoter as follows (see also,
European Patent Number EP 0 486233, herein incorporated
by reference, and Malone-Schoneberg, et al., (1994) Plant
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Science 103:199-207). Mature sunflower seed (Helianthus
annuus L..) are dehulled using a single wheat-head thresher.
Seeds are surface sterilized for 30 minutes in a 20% Clorox
bleach solution with the addition of two drops of Tween 20
per 50 ml of solution. The seeds are rinsed twice with sterile
distilled water.

[0248] Split embryonic axis explants are prepared by a
modification of procedures described by Schrammeijer, et al.
(Schrammeijer, et al., (1990) Plant Cell Rep. 9:55-60). Seeds
are imbibed in distilled water for 60 minutes following the
surface sterilization procedure. The cotyledons of each seed
are then broken off, producing a clean fracture at the plane of
the embryonic axis. Following excision of the root tip, the
explants are bisected longitudinally between the primordial
leaves. The two halves are placed, cut surface up, on GBA
medium consisting of Murashige and Skoog mineral ele-
ments (Murashige, et al., (1962) Physiol. Plant., 15:473-
497), Shepard’s vitamin additions (Shepard (1980) in Emer-
gent Techniques for the Genetic Improvement of Crops
(University of Minnesota Press, St. Paul, Minn.), 40 mg/1
adenine sulfate, 30 g/1 sucrose, 0.5 mg/l 6-benzyl-aminopu-
rine (BAP), 0.25 mg/l indole-3-acetic acid (IAA), 0.1 mg/1
gibberellic acid (GA,), pH 5.6, and 8 g/I Phytagar.

[0249] The explants are subjected to microprojectile bom-
bardment prior to Agrobacterium treatment (Bidney, et al.,
(1992) Plant Mol. Biol. 18:301-313). Thirty to forty explants
are placed in a circle at the center of a 60x20 mm plate for this
treatment. Approximately 4.7 mg of 1.8 mm tungsten micro-
projectiles are resuspended in 25 ml of sterile TE buffer (10
mM Tris HCIL, 1 mM EDTA, pH 8.0) and 1.5 ml aliquots are
used per bombardment. Each plate is bombarded twice
through a 150 mm nytex screen placed 2 cm above the
samples in a PDS 1000® particle acceleration device.
[0250] Disarmed Agrobacterium tumefaciens strain
EHA105 is used in all transformation experiments. A binary
plasmid vector comprising the expression cassette that con-
tains the AMT gene operably linked to the ubiquitin promoter
is introduced into Agrobacterium strain EHA105 via freeze-
thawing as described by Holsters, et al., (1978) Mol. Gen.
Genet. 163:181-187. This plasmid further comprises a kana-
mycin selectable marker gene (i.e., nptll). Bacteria for plant
transformation experiments are grown overnight (28° C. and
100 RPM continuous agitation) in liquid YEP medium (10
gm/] yeast extract, 10 gm/l Bactopeptone, and 5 gm/l NaCl,
pH 7.0) with the appropriate antibiotics required for bacterial
strain and binary plasmid maintenance. The suspension is
used when it reaches an ODgy, of about 0.4 to 0.8. The
Agrobacterium cells are pelleted and resuspended at a final
OD_ of 0.5 in an inoculation medium comprised of 12.5 mM
MES pH 5.7, 1 gny/l NH,Cl, and 0.3 gm/l MgSO,,.

[0251] Freshly bombarded explants are placed in an Agro-
bacterium suspension, mixed, and left undisturbed for 30
minutes. The explants are then transferred to GBA medium
and co-cultivated, cut surface down, at 26° C. and 18-hour
days. After three days of co-cultivation, the explants are trans-
ferred to 374B (GBA medium lacking growth regulators and
a reduced sucrose level of 1%) supplemented with 250 mg/1
cefotaxime and 50 mg/1 kanamycin sulfate. The explants are
cultured for two to five weeks on selection and then trans-
ferred to fresh 374B medium lacking kanamycin for one to
two weeks of continued development. Explants with differ-
entiating, antibiotic-resistant areas of growth that have not
produced shoots suitable for excision are transferred to GBA
medium containing 250 mg/1 cefotaxime for a second 3-day
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phytohormone treatment. Leaf samples from green, kanamy-
cin-resistant shoots are assayed for the presence of NPTII by
ELISA and for the presence of transgene expression by assay-
ing for a modulation in meristem development (i.e., an alter-
ation of size and appearance of shoot and floral meristems).
[0252] NPTII-positive shoots are grafted to Pioneer®
hybrid 6440 in vitro-grown sunflower seedling rootstock.
Surface sterilized seeds are germinated in 48-0 medium (half-
strength Murashige and Skoog salts, 0.5% sucrose, 0.3%
gelrite, pH 5.6) and grown under conditions described for
explant culture. The upper portion of the seedling is removed,
a 1 cm vertical slice is made in the hypocotyl, and the trans-
formed shoot inserted into the cut. The entire area is wrapped
with parafilm to secure the shoot. Grafted plants can be trans-
ferred to soil following one week of in vitro culture. Grafts in
soil are maintained under high humidity conditions followed
by a slow acclimatization to the greenhouse environment.
Transformed sectors of T, plants (parental generation) matur-
ing in the greenhouse are identified by NPTII ELISA and/or
by AMT activity analysis of leaf extracts while transgenic
seeds harvested from NPTII-positive T, plants are identified
by AMT activity analysis of small portions of dry seed coty-
ledon.

[0253] An alternative sunflower transformation protocol
allows the recovery of transgenic progeny without the use of
chemical selection pressure. Seeds are dehulled and surface-
sterilized for 20 minutes in a 20% Clorox bleach solution with
the addition of two to three drops of Tween 20 per 100 ml of
solution, then rinsed three times with distilled water. Steril-
ized seeds are imbibed in the dark at 26° C. for 20 hours on
filter paper moistened with water. The cotyledons and root
radical are removed, and the meristem explants are cultured
on 374E (GBA medium consisting of MS salts, Shepard
vitamins, 40 mg/l adenine sulfate, 3% sucrose, 0.5 mg/l
6-BAP, 0.25 mg/11AA, 0.1 mg/l GA, and 0.8% Phytagar at pH
5.6) for 24 hours under the dark. The primary leaves are
removed to expose the apical meristem, around 40 explants
are placed with the apical dome facing upward ina 2 cm circle
in the center of 374M (GBA medium with 1.2% Phytagar),
and then cultured on the medium for 24 hours in the dark.
[0254] Approximately 18.8 mg of 1.8 pm tungsten particles
are resuspended in 150 pl absolute ethanol. After sonication,
8 pl of it is dropped on the center of the surface of macrocar-
rier. Each plate is bombarded twice with 650 psi rupture discs
in the first shelf at 26 mm of Hg helium gun vacuum.

[0255] The plasmid of interest is introduced into Agrobac-
terium tumefaciens strain EHA105 via freeze thawing as
described previously. The pellet of overnight-grown bacteria
at 28° C. in a liquid YEP medium (10 g/1 yeast extract, 10 g/1
Bactopeptone, and 5 g/l NaCl, pH 7.0) in the presence of 50
ng/l kanamycin is resuspended in an inoculation medium
(12.5 mM 2-mM 2-(N-morpholino) ethanesulfonic acid,
MES, 1 g/l NH,ClI and 0.3 g/l MgSO, at pH 5.7) to reach a
final concentration of 4.0 at OD 600. Particle-bombarded
explants are transferred to GBA medium (374E), and a drop-
let of bacteria suspension is placed directly onto the top of the
meristem. The explants are co-cultivated on the medium for 4
days, after which the explants are transferred to 374C
medium (GBA with 1% sucrose and no BAP, IAA, GA3 and
supplemented with 250 pg/ml cefotaxime). The plantlets are
cultured on the medium for about two weeks under 16-hour
day and 26° C. incubation conditions.

[0256] Explants (around 2 cm long) from two weeks of
culture in 374C medium are screened for a modulation in
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meristem development (i.e., an alteration of size and appear-
ance of shoot and floral meristems). After positive (i.e., a
decrease in AMT expression) explants are identified, those
shoots that fail to exhibit a decrease in AMT activity are
discarded, and every positive explant is subdivided into nodal
explants. One nodal explant contains at least one potential
node. The nodal segments are cultured on GBA medium for
three to four days to promote the formation of auxiliary buds
from each node. Then they are transferred to 374C medium
and allowed to develop for an additional four weeks. Devel-
oping buds are separated and cultured for an additional four
weeks on 374C medium. Pooled leaf samples from each
newly recovered shoot are screened again by the appropriate
protein activity assay. At this time, the positive shoots recov-
ered from a single node will generally have been enriched in
the transgenic sector detected in the initial assay prior to nodal
culture.

[0257] Recovered shoots positive for a decreased AMT
expression are grafted to Pioneer hybrid 6440 in vitro-grown
sunflower seedling rootstock. The rootstocks are prepared in
the following manner. Seeds are dehulled and surface-steril-
ized for 20 minutes in a 20% Clorox bleach solution with the
addition of two to three drops of Tween 20 per 100 ml of
solution, and are rinsed three times with distilled water. The
sterilized seeds are germinated on the filter moistened with
water for three days, then they are transferred into 48 medium
(half-strength MS salt, 0.5% sucrose, 0.3% gelrite pH 5.0)
and grown at 26° C. under the dark for three days, then
incubated at 16-hour-day culture conditions. The upper por-
tion of selected seedling is removed, a vertical slice is made in
each hypocotyl, and a transformed shoot is inserted into a
V-cut. The cut area is wrapped with parafilm. After one week
of culture on the medium, grafted plants are transferred to
soil. In the first two weeks, they are maintained under high
humidity conditions to acclimatize to a greenhouse environ-
ment.

Example 6

Identification, Phylogenetic Analysis and Chloro-
plast Targeting Peptide (cTP) Predictions of AMTs
in Arabidopsis, Rice, Soybean and Maize

[0258] Taking a ‘genomic’ approach AMTs were identified
in several higher plants. In Arabidopsis 6 AMTs have been
identified, and phylogenetic analyses reveals that AtAMT1
(SEQ ID NO: 2) AtAMT1;2 (SEQ ID NO: 4), AtAMT1;3
(SEQ ID NO: 6) and At3g24290 (SEQ ID NO: 10) cluster in
one group where as AtAMT2 (SEQID NO: 8) and At4g28700
(SEQ ID NO: 12) are independent. Chloroplast targeting
peptide (cTP) prediction by ChloroP program reveals that
AtAMTT1;2 (SEQ ID NO: 4) have a putative cTP (with 55%
probability) where as all other AtAMTs did not contain any
predicted cTP In rice, soybean and maize, 17, 11, 7 AMTs
have been identified, respectively. ¢TP prediction in AMTs
proteins from maize and soybean didn’t identify any AMT
candidate with a putative ¢TP, however in rice one AMT has
putative cTP with more than 50% probability. Phylogenetic
analyses of all the AMTs from Arabidopsis, rice, maize and
soybean are shown in FIG. 1.

Example 7

Expression Analysis of AMTs in Maize

[0259] Inorderto identify leafspecific/preferred/expressed
AMT(s) in maize, Lynx MPSS expression analyses in ~300
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libraries reveal that ZmAMT1 (SEQ ID NO: 14), 2, 7 are
expressed both in roots and leaves (FIG. 2) whereas
ZmAMT4 (SEQ ID NO: 20) is a root preferred AMT.
ZmAMT6 (SEQ ID NO: 24) expresses at very low level in
comparison to other ZmAMTs. In case of ZmAMTS5 there
was no specific Lynx tag available. Researchers also per-
formed RT-PCR on leaf'and roots of B73 maize and the results
confirm Lynx analysis results that there is no leaf specific
AMT in maize, although ZmAMT]1, 2, 7 (SEQ ID NOS: 14,
16 and 26) are expressed in leaves and roots.

Example 8

CTP Predictions in Chloroplast Outer Envelope Pro-
teins

[0260] Initial TP prediction couldn’t detect a putative cTP
in most of the higher plant AMTs analyzed. The chloroplast
localized AMT (if any) has to be in the outer envelope of the
chloroplast. In order to determine whether proteins localized
in outer envelop of the chloroplast have any predicted c¢TP,
researchers searched the NCBI database using ‘chloroplast
outer envelop/membrane’ as keyword and identified the 14,
14, and 5 proteins from Arabidopsis, rice and maize, respec-
tively that are suppose to be localized in outer envelop of
chloroplast. Some ofthese are well characterized proteins and
known to be localized in the outer membrane of chloroplast.
ChloroP program was used to identify putative cTP in these
33 candidate proteins and interestingly none of these proteins
show any putative ¢ TP with high probability. These observa-
tions suggest that either a ¢ TP is not required or not identified/
characterized for these proteins so far. This also suggests that
although most of the AMTs don’t have a predicted ¢TP but
some of them might be localized in the chloroplast outer
membrane.

Example 9

Isolation and Characterization of AtAMT1;2 (SEQ
1D NO: 4) T-DNA Mutant

[0261] In cTP prediction analyses, AtAMT1;2 (SEQ ID
NO: 4) posses a putative ¢TP. For functional analyses of
AtAMT1;2 (SEQ ID NO: 4) and to determine it’s role in
N-assimilation, researchers identified a T-DNA mutant line
(SM__3.15680) from the Arabidopsis T-DNA mutant data
base. The T-DNA mutant line was ordered from ABRC and
the homozygous plants were subjected to molecular analyses.
In this mutant line T-DNA was inserted in c-terminal of
AtAMT1;2 (SEQ ID NO: 4) gene (FIG. 3A). Genomic PCRs
using AtAMT1;2 (SEQ ID NO: 4) gene and T-DNA specific
primers show that T-DNA is indeed inserted in the AtAMT1;2
(SEQID NO: 4) (FIG. 3B). AtAMT1;2 (SEQ ID NO: 4) gene
specific primers flanking the T-DNA insert couldn’t amplify
any DNA region in mutant plants where as an expected PCR
product was detected in wild type plant (FIG. 4B, upper
panel). Similarly, genomic PCR with AtAMT1;2 (SEQ ID
NO: 4) specific forward primer and T-DNA specific reverse
primers amplify an expected product in mutant lines and
nothing in wild type plants as expected (FIG. 4B, lower
panel). Saturated RT-PCRs (35 cycles) analyses couldn’t
detect a full length atamtl;2 mRNA in mutant (FIG. 4C,
upper panel) suggesting that AtAMT1;2 (SEQ ID NO: 4) is
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completely knocked out in this T-DNA mutant. Actin control
RT-PCR worked fine in both mutant and wild type plants
(FIG. 3C, lower panel).

Example 10

Generation and Molecular Characterization of
AtAMT1;2 (SEQ ID NO: 4) RNAi Lines

[0262] In addition to T-DNA mutant, another parallel
approach was also undertaken for functional analysis of
AtAMT1;2 (SEQ ID NO: 4). A RNAI vector containing ZM-
UBI promoter driven RNAI cassette consisting of inverted
repeats of AtAMT1;2 (SEQ ID NO: 4) specific DNA regions
and ADH intron as a spacer was constructed. Wild type Ara-
bidopsis (Columbia-0) was transformed with this RNAi vec-
tor by Agrobacterium mediated ‘floral-dip’ method. Several
transgenic lines were identified by selecting the TO seeds for
herbicide resistance in soil. Molecular characterization of
these transgenic lines were performed by RT-PCR for Actin,
AtAMT1;2 (SEQ ID NO: 4) RNAI cassette, endogenous
AtAMTT1;2 (SEQ ID NO: 4) and presence of gDNA in RNA
preparations. Several lines with a significant reduced levels of
AtAMTT1;2 (SEQ ID NO: 4) were identified after molecular
analysis.

Example 11

Sub-Cellular Localization and Regulation of Expres-
sion of AtAMT1;2 (SEQ ID NO: 4)

[0263] cTP prediction analyses indicate that AtAMT1;2
(SEQ ID NO: 4) contains a putative predicted ¢ TP (but with
only 55% probability). The objectives of the experiments
described in this example are to determine sub-cellular local-
ization and regulation of expression the endogenous
AtAMT1;2 (SEQ ID NO: 4). The coding sequence of
AtAMTT1;2 (SEQ ID NO: 4) was tagged with green fluores-
cent protein (GFP) as an in-frame C-terminal fusion under the
control of AtAMT1;2 (SEQ ID NO: 4) native promoter and a
strong constitutive (ZM-UBI) promoter. Arabidopsis trans-
genic lines were generated and analyzed for GFP expression
by confocal microscopy. Analyses show that AtAMT1;2:GFP
is localized in the plasma membrane of endodermis and the
cortex in roots.

Example 12
Knock-Out/Knock-Down of Zm-AMTs in Maize

[0264] ESTs corresponding to all seven maize AMTs were
identified and annotated and full length cDNA clones were
obtained. Experiments to knock-out/knock-down of all these
individual ZmAMTs by RNAi are in progress. TUSC screen-
ing experiments were used to identify knock-out mutants for
three leaf expressed ZmAMT1 (SEQ ID NO: 14), ZmAMT?2
(SEQ ID NO: 16) and ZmAMT?7 (SEQ ID NO: 26).

Example 13

Knock-Out/Knock-Down of Multiple AtAMTs with
Single RNAi Vector in Arabidopsis

[0265] Six AMT genes are present in Arabidopsis genome.
Hence, it is very likely that due to functional redundancy one
might need to manipulate the expression of multiple AMTs
simultaneously. The DNA sequence of all these AMTs was
analyzed and identified the high homology regions among
them. For example there is such a stretch of ~200 bp among
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AtAMT1;2 (SEQ ID NO: 4), AtAMT1 (SEQ ID NO: 2),
AMT1;3 (SEQ ID NO: 6), At3g24290 (SEQ ID NO: 10) and
At4g28700 (SEQ ID NO: 12) where as AMT2 (SEQ ID NO:
8) stood independent (FIG. 4). These regions were amplified
(bold and underlined in FIG. 4) by PCR from AtAMT1;2
(SEQ ID NO: 4) and AtAMT2 (SEQ ID NO: 8) and per-
formed a multi-way ligation to make an inverted repeat using
ADH-intron as a spacer. The RNAI cassette of these hybrid
inverted repeats is driven by a constitutive or root-specific or
leaf-specific promoter. Several transgenic Arabidopsis lines
were generated for these three constructs. Molecular analyses
of'these lines were performed by genomic and RT-PCR. Sev-
eral lines were identified that expressed significantly reduced
levels of multiple AtAMTs. These transgenic lines show a
methyl ammonium (ammonium analog toxic to plants) toler-
ant/better growth phenotype as compared to wild type control
when grown on MS media supplemented with 10-30 mM of
methyl ammonium. These results indicate multiple AMTs
were knocked-down in these lines, resulting in reduced
uptake of methyl ammonium.

Example 14

Knock-Out/Knock-Down of Multiple ZmAMTs in
Maize by Single RNAi Vector

[0266] In maize at least 7 AMT like genes were identified
and at least 3 of them are expressed both in leaf and root (see,
Example 2). For improving NUE by reducing loss of ammo-
nia by volatilization, one might have to knock-out/knock-
down multiple AMTs. Detailed analyses of all 7 maize AMTs
were performed to identify the DNA regions showing high
homology among different ZmAMTs. This analysis reveals
thatZmAMT1 (SEQID NO: 14) and ZmAMTS5 (SEQID NO:
22), ZmAMT3 (SEQ ID NO: 18) and ZmAMT4 (SEQ ID
NO: 20) and ZmAMT2 (SEQ ID NO: 16), ZmAMT6 (SEQ
ID NO: 24) and ZmAMT7 (SEQ ID NO: 26) form three
separate groups and there is a very high homology in stretches
of DNA sequences with in each group (FIG. 5). Three DNA
fragments (bold and underlined in FIG. 5) from ZmAMT 1, 4
and 7 (SEQ ID NOS: 14, 20 and 26) representing each of the
different groups were amplified by PCR. Multi-way ligations
were performed to make inverted repeats with hybrid of these
3 fragments and ADH intron as a spacer to facilitate the
formation of stem-loop structure. This hybrid RNAIi cassette
of ‘ZmAMT1 (SEQ ID NO: 14):ZmAMT4 (SEQ ID NO:
20):ZmAMT7 (SEQ ID NO: 26)’ inverted repeats was driven
by Zm-UBI promoter and a leaf-specific promoter. MOPAT
driven by Zm-UBI promoter was used as herbicide resistance
marker for selected. In addition to that RFP driven by a
pericarp specific promoter LTP2 was also used to sort out the
transgenic seeds (red) from there segregating non-transgenic
seeds. Transgenic lines for the constructs were generated,
with molecular analyses of the TO events performed by
genomic and RT-PCR. Several lines with significantly
reduced expression of individual/multiple ZmAMTs have
been identified and characterized.

Example 15

Variants of AMT Sequences

[0267] A. Variant Nucleotide Sequences of AMT that do
not Alter the Encoded Amino Acid Sequence

[0268] The AMT nucleotide sequences are used to generate
variant nucleotide sequences having the nucleotide sequence
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of the open reading frame with about 70%, 75%, 80%, 85%,
90% and 95% nucleotide sequence identity when compared
to the starting unaltered ORF nucleotide sequence of the
corresponding SEQ ID NO. These functional variants are
generated using a standard codon table. While the nucleotide
sequence of the variants are altered, the amino acid sequence
encoded by the open reading frames do not change.

[0269] B. Variant Amino Acid Sequences of AMT Polypep-
tides
[0270] Variant amino acid sequences of the AMT polypep-

tides are generated. In this example, one amino acid is altered.
Specifically, the open reading frames are reviewed to deter-
mine the appropriate amino acid alteration. The selection of
the amino acid to change is made by consulting the protein
alignment (with the other orthologs and other gene family
members from various species). An amino acid is selected
that is deemed not to be under high selection pressure (not
highly conserved) and which is rather easily substituted by an
amino acid with similar chemical characteristics (i.e., similar
functional side-chain). Using the protein alignment set forth
in FIG. 2, an appropriate amino acid can be changed. Once the
targeted amino acid is identified, the procedure outlined in the
following section C is followed. Variants having about 70%,
75%, 80%, 85%, 90% and 95% nucleic acid sequence identity
are generated using this method.

[0271] C. Additional Variant Amino Acid Sequences of
AMT Polypeptides

[0272] Inthis example, artificial protein sequences are cre-
ated having 80%, 85%, 90% and 95% identity relative to the
reference protein sequence. This latter effort requires identi-
fying conserved and variable regions from the alignment set
forth in FIG. 2 and then the judicious application of an amino
acid substitutions table. These parts will be discussed in more
detail below.

[0273] Largely, the determination of which amino acid
sequences are altered is made based on the conserved regions
among AMT protein or among the other AMT polypeptides.
Based on the sequence alignment, the various regions of the
AMT polypeptide that can likely be altered are represented in
lower case letters, while the conserved regions are repre-
sented by capital letters. It is recognized that conservative
substitutions can be made in the conserved regions below
without altering function. In addition, one of skill will under-
stand that functional variants of the AMT sequence of the
invention can have minor non-conserved amino acid alter-
ations in the conserved domain.

[0274] Artificial protein sequences are then created that are
different from the original in the intervals of 80-85%,
85-90%, 90-95% and 95-100% identity. Midpoints of these
intervals are targeted, with liberal latitude of plus or minus
1%, for example. The amino acids substitutions will be
effected by a custom Perl script. The substitution table is
provided below in Table 2.

TABLE 2

Substitution Table

Strongly Rank of
Similar and Order
Optimal to

Amino Acid  Substitution Change Comment

—

50:50 substitution
50:50 substitution

LV 1
L LV 2
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TABLE 2-continued

Substitution Table

Strongly Rank of
Similar and Order
Optimal to

Amino Acid  Substitution Change Comment

Vv LL 3 50:50 substitution

A G 4

G A 5

D E 6

E D 7

W Y 8

Y W 9

S T 10

T S 11

K R 12

R K 13

N Q 14

Q N 15

F Y 16

M L 17 First methionine cannot change
H Na No good substitutes

C Na No good substitutes

P Na No good substitutes

[0275] First, any conserved amino acids in the protein that

should not be changed is identified and “marked off” for
insulation from the substitution. The start methionine will of
course be added to this list automatically. Next, the changes
are made. H, C, and P are not changed in any circumstance.
The changes will occur with isoleucine first, sweeping N-ter-
minal to C-terminal. Then leucine, and so on down the list
until the desired target it reached. Interim number substitu-
tions can be made so as not to cause reversal of changes. The
list is ordered 1-17, so start with as many isoleucine changes
as needed before leucine, and so on down to methionine.
Clearly many amino acids will in this manner not need to be
changed. L, I and V will involve a 50:50 substitution of the
two alternate optimal substitutions.

[0276] The variant amino acid sequences are written as
output. Perl script is used to calculate the percent identities.
Using this procedure, variants of the AMT polypeptides are
generating having about 80%, 85%, 90%, and 95% amino
acid identity to the starting unaltered ORF nucleotide
sequence of SEQID NO: 1, 3,5,7,9, 11, 13, 15, 17, 19, 21,
23,25,27,29,31,33,35,37,39,41,43,45,47,49, 51, 53, 55,
57,59, 61,63, 65, 67,69, 71,73,75,77,79 or 81.

Example 16
Over-Expression of AMTs in Plants to Improve NUE

[0277] The over-expression of AMTs has been demon-
strated with strong constitutively or organ-specific (e.g. in
roots) expression which improves ammonium uptake (espe-
cially in low ammonium soils in anaerobic conditions typical
of rice field conditions) leading to improved nitrogen use
efficiency. In other plants, such as maize, typically most of the
N is absorbed by roots in the form of nitrate, the available
source in most soil, however there is still a considerable
proportion of N available as ammonium. Over-expression of
AMTs in these conditions leads to improved nitrogen utiliza-
tion. Since nitrate needs to be reduced to ammonium by an
energy expensive reaction before it is assimilated, ammonium
is a preferable source of N when available to the plant.

[0278] All publications and patent applications in this
specification are indicative of the level of ordinary skill in the
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art to which this invention pertains. All publications and
patent applications are herein incorporated by reference to the
same extent as if each individual publication or patent appli-
cation was specifically and individually indicated by refer-
ence.
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[0279] The invention has been described with reference to
various specific and preferred embodiments and techniques.
However, it should be understood that many variations and
modifications may be made while remaining within the spirit
and scope of the invention.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 82

<210> SEQ ID NO 1

<211> LENGTH: 1736

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 1

agcctetetg tttcatctte ttctctaaac tctcaacatyg tettgectcegg ccaccgatcet 60
cgetgtectyg ttgggtecta atgccacgge ggcggccaac tacatctgtg gecagttagg 120
cgacgtcaac aacaaattta tcgacaccge tttegetata gacaacactt accttetcett 180
ctcegectac cttgtettet ctatgcaget tggetteget atgetetgtg ceggtteegt 240
gagagccaag aatactatga acatcatgct taccaacgtce cttgacgetyg cagecggtgg 300
tctecttetat tatctgtttyg gectacgectt tgectttgga tctecgteca atggtttcat 360
cggtaaacac tactttggtc tcaaagacat ccccacggcece tctgcetgact actccaactt 420
tctcetaccaa tgggcectttyg caatcgetge ggctggaatce acaagtggcet cgatcgetga 480
acggacacag ttcgtggett acctaatcta ttectettte ttaaccgggt ttgtttacce 540
ggtegtetet cactggttcet ggtcagttga tggatgggec ageccgttece gtaccgatgg 600
agatttgctt ttcagcaccg gagcgataga tttegetggyg tceeggtgttyg ttcatatggt 660
cggaggtate getggactet ggggtgcget catcgaaggt ccacgacttg gecggttcga 720
taacggaggc cgtgccateg ctettegtgg ccacteggeyg tcacttgttyg tecttggaac 780
attcctecte tggtttggat ggtacggatt taacccceggt tccttcaaca agatcctagt 840
cacgtacgag acaggcacat acaacggcca gtggagcgeyg gtceggacgga cagctgtcac 900
aacaacgtta gctggctgca ccgecggeget gacaacccta tttgggaaac gtctactcte 960

gggacattgg aacgtcactg atgtatgcaa cggcctecte ggagggtttg cagccataac 1020

tggtggctgce tctgtcecgttyg agccatggge tgcgatcatce tgcgggtteg tggceggecct 1080

agtcctecte ggatgcaaca agctcgctga gaagctcaaa tacgacgacce ctcecttgaggce 1140

agcacaacta cacggtggtt gcggtgcgtg gggactaata ttcacggctce tcecttcegetca 1200

agaaaagtac ttgaaccaga tttacggcaa caaacccgga aggccacacg gtttgtttat 1260

gggcggtgga ggaaaactac ttggagctca gctgattcag atcattgtga tcacgggttg 1320

ggtaagtgcg accatgggga cacttttctt catcctcaag aaaatgaaat tgttgcggat 1380

atcgtceccgag gatgagatgg ccggtatgga tatgaccagg cacggtggtt ttgcttatat 1440

gtactttgat gatgatgagt ctcacaaagc cattcagctt aggagagttg agccacgatc 1500

tccttetect tcectggtgeta atactacacce tactcceggtt tgatttggat ttttactttt 1560

attctctatt ttctagagta ttattttaaa tgatgttttg tgatacttaa atattgtttt 1620

ggatattttt ttgcatttca gtaatgtttt agatgtacag tttcatgggg ttgtgatgat 1680

aatatctatg tggtcatttg tgttctcttt ggagtttttt ctataacgct ttttte 1736
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<210>
<211>
<212>
<213>

<400>

PRT

SEQUENCE :

Met Ser Cys Ser

1

Thr
20

Lys
35

Ser
50

Ala
65

Val
85

Ala
100

Phe
115

Leu
130

Ser
145

Phe
165

Val
180

Ser
195

Gly
210

Gly
225

Ala
245

Gly
260

Gly
275

Thr
290

Arg
305

Leu
325

Trp
340

Cys

Ala

Phe

Ala

Gly

Leu

Phe

Gly

Tyr

Ile

Leu

Asp

Thr

Gly

Arg

Ser

Phe

Thr

Thr

Leu

Gly

Ala

Asn

Ala

Ile

Tyr

Ser

Asp

Ala

Leu

Gln

Ala

Thr

Gly

Gly

Ile

Phe

Leu

Asn

Tyr

Leu

Leu

Gly

Ala

Lys

Ala

Asp

Leu

Val

Ala

Phe

Lys

Trp

Glu

Gly

Trp

Ala

Ala

Asp

Val

Pro

Asn

Ala

Ser

Phe

Ile

Leu

SEQ ID NO 2
LENGTH:
TYPE :
ORGANISM: Arabidopsis

501

2

Ala

5

Asn

Thr

Val

Arg

Ala

Gly

Asp

Ala

Arg

Phe

Ala

Ile

Gly

Asn

Val

Gly

Gly

Gly

Gly

Ala

Ile

Ala

Thr
Tyr
25

Ala
40

Phe
55

Ala
70

Ala
90

Ser
105

Ile
120

Phe
135

Thr
150

Val
170

Ser
185

Asp
200

Leu
215

Gly
230

Leu
250

Ser
265

Gln
280

Cys
295

His
310

Ala
330

Cys
345

Glu

Asp

Ile

Phe

Ser

Lys

Gly

Pro

Pro

Ala

Gln

Tyr

Pro

Phe

Trp

Gly

Gly

Phe

Trp

Thr

Trp

Ile

Gly

Lys

thaliana

Leu

Cys

Ala

Met

Asn

Gly

Ser

Thr

Ile

Phe

Pro

Phe

Ala

Gly

Arg

Thr

Asn

Ser

Ala

Asn

Thr

Phe

Leu

Ala

Gly

Ile

Gln

Thr

Leu

Asn

Ala

Ala

Val

Val

Arg

Gly

Ala

Ala

Phe

Lys

Ala

Ala

Val

Gly

Val

Lys

Val

10

Gln

Asp

Leu

Met

Phe

Gly

Ser

Ala

Ala

Val

Thr

Ser

Leu

Ile

Leu

Ile

Val

Leu

Thr

Gly

Ala

Tyr

Leu

Leu

Asn

45

Gly
60

Asn
75

Tyr
95

Phe
110

Ala
125

Ala
140

Tyr
155

Ser
175

Asp
190

Gly
205

Ile
220

Ala
235

Leu
255

Leu
270

Gly
285

Thr
300

Asp
315

Cys
335

Ala
350

Asp

Leu

Gly

Thr

Phe

Ile

Tyr

Ile

Asp

Gly

Leu

His

Gly

Val

Glu

Leu

Trp

Val

Arg

Thr

Val

Ser

Leu

Asp

Gly

Asp

Tyr

Ala

Met

Leu

Gly

Tyr

Ile

Ile

Trp

Asp

Val

Gly

Arg

Phe

Thr

Thr

Leu

Cys

Val

Val

Pro

Pro Asn

15

Val Asn

Leu Leu

Met Leu

Leu Thr

Phe Gly

Lys His

Ser Asn

Thr Ser

Tyr Ser

Phe Trp

Leu Leu

His Met

Pro Arg

Gly His

Gly Trp

Tyr Glu

Ala Val

Phe Gly

Asn Gly

Val Glu

Leu Leu

Leu Glu

Ala

Asn

Phe

Cys

Asn

80

Tyr

Tyr

Phe

Gly

Ser

160

Ser

Phe

Val

Leu

Ser

240

Tyr

Thr

Thr

Lys

Leu

320

Pro

Gly

Ala
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355 360 365

Ala Gln Leu His Gly Gly Cys Gly Ala Trp Gly Leu Ile Phe Thr Ala
370 375 380

Leu Phe Ala Gln Glu Lys Tyr Leu Asn Gln Ile Tyr Gly Asn Lys Pro
385 390 395 400

Gly Arg Pro His Gly Leu Phe Met Gly Gly Gly Gly Lys Leu Leu Gly
405 410 415

Ala Gln Leu Ile Gln Ile Ile Val Ile Thr Gly Trp Val Ser Ala Thr
420 425 430

Met Gly Thr Leu Phe Phe Ile Leu Lys Lys Met Lys Leu Leu Arg Ile
435 440 445

Ser Ser Glu Asp Glu Met Ala Gly Met Asp Met Thr Arg His Gly Gly
450 455 460

Phe Ala Tyr Met Tyr Phe Asp Asp Asp Glu Ser His Lys Ala Ile Gln
465 470 475 480

Leu Arg Arg Val Glu Pro Arg Ser Pro Ser Pro Ser Gly Ala Asn Thr
485 490 495

Thr Pro Thr Pro Val
500

<210> SEQ ID NO 3

<211> LENGTH: 1860

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 3

acttaagcaa acacgttcca caatcaagta ccctctcetet atctetccecet ccctecectet 60
ccaccatgga caccgcaacc accacatget ctgccgtaga tctatctgece ctectatcct 120
cttettetaa ctcaacatct tcecctegecg cggcaacctt tttatgttece caaatttcaa 180
acatctccaa caaactctcce gacacaactt atgccgtega caacacgtat ctcctettet 240
cegectaccet tgtetttgcee atgcagetceg gtttegetat getttgtget ggatcagtcee 300
gagccaagaa cactatgaac atcatgctta ccaatgtcct tgatgetgec getggageca 360
tctettacta cctettegga ttegcatteg cetttggtac accttccaac ggattcatcg 420
gtegecacca tagettette getttaaget cttaccectga acgcccegge tecgacttca 480
getttttect ctaccaatgg gettttgcca tagccgegge cggaatcact ageggttceca 540
tecgecgageg aacgcaattc gttgcttacce ttatctacte tactttettyg accggttttg 600
tttacccgac agtctegcac tggttectggt caagtgatgyg atgggctage gegtecceggt 660
ctgacaacaa tctettgttt ggctcaggtg ctattgattt cgcaggttca ggagttgtte 720
acatggtagg tggaattgcc ggtttatgtg gagcgttagt tgaaggacca agaataggta 780
gatttgaccyg gtcaggccgg tccgtggett tacgtggtca cagtgcatcce cttgtcegtge 840
ttggtacctt cttgttgtgg tttggatggt atgggtttaa ccctggttcecce tttttaacca 900
ttcttaaagg ctacgacaag tctcggecat attatggtca atggagceget gtaggtcegea 960

ccgcggtecac cacaacgcett tetggctgca ccgetgegtt gactactcta ttcagtaaac 1020
ggcttttage aggtcattgg aacgttattg acgtatgcaa cggacttcta ggcggctttyg 1080
cagctataac ctccggatgt gecgtggtgg agcegtggge tgctatagta tgtggetttg 1140

tggcatcatg ggttttaatc ggatttaact tgcttgccaa gaaacttaaa tatgatgacc 1200
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cactcgaggce tgctcagcte cacggtggat gtggagcatg gggattaatc tttaccgggce 1260
tgttcgcaag gaaagaatac gttaacgaga tttactccgg tgataggcct tacggactgt 1320
tcatgggcgg gggaggaaaa ctgctcgccg cgcagatcegt tcagattatt gtgatcegttg 1380
ggtgggtgac ggtaactatg ggaccgttgt tttatgggtt acataagatg aatcttttga 1440
ggatatcagc agaagatgag atggcaggaa tggacatgac acgtcatgga ggatttgcett 1500
acgcatacaa tgacgaagac gacgtgtcga ctaaaccatg gggtcatttc gectggaagag 1560
tggagcctac aagccggagce tcgactceccta caccgacctt gactgtttga tactttgatt 1620
ggagaattga gtggtcccaa acgagtcagt tttaatgtgg tgaagacaag agttcgggca 1680
ccaaacatgt tggacgcatc tttgtgtatt attggtcttc ttcttecttet ttttttttet 1740
cttggttatc gectctgttgt ggacagatag tgtggaactg ttaacaataa catgatcagt 1800
atgtcttttt aattaaagtg aacgtttggt atcaaaatta aacattggaa tttgagcggt 1860
<210> SEQ ID NO 4

<211> LENGTH: 514

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 4

Met Asp Thr Ala Thr Thr Thr Cys Ser Ala Val Asp Leu Ser Ala Leu
1 5 10 15

Leu Ser Ser Ser Ser Asn Ser Thr Ser Ser Leu Ala Ala Ala Thr Phe
20 25 30

Leu Cys Ser Gln Ile Ser Asn Ile Ser Asn Lys Leu Ser Asp Thr Thr
35 40 45

Tyr Ala Val Asp Asn Thr Tyr Leu Leu Phe Ser Ala Tyr Leu Val Phe
50 55 60

Ala Met Gln Leu Gly Phe Ala Met Leu Cys Ala Gly Ser Val Arg Ala
65 70 75 80

Lys Asn Thr Met Asn Ile Met Leu Thr Asn Val Leu Asp Ala Ala Ala
85 90 95

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

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

Ser Tyr Pro Glu Arg Pro Gly Ser Asp Phe Ser Phe Phe Leu Tyr Gln
130 135 140

Trp Ala Phe Ala Ile Ala Ala Ala Gly Ile Thr Ser Gly Ser Ile Ala
145 150 155 160

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

Gly Phe Val Tyr Pro Thr Val Ser His Trp Phe Trp Ser Ser Asp Gly
180 185 190

Trp Ala Ser Ala Ser Arg Ser Asp Asn Asn Leu Leu Phe Gly Ser Gly
195 200 205

Ala Ile Asp Phe Ala Gly Ser Gly Val Val His Met Val Gly Gly Ile
210 215 220

Ala Gly Leu Cys Gly Ala Leu Val Glu Gly Pro Arg Ile Gly Arg Phe
225 230 235 240
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Asp Arg Ser Gly Arg Ser Val Ala Leu Arg Gly His Ser Ala Ser Leu
245 250 255

Val Val Leu Gly Thr Phe Leu Leu Trp Phe Gly Trp Tyr Gly Phe Asn
260 265 270

Pro Gly Ser Phe Leu Thr Ile Leu Lys Gly Tyr Asp Lys Ser Arg Pro
275 280 285

Tyr Tyr Gly Gln Trp Ser Ala Val Gly Arg Thr Ala Val Thr Thr Thr
290 295 300

Leu Ser Gly Cys Thr Ala Ala Leu Thr Thr Leu Phe Ser Lys Arg Leu
305 310 315 320

Leu Ala Gly His Trp Asn Val Ile Asp Val Cys Asn Gly Leu Leu Gly
325 330 335

Gly Phe Ala Ala Ile Thr Ser Gly Cys Ala Val Val Glu Pro Trp Ala
340 345 350

Ala Ile Val Cys Gly Phe Val Ala Ser Trp Val Leu Ile Gly Phe Asn
355 360 365

Leu Leu Ala Lys Lys Leu Lys Tyr Asp Asp Pro Leu Glu Ala Ala Gln
370 375 380

Leu His Gly Gly Cys Gly Ala Trp Gly Leu Ile Phe Thr Gly Leu Phe
385 390 395 400

Ala Arg Lys Glu Tyr Val Asn Glu Ile Tyr Ser Gly Asp Arg Pro Tyr
405 410 415

Gly Leu Phe Met Gly Gly Gly Gly Lys Leu Leu Ala Ala Gln Ile Val
420 425 430

Gln Ile Ile Val Ile Val Gly Trp Val Thr Val Thr Met Gly Pro Leu
435 440 445

Phe Tyr Gly Leu His Lys Met Asn Leu Leu Arg Ile Ser Ala Glu Asp
450 455 460

Glu Met Ala Gly Met Asp Met Thr Arg His Gly Gly Phe Ala Tyr Ala
465 470 475 480

Tyr Asn Asp Glu Asp Asp Val Ser Thr Lys Pro Trp Gly His Phe Ala
485 490 495

Gly Arg Val Glu Pro Thr Ser Arg Ser Ser Thr Pro Thr Pro Thr Leu
500 505 510

Thr Val

<210> SEQ ID NO 5
<211> LENGTH: 1758
<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 5

gtatctctet ttetetetet cagetcetete aaacatgtca ggagcaataa catgetetge 60
ggccgatete gecaccctac ttggecccaa cgccacggeg goeggecgact acatttgegg 120
ccaattagge accgttaaca acaagttcac cgatgcagec ttcgccatag acaacaccta 180
cctectette tetgectace ttgtettege catgeagete ggettegeta tgetttgtge 240
tggttctgtt agagccaaga atacgatgaa catcatgett accaatgtce ttgacgetge 300
agccggagga ctettetact atctetttgg ttacgecttt gectttggag gatcctcecga 360
agggttcatt ggaagacaca actttgctct tagagacttt cegactcecca cagctgatta 420

ctctttette ctetaccaat gggegttege aatcgeggec getggaatca caagtggtte 480
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gatcgcagag aggactcagt tcgtggctta cttgatatac tcttctttet taaccggatt 540
tgtttacceg gttgtctcte actggttttg gtcccecggat ggatgggcca gtcccttteg 600
ttcagcggat gatcgtttgt ttagcaccgg agccattgac tttgectgget ceggtgttgt 660
tcacatggtt ggtggcatag caggtttatg gggtgctctt attgaaggtc ctcegtegtgg 720
tcggttcecgag aaaggtggtce gegectattge tctgcgegge cactctgect cgctagtagt 780
cttaggaacc ttcctectat ggtttggatg gtatggttte aaccceggtt ccttcactaa 840
gatactcgtt ccgtataatt ctggttccaa ctacggccaa tggagcggaa tcggccgtac 900
agcggttaac accacactct caggatgcac agcagctcta accacactct ttggtaaacg 960

tctectatca ggccactgga acgtaacgga cgtttgcaac gggttactceg gtgggtttgce 1020
ggccataacc gcaggttgct ccgtcecgtaga gccatgggca gcecgattgtgt gcggcttceat 1080
ggcttctgte gtecttatcg gatgcaacaa gctcgeggag cttgtacaat atgatgatcce 1140
actcgaggca gcccaactac atggagggtg tggcgcgtgg gggttgatat tcegtaggatt 1200
gtttgccaaa gagaagtatc taaacgaggt ttatggcgcc accccgggaa ggccatatgg 1260
actatttatg ggcggaggag ggaagctgtt gggagcacaa ttggttcaaa tacttgtgat 1320
tgtaggatgg gttagtgcca caatgggaac actcttcttc atcctcaaaa ggctcaatct 1380
gcttaggate tcggagcage atgaaatgca agggatggat atgacacgtc acggtggcett 1440
tgcttatatc taccatgata atgatgatga gtctcataga gtggatcctg gatctcecttt 1500
ccetegatca gectactecte ctegegttta attttcaact ttttggtaat ttattaccgt 1560
ttaagtattg tttgggtttt ggttttgaaa tataaatatt tggatgtttt ggtttgtttt 1620
aagtgaccta tcgtcttttt gtgtttataa gtgttttagt ttatgttttt ttttttttte 1680
ttgaatttta attttacatg cctcggctaa tgtttatget atttcttaga aatttatata 1740
tacaactttt ggtgatcc 1758
<210> SEQ ID NO 6

<211> LENGTH: 498

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 6

Met Ser Gly Ala Ile Thr Cys Ser Ala Ala Asp Leu Ala Thr Leu Leu
1 5 10 15

Gly Pro Asn Ala Thr Ala Ala Ala Asp Tyr Ile Cys Gly Gln Leu Gly
20 25 30

Thr Val Asn Asn Lys Phe Thr Asp Ala Ala Phe Ala Ile Asp Asn Thr
35 40 45

Tyr Leu Leu Phe Ser Ala Tyr Leu Val Phe Ala Met Gln Leu Gly Phe
50 55 60

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

Met Leu Thr Asn Val Leu Asp Ala Ala Ala Gly Gly Leu Phe Tyr Tyr
85 90 95

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

Gly Arg His Asn Phe Ala Leu Arg Asp Phe Pro Thr Pro Thr Ala Asp
115 120 125
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Tyr Ser Phe Phe Leu Tyr Gln Trp Ala Phe Ala Ile Ala Ala Ala Gly
130 135 140

Ile Thr Ser Gly Ser Ile Ala Glu Arg Thr Gln Phe Val Ala Tyr Leu
145 150 155 160

Ile Tyr Ser Ser Phe Leu Thr Gly Phe Val Tyr Pro Val Val Ser His
165 170 175

Trp Phe Trp Ser Pro Asp Gly Trp Ala Ser Pro Phe Arg Ser Ala Asp
180 185 190

Asp Arg Leu Phe Ser Thr Gly Ala Ile Asp Phe Ala Gly Ser Gly Val
195 200 205

Val His Met Val Gly Gly Ile Ala Gly Leu Trp Gly Ala Leu Ile Glu
210 215 220

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

Arg Gly His Ser Ala Ser Leu Val Val Leu Gly Thr Phe Leu Leu Trp
245 250 255

Phe Gly Trp Tyr Gly Phe Asn Pro Gly Ser Phe Thr Lys Ile Leu Val
260 265 270

Pro Tyr Asn Ser Gly Ser Asn Tyr Gly Gln Trp Ser Gly Ile Gly Arg
275 280 285

Thr Ala Val Asn Thr Thr Leu Ser Gly Cys Thr Ala Ala Leu Thr Thr
290 295 300

Leu Phe Gly Lys Arg Leu Leu Ser Gly His Trp Asn Val Thr Asp Val
305 310 315 320

Cys Asn Gly Leu Leu Gly Gly Phe Ala Ala Ile Thr Ala Gly Cys Ser
325 330 335

Val Val Glu Pro Trp Ala Ala Ile Val Cys Gly Phe Met Ala Ser Val
340 345 350

Val Leu Ile Gly Cys Asn Lys Leu Ala Glu Leu Val Gln Tyr Asp Asp
355 360 365

Pro Leu Glu Ala Ala Gln Leu His Gly Gly Cys Gly Ala Trp Gly Leu
370 375 380

Ile Phe Val Gly Leu Phe Ala Lys Glu Lys Tyr Leu Asn Glu Val Tyr
385 390 395 400

Gly Ala Thr Pro Gly Arg Pro Tyr Gly Leu Phe Met Gly Gly Gly Gly
405 410 415

Lys Leu Leu Gly Ala Gln Leu Val Gln Ile Leu Val Ile Val Gly Trp
420 425 430

Val Ser Ala Thr Met Gly Thr Leu Phe Phe Ile Leu Lys Arg Leu Asn
435 440 445

Leu Leu Arg Ile Ser Glu Gln His Glu Met Gln Gly Met Asp Met Thr
450 455 460

Arg His Gly Gly Phe Ala Tyr Ile Tyr His Asp Asn Asp Asp Glu Ser
465 470 475 480

His Arg Val Asp Pro Gly Ser Pro Phe Pro Arg Ser Ala Thr Pro Pro
485 490 495

Arg Val
<210> SEQ ID NO 7

<211> LENGTH: 1428
<212> TYPE: DNA
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<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 7

atggccggag cttacgatcce aagcttgecg gaggttcectyg aatggctcaa caaaggagac 60
aacgcgtgge agctcacggce agcgactcetg gttggtctac agagtatgec aggtettgtt 120
atcctectatg cctecategt caagaagaaa tgggctgtga attcagettt tatggetett 180
tacgcttteg cecgcegttet tetcectgttgg gttetectet gttacaaaat ggcttttgga 240
gaagagcttt tgcecgttttyg gggcaaaggt ggtccagett tegaccaagg ataccttaag 300
ggacaagcaa agatcccaaa tagtaatgtg gcggcgecgt attttecgat ggegacgttg 360
gtgtatttte agttcacatt cgcggcgata acgacgatac ttgtggeggg atctgtgttg 420
gggaggatga atattaaagc atggatggct tttgtgecat tgtggttgat ctttagctac 480
acagttggag cttatagtat atggggaggt gggtttctgt atcagtgggyg agttattgat 540
tattccggeg gttatgttat tcatctectcee tceceggtgttg ceggtttegt cgectgcttac 600
tgggtaggac caaggcctaa ggctgacaga gagagattce caccgaacaa tgttcttcta 660
atgcttgetyg gagetggact tttatggatg ggatggteeg gttttaacgg tggtgcetcect 720
tacgcggcca acttaacctce ctctategec gtgttaaaca ccaacctcete ggcecgecaca 780
agcctecttyg tatggactac acttgatgte atcttetttg gcaaacctte tgtcatcgga 840
gcaattcaag gcatggttac tggcttagcce ggcgtcacte cecggagcagg tttgatccaa 900
acatgggcag ctataataat tggagtagtc tcaggaacag ctccatggge ctctatgatg 960

atcattcaca agaaatccgc tcectcecttcaa aaggtggatg atacattagce ggtgttttac 1020
acacacgccg tggctggttt acttggtgga ataatgacag ggttgtttgce acaccctgat 1080
ctectgegttt tggtacttece tetcecccagceg accagaggag ctttcectacgg tggcaatggce 1140
ggcaaacagc ttttgaaaca gttggctgga gctgccttceca ttgccgtcetg gaatgtggtyg 1200
tcgactacta tcattctact cgctattagg gtgttcatac cattgagaat ggctgaggaa 1260
gagctcggga ttggagacga cgcagcacat ggggaagaag cttatgctct ttggggagat 1320
ggagagaagt ttgatgctac aaggcatgtg caacagtttg agagagatca agaagctgct 1380
catccttett atgttcatgg tgctagaggt gtcaccattg ttctatga 1428
<210> SEQ ID NO 8

<211> LENGTH: 475

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 8

Met Ala Gly Ala Tyr Asp Pro Ser Leu Pro Glu Val Pro Glu Trp Leu
1 5 10 15

Asn Lys Gly Asp Asn Ala Trp Gln Leu Thr Ala Ala Thr Leu Val Gly
20 25 30

Leu Gln Ser Met Pro Gly Leu Val Ile Leu Tyr Ala Ser Ile Val Lys
35 40 45

Lys Lys Trp Ala Val Asn Ser Ala Phe Met Ala Leu Tyr Ala Phe Ala
50 55 60

Ala Val Leu Leu Cys Trp Val Leu Leu Cys Tyr Lys Met Ala Phe Gly
65 70 75 80

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

Gly Tyr Leu Lys Gly Gln Ala Lys Ile Pro Asn Ser Asn Val Ala Ala
100 105 110

Pro Tyr Phe Pro Met Ala Thr Leu Val Tyr Phe Gln Phe Thr Phe Ala
115 120 125

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

Ile Lys Ala Trp Met Ala Phe Val Pro Leu Trp Leu Ile Phe Ser Tyr
145 150 155 160

Thr Val Gly Ala Tyr Ser Ile Trp Gly Gly Gly Phe Leu Tyr Gln Trp
165 170 175

Gly Val Ile Asp Tyr Ser Gly Gly Tyr Val Ile His Leu Ser Ser Gly
180 185 190

Val Ala Gly Phe Val Ala Ala Tyr Trp Val Gly Pro Arg Pro Lys Ala
195 200 205

Asp Arg Glu Arg Phe Pro Pro Asn Asn Val Leu Leu Met Leu Ala Gly
210 215 220

Ala Gly Leu Leu Trp Met Gly Trp Ser Gly Phe Asn Gly Gly Ala Pro
225 230 235 240

Tyr Ala Ala Asn Leu Thr Ser Ser Ile Ala Val Leu Asn Thr Asn Leu
245 250 255

Ser Ala Ala Thr Ser Leu Leu Val Trp Thr Thr Leu Asp Val Ile Phe
260 265 270

Phe Gly Lys Pro Ser Val Ile Gly Ala Ile Gln Gly Met Val Thr Gly
275 280 285

Leu Ala Gly Val Thr Pro Gly Ala Gly Leu Ile Gln Thr Trp Ala Ala
290 295 300

Ile Ile Ile Gly Val Val Ser Gly Thr Ala Pro Trp Ala Ser Met Met
305 310 315 320

Ile Ile His Lys Lys Ser Ala Leu Leu Gln Lys Val Asp Asp Thr Leu
325 330 335

Ala Val Phe Tyr Thr His Ala Val Ala Gly Leu Leu Gly Gly Ile Met
340 345 350

Thr Gly Leu Phe Ala His Pro Asp Leu Cys Val Leu Val Leu Pro Leu
355 360 365

Pro Ala Thr Arg Gly Ala Phe Tyr Gly Gly Asn Gly Gly Lys Gln Leu
370 375 380

Leu Lys Gln Leu Ala Gly Ala Ala Phe Ile Ala Val Trp Asn Val Val
385 390 395 400

Ser Thr Thr Ile Ile Leu Leu Ala Ile Arg Val Phe Ile Pro Leu Arg
405 410 415

Met Ala Glu Glu Glu Leu Gly Ile Gly Asp Asp Ala Ala His Gly Glu
420 425 430

Glu Ala Tyr Ala Leu Trp Gly Asp Gly Glu Lys Phe Asp Ala Thr Arg
435 440 445

His Val Gln Gln Phe Glu Arg Asp Gln Glu Ala Ala His Pro Ser Tyr
450 455 460

Val His Gly Ala Arg Gly Val Thr Ile Val Leu
465 470 475

<210> SEQ ID NO 9
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<211> LENGTH: 1491
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<400> SEQUENCE: 9
atgtcaggag ctattacttg ctctgegget gatctctcag cectactegyg cccaaatgece 60
acggcagcegg ctgactacat ttgcggecag ttgggtteeg ttaacaacaa gtttaccgat 120
gcagcctacyg ctatagacaa cacgtacctce ctettetcetg cctatcettgt ctttgcgatg 180
cagctegget tcgcetatget ttgtgetgge teegttagag ctaagaacac gatgaacatce 240
atgctcacta atgtccttga tgctgcagec ggaggactet tctactacct ctttggttat 300
gecatttgect ttggtgaatce ctccgatgga ttcattggaa gacacaactt tggtcttcaa 360
aactttccga ctctcaccte ggattactee ttettectet accaatggge gtttgcaate 420
gcagccgetyg gaatcaccag cggctcecatt gecgagagga ctaagttegt ggegtatttg 480
atatactctt cttttttgac cgggtttgtt tacccagttg tctctcactg gttectggtcet 540
ccggatggat gggctagtcee cttcecgttca gaagaccgtt tgtttggcac tggagecate 600
gactttgcetyg ggtcaggtgt tgttcacatg gttggtggta tcgcaggatt atggggtgec 660
cttattgaag gcccteggat tggtcggttt cetgatgggg gtcatgetat tgctetgcega 720
ggecactetyg cctcactegt cgtcettaggg accttectte tetggtttgg ttggtacggg 780
ttcaaccctyg gttecttcac caagatactce attccctaca attctggtte caactatgge 840
caatggagtg gaataggccg caccgeggtt acaactacac tctegggatyg cacageggcet 900
ctaaccacac tcttecggaaa acgtctecta tcaggccact ggaacgtaac tgacgtttge 960

aacgggttac tcggagggtt tgcggccata acggcaggtt gectctgtggt tgatccatgg 1020
gcagcgateg tatgtggcett cgtggcttcecce ctcecgtectta teggatgcaa caagctcgca 1080
gagctcttaa aatatgacga tccacttgag gccgcacaac tacacggagg gtgtggtget 1140
tggggtttga tatttgtagg actgtttgca aaagagaagt atataaatga ggtttacggc 1200
gegageccag gaaggcacta cgggetattt atgggeggag gagggaagcet attgggagea 1260
caactggttc aaataattgt gattgttgga tgggttagtg ccacaatggg aacactcttce 1320
ttcatcctca aaaagctcaa tttgcttagg atctcggage agcatgaaat gcgaggaatg 1380
gatttagcag gtcatggtgg ttttgcttat atctaccatg ataatgatga tgattccatt 1440
ggagtgccetg gatctccagt acctegtgeg cctaacccte cagecgtttg a 1491
<210> SEQ ID NO 10

<211> LENGTH: 496

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 10

Met Ser Gly Ala Ile Thr Cys Ser Ala Ala Asp Leu Ser Ala Leu Leu
1 5 10 15

Gly Pro Asn Ala Thr Ala Ala Ala Asp Tyr Ile Cys Gly Gln Leu Gly
20 25 30

Ser Val Asn Asn Lys Phe Thr Asp Ala Ala Tyr Ala Ile Asp Asn Thr
35 40 45

Tyr Leu Leu Phe Ser Ala Tyr Leu Val Phe Ala Met Gln Leu Gly Phe
50 55 60
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Ala Met Leu Cys Ala Gly Ser Val Arg Ala Lys Asn Thr Met Asn Ile
65 70 75 80

Met Leu Thr Asn Val Leu Asp Ala Ala Ala Gly Gly Leu Phe Tyr Tyr
85 90 95

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

Gly Arg His Asn Phe Gly Leu Gln Asn Phe Pro Thr Leu Thr Ser Asp
115 120 125

Tyr Ser Phe Phe Leu Tyr Gln Trp Ala Phe Ala Ile Ala Ala Ala Gly
130 135 140

Ile Thr Ser Gly Ser Ile Ala Glu Arg Thr Lys Phe Val Ala Tyr Leu
145 150 155 160

Ile Tyr Ser Ser Phe Leu Thr Gly Phe Val Tyr Pro Val Val Ser His
165 170 175

Trp Phe Trp Ser Pro Asp Gly Trp Ala Ser Pro Phe Arg Ser Glu Asp
180 185 190

Arg Leu Phe Gly Thr Gly Ala Ile Asp Phe Ala Gly Ser Gly Val Val
195 200 205

His Met Val Gly Gly Ile Ala Gly Leu Trp Gly Ala Leu Ile Glu Gly
210 215 220

Pro Arg Ile Gly Arg Phe Pro Asp Gly Gly His Ala Ile Ala Leu Arg
225 230 235 240

Gly His Ser Ala Ser Leu Val Val Leu Gly Thr Phe Leu Leu Trp Phe
245 250 255

Gly Trp Tyr Gly Phe Asn Pro Gly Ser Phe Thr Lys Ile Leu Ile Pro
260 265 270

Tyr Asn Ser Gly Ser Asn Tyr Gly Gln Trp Ser Gly Ile Gly Arg Thr
275 280 285

Ala Val Thr Thr Thr Leu Ser Gly Cys Thr Ala Ala Leu Thr Thr Leu
290 295 300

Phe Gly Lys Arg Leu Leu Ser Gly His Trp Asn Val Thr Asp Val Cys
305 310 315 320

Asn Gly Leu Leu Gly Gly Phe Ala Ala Ile Thr Ala Gly Cys Ser Val
325 330 335

Val Asp Pro Trp Ala Ala Ile Val Cys Gly Phe Val Ala Ser Leu Val
340 345 350

Leu Ile Gly Cys Asn Lys Leu Ala Glu Leu Leu Lys Tyr Asp Asp Pro
355 360 365

Leu Glu Ala Ala Gln Leu His Gly Gly Cys Gly Ala Trp Gly Leu Ile
370 375 380

Phe Val Gly Leu Phe Ala Lys Glu Lys Tyr Ile Asn Glu Val Tyr Gly
385 390 395 400

Ala Ser Pro Gly Arg His Tyr Gly Leu Phe Met Gly Gly Gly Gly Lys
405 410 415

Leu Leu Gly Ala Gln Leu Val Gln Ile Ile Val Ile Val Gly Trp Val
420 425 430

Ser Ala Thr Met Gly Thr Leu Phe Phe Ile Leu Lys Lys Leu Asn Leu
435 440 445

Leu Arg Ile Ser Glu Gln His Glu Met Arg Gly Met Asp Leu Ala Gly
450 455 460

His Gly Gly Phe Ala Tyr Ile Tyr His Asp Asn Asp Asp Asp Ser Ile
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465 470 475 480
Gly Val Pro Gly Ser Pro Val Pro Arg Ala Pro Asn Pro Pro Ala Val
485 490 495

<210> SEQ ID NO 11

<211> LENGTH: 1515

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 11

atggcgtegyg ctetetettg ctetgectet gatctgatte cattactate aggtggagec
aacgccaccyg cagcagcage cgccgctgaa tacatctgeg ggagattega cacagtcegece
gggaaattca ctgatgcgge ttacgcaatc gacaacactt accttcetett ctetgettac
ctegtttteg cgatgecaget cggtttegee atgetetgtg ceggatcegt acgtgcaaaa
aacacgatga acattatgct cacgaacgte atcgacgetg cagecggagg tctettcetat
tatctectteg gtttegettt tgettttgga tctecttceta atggattcat cggaaaacat
ttctttggaa tgtatgattt tcctcaacct acgtttgatt atcettattt tctatatcaa
tggactttcg ctatcgeecge cgctggaate acgagtggtt cgatagegga gaggactcag
ttcgttgegt atttgatcta ttettettte ttgacgggte ttgtttacce gattgtgteg
cattggtttt ggtcttectga tggttgggeg tcteeggeta gatctgagaa ccttetgttt
caatcaggtyg tgattgattt cgectggetet ggtgttgtte atatggttgg tggtattget
ggtttatggg gagctttaat tgaaggacct aggattggte ggtttggagt tgggggtaaa
ceggttacgt tgegtggtcea tagtgetacyg ttggttgtte ttggaacgtt tttgttatgg
ttcggatggt acgggtttaa ccecgggeteg tttgcaacta tttttaagge gtatggggag
actccaggga gctegtttta cggacaatgg agegcagttg ggagaaccege ggtaacaact
acgttagetyg gttgcacgge ggegttaacyg actctgtttg ggaaaagact tattgatggg
tattggaatg taactgatgt ttgcaatggt ttgttaggeg ggtttgegge tataactage
ggatgttcegg ttgtggaacce gtgggetgeg cttgtatgtg ggtttgtage cgecatgggtyg
ctgatgggat gcaatagact agcggaaaag ctccaatttg atgatcegtt ggaagegget
cagcttcacyg gtggttgtgg tgegtggggg attattttea cegggttgtt cgeggagaaa
agatacattyg ccgagatctt tggaggcgac ccgaatagge cttteggatt gctaatggga
ggaggaggta ggttgcttge ggcgcacgte gttcagattt tggtgattac gggttgggtt
agtgtgacaa tggggactct gttttttatt ttgcataage tgaaactgtt gaggataccg
geggaggatyg agatagetgg ggtggatceg acgagtcacg gagggttgge ttatatgtac
acagaagatg agattaggaa tgggatcatg gttaggagag tgggtggtga taatgatccce
aatgtaggtg tttga

<210> SEQ ID NO 12

<211> LENGTH: 504

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 12

Met Ala Ser Ala Leu Ser Cys Ser Ala Ser Asp Leu Ile Pro Leu Leu
1 5 10 15

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

1515



US 2008/0222753 Al Sep. 11, 2008
40

-continued

Ser Gly Gly Ala Asn Ala Thr Ala Ala Ala Ala Ala Ala Glu Tyr Ile
Cys Gly Arg Phe Asp Thr Val Ala Gly Lys Phe Thr Asp Ala Ala Tyr
35 40 45

Ala Ile Asp Asn Thr Tyr Leu Leu Phe Ser Ala Tyr Leu Val Phe Ala
50 55 60

Met Gln Leu Gly Phe Ala Met Leu Cys Ala Gly Ser Val Arg Ala Lys
65 70 75 80

Asn Thr Met Asn Ile Met Leu Thr Asn Val Ile Asp Ala Ala Ala Gly
85 90 95

Gly Leu Phe Tyr Tyr Leu Phe Gly Phe Ala Phe Ala Phe Gly Ser Pro
100 105 110

Ser Asn Gly Phe Ile Gly Lys His Phe Phe Gly Met Tyr Asp Phe Pro
115 120 125

Gln Pro Thr Phe Asp Tyr Pro Tyr Phe Leu Tyr Gln Trp Thr Phe Ala
130 135 140

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

Phe Val Ala Tyr Leu Ile Tyr Ser Ser Phe Leu Thr Gly Leu Val Tyr
165 170 175

Pro Ile Val Ser His Trp Phe Trp Ser Ser Asp Gly Trp Ala Ser Pro
180 185 190

Ala Arg Ser Glu Asn Leu Leu Phe Gln Ser Gly Val Ile Asp Phe Ala
195 200 205

Gly Ser Gly Val Val His Met Val Gly Gly Ile Ala Gly Leu Trp Gly
210 215 220

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

Pro Val Thr Leu Arg Gly His Ser Ala Thr Leu Val Val Leu Gly Thr
245 250 255

Phe Leu Leu Trp Phe Gly Trp Tyr Gly Phe Asn Pro Gly Ser Phe Ala
260 265 270

Thr Ile Phe Lys Ala Tyr Gly Glu Thr Pro Gly Ser Ser Phe Tyr Gly
275 280 285

Gln Trp Ser Ala Val Gly Arg Thr Ala Val Thr Thr Thr Leu Ala Gly
290 295 300

Cys Thr Ala Ala Leu Thr Thr Leu Phe Gly Lys Arg Leu Ile Asp Gly
305 310 315 320

Tyr Trp Asn Val Thr Asp Val Cys Asn Gly Leu Leu Gly Gly Phe Ala
325 330 335

Ala Ile Thr Ser Gly Cys Ser Val Val Glu Pro Trp Ala Ala Leu Val
340 345 350

Cys Gly Phe Val Ala Ala Trp Val Leu Met Gly Cys Asn Arg Leu Ala
355 360 365

Glu Lys Leu Gln Phe Asp Asp Pro Leu Glu Ala Ala Gln Leu His Gly
370 375 380

Gly Cys Gly Ala Trp Gly Ile Ile Phe Thr Gly Leu Phe Ala Glu Lys
385 390 395 400

Arg Tyr Ile Ala Glu Ile Phe Gly Gly Asp Pro Asn Arg Pro Phe Gly
405 410 415

Leu Leu Met Gly Gly Gly Gly Arg Leu Leu Ala Ala His Val Val Gln
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420 425 430

Ile Leu Val Ile Thr Gly Trp Val Ser Val Thr Met Gly Thr Leu Phe
435 440 445

Phe Ile Leu His Lys Leu Lys Leu Leu Arg Ile Pro Ala Glu Asp Glu
450 455 460

Ile Ala Gly Val Asp Pro Thr Ser His Gly Gly Leu Ala Tyr Met Tyr
465 470 475 480

Thr Glu Asp Glu Ile Arg Asn Gly Ile Met Val Arg Arg Val Gly Gly
485 490 495

Asp Asn Asp Pro Asn Val Gly Val
500

<210> SEQ ID NO 13

<211> LENGTH: 2073

<212> TYPE: DNA

<213> ORGANISM: Zea mays
<400> SEQUENCE: 13

atccgegeca caccctecca atcccctece cctegegtat ccacactttt cacacgcegac 60

geccggagaga cagagcgcege gegegeccga aagatgtcega cgtgegegge ggacctggeg 120

cegetgeteg geceggoegge ggcgaacgece acggactace tgtgegggea gttegeggac 180
acggecteeg cggtggacge cacgtacctg ctettetegg cctacctegt gttegecatg 240
cagctegget tegecatget gtgegeegge tcegteegeg ccaagaacac catgaacatce 300
atgctcacca acgtgetega cgecgecgeg ggggegetet tetactacct ctteggette 360
gecttegect teggcacgee ctccaacgge ttcatcggeca agecagttett cgggetcaag 420
cacctgecca ggaccggett cgactacgac ttettectet accagtggge cttegecate 480
gecgeegegyg gcatcacgte gggetecate gecgagegga cccagttegt cgectaccte 540
atctactceg cgttectgac ggggttegte tacceegtgg tgtegeactg gttetggtece 600
gecgacgget gggeeggege cagecgcacyg tceggecege tgetettegyg gtecggegte 660
atcgactteg cecggeteegg cgtegtecac atggteggeg geatcgeggg getgtgggge 720
gegetecateg agggeccceg categggege ttegaccacg ceggecgete cgtggegetc 780
aagggccaca gcgegteget cgtggtgete ggecaccttece tgetgtggtt cggetggtac 840
gggttcaace ccgggtectt caccaccatce ctcaagtegt acggeccege cgggacegte 900
cacgggcagt ggtcggeegt gggecgeace geegtcacca ccacccetege cggcagegte 960

gecgegetca ccacgetgtt cgggaagegyg ctecagacgg gecactggaa cgtggtggac 1020
gtctgcaacg gcecctectegg cgggttegeg gecatcacgg ccegggtgcag cgtggtggag 1080
ccgtgggegg cecgtcatetyg cgggttegtg tcecegegtggg tgctcatcgg cgccaacgcece 1140
ctegeggege getteaggtt cgacgacceg ctggaggegg cgcagetgea cggegggtgt 1200
ggcgectggg gegtectett cacggggcte ttcecgcgagge gaaagtacgt ggaggagatce 1260
tacggegeceg ggaggccocta cgggetgtte atgggeggeg gegggaaget cctegecgeg 1320
cagatcatcc agatcctggt gatcgccggg tgggtgaget gcaccatggg cccgctcette 1380
tacgcgcectca agaagctggg cctgctgcege atcteggecg acgacgagat gtccggcatg 1440
gacctgacce ggcacggegg cttegectac gtctaccacg acgaggaccce tggegacaag 1500

gceggggttyg gtgggttcat gctcaagtcecce gegcagaacce gtgtcgagece ggcggcggcy 1560
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gtggceggegy cgaccagcag ccaggtgtaa aaaaaaaatc aggagcaaat tgaaaccgag 1620
ctgaagttac gtgcttgcct ttttcagtat gttgtcgegt atcacgtttg aggtggatcg 1680
tatctgecgg tcagtacgca gtgtttggge aaatacttgg ctacttggga gtcgcaagaa 1740
attgtgtaaa ttatatagag gaggatggcg acgaagcacg catgtgttac gtagttgggg 1800
tttgtgtgca catggtggtyg ggcaggggct aggagagggt ttatctttag gttattttcg 1860
tagtggaatg aatcttatga tcggatatcce atcgtcggaa ggtgtggcgg getgcetggte 1920
aagataggtg gcttctatga ctatgagggt tgaaacaaca agtggacgat tctgtcctgt 1980
ggtcactgct catcatccaa tctagcggcet ttgacggteg tgccttttta gtatcaataa 2040
tattattcca agtttaaaaa aaaaaaaaaa aaa 2073
<210> SEQ ID NO 14

<211> LENGTH: 498

<212> TYPE: PRT

<213> ORGANISM: Zea mays

<400> SEQUENCE: 14

Met Ser Thr Cys Ala Ala Asp Leu Ala Pro Leu Leu Gly Pro Ala Ala
1 5 10 15

Ala Asn Ala Thr Asp Tyr Leu Cys Gly Gln Phe Ala Asp Thr Ala Ser
20 25 30

Ala Val Asp Ala Thr Tyr Leu Leu Phe Ser Ala Tyr Leu Val Phe Ala
35 40 45

Met Gln Leu Gly Phe Ala Met Leu Cys Ala Gly Ser Val Arg Ala Lys
50 55 60

Asn Thr Met Asn Ile Met Leu Thr Asn Val Leu Asp Ala Ala Ala Gly
65 70 75 80

Ala Leu Phe Tyr Tyr Leu Phe Gly Phe Ala Phe Ala Phe Gly Thr Pro
85 90 95

Ser Asn Gly Phe Ile Gly Lys Gln Phe Phe Gly Leu Lys His Leu Pro
100 105 110

Arg Thr Gly Phe Asp Tyr Asp Phe Phe Leu Tyr Gln Trp Ala Phe Ala
115 120 125

Ile Ala Ala Ala Gly Ile Thr Ser Gly Ser Ile Ala Glu Arg Thr Gln
130 135 140

Phe Val Ala Tyr Leu Ile Tyr Ser Ala Phe Leu Thr Gly Phe Val Tyr
145 150 155 160

Pro Val Val Ser His Trp Phe Trp Ser Ala Asp Gly Trp Ala Gly Ala
165 170 175

Ser Arg Thr Ser Gly Pro Leu Leu Phe Gly Ser Gly Val Ile Asp Phe
180 185 190

Ala Gly Ser Gly Val Val His Met Val Gly Gly Ile Ala Gly Leu Trp
195 200 205

Gly Ala Leu Ile Glu Gly Pro Arg Ile Gly Arg Phe Asp His Ala Gly
210 215 220

Arg Ser Val Ala Leu Lys Gly His Ser Ala Ser Leu Val Val Leu Gly
225 230 235 240

Thr Phe Leu Leu Trp Phe Gly Trp Tyr Gly Phe Asn Pro Gly Ser Phe
245 250 255

Thr Thr Ile Leu Lys Ser Tyr Gly Pro Ala Gly Thr Val His Gly Gln
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260 265 270

Trp Ser Ala Val Gly Arg Thr Ala Val Thr Thr Thr Leu Ala Gly Ser
275 280 285

Val Ala Ala Leu Thr Thr Leu Phe Gly Lys Arg Leu Gln Thr Gly His
290 295 300

Trp Asn Val Val Asp Val Cys Asn Gly Leu Leu Gly Gly Phe Ala Ala
305 310 315 320

Ile Thr Ala Gly Cys Ser Val Val Glu Pro Trp Ala Ala Val Ile Cys
325 330 335

Gly Phe Val Ser Ala Trp Val Leu Ile Gly Ala Asn Ala Leu Ala Ala
340 345 350

Arg Phe Arg Phe Asp Asp Pro Leu Glu Ala Ala Gln Leu His Gly Gly
355 360 365

Cys Gly Ala Trp Gly Val Leu Phe Thr Gly Leu Phe Ala Arg Arg Lys
370 375 380

Tyr Val Glu Glu Ile Tyr Gly Ala Gly Arg Pro Tyr Gly Leu Phe Met
385 390 395 400

Gly Gly Gly Gly Lys Leu Leu Ala Ala Gln Ile Ile Gln Ile Leu Val
405 410 415

Ile Ala Gly Trp Val Ser Cys Thr Met Gly Pro Leu Phe Tyr Ala Leu
420 425 430

Lys Lys Leu Gly Leu Leu Arg Ile Ser Ala Asp Asp Glu Met Ser Gly
435 440 445

Met Asp Leu Thr Arg His Gly Gly Phe Ala Tyr Val Tyr His Asp Glu
450 455 460

Asp Pro Gly Asp Lys Ala Gly Val Gly Gly Phe Met Leu Lys Ser Ala
465 470 475 480

Gln Asn Arg Val Glu Pro Ala Ala Ala Val Ala Ala Ala Thr Ser Ser
485 490 495

Gln Val

<210> SEQ ID NO 15
<211> LENGTH: 1597
<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 15

tttgctageg aagtccagta gtgcaactca ccecttectg gtectgetge tcegecctet 60
ccacctaget accactcect tagagegeca ctgccaagec atggegggag gaggggegge 120
ctaccagage tecgteggegt cgecggactyg getgaacaag ggcgacaatg cgtggcagat 180
gacgtcegeg acgcetggtgg gectgcagag catgecceggg ctggtgatece tgtacggeag 240
catcgtgaag aagaagtggg ccatcaacte ggegttecatg gegetgtacg ccttegecge 300
cgtetggete tgcetgggtgg tgtgggecta caacatgteg tteggegace ggetgetgece 360
cttetgggge aaggcgagge cggegetegg geagegette ctggtggege agtcccaget 420
cacggccace geegtgeggt accgegacgg gtegetegag geggagatge tccaccectt 480
ctacceggece gecaccatgg tgtactteca gtgegtgtte gecageatca ccgtcatcat 540
cctegeegge tegetgetgg gecgecatgga catcaaggec tggatggect tegtecceget 600

ctggatcacce ttctectaca cegteteege cttetegete tggggeggeg gettectett 660
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ccagtggggce gtcatcgact actccggegg ctacgtcatce cacctctect cgggaatcge 720
cggcctcace geccgcttact gggtagggec aaggtcggeg tceggacaggg ageggttccce 780
tcccaacaac atactgctgg tgctggeggg ggcaggectyg ctgtggetcg gatggactgg 840
cttcaacggc ggcgacccgt actcggccaa catcgacteg tccatggegg tgctcaacac 900
gcacatctge gecctccacca gectectcat gtggacccte cttgacgtet tettettegg 960

gaagccgteg gtgatcggtg ctgtgcaggg catgatcacc ggecttgtgt gcatcacgece 1020
tggcgcaggce ctggtgcaag ggtgggcagce cattgtcatg ggaattctcet caggtagcat 1080
ccectggtac actatgatgg tactgcacaa gaaatggtcce ttcatgcaga ggatcgacga 1140
caccctegge gtattccaca cccatgeggt cgetgggete ctcecggeggeg ccactactgg 1200
actctttget gagcctgtece tetgcaacct cttectegec atcccggact ccagaggtgce 1260
attttatggt ggtggtggat cacagtttgg gaagcagatc gctggcgcac tcecttcegtcat 1320
tggctggaac attgttatca cttccataat ctgtgttett attggcctag tcectgccect 1380
ccgaattecct gatgcacage tgcttatcgg ggatgatget gtacatggtg aggaggcgta 1440
tgctatatgg gcagaaggcg agctcaacga tgtaaccege caagatgaaa gcaggcatgg 1500
cagcgteget gtaggagtca cacaatgttt gagcatagtt cttgtaaggt tgaaagaaag 1560
aaaaatacaa gtgcatttgt ttgctaattg ctattaa 1597
<210> SEQ ID NO 16

<211> LENGTH: 498

<212> TYPE: PRT

<213> ORGANISM: Zea mays

<400> SEQUENCE: 16

Met Ala Gly Gly Gly Ala Ala Tyr Gln Ser Ser Ser Ala Ser Pro Asp
1 5 10 15

Trp Leu Asn Lys Gly Asp Asn Ala Trp Gln Met Thr Ser Ala Thr Leu
20 25 30

Val Gly Leu Gln Ser Met Pro Gly Leu Val Ile Leu Tyr Gly Ser Ile
35 40 45

Val Lys Lys Lys Trp Ala Ile Asn Ser Ala Phe Met Ala Leu Tyr Ala
50 55 60

Phe Ala Ala Val Trp Leu Cys Trp Val Val Trp Ala Tyr Asn Met Ser
65 70 75 80

Phe Gly Asp Arg Leu Leu Pro Phe Trp Gly Lys Ala Arg Pro Ala Leu
85 90 95

Gly Gln Arg Phe Leu Val Ala Gln Ser Gln Leu Thr Ala Thr Ala Val
100 105 110

Arg Tyr Arg Asp Gly Ser Leu Glu Ala Glu Met Leu His Pro Phe Tyr
115 120 125

Pro Ala Ala Thr Met Val Tyr Phe Gln Cys Val Phe Ala Ser Ile Thr
130 135 140

Val Ile Ile Leu Ala Gly Ser Leu Leu Gly Arg Met Asp Ile Lys Ala
145 150 155 160

Trp Met Ala Phe Val Pro Leu Trp Ile Thr Phe Ser Tyr Thr Val Ser
165 170 175

Ala Phe Ser Leu Trp Gly Gly Gly Phe Leu Phe Gln Trp Gly Val Ile
180 185 190
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Asp Tyr Ser Gly Gly Tyr Val Ile His Leu Ser Ser Gly Ile Ala Gly
195 200 205

Leu Thr Ala Ala Tyr Trp Val Gly Pro Arg Ser Ala Ser Asp Arg Glu
210 215 220

Arg Phe Pro Pro Asn Asn Ile Leu Leu Val Leu Ala Gly Ala Gly Leu
225 230 235 240

Leu Trp Leu Gly Trp Thr Gly Phe Asn Gly Gly Asp Pro Tyr Ser Ala
245 250 255

Asn Ile Asp Ser Ser Met Ala Val Leu Asn Thr His Ile Cys Ala Ser
260 265 270

Thr Ser Leu Leu Met Trp Thr Leu Leu Asp Val Phe Phe Phe Gly Lys
275 280 285

Pro Ser Val Ile Gly Ala Val Gln Gly Met Ile Thr Gly Leu Val Cys
290 295 300

Ile Thr Pro Gly Ala Gly Leu Val Gln Gly Trp Ala Ala Ile Val Met
305 310 315 320

Gly Ile Leu Ser Gly Ser Ile Pro Trp Tyr Thr Met Met Val Leu His
325 330 335

Lys Lys Trp Ser Phe Met Gln Arg Ile Asp Asp Thr Leu Gly Val Phe
340 345 350

His Thr His Ala Val Ala Gly Leu Leu Gly Gly Ala Thr Thr Gly Leu
355 360 365

Phe Ala Glu Pro Val Leu Cys Asn Leu Phe Leu Ala Ile Pro Asp Ser
370 375 380

Arg Gly Ala Phe Tyr Gly Gly Gly Gly Ser Gln Phe Gly Lys Gln Ile
385 390 395 400

Ala Gly Ala Leu Phe Val Ile Gly Trp Asn Ile Val Ile Thr Ser Ile
405 410 415

Ile Cys Val Leu Ile Gly Leu Val Leu Pro Leu Arg Ile Pro Asp Ala
420 425 430

Gln Leu Leu Ile Gly Asp Asp Ala Val His Gly Glu Glu Ala Tyr Ala
435 440 445

Ile Trp Ala Glu Gly Glu Leu Asn Asp Val Thr Arg Gln Asp Glu Ser
450 455 460

Arg His Gly Ser Val Ala Val Gly Val Thr Gln Cys Leu Ser Ile Val
465 470 475 480

Leu Val Arg Leu Lys Glu Arg Lys Ile Gln Val His Leu Phe Ala Asn
485 490 495

Cys Tyr

<210> SEQ ID NO 17
<211> LENGTH: 964
<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 17

cgttgtccac atggtgggeg gaatcgeegg cctetgggge gecctecateg agggeccceceg 60
cattggcegyg ttegaccacg ceggecgete ggtggegetg cgeggecaca gegegteget 120
cgtegtgete ggcactttee tgetgtggtt cggetggtte gggttcaace cegggtegtt 180
cctcaccate ctcaagaget acggeccgge cggcageatce cacgggcagt ggteggecegt 240

gggcegcacyg gecgtgacca ccaccctege cggcagcacg goeggegetca cgacgetett 300
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cgggaagagg ctccagacgg ggcactggaa cgtggtcgac gtctgcaacg gecctcctegg 360
cggcettegeg gegatcacceg cgggctgcte cgtggtcgac ccectgggegyg ccatcatatg 420

cgggttegtyg teggegtggg tgctcategg getcaacgeg ctggeegega ggetceeggtt 480
cgacgacceg ctggaggecg cgcagttgea cggtgggtge ggegegtggg gggtectett 540
cacgggectyg ttegegegea gggagtacgt ggagecagatce tacggcacge cggggeggec 600
gtacggectyg ttcatgggeg geggegggayg getgetggee gegaacgtgyg tgatgatcct 660
ggtgatcgee gegtgggtta gegtcaccat ggetcegetg ttectggege tcaacaagat 720

ggggctgete cgagtctegg cegaggacga gatggccegge atggaccaga cgeggcacgg 780

cgggttegeg tacgegtace acgacgacga cttgagettyg agcagcagge ccaaggggat 840
gcagagcacyg cagatcgcgg acgcggecag cggcgagtte tagtgtgttg gatcacaaat 900
ctcagtatge tagtcctaca tcatgattgt caatagggec attttaaaac cccttetttt 960
gggt 964

<210> SEQ ID NO 18

<211> LENGTH: 293

<212> TYPE: PRT

<213> ORGANISM: Zea mays
<400> SEQUENCE: 18

Val Val His Met Val Gly Gly Ile Ala Gly Leu Trp Gly Ala Leu Ile
1 5 10 15

Glu Gly Pro Arg Ile Gly Arg Phe Asp His Ala Gly Arg Ser Val Ala
20 25 30

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

Trp Phe Gly Trp Phe Gly Phe Asn Pro Gly Ser Phe Leu Thr Ile Leu
50 55 60

Lys Ser Tyr Gly Pro Ala Gly Ser Ile His Gly Gln Trp Ser Ala Val
65 70 75 80

Gly Arg Thr Ala Val Thr Thr Thr Leu Ala Gly Ser Thr Ala Ala Leu
Thr Thr Leu Phe Gly Lys Arg Leu Gln Thr Gly His Trp Asn Val Val
100 105 110

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

Cys Ser Val Val Asp Pro Trp Ala Ala Ile Ile Cys Gly Phe Val Ser
130 135 140

Ala Trp Val Leu Ile Gly Leu Asn Ala Leu Ala Ala Arg Leu Arg Phe
145 150 155 160

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

Gly Val Leu Phe Thr Gly Leu Phe Ala Arg Arg Glu Tyr Val Glu Gln
180 185 190

Ile Tyr Gly Thr Pro Gly Arg Pro Tyr Gly Leu Phe Met Gly Gly Gly
195 200 205

Gly Arg Leu Leu Ala Ala Asn Val Val Met Ile Leu Val Ile Ala Ala
210 215 220

Trp Val Ser Val Thr Met Ala Pro Leu Phe Leu Ala Leu Asn Lys Met
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225 230 235 240

Gly Leu Leu Arg Val Ser Ala Glu Asp Glu Met Ala Gly Met Asp Gln
245 250 255

Thr Arg His Gly Gly Phe Ala Tyr Ala Tyr His Asp Asp Asp Leu Ser
260 265 270

Leu Ser Ser Arg Pro Lys Gly Met Gln Ser Thr Gln Ile Ala Asp Ala
275 280 285

Ala Ser Gly Glu Phe
290

<210> SEQ ID NO 19

<211> LENGTH: 1587

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 19

atggcgacgt gegctacgac cctegeacct cttetgggece cggeggcaaa cgegacggag 60
tacctttgca accaattecge ggacaccacg teggeggtgg actegacgta cctgetcette 120
tcggectace tegtettege catgecagete gggttegeca tgetcetgege gggetceegte 180
cgegecaaga acaccatgaa catcatgete accaacgtge tegacgeege cgecggegeg 240
ctcttetact acctattegg cttegectte gegtacggga cecegtccaa cggcettcate 300
ggcaagcact tctteggect caageggett ccccaggteg ggttcgacta cgacttette 360
ctcttecagt gggetttege catcgecgee gecgggatca cgtecggete catcgecgag 420
cgcacgcagt tcgtggegta cctcatctac teegecttece tcaccggett cgtgtacceg 480

gtggtgtcee actgggtctg gtcegecgac ggcetgggect cgecgtcacy gacgtegggyg 540

aagctectet teggeteegg catcatcgac ttegecgggt ccagegttgt ccacatggtg 600
ggcggaatcg ccggectetg gggegeccte atcgagggece cccgecattgyg ceggttegac 660
cacgceggee geteggtgge getgegegge cacagegegt cgetegtegt getceggeact 720
ttcectgetgt ggtteggetyg gttegggtte aacceegggt cgttectcac catcctcaag 780

agctacggee cggecggeag catccacggg cagtggtegg cegtgggecg cacggecegtg 840
accaccacce tcgeeggeag cacggeggeg ctcacgacge tettegggaa gaggcetccag 900
acggggcact ggaacgtggt cgacgtetge aacggectece teggeggett cgeggegate 960
accgcgggcet getceegtggt cgaccectgg gcggccatca tatgecgggtt cgtgteggeg 1020
tgggtgctca tcgggetcaa cctggecgeg aggcteeggt tegacgacce ccgggaggec 1080
gcgecagttge acggtgggtg cggcegcegtgg ggggtcectet tcacgggect gttegegege 1140
agggagtacyg tggagcagag cacgccgggg cggccgtacg gectgtteat gggeggegge 1200
aggctgcetgg ccgcgaacgt ggtgatgatce ctggtgatcg ccgcegtgggt tagcgtcacce 1260
atggcteccge tgttecctgge gcectcaacaag atggggcetge tccgagtcte ggccgaggac 1320
gagatggceg gcatggacca gacgcggcac ggcegggtteg cgtacgegta ccacgacgac 1380
gacttgagct tgagcagcag gcccaagggyg atgcgagcac gcagatcgeg gacgeggeca 1440
gcggcgagtt ctagtgtgtt ggatcacaaa tctcagtatg ctagtcctac atcatgattg 1500
tacaataaca accatgagta tactcccttce gttctaagga ttactttgac gaagtatcta 1560

gttaatttaa agataaagaa aatttaa 1587
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<210> SEQ ID NO 20

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Ala Thr Cys

1

Asn
20

Val
35

Gln
50

Thr
65

Leu
85

Asn
100

Val
115

Ala
130

Val
145

Val
165

Arg
180

Gly
195

Ala
210

Ser
225

Phe
245

Thr
260

Ser
275

Ala
290

Asn
305

Thr
325

Phe
340

Arg
355

Ala

Asp

Leu

Met

Phe

Gly

Gly

Ala

Ala

Val

Thr

Ser

Leu

Val

Leu

Ile

Ala

Ala

Val

Ala

Val

Phe

Thr

Ser

Gly

Asn

Tyr

Phe

Phe

Ala

Tyr

Ser

Ser

Ser

Ile

Ala

Leu

Leu

Val

Leu

Val

Gly

Ser

Asp

Glu

Thr

Phe

Ile

Tyr

Ile

Asp

Gly

Leu

His

Gly

Val

Glu

Leu

Trp

Lys

Gly

Thr

Asp

Cys

Ala

Asp

498

Zea
20

Ala

Tyr

Tyr

Ala

Met

Leu

Gly

Tyr

Ile

Ile

Trp

Lys

Val

Gly

Arg

Phe

Ser

Arg

Thr

Val

Ser

Trp

Pro

mays

Thr Thr
Leu Cys
25

Leu Leu
40

Met Leu
55

Leu Thr
70

Phe Gly
90

Lys His
105

Asp Phe
120

Thr Ser
135

Tyr Ser
150

Val Trp
170

Leu Leu
185

His Met
200

Pro Arg
215

Gly His
230

Gly Trp
250

Tyr Gly
265

Thr Ala
280

Leu Phe
295

Cys Asn
310

Val Val
330

Val Leu
345

Arg Glu
360

Leu

Asn

Phe

Cys

Asn

Phe

Phe

Phe

Gly

Ala

Ser

Phe

Val

Ile

Ser

Phe

Pro

Val

Gly

Gly

Asp

Ile

Ala

Ala

Gln

Ser

Ala

Val

Ala

Phe

Leu

Ser

Phe

Ala

Gly

Gly

Gly

Ala

Gly

Ala

Thr

Lys

Leu

Pro

Gly

Ala

Pro

10

Phe

Ala

Gly

Leu

Phe

Gly

Phe

Ile

Leu

Asp

Ser

Gly

Arg

Ser

Phe

Gly

Thr

Arg

Leu

Trp

Leu

Gln

Leu
Ala
30

Tyr
45

Ser
60

Asp
75

Ala
95

Leu
110

Gln
125

Ala
140

Thr
155

Gly
175

Gly
190

Ile
205

Phe
220

Leu
235

Asn
255

Ser
270

Thr
285

Leu
300

Gly
315

Ala
335

Asn
350

Leu
365

Leu

Asp

Leu

Val

Ala

Tyr

Lys

Trp

Glu

Gly

Trp

Ile

Ala

Asp

Val

Pro

Ile

Leu

Gln

Gly

Ala

Leu

His

Gly

Thr

Val

Arg

Ala

Gly

Arg

Ala

Arg

Phe

Ala

Ile

Gly

His

Val

Gly

His

Ala

Thr

Phe

Ile

Ala

Gly

Pro

Thr

Phe

Ala

Ala

Thr

Leu

Phe

Thr

Val

Ser

Asp

Leu

Ala

Leu

Ser

Gly

Gly

Gly

Ala

Ile

Ala

Gly

Ala

15

Ser

Ala

Lys

Gly

Pro

Pro

Ala

Gln

Tyr

Pro

Phe

Trp

Gly

Gly

Phe

Gln

Ser

His

Ala

Cys

Arg

Cys

Ala

Ala

Met

Asn

Ala

80

Ser

Gln

Ile

Phe

Pro

160

Ser

Ala

Gly

Arg

Thr

240

Leu

Trp

Thr

Trp

Ile

320

Gly

Leu

Gly
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Ala Trp Gly Val Leu Phe Thr Gly Leu Phe Ala Arg Arg Glu Tyr Val
370 375 380

Glu Gln Ser Thr Pro Gly Arg Pro Tyr Gly Leu Phe Met Gly Gly Gly
385 390 395 400

Arg Leu Leu Ala Ala Asn Val Val Met Ile Leu Val Ile Ala Ala Trp
405 410 415

Val Ser Val Thr Met Ala Pro Leu Phe Leu Ala Leu Asn Lys Met Gly
420 425 430

Leu Leu Arg Val Ser Ala Glu Asp Glu Met Ala Gly Met Asp Gln Thr
435 440 445

Arg His Gly Gly Phe Ala Tyr Ala Tyr His Asp Asp Asp Leu Ser Leu
450 455 460

Ser Ser Arg Pro Lys Gly Met Arg Ala Arg Arg Ser Arg Thr Arg Pro
465 470 475 480

Ala Ala Ser Ser Ser Val Leu Asp His Lys Ser Gln Tyr Ala Ser Pro
485 490 495

Thr Ser

<210> SEQ ID NO 21

<211> LENGTH: 744

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<220> FEATURE:

«<221> NAME/KEY: misc_feature

<222> LOCATION: 715

<223> OTHER INFORMATION: n = A, T,C or G

<400> SEQUENCE: 21

tcccaatcce cteccecteg cgtatccaca cttttcacac gegacgeegg agagacagag 60
cgegegegeg cccgaaagat ggcgacgtge gegacggace tggegecget geteggecceg 120
geggeggeaa acgccacgga ctacctcetge aaccaatteg cggacaccac ctecgeggtyg 180
gacgccacgt acctgetett cteggectac ctegtetteg ccatgecaget cggettegec 240
atgctetgeg ceggeteegt ccgegecaag aacaccatga acatcatget caccaacgtg 300
ctcgacgeeg ccgeaeggege getcettetac tacctatteg gettegectt cgectacgge 360
acccegteca acggcttecat cggcaageac ttetteggece tcaagegect geccaagace 420
ggcttegact acgacttett cctataccag tgggectteg ccatcgecge cgecggeatc 480
acgtcegget ccatcgecga gagcacccag ttegtegect acctcatcta ctecgectte 540
ctcaccgget tegtgtacce cgtggegtee cactgggtet ggtecgeega cggetgggece 600
gecgeeggee gcacgtecegg cecgetgete ttegggteeg gegecatcega cttegeegge 660

tceggegtgyg tecacatggt cggeggeate geggggttet ggggegeget cgtcnaggge 720

cceegtateg ggcgettega ccac 744

<210> SEQ ID NO 22

<211> LENGTH: 222

<212> TYPE: PRT

<213> ORGANISM: Zea mays

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 213

<223> OTHER INFORMATION: Xaa = Any Amino Acid

<400> SEQUENCE: 22
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Met Ala Thr Cys Ala Thr Asp Leu Ala Pro Leu Leu Gly Pro Ala Ala
1 5 10 15

Ala Asn Ala Thr Asp Tyr Leu Cys Asn Gln Phe Ala Asp Thr Thr Ser
20 25 30

Ala Val Asp Ala Thr Tyr Leu Leu Phe Ser Ala Tyr Leu Val Phe Ala
35 40 45

Met Gln Leu Gly Phe Ala Met Leu Cys Ala Gly Ser Val Arg Ala Lys
50 55 60

Asn Thr Met Asn Ile Met Leu Thr Asn Val Leu Asp Ala Ala Ala Gly
65 70 75 80

Ala Leu Phe Tyr Tyr Leu Phe Gly Phe Ala Phe Ala Tyr Gly Thr Pro
85 90 95

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

Lys Thr Gly Phe Asp Tyr Asp Phe Phe Leu Tyr Gln Trp Ala Phe Ala
115 120 125

Ile Ala Ala Ala Gly Ile Thr Ser Gly Ser Ile Ala Glu Ser Thr Gln
130 135 140

Phe Val Ala Tyr Leu Ile Tyr Ser Ala Phe Leu Thr Gly Phe Val Tyr
145 150 155 160

Pro Val Ala Ser His Trp Val Trp Ser Ala Asp Gly Trp Ala Ala Ala
165 170 175

Gly Arg Thr Ser Gly Pro Leu Leu Phe Gly Ser Gly Ala Ile Asp Phe
180 185 190

Ala Gly Ser Gly Val Val His Met Val Gly Gly Ile Ala Gly Phe Trp
195 200 205

Gly Ala Leu Val Xaa Gly Pro Arg Ile Gly Arg Phe Asp His
210 215 220

<210> SEQ ID NO 23

<211> LENGTH: 1024

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 23

gaggtcegteg tctctageta getgctaaga gagagagaga gagagaggta tacgtaggac 60
cgceggcaac tagctaacta acatgtegte gtegteeggg acgacgatge cgetggegta 120
ccagacgteg gegtegtete cecgagtgget gaacaaggge gacaacgegt ggcagetgac 180

ggeggegacyg ctggtgggge tgcagagett ccegggtetg gtggtectgt acggeggegt 240
ggtgaagaag aagtgggccg tgaactcgge cttcatggeg ctgtacgegt tegeggeggt 300
gtggatctge tgggtgacct gggectacaa catgtcectte ggegacagge tgetgecget 360

gtggggcaag gcgceggcecgg cgctgageca gggegggcetyg gtggggcagyg ccggectecc 420

cgeccacggeyg caccactteg ccageggege cctggagace ceggeegegg agecgetgta 480
ccegatggee acggtggtgt acttecagtg cgtgttegeg gecatcacce tggtgetggt 540
cgeegggteg ctgectgggee ggatgagett cgecgegtgg atgetgtteg tgecgetetg 600
getcacctte tectacaceg teggegectt cteegtatgg ggceggegggt tectetteca 660
gtggggegte atcgactact geggeggcta cgtcatccac cteteegetyg gettegecgyg 720

gttcacggca gcctactggg tggggcecceyg ggcegcagaag gacagggaga ggttecegec 780
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gaacaacatc ctgttcacge tcaccggege gggcectgetyg tggatggggt gggecggett 840
caacggcegge gggcecgtacg ccgccaacgt ggtggegtece atgteggtge tcaacaccaa 900
catctgcace gccatgagce tcctegtetg gacctgecte gacgtegtet tcttcaagaa 960
gcceteegte gtgggegecg tcecagggcat gatcaccgga ctegtcetgca tcacgceccege 1020
cgca 1024
<210> SEQ ID NO 24
<211> LENGTH: 314
<212> TYPE: PRT
<213> ORGANISM: Zea mays
<400> SEQUENCE: 24
Met Ser Ser Ser Ser Gly Thr Thr Met Pro Leu Ala Tyr Gln Thr Ser
1 5 10 15
Ala Ser Ser Pro Glu Trp Leu Asn Lys Gly Asp Asn Ala Trp Gln Leu
20 25 30
Thr Ala Ala Thr Leu Val Gly Leu Gln Ser Phe Pro Gly Leu Val Val
35 40 45
Leu Tyr Gly Gly Val Val Lys Lys Lys Trp Ala Val Asn Ser Ala Phe
50 55 60
Met Ala Leu Tyr Ala Phe Ala Ala Val Trp Ile Cys Trp Val Thr Trp
65 70 75 80
Ala Tyr Asn Met Ser Phe Gly Asp Arg Leu Leu Pro Leu Trp Gly Lys
85 90 95
Ala Arg Pro Ala Leu Ser Gln Gly Gly Leu Val Gly Gln Ala Gly Leu
100 105 110
Pro Ala Thr Ala His His Phe Ala Ser Gly Ala Leu Glu Thr Pro Ala
115 120 125
Ala Glu Pro Leu Tyr Pro Met Ala Thr Val Val Tyr Phe Gln Cys Val
130 135 140
Phe Ala Ala Ile Thr Leu Val Leu Val Ala Gly Ser Leu Leu Gly Arg
145 150 155 160
Met Ser Phe Ala Ala Trp Met Leu Phe Val Pro Leu Trp Leu Thr Phe
165 170 175
Ser Tyr Thr Val Gly Ala Phe Ser Val Trp Gly Gly Gly Phe Leu Phe
180 185 190
Gln Trp Gly Val Ile Asp Tyr Cys Gly Gly Tyr Val Ile His Leu Ser
195 200 205
Ala Gly Phe Ala Gly Phe Thr Ala Ala Tyr Trp Val Gly Pro Arg Ala
210 215 220
Gln Lys Asp Arg Glu Arg Phe Pro Pro Asn Asn Ile Leu Phe Thr Leu
225 230 235 240
Thr Gly Ala Gly Leu Leu Trp Met Gly Trp Ala Gly Phe Asn Gly Gly
245 250 255
Gly Pro Tyr Ala Ala Asn Val Val Ala Ser Met Ser Val Leu Asn Thr
260 265 270
Asn Ile Cys Thr Ala Met Ser Leu Leu Val Trp Thr Cys Leu Asp Val
275 280 285
Val Phe Phe Lys Lys Pro Ser Val Val Gly Ala Val Gln Gly Met Ile
290 295 300
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Thr Gly Leu Val Cys Ile Thr Pro Ala Ala
305 310

<210> SEQ ID NO 25

<211> LENGTH: 1798

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 25

ttatgatcca cttggttaac tagcataatt aatcgcagat gaagcagcag ttcatgaagg
caggaagcag ctaaatcacc catataaatg gtegegegeg ctagcatage atagtagega
tagccaccac cgatcgaage atgatggegg cgtegggege gtacgeggeg caactcccegg
cggtgcecgga gtggctgaac aagggcgaca acgegtggea getgacggeg gegacgetgg
tgggcatcca gtcegatgeeg gggetggtgg tgetgtacgg cagecatcegtyg aagaagaagt
gggcggtgaa cteggegtte atggegetgt acgectacge gtegtegetyg ctggtgtggg
tgctggeggyg gtteegeatg gegttegggg ageggetget ceegttetgg ggcaaggecg
gggtggeget cteccaggge tacctggtee ggegegecte getcteggeyg accgegeacy
gggccacgee ccgcaccgag ccecctgtace cggaggcegac getggtgetyg ttecagtteg
agttcgecege catcacgetg gtgetectgg ceggeteegt gettggeege atgaacatca
aggcctggat ggecttcace cegetetgge tectettete ctacaccgte ggegecttca
gecatctgggyg cggcggette ctctaccact ggggegtcat cgactactece ggeggatacyg
tcatccacct ctecteegge atecgeegget tcaccgecge atactgggtyg ggeccgagge
tgaagagcga ccgggagege ttctcccega acaacatccet getgatgate gegggeggeg
ggctgetgty gatgggetgg gecgggttca acggeggege gecctacgeco gecaacateg
cggegteegt ggecgtgete aacaccaacg tcteegecge caccagecte ctcacctgga
cctgectega cgtcatcette tteggcaage cgteegtgat cggegecgtyg cagggcatga
tgacggggcet cgtctgeate acccccggag cagggetggt gecagacctgg geggeggtga
tcatgggegt gttegeggge agegtgeegt ggttcaccat gatgatcetyg cacaagaagg
tggegetget gacgagggtyg gacgacacge tgggegtett ccacacgcac gecegtegegg
gectgetggyg cggegtecte acggggetge tggccacgee ggagetgetyg gagatcgagt
cceceegtgee gggectecge ggegegttet acggeggagg gatccgecag gteggcaage
agctggeggyg ggccgectte gtggtggegt ggaacgtegt ggtcacgteg ctcatcctge
tggccategg cctgetggtyg ceectgegga tgeccgagga ccagcetcatg atceggegacg
acgccgegea cggggaggag gectacgege tcetggggega cggggagaag ttcegatgeca
ccaggcacga cgcggtcagg gtegeeggeg tcatggatag agaagggtcee geggagcage
ggctatcagg gggcgtcace attcagetgt aggcgcacge ccgacggtece ataagacacyg
actttttage ggacattttt ttttcatggg agaagagcag tgttttagge tttttattat
tagcatgaaa ggttgtccat gtatcatatt tggcccagag cacgtagtcet ctgctagttt
ataaagaaat taggtcatgt attttteccte ttaatctagt ctaccegcaa catgtact
<210> SEQ ID NO 26

<211> LENGTH: 483

<212> TYPE: PRT
<213> ORGANISM: Zea mays

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

1798
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<400> SEQUENCE: 26

Met Met Ala Ala Ser Gly Ala Tyr Ala Ala Gln Leu Pro Ala Val Pro
1 5 10 15

Glu Trp Leu Asn Lys Gly Asp Asn Ala Trp Gln Leu Thr Ala Ala Thr
20 25 30

Leu Val Gly Ile Gln Ser Met Pro Gly Leu Val Val Leu Tyr Gly Ser
35 40 45

Ile Val Lys Lys Lys Trp Ala Val Asn Ser Ala Phe Met Ala Leu Tyr
Ala Tyr Ala Ser Ser Leu Leu Val Trp Val Leu Ala Gly Phe Arg Met
65 70 75 80

Ala Phe Gly Glu Arg Leu Leu Pro Phe Trp Gly Lys Ala Gly Val Ala
85 90 95

Leu Ser Gln Gly Tyr Leu Val Arg Arg Ala Ser Leu Ser Ala Thr Ala
100 105 110

His Gly Ala Thr Pro Arg Thr Glu Pro Leu Tyr Pro Glu Ala Thr Leu
115 120 125

Val Leu Phe Gln Phe Glu Phe Ala Ala Ile Thr Leu Val Leu Leu Ala
130 135 140

Gly Ser Val Leu Gly Arg Met Asn Ile Lys Ala Trp Met Ala Phe Thr
145 150 155 160

Pro Leu Trp Leu Leu Phe Ser Tyr Thr Val Gly Ala Phe Ser Ile Trp
165 170 175

Gly Gly Gly Phe Leu Tyr His Trp Gly Val Ile Asp Tyr Ser Gly Gly
180 185 190

Tyr Val Ile His Leu Ser Ser Gly Ile Ala Gly Phe Thr Ala Ala Tyr
195 200 205

Trp Val Gly Pro Arg Leu Lys Ser Asp Arg Glu Arg Phe Ser Pro Asn
210 215 220

Asn Ile Leu Leu Met Ile Ala Gly Gly Gly Leu Leu Trp Met Gly Trp
225 230 235 240

Ala Gly Phe Asn Gly Gly Ala Pro Tyr Ala Ala Asn Ile Ala Ala Ser
245 250 255

Val Ala Val Leu Asn Thr Asn Val Ser Ala Ala Thr Ser Leu Leu Thr
260 265 270

Trp Thr Cys Leu Asp Val Ile Phe Phe Gly Lys Pro Ser Val Ile Gly
275 280 285

Ala Val Gln Gly Met Met Thr Gly Leu Val Cys Ile Thr Pro Gly Ala
290 295 300

Gly Leu Val Gln Thr Trp Ala Ala Val Ile Met Gly Val Phe Ala Gly
305 310 315 320

Ser Val Pro Trp Phe Thr Met Met Ile Leu His Lys Lys Val Ala Leu
325 330 335

Leu Thr Arg Val Asp Asp Thr Leu Gly Val Phe His Thr His Ala Val
340 345 350

Ala Gly Leu Leu Gly Gly Val Leu Thr Gly Leu Leu Ala Thr Pro Glu
355 360 365

Leu Leu Glu Ile Glu Ser Pro Val Pro Gly Leu Arg Gly Ala Phe Tyr
370 375 380

Gly Gly Gly Ile Arg Gln Val Gly Lys Gln Leu Ala Gly Ala Ala Phe
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385 390 395 400

Val Val Ala Trp Asn Val Val Val Thr Ser Leu Ile Leu Leu Ala Ile
405 410 415

Gly Leu Leu Val Pro Leu Arg Met Pro Glu Asp Gln Leu Met Ile Gly
420 425 430

Asp Asp Ala Ala His Gly Glu Glu Ala Tyr Ala Leu Trp Gly Asp Gly
435 440 445

Glu Lys Phe Asp Ala Thr Arg His Asp Ala Val Arg Val Ala Gly Val
450 455 460

Met Asp Arg Glu Gly Ser Ala Glu Gln Arg Leu Ser Gly Gly Val Thr
465 470 475 480

Ile Gln Leu

<210> SEQ ID NO 27
<211> LENGTH: 330
<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 27

atggtgcegyg gactcegegg cgegttetac ggeggeggea tcaagcagat cagcaagcag 60
cteggeggeyg ctgegtttgt gatcegegtgg aacctegtgg tcaccacgge catcctectt 120
ggcatcggee tgttcatcee getgeggatyg cccgacgage agetcatgat cggegacgac 180

geggegeacyg gcegaggagge ctacgegttyg tggggcgacg gcegagaagtt caacgegaca 240
cagcacgacce tatcgagggg tggeggegge ggegacaggg acggceccega geggetctece 300

atcctaggeg ccaggggcegt caccatctag 330

<210> SEQ ID NO 28

<211> LENGTH: 186

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 28

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

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

Ile Thr Cys Ala Ser Ser Arg Arg Pro Pro Arg Glu Thr Thr Leu Pro
35 40 45

His Pro Arg Cys Gly Gly Ala Pro Arg Arg His Pro His Gly Pro Pro
50 55 60

Gly His Pro Gly Ala Leu Leu Pro Arg Gly Leu Glu Ser Met Val Pro
Gly Leu Arg Gly Ala Phe Tyr Gly Gly Gly Ile Lys Gln Ile Ser Lys
85 90 95

Gln Leu Gly Gly Ala Ala Phe Val Ile Ala Trp Asn Leu Val Val Thr
100 105 110

Thr Ala Ile Leu Leu Gly Ile Gly Leu Phe Ile Pro Leu Arg Met Pro
115 120 125

Asp Glu Gln Leu Met Ile Gly Asp Asp Ala Ala His Gly Glu Glu Ala
130 135 140

Tyr Ala Leu Trp Gly Asp Gly Glu Lys Phe Asn Ala Thr Gln His Asp
145 150 155 160
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Leu Ser Arg Gly Gly Gly Gly Gly Asp Arg Asp Gly Pro Glu Arg Leu
165 170 175

Ser Ile Leu Gly Ala Arg Gly Val Thr Ile
180 185

<210> SEQ ID NO 29

<211> LENGTH: 4123

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 29

gataaccaaa tcggacgctg accttgectgg gcgaactggg tgatcatcga tggcgatgeg 60
agacatcacc caactgcgtc gggtctecac aggagggagt tgcttgtget tggteegttt 120
ggggatcgtt aacttaaaca cttttacggce gacctcgaca cagctaaacc ctaaactaat 180
tgcgagttag aggcttatct cgatctctte tatgcagatyg tttgacaact tgggagtagt 240
ttactgctgg tttggagtat cttctcaact tgcaatttga ttatgtttaa acggggagtg 300
catgattggt gttcgcatgg ttttaaatca gattttataa actgatgctc gtcaagagac 360
gacaaggggc cagattaggg cagcagagta cgtgcttget tgaattctga agcatgtacg 420
aaataaatac gatagaaatt tcttaagaaa ttaggtattt ttctgaccct ccaataagat 480
cgegtggttyg ccagtattge acgtcgacta ctacatatct gaattcagaa caatccaaaa 540
gagaagttac tgttgatatt tctacgtata aaaaaaacat caaaatgctt tgtatattac 600
gaaaacagag cgagttccct tattgaccag agcaaaaagg ttgagcctga ttaaacaaag 660
tctatgaget tgcaggatge gtctcttece aaatttatte acaccaaagt cctcttcgat 720
gacatcgecece tatttgaatc ttatcgttga cattgctcat tttgctecttt agttaatcetg 780
ggcaaatgat tggcggtggt acttcgtgat gtggaacagt gaaactgttt gtcaatctgt 840
gegetcegagyg tacaaccagg tcggttectt tgctgtttta ttaataaaag gagcataaat 900
tagcgccaaa actcaagttt taccacaaaa aaacagtcag ttttaataaa gattaagcaa 960

acccttgaat tgcactctgt aaaatgtttg tttecccctca aaagctgata aggacggacg 1020
ccgatgtgaa acgaaacctg ctatttcaac catgtacata tataatcaag aatttcctac 1080
acgacttcca ttttttgtgt gttgactagt ttctctectt cctggaggtg ttaaaagagt 1140
tcecgattetg tcaaaacttce catacagata aatccaacct gtcaaactac cagctgttta 1200
attattcctt ttcccatttt gttatggtac acaaaggcac ataaccattt acacggagca 1260
gaacagaata ggatatgtat taaaaaaaca gaatggaaga aaaatcctga gtcacaagca 1320
cgaaaaatga aggcgagatt aattcgaaac catacacatc atcatccaca tctcecgtegtt 1380
tgtctcacag gacatgacac agggagcgaa aaccacatca ttaatcgcgg cctacagcta 1440
cacatccaga ttctececggg atccccgaaa cggetcccac cecgcaaccyg ccgcaagcecyg 1500
acccagccaa aggagatccce cctccaccac ggaagattca ctgegeggtyg ggccccgecg 1560
ccaaaaacca aaacgacgaa accattccge gtcatctcete cegecacggeyg agcgagcgag 1620
cgagcgacct gacctcctece tectataaat ccggcgecag cgtatctcee caacctecca 1680
cgcccaatcece tgccgeccgtt tcagcagcete tagtttgaac gagggatcgt agagaggagg 1740
gtttggtgayg ggagggagga agatggcgac gtgcgeggeg gacctggege cgetgetggyg 1800

geeggtggeyg gcgaacgcega cggactacct gtgcaaccgg ttegecgaca cgacgtegge 1860
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ggtggacgcg acgtacctge tcttectegge gtacctegtyg ttegecatge agectegggtt 1920
cgegatgete tgcgeegggt cggtgeggge caagaacacyg atgaacatca tgctcaccaa 1980
cgtgctegac geccgeggeceg gggcgctcett ctactaccte ttcecggectteg cettegectt 2040
cggcacgccg tccaacggcet tcatcgggaa gcagttettce ggcectcaage acatgccgca 2100
gaccgggtte gactacgact tcttectett ccagtgggec ttegcecatcecg ccgecgecgyg 2160
gatcacgtcg ggctccatcg ccgagaggac gcagttcecgte gectacctca tctactecge 2220
cttcctecace gggttegtet accecggtggt gtecccactgg atctggtceceg ccgatgggtg 2280
ggcectectgee tececgcacgt ccggacctet getgttcegge tecggtgtca tcgacttege 2340
cggcteegge gtcecgtccaca tggtcecggcegg tgtegeceggg ctcectggggeg cgctcatcega 2400
gggeccceege atcgggaggt tcgaccacge cggcecgatceg gtggcegetca agggccacag 2460
cgegtegete gtcegtgcecttyg gecaccttect gectgtggtte ggctggtacg gattcaacce 2520
cgggtegtte accaccatcce tcaagacgta cggeccggece ggeggcatca acgggcagtg 2580
gteecggagte ggecgcacceg ccgtgacgac gaccctggee ggcagegtgg cggegcetcac 2640
cacgectgtte gggaagegge tccagacggg geactggaac gtggtcegacyg tctgcaacgg 2700
cctectegge gggttegeceg ccatcaccge cgggtgcage gtegtcegace cgtgggecge 2760
gatcatctge gggttecgtcet cggegtgggt gectcatcgge ctcaacgegce tcgecgegceyg 2820
cctcaagtte gacgacccge tcgaggecge cecagetccac ggegggtgeyg gegegtgggg 2880
gatcctctte accgegetcet tcecgcgaggca gaagtacgte gaggagatct acggcgecgg 2940
ceggecgtac ggectgttca tgggeggegyg cggcaagetyg ctegecgege acgtcatcca 3000
gatcctggte atcttecgggt gggtcagetg caccatggga cctcectettet acgggctceaa 3060
gaagctegge ctgcteccgea tctecgecga ggacgagacg tecggcatgg acctgacacy 3120
gcacggegygyg ttegegtacyg tctaccacga cgaggacgag cacgacaagt ctggggttgg 3180
tgggttcatg ctceggteceg cgcagacceg cgtegagecyg geggeggecyg gcetgectceca 3240
acagcaacaa ccaagtgtaa ccaatccaga acgaacgacyg tcacagcgaa ggaagaaatc 3300
acgggtttct ctcectctec gatctegate gtcacgtcat aaatttgatce cccatatttg 3360
attgccagtt tctgtttggg ccaaatgctt ttgccgetet ctcectggtgtt gcaagactgt 3420
aaaaacactg taggatggac gagtgtcttt cacttttgct gggcttctet tgtgtacagg 3480
catgcgtacg tgtcttagaa tgtgtggtgt gaaggtggga agaatcagag gttagggttt 3540
aattttettt tgcacaatgg ttactgctat tattgtttta ttttgtggtc gaattttatc 3600
gtcataaggg tgtggtggaa tggtggtcaa gataggtggc tgtgcagggc tcaaagactt 3660
tgcgtgggte cttttgtect gcagtgctct acctctctat caaaactttg gettatttcece 3720
tggaatctag tggtttgaga gtgtttgttt tatactcagt tctgcattat gtttacgata 3780
tatttttttt tttaccaaaa gcatttcatt taaactctac cgagagtact tgtttatgct 3840
gaatcagtac atctacactg agtgatattt agagccttat actaattgaa gattaaatag 3900
tcaaagtcca tgtgcacatt tctactcgce agttagtcetg aaagaaaaga ttcecctgtgtg 3960
caattgtgca tatcagcata tgccacctgg cgataaagta aacatactat agttgtgaac 4020
tgtgcgatga caacgaccaa attaagcagc ctgatcttta caacgaccgce tgtatagaga 4080

acagactata tcaaggtttt gggtccgtgg tcttcecttttt ggg 4123
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<210>
<211>
<212>
<213>

<400>

PRT

SEQUENCE :

Met Ala Thr Cys

1

Ala
20

Ala
35

Met
50
65

Ala
85

Ser
100

Gln
115

Ile
130

Phe
145

Pro
165

Ser
180

Ala
195

Gly
210

Arg
225

Thr
245

Thr
260

Trp
275

Val
290

Trp
305

Ile
325

Gly
340

Arg

Asn

Val

Gln

Thr

Leu

Asn

Thr

Ala

Val

Val

Arg

Gly

Ala

Ser

Phe

Thr

Ser

Ala

Asn

Thr

Phe

Leu

Ala

Asp

Leu

Met

Phe

Gly

Gly

Ala

Ala

Val

Thr

Ser

Leu

Val

Leu

Ile

Gly

Ala

Val

Ala

Val

Lys

Thr

Ala

Gly

Asn

Tyr

Phe

Phe

Ala

Tyr

Ser

Ser

Gly

Ile

Ala

Leu

Leu

Val

Leu

Val

Gly

Ser

Phe

SEQ ID NO 30
LENGTH:
TYPE :
ORGANISM: Oryza sativa

532

30

Ala

Asp

Thr

Phe

Ile

Tyr

Ile

Asp

Gly

Leu

His

Gly

Val

Glu

Leu

Trp

Lys

Gly

Thr

Asp

Cys

Ala

Asp

Ala
Tyr
25

Tyr
40

Ala
55

Met
70

Leu
90

Gly
105

Tyr
120

Ile
135

Ile
150

Trp
170

Pro
185

Val
200

Gly
215

Lys
230

Phe
250

Thr
265

Arg
280

Thr
295

Val
310

Ser
330

Trp
345

Asp

Asp

Leu

Leu

Met

Leu

Phe

Lys

Asp

Thr

Tyr

Ile

Leu

His

Pro

Gly

Gly

Tyr

Thr

Leu

Cys

Val

Val

Pro

Leu

Cys

Leu

Leu

Thr

Gly

Gln

Phe

Ser

Ser

Trp

Leu

Met

Arg

His

Trp

Gly

Ala

Phe

Asn

Val

Leu

Leu

Ala

Asn

Phe

Cys

Asn

Phe

Phe

Phe

Gly

Ala

Ser

Phe

Val

Ile

Ser

Tyr

Pro

Val

Gly

Gly

Asp

Ile

Glu

Pro

10

Arg

Ser

Ala

Val

Ala

Phe

Leu

Ser

Phe

Ala

Gly

Gly

Gly

Ala

Gly

Ala

Thr

Lys

Leu

Pro

Gly

Ala

Leu
Phe
30

Ala
45

Gly
60

Leu
75

Phe
95

Gly
110

Phe
125

Ile
140

Leu
155

Asp
175

Ser
190

Gly
205

Arg
220

Ser
235

Phe
255

Gly
270

Thr
285

Arg
300

Leu
315

Trp
335

Leu
350

Ala

Leu

Ala

Tyr

Ser

Asp

Ala

Leu

Gln

Ala

Thr

Gly

Gly

Val

Phe

Leu

Asn

Gly

Thr

Leu

Gly

Ala

Asn

Gln

Gly

Asp

Leu

Val

Ala

Phe

Lys

Trp

Glu

Gly

Trp

Val

Ala

Asp

Val

Pro

Ile

Leu

Gln

Gly

Ala

Ala

Leu

Pro Val

15

Thr Thr

Val Phe

Arg Ala

Ala Ala

Gly Thr

His Met

Ala Phe

Arg Thr

Phe Val

Ala Ser

Ile Asp

Gly Leu

His Ala

Val Leu

Gly Ser

Asn Gly

Ala Gly

Thr Gly

Phe Ala

Ile Ile

Leu Ala

His Gly

Ala

Ser

Ala

Lys

Gly

80

Pro

Pro

Ala

Gln

Tyr

160

Ala

Phe

Trp

Gly

Gly

240

Phe

Gln

Ser

His

Ala

320

Cys

Ala

Gly
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355 360 365

Cys Gly Ala Trp Gly Ile Leu Phe Thr Ala Leu Phe Ala Arg Gln Lys
370 375 380

Tyr Val Glu Glu Ile Tyr Gly Ala Gly Arg Pro Tyr Gly Leu Phe Met
385 390 395 400

Gly Gly Gly Gly Lys Leu Leu Ala Ala His Val Ile Gln Ile Leu Val
405 410 415

Ile Phe Gly Trp Val Ser Cys Thr Met Gly Pro Leu Phe Tyr Gly Leu
420 425 430

Lys Lys Leu Gly Leu Leu Arg Ile Ser Ala Glu Asp Glu Thr Ser Gly
435 440 445

Met Asp Leu Thr Arg His Gly Gly Phe Ala Tyr Val Tyr His Asp Glu
450 455 460

Asp Glu His Asp Lys Ser Gly Val Gly Gly Phe Met Leu Arg Ser Ala
465 470 475 480

Gln Thr Arg Val Glu Pro Ala Ala Ala Gly Cys Leu Gln Gln Gln Gln
485 490 495

Pro Ser Val Thr Asn Pro Glu Arg Thr Thr Ser Gln Arg Arg Lys Lys
500 505 510

Ser Arg Val Ser Leu Pro Leu Arg Ser Arg Ser Ser Arg His Lys Phe
515 520 525

Asp Pro His Ile
530

<210> SEQ ID NO 31

<211> LENGTH: 4654

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 31

gagctecact cagctaccgg atcttgaccyg ggaacctgtt tgtctacgta ctecaacgec 60
ttgaatgatg ccgcegtgea gecaatttta accagetget gegcaacegg ccaaccgecce 120
agcegtgcag ctgtggtgga gtgaccacgg ccacgactec gtgegegegg gtggacgtaa 180
gegttgggee cteggetege gegegeggeo gecatceggeg atgcateggt cgegttegeg 240
gtttgtgget tcgegtcatce gecgatgega acagaggetyg ctttgegttyg tegtecategg 300
cttgttgacg tccacgagtt ggcgagttge tctgttecte tetegegege gecgcagata 360
tccgaggtgyg aaaaaatata ctacatatga acagatgtgg cccagetgtyg agcaagacgce 420
caagaccaaa gataagtgca gttcaaatgg gcctgaaatt ggecttcatce aattacaaag 480
ccegtgaaaa gtttcagaaa agcattacaa agettcagat aagttcaggg gtgactgaaa 540
tacacataca acaagtaacg tagagagatc cccaaatcag ctgeggcaga aggcagaaac 600
cgtgactagt acatctcata aacttaacga gcagtacaat ttctgtacat tggtttatca 660
ataagtcaag agtagcattt gggtaagaag agaaaaaaaa tcttttacgg tggegtttat 720
tgacatttga tccctggage cgagaagact agtttatcte atcegtgaaa actatttgte 780
actagacatc aacgtctege tgaggacace cggtttgcaa tttgctaata agaaacactce 840
gtttcegtee aatggcgatt cgtttactag agatccgtece attctcectgaa cttetgaagg 900
tcaaccttct gatatgcata caggtgtggt agcaggcacg acaaaagtat aaaacaatag 960

gtatttaatc gcatcagcgt gatctatctc cagagtgtaa aaattagata cgcagcatct 1020
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gcaagtcata cttgcaagga agaagcaatt gcgtccctat ccaccacatc ttatccagtce 1080
ttgtcagagt tttgacctaa ggaattgctt catcatctga atttattcta ctggaagaaa 1140
ttacctactg ctatgccaag aagtaagaat acatggttaa tctatgttga caccctcatt 1200
tctgaagaca aacaacataa atttgcagtg agttaaaaca tatagtttca gtgaaaatat 1260
cgtacaggtt aatgtagcca gaccaacaca gagatctgat tgacaattac agagtactca 1320
gtagtcagca agcaggttta gcatggacta cctgttgatt acatggtttc agtcagacac 1380
gagttcttca gggaggcaaa ttaatcacaa ggttcttcca agacagaagc cgccggtaag 1440
gtatggaagc aaatgggttt atctccgttt gtgccaataa ccttatcgaa tatctaattg 1500
ttcgctaagt acgcattgca cacatcatat accatctcecga ttgatgagtt ttgtcgccat 1560
gttctgctag gtacgaccta tcecgctgetg ggtttacatg catgcecctgaa gaacttaaac 1620
agttaatcaa caaagtcaat ggatattacg catacaagta tatggttgta tatatgcaac 1680
ttcatgacac aacagtatgc gtatagtcgg acgtgacgac aagcaactac ctcgtgcaag 1740
gatgcgagga gataccagat taaaacctgt aatacttgaa gttgacaaaa tgcgattctt 1800
cagacgatat aataacaaga acatttctga atcttccttt aaaaaatgtt gaatgcataa 1860
aagaatctta gctgtgatgg caacaacacg actttctgat agtgacattg gatcttagtt 1920
gaatctggca tcecttgcgtat gcgaccttge ttggatctgt cggatactcc caacccagca 1980
taaattactg atgtctgaaa ctttctgagc aaagcgggaa ctcaggctag ttgagtcget 2040
catcatcaaa agtcaagaca atacttaagt aaaaacaaaa caaatatcac tgtcgcaaaa 2100
ccagtgtaaa cctattggga taattttaac agtcttacaa caccagcgcc gagacgtcta 2160
ggtaacaaat taaatcatca ctgacaatat ttgaagataa gtgaatcaca tgtctttctce 2220
aatgaactta aatttatgaa tgaaccaacc tatacatgca actaaatatg atatcaagat 2280
cagttaaaaa tcttgttttg tgaaatttca aaacaaaaaa ataaaattgc agcgtacctt 2340
tatttcaaga gaaatttaat tcactaaaaa aaagtaattg tatgtgccaa attttacatt 2400
aaaaaatggt atctgcaatg tattcttaag gatgataaaa ttatctcagt aatattcaat 2460
cattcattaa tagaggtgaa ctgctcgttc ttttactcat cacacctgtt ggatgaaaag 2520
attggttgct gccactaaaa aaattaatca actcattgca gttggcaaaa aagaaaaaaa 2580
aaggttttca ggcactagta tatgtgatgt tagaaggaat ccaaaacagt atacatgcat 2640
ccacgcgcac ctcggttttg catttcccge tgtectgtgat catgaatcat ccaattaaaa 2700
acaaccatca accatggatt ccaatgtgtt ctgcccctat aaatagtcca gcatctcatt 2760
ctctecgteta cttcaaagaa tcacacacca aaacctccat tagttcctaa accctagcaa 2820
gaagcagcac aaaaccttgce cacacttggce tagtgacact gagacacacc atggcgacgt 2880
gettggacag cctegggeceg ctteteggeg gegeggegaa ctcecaccgac geggecaact 2940
acatctgcaa caggttcacg gacacctcct ccgeggtgga cgcgacgtac ctgctcettet 3000
cggcctacct cgtgttcecgec atgcagectceg ggttegecat getctgegeg ggctecgtcece 3060
gegecaagaa ctcaatgaac atcatgctca ccaacgtgtt cgacgecgec gecggcegege 3120
tcttcectacta cctcettegge ttegettege gtecggacgece gtccaagggce ttcatceggga 3180
agcagttectt cgggctgaag cacatgccgce agacagggta cgactacgac ttcettectcet 3240

tccagtggge cttegeccate gecgecgeceg gcatcacgte cggttceccate gecgaacgga 3300
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cgecgcettcecag cgcecgtatcte atctactceccecg ccttectcecac cgggttegtg tacccecggtgg 3360
tgtcgcactg gttctggtee accgacgggt gggcttegge cggccggctg acgggtceegt 3420
tgctgttcaa gtcgggcgte atcgacttceg ccggctecgg cgtcegtceccat ctggteggtg 3480
gcattgctgg cctgtggggt gccttcatcg agggcccceg catcgggegce ttcgacgecy 3540
ceggecgeac ggtggegatg aaagggcaca gegectcact ggtegtgete ggcaccttee 3600
tgctgtggtt cgggtggttc ggcttcaacc cggggtectt caccaccatc tccaagatct 3660
acggcgagte gggcacgatc gacgggcagt ggteggeggt gggecgcace gcecgtgacga 3720
cgtegetgge gggcagegte gecgegetta accacgetgt acggcaagag atggetgacyg 3780
gggcactgga acgtgaccga cgtctgcaac ggtctecteg gegggttege gcgatcaccy 3840
cgggctgete cgtggtcgac ccgtgggcegt cggtgatcetg cgggttcegtg teggegtggg 3900
tcetcategg ctgcaacaag ctggcgectga tgctcaagtt cgatgacceg ctggaggcga 3960
cgcagctgca cggcgggtgce ggcgcegtggg ggatcatcett caccgegctg ttegegegcea 4020
aggagtacgt cgagctgatc tacggggtgc cggggaggcce gtacgggctg ttcatgggeg 4080
gcggegggag gcettetegeg gcgcacatceg tgcagatccet ggtgatcegtce gggtgggtca 4140
gcgeccaccat ggggacgcte ttctacgtge tgcacaggtt cgggctgetce cgegtctega 4200
cctegacaga gatggaaggce atggaccegt cgtgccacgyg cgggttceggyg tacgtggacyg 4260
aggacgaagg ccagcgecge gtcagggeca agtceggegge ggagacgget cgegtggage 4320
ccagaaagtc gccggagcaa gccgceggcegg gccagttggt gtagtaggat catatcgatce 4380
gtgtccgtte ggggaaagtg ttttgtgaag tgtgcatata taagctgagg cagtcagtcg 4440
tgtgggegtg gtggcacttce agcccatggt ggttgtgget ttcecttttgat atttgcttcece 4500
tttcttetet gecatttgcat ctgtatggat ttttgtgget ttcaatcttt tatgetttte 4560
tttaggtatt cagtctttta tgctttecttg tacatgttta gacgtgtcca gtttgtatca 4620
gtatttaggt cattatgatg ttaacgtgga gctc 4654
<210> SEQ ID NO 32

<211> LENGTH: 497

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 32

Met Ala Thr Cys Leu Asp Ser Leu Gly Pro Leu Leu Gly Gly Ala Ala
1 5 10 15

Asn Ser Thr Asp Ala Ala Asn Tyr Ile Cys Asn Arg Phe Thr Asp Thr
20 25 30

Ser Ser Ala Val Asp Ala Thr Tyr Leu Leu Phe Ser Ala Tyr Leu Val
35 40 45

Phe Ala Met Gln Leu Gly Phe Ala Met Leu Cys Ala Gly Ser Val Arg
50 55 60

Ala Lys Asn Ser Met Asn Ile Met Leu Thr Asn Val Phe Asp Ala Ala
65 70 75 80

Ala Gly Ala Leu Phe Tyr Tyr Leu Phe Gly Phe Ala Ser Arg Arg Thr
85 90 95

Pro Ser Lys Gly Phe Ile Gly Lys Gln Phe Phe Gly Leu Lys His Met
100 105 110
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Pro Gln Thr Gly Tyr Asp Tyr Asp Phe Phe Leu Phe Gln Trp Ala Phe
115 120 125

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

Arg Phe Ser Ala Tyr Leu Ile Tyr Ser Ala Phe Leu Thr Gly Phe Val
145 150 155 160

Tyr Pro Val Val Ser His Trp Phe Trp Ser Thr Asp Gly Trp Ala Ser
165 170 175

Ala Gly Arg Leu Thr Gly Pro Leu Leu Phe Lys Ser Gly Val Ile Asp
180 185 190

Phe Ala Gly Ser Gly Val Val His Leu Val Gly Gly Ile Ala Gly Leu
195 200 205

Trp Gly Ala Phe Ile Glu Gly Pro Arg Ile Gly Arg Phe Asp Ala Ala
210 215 220

Gly Arg Thr Val Ala Met Lys Gly His Ser Ala Ser Leu Val Val Leu
225 230 235 240

Gly Thr Phe Leu Leu Trp Phe Gly Trp Phe Gly Phe Asn Pro Gly Ser
245 250 255

Phe Thr Thr Ile Ser Lys Ile Tyr Gly Glu Ser Gly Thr Ile Asp Gly
260 265 270

Gln Trp Ser Ala Val Gly Arg Thr Ala Val Thr Thr Ser Leu Ala Gly
275 280 285

Ser Val Ala Ala Leu Asn His Ala Val Arg Gln Glu Met Ala Asp Gly
290 295 300

Ala Leu Glu Arg Asp Arg Arg Leu Gln Arg Ser Pro Arg Arg Val Arg
305 310 315 320

Ala Ile Thr Ala Gly Cys Ser Val Val Asp Pro Trp Ala Ser Val Ile
325 330 335

Cys Gly Phe Val Ser Ala Trp Val Leu Ile Gly Cys Asn Lys Leu Ala
340 345 350

Leu Met Leu Lys Phe Asp Asp Pro Leu Glu Ala Thr Gln Leu His Gly
355 360 365

Gly Cys Gly Ala Trp Gly Ile Ile Phe Thr Ala Leu Phe Ala Arg Lys
370 375 380

Glu Tyr Val Glu Leu Ile Tyr Gly Val Pro Gly Arg Pro Tyr Gly Leu
385 390 395 400

Phe Met Gly Gly Gly Gly Arg Leu Leu Ala Ala His Ile Val Gln Ile
405 410 415

Leu Val Ile Val Gly Trp Val Ser Ala Thr Met Gly Thr Leu Phe Tyr
420 425 430

Val Leu His Arg Phe Gly Leu Leu Arg Val Ser Thr Ser Thr Glu Met
435 440 445

Glu Gly Met Asp Pro Ser Cys His Gly Gly Phe Gly Tyr Val Asp Glu
450 455 460

Asp Glu Gly Gln Arg Arg Val Arg Ala Lys Ser Ala Ala Glu Thr Ala
465 470 475 480

Arg Val Glu Pro Arg Lys Ser Pro Glu Gln Ala Ala Ala Gly Gln Leu
485 490 495

Val

<210> SEQ ID NO 33
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Sep. 11, 2008

<211> LENGTH: 2987

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<220> FEATURE:

«<221> NAME/KEY: misc_feature

<222> LOCATION: 212

<223> OTHER INFORMATION: n = A, T,C or G

<400> SEQUENCE: 33

attatctcca atgatttcat agctaatcca tatgctggaa gggttaggaa ttcaagecat
ttcaaattce aaaaaattac ctatactaaa gtaaaaaaaa acctatgacc taccctcaat
gtttgttaac caatttagge cttgtttgat tccacttaga attattataa tcctgattat
tattaggagt aagctgaaac aaacagataa cntattatga tagattatta taatctataa
gccagattac tataatctgg taatccacte taaaggtget ttttttaatt attggatage
taataactag caaacagcta ataatccaga taaacaaaca gctaacaact tattctatat
cggettatta taatcttatt ataatccaat ttatagtaat ctagctcaat aatatatatt
ataataatct taaactgaaa caaacagggc tttagaaatt catatgtttt gaaatggaga
tagtaccact cagaaagctt gaaggatttc atgtgttttg gttaacatat tcatgtgtgt
cttttegtge aaccaaaatt ttctttagaa acatggtgaa ccaattagat ttagaaatta
taaaatattt ccaagtgtta caagtggaaa tataataaaa ataatattgt taaaaaagta
aagaaagttt aagtacaaac tgaggaggaa atataacaag tgcttcacta tagacaaata
tagaggtgga cgaaatgtac aaacagtcgt ttttaaaaat acaaaccacc gtattgcgac
tcaggectty tttagatcce aaaaaatttt agccaaaaat atcacatcaa atgtttggac
acatgcatag gatattaaat atggggaaaa aaaatcaatt acacagtttyg caggtaaatt
gcgagacaaa tctttttagt ctaattacgt catgatttga ccatgtgatg ctatagtaaa
catttactaa tgacagattg attaggctta ataaattcat ctecgcaattt acaaacagaa
tctataattt attttattat tagtctatat ttaatatttt aaatatatat ccgtgtagtt
caaaaacttt atatcaaaag aactaaacac agcctccagg cegcagcecta cagtaggect
atagagagat tccacgggat tcgatgaact acgaccacga acaggagggyg gacaaatcaa
caagcaaatc ataggggtceg cacatttcag aggtagccaa agattcactyg gcaggtggge
ccttcacact ttgaaggaat caacaacgac accccccaag tcatggatte cttetegete
cctetecacy tegectataa atcegacgeyg ggecgcetecee cactccaccee acageccaca
cttecattge tectecccte tectctacag tetgtgttga gegegegteyg ageggcegagyg
atggcaacgt gcgeggatac ccteggeccyg ctgetgggea cggeggegge gaacgegacyg
gactacctgt gcaaccagtt cgeggacace acgteggecg tggactecgac gtacctgete
tteteggegt acctegtgtt cgccatgeag cteggetteg ccatgetetyg cgeegggtece
gtececgegeca agaacaccat gaacatcatg cttaccaacyg tgctcegacge cgecgeegge
gegetettet actacctett cggettegee ttegectteyg gggegeegte caacggette
atcgggaage acttettegg cctcaagecag gteccacagg teggettega ctacagette
ttectettee agtgggectt cgccategee gecgegggea tcacgteegyg ctecategece

gagcggacce agttegtgge gtacctcate tactccgect tectcaccegyg cttegtetac

ceggtggtgt cccactggat ctggtecgee gacgggtggg ceteggette ccgaacgteg

60
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180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260
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1380

1440
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1860

1920

1980
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gggtecgctge tettegggte cggegtcatce gacttegceceg ggtcaggggt tgtccacatg 2040
gtggcggegt gecggactct ggggcgecct catcgagggce ccccgcattg gcggttegac 2100
cacgeceggee gecteggtgge getgegegge cacagegegt cgetegtegt getceggeage 2160
ttectgetgt ggttegggtyg gtacgggttt aaccccgget cgttectcac catcctcaaa 2220
tcctacggee cgeceggtag catccacggg cagtggtegg cggtgggacyg caccgecegtg 2280
accaccacce tcgeeggeag cacggeggeg ctcacgacge tettegggaa gaggcetccag 2340
acggggcact ggaacgtgat cgacgtctgce aacggcctcecce tcggeggctt cgecggcgatce 2400
accgceeggtt gectceegtegt cgaccegtgg gccgcgatca tetgegggtt cgtcecteggeg 2460
tgggtgctca tcggcctcaa cgcgcectggceg gcgaggctca agttcgacga cccgctcecgag 2520
gcggegcage tgcacggcegg gtgcggegeg tggggggtca tcettcacgge gcectgttegeg 2580
cgcaaggagt acgtggacca gatcttecgge cagecccgggce gecccgtatgg getgttcecatg 2640
ggcggcggceyg gecggctgcet cggggcgcac atagtggtaa tcectggtcat cgeggcegtgg 2700
gtgagcttca ccatggcgce gctgttectg gtgctcaaca agectgggatt gctgegeatce 2760
tcggecgagyg acgagatgge cggcatggac cagacgegece acggegggtt cgegtacgeg 2820
taccacgacyg acgacgcgag cggcaagecg gaccgcaget teggegggtt catgetcaag 2880
tcggegeacyg gcacgcaggt cgecgecgag atgggaggec atgtctagtg gaaccggagg 2940
agctgagcta gtagtacata catgcagcat catcgatcct cgagctce 2987
<210> SEQ ID NO 34

<211> LENGTH: 495

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 34

Met Ala Thr Cys Ala Asp Thr Leu Gly Pro Leu Leu Gly Thr Ala Ala
1 5 10 15

Ala Asn Ala Thr Asp Tyr Leu Cys Asn Gln Phe Ala Asp Thr Thr Ser
20 25 30

Ala Val Asp Ser Thr Tyr Leu Leu Phe Ser Ala Tyr Leu Val Phe Ala
35 40 45

Met Gln Leu Gly Phe Ala Met Leu Cys Ala Gly Ser Val Arg Ala Lys
50 55 60

Asn Thr Met Asn Ile Met Leu Thr Asn Val Leu Asp Ala Ala Ala Gly
65 70 75 80

Ala Leu Phe Tyr Tyr Leu Phe Gly Phe Ala Phe Ala Phe Gly Ala Pro
85 90 95

Ser Asn Gly Phe Ile Gly Lys His Phe Phe Gly Leu Lys Gln Val Pro
100 105 110

Gln Val Gly Phe Asp Tyr Ser Phe Phe Leu Phe Gln Trp Ala Phe Ala
115 120 125

Ile Ala Ala Ala Gly Ile Thr Ser Gly Ser Ile Ala Glu Arg Thr Gln
130 135 140

Phe Val Ala Tyr Leu Ile Tyr Ser Ala Phe Leu Thr Gly Phe Val Tyr
145 150 155 160

Pro Val Val Ser His Trp Ile Trp Ser Ala Asp Gly Trp Ala Ser Ala
165 170 175

Ser Arg Thr Ser Gly Ser Leu Leu Phe Gly Ser Gly Val Ile Asp Phe
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180 185 190

Ala Gly Ser Gly Val Val His Met Val Ala Ala Cys Arg Thr Leu Gly
195 200 205

Arg Pro His Arg Gly Pro Pro His Trp Arg Phe Asp His Ala Gly Arg
210 215 220

Ser Val Ala Leu Arg Gly His Ser Ala Ser Leu Val Val Leu Gly Ser
225 230 235 240

Phe Leu Leu Trp Phe Gly Trp Tyr Gly Phe Asn Pro Gly Ser Phe Leu
245 250 255

Thr Ile Leu Lys Ser Tyr Gly Pro Pro Gly Ser Ile His Gly Gln Trp
260 265 270

Ser Ala Val Gly Arg Thr Ala Val Thr Thr Thr Leu Ala Gly Ser Thr
275 280 285

Ala Ala Leu Thr Thr Leu Phe Gly Lys Arg Leu Gln Thr Gly His Trp
290 295 300

Asn Val Ile Asp Val Cys Asn Gly Leu Leu Gly Gly Phe Ala Ala Ile
305 310 315 320

Thr Ala Gly Cys Ser Val Val Asp Pro Trp Ala Ala Ile Ile Cys Gly
325 330 335

Phe Val Ser Ala Trp Val Leu Ile Gly Leu Asn Ala Leu Ala Ala Arg
340 345 350

Leu Lys Phe Asp Asp Pro Leu Glu Ala Ala Gln Leu His Gly Gly Cys
355 360 365

Gly Ala Trp Gly Val Ile Phe Thr Ala Leu Phe Ala Arg Lys Glu Tyr
370 375 380

Val Asp Gln Ile Phe Gly Gln Pro Gly Arg Pro Tyr Gly Leu Phe Met
385 390 395 400

Gly Gly Gly Gly Arg Leu Leu Gly Ala His Ile Val Val Ile Leu Val
405 410 415

Ile Ala Ala Trp Val Ser Phe Thr Met Ala Pro Leu Phe Leu Val Leu
420 425 430

Asn Lys Leu Gly Leu Leu Arg Ile Ser Ala Glu Asp Glu Met Ala Gly
435 440 445

Met Asp Gln Thr Arg His Gly Gly Phe Ala Tyr Ala Tyr His Asp Asp
450 455 460

Asp Ala Ser Gly Lys Pro Asp Arg Ser Phe Gly Gly Phe Met Leu Lys
465 470 475 480

Ser Ala His Gly Thr Gln Val Ala Ala Glu Met Gly Gly His Val
485 490 495

<210> SEQ ID NO 35

<211> LENGTH: 900

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 35

atggeggegg aggcggcgee ggagtgggtg gagaaggggg acaacgcgtg gecgetageg 60
geggegacge tggtgggget gcagagegtyg ccgaggetgg tgatcctgta cggegactge 120
ggcgeggteg gtcecgaggac ggagaaggac agggaggcegt tcccgecgaa caacgtectg 180
ctcacgeteg cecggageggg getgetgetyg tggatggggt ggacggggtt caacggegge 240

gegecgtacyg ccgccaacgt cgacgegteg gtcaccgteg tgaacacgca cctcetgeacyg 300
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gcgacgagcee tccotggtgtg getectecte gacagetteg tetteggecg cctcteegte 360
atcagcgceg tgcagggcat gatcaccgge ctegtctgeg tcaccceggce ggccaggetg 420
gtgctgcaca agcggagecg cctectggeg cgegtcegacg acacgctege cgtgctccac 480
acccacggeg tegcecggcag cctcagegge gtectgacgg ggctectget cctegecgag 540
cecgegetteg ccaggetcett ctteggegac gacccegeget acgtceggect cgcegtacget 600

gtcagggacg gccgegecgg cteggggete cggcaggteg gegtgcaget ggecgggatc 660
gegttegtgg tggegctcaa cgtegecegtyg acgagegeeg tgtgectgge cgtcagggtyg 720
geegtgecege agetegecgg cggeggegac gecatacacg gcegaggacgce gtacgeggtg 780
tggggcgacyg gcgagacgta cgagcagtac tcegtgeacg geggeggeag caaccacgge 840
ggcttececca tgacggccaa tccegtggeg tccaaageceg acgagatgat atggatataa 900
<210> SEQ ID NO 36

<211> LENGTH: 299

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 36

Met Ala Ala Glu Ala Ala Pro Glu Trp Val Glu Lys Gly Asp Asn Ala
1 5 10 15

Trp Pro Leu Ala Ala Ala Thr Leu Val Gly Leu Gln Ser Val Pro Arg
20 25 30

Leu Val Ile Leu Tyr Gly Asp Cys Gly Ala Val Gly Pro Arg Thr Glu
35 40 45

Lys Asp Arg Glu Ala Phe Pro Pro Asn Asn Val Leu Leu Thr Leu Ala
50 55 60

Gly Ala Gly Leu Leu Leu Trp Met Gly Trp Thr Gly Phe Asn Gly Gly
65 70 75 80

Ala Pro Tyr Ala Ala Asn Val Asp Ala Ser Val Thr Val Val Asn Thr
85 90 95

His Leu Cys Thr Ala Thr Ser Leu Leu Val Trp Leu Leu Leu Asp Ser
100 105 110

Phe Val Phe Gly Arg Leu Ser Val Ile Ser Ala Val Gln Gly Met Ile
115 120 125

Thr Gly Leu Val Cys Val Thr Pro Ala Ala Arg Leu Val Leu His Lys
130 135 140

Arg Ser Arg Leu Leu Ala Arg Val Asp Asp Thr Leu Ala Val Leu His
145 150 155 160

Thr His Gly Val Ala Gly Ser Leu Ser Gly Val Leu Thr Gly Leu Leu
165 170 175

Leu Leu Ala Glu Pro Arg Phe Ala Arg Leu Phe Phe Gly Asp Asp Pro
180 185 190

Arg Tyr Val Gly Leu Ala Tyr Ala Val Arg Asp Gly Arg Ala Gly Ser
195 200 205

Gly Leu Arg Gln Val Gly Val Gln Leu Ala Gly Ile Ala Phe Val Val
210 215 220

Ala Leu Asn Val Ala Val Thr Ser Ala Val Cys Leu Ala Val Arg Val
225 230 235 240

Ala Val Pro Gln Leu Ala Gly Gly Gly Asp Ala Ile His Gly Glu Asp
245 250 255
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Ala Tyr Ala Val Trp Gly Asp Gly Glu Thr Tyr Glu Gln Tyr Ser Val
260 265 270

His Gly Gly Gly Ser Asn His Gly Gly Phe Pro Met Thr Ala Asn Pro
275 280 285

Val Ala Ser Lys Ala Asp Glu Met Ile Trp Ile
290 295

<210> SEQ ID NO 37

<211> LENGTH: 2040

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 37

ggaggctttyg gctaccectge tecectegee atttcattgg cegtttegtyg gecatccatce 60
acgaactcga tcgattccee tettegagee cgtaccaatt attagetagt ttaactcegta 120
cgatgaatca cgccgaaaca caatataaat ggtggagteg getegetgte aaacgegegg 180
gagctegege cacttgtaat ttttegegte tectetegte cggcacagca caggagegeg 240
gacttgaaga cctcaagtag cgattcgtce gtgeggegeg gegcaagaag ggaagggaag 300

gggactaggg gagggcgaga tggcggegge gggggegtac tcggcgagec taccggeggt 360

gecggactgg ctgaacaagg gggacaacgce gtggcagetg acggegtega cgetggtggg 420

gatccagtceg atgcccggge tggtggtget gtacggcage atcgtgaaga agaagtggge 480
ggtgaactcg gegttcatgg cgctctacge ctacgegteg tegetgetgyg tgtgggtget 540
ggtcggette cgcatggegt teggcgacca getgetgeeg ttetggggeca aggeeggegt 600
ggcgctgace cagagctacce tegtceggeeg cgccacgetg ceggecaccyg cgecacggage 660
catccegege accgagecct tcetaccegga ggecacgetg gtgetettee agttcegagtt 720
cgecegecate acgctegtee tectegeegg ctecgtecte ggeegeatga acatcaagge 780
ctggatggee ttcacccege tetggetect cctctectac accgteggeg ccttcagect 840
ctggggegge ggcttectet accgetgggg cgtcategac tactceggeg gcetacgtceat 900
ccacctetee teceggeateg ceggettecac cgecgectac tgggtgggge caaggctgaa 960

gagcgaccgt gagcggttct caccgaacaa catcctgctg atgatcgegg gcggcgggcet 1020
getgtggatyg gggtgggeeg ggttcaacgyg cggegegeeg tacgecgeca acategegge 1080
gtcggtcgee gtgctcaaca ccaacgtectg cgccgeccacce agectcectca tgtggacctyg 1140
cctcgacgte atcttcttec gcaagcecgte cgtcatcegge gecgtgcagg gcatgatgac 1200
cggcctegte tgcatcacce ccggcgcagg gctggtgcag acctgggcgg ccegtggtaat 1260
gggcatctte geccggcagceg tgcegtggtt caccatgatg atcctgcaca agaagtcagce 1320
gctgectgatg aaggtggacg acacgctcecge cgtgttccac acccacgecg tggceggggcet 1380
ccteggegge atcctcacgg gectectgge caccccggag ctcettectece tegagtecac 1440
ggtgceggga cteegeggeg cgttctacgyg cggeggtate aagcagatcg gcaagcaget 1500
cggcggcegece gegttegtga tegegtggaa cctegtggte accacggcca tectectegg 1560
catcggectg ttcatccege tgcggatgce cgacgagcag ctcatgatcg gcecgacgacgce 1620
ggcgcacgge gaggaggcect acgegetgtyg gggcgacgge gagaagtteg acgegacgeg 1680

gecacgacctyg tcgaggggeg geggaggcegyg cgacagggac ggccccgecg gegagegect 1740



US 2008/0222753 Al Sep. 11, 2008
67

-continued

cteegeccta ggcgecaggg gegtcaccat ccagetctag gegegecacyg ccacgecacyg 1800
ccgcgeegeg cecgceggcectyg gectctaatt acacgcgegt ttgtactgtt tttggacgtg 1860
ttattgttta ggagtagtga agtgaaccaa cgattgactg caaggtgaag ggtgagaacg 1920
cgagagacca gaccactata gtctatagta catatggatg ctgtaatgat gttgatccga 1980
gttcgttttt ccaacacgat aaaggccgac atgcctatta aatttaaaaa aaaaaaaaaa 2040
<210> SEQ ID NO 38

<211> LENGTH: 486

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 38

Met Ala Ala Ala Gly Ala Tyr Ser Ala Ser Leu Pro Ala Val Pro Asp
1 5 10 15

Trp Leu Asn Lys Gly Asp Asn Ala Trp Gln Leu Thr Ala Ser Thr Leu
20 25 30

Val Gly Ile Gln Ser Met Pro Gly Leu Val Val Leu Tyr Gly Ser Ile
35 40 45

Val Lys Lys Lys Trp Ala Val Asn Ser Ala Phe Met Ala Leu Tyr Ala
50 55 60

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

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

Thr Gln Ser Tyr Leu Val Gly Arg Ala Thr Leu Pro Ala Thr Ala His
100 105 110

Gly Ala Ile Pro Arg Thr Glu Pro Phe Tyr Pro Glu Ala Thr Leu Val
115 120 125

Leu Phe Gln Phe Glu Phe Ala Ala Ile Thr Leu Val Leu Leu Ala Gly
130 135 140

Ser Val Leu Gly Arg Met Asn Ile Lys Ala Trp Met Ala Phe Thr Pro
145 150 155 160

Leu Trp Leu Leu Leu Ser Tyr Thr Val Gly Ala Phe Ser Leu Trp Gly
165 170 175

Gly Gly Phe Leu Tyr Arg Trp Gly Val Ile Asp Tyr Ser Gly Gly Tyr
180 185 190

Val Ile His Leu Ser Ser Gly Ile Ala Gly Phe Thr Ala Ala Tyr Trp
195 200 205

Val Gly Pro Arg Leu Lys Ser Asp Arg Glu Arg Phe Ser Pro Asn Asn
210 215 220

Ile Leu Leu Met Ile Ala Gly Gly Gly Leu Leu Trp Met Gly Trp Ala
225 230 235 240

Gly Phe Asn Gly Gly Ala Pro Tyr Ala Ala Asn Ile Ala Ala Ser Val
245 250 255

Ala Val Leu Asn Thr Asn Val Cys Ala Ala Thr Ser Leu Leu Met Trp
260 265 270

Thr Cys Leu Asp Val Ile Phe Phe Arg Lys Pro Ser Val Ile Gly Ala
275 280 285

Val Gln Gly Met Met Thr Gly Leu Val Cys Ile Thr Pro Gly Ala Gly
290 295 300

Leu Val Gln Thr Trp Ala Ala Val Val Met Gly Ile Phe Ala Gly Ser
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305 310 315 320

Val Pro Trp Phe Thr Met Met Ile Leu His Lys Lys Ser Ala Leu Leu
325 330 335

Met Lys Val Asp Asp Thr Leu Ala Val Phe His Thr His Ala Val Ala
340 345 350

Gly Leu Leu Gly Gly Ile Leu Thr Gly Leu Leu Ala Thr Pro Glu Leu
355 360 365

Phe Ser Leu Glu Ser Thr Val Pro Gly Leu Arg Gly Ala Phe Tyr Gly
370 375 380

Gly Gly Ile Lys Gln Ile Gly Lys Gln Leu Gly Gly Ala Ala Phe Val
385 390 395 400

Ile Ala Trp Asn Leu Val Val Thr Thr Ala Ile Leu Leu Gly Ile Gly
405 410 415

Leu Phe Ile Pro Leu Arg Met Pro Asp Glu Gln Leu Met Ile Gly Asp
420 425 430

Asp Ala Ala His Gly Glu Glu Ala Tyr Ala Leu Trp Gly Asp Gly Glu
435 440 445

Lys Phe Asp Ala Thr Arg His Asp Leu Ser Arg Gly Gly Gly Gly Gly
450 455 460

Asp Arg Asp Gly Pro Ala Gly Glu Arg Leu Ser Ala Leu Gly Ala Arg
465 470 475 480

Gly Val Thr Ile Gln Leu
485

<210> SEQ ID NO 39

<211> LENGTH: 1494

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 39

atggegtege cgacceggece ggggecgtac atgeegegece caceggeggdt gecggagtgg 60
ctgaacaccyg gggacaacgg gtggcagete geggeggega cgttegtegg getccagteg 120
atgcctggge tggtggtget gtacggecage atcgtgaaga agaagtggge cgtcaacteg 180
gectteatgg cgetgtacge gtacgegtee acgctcateg tgtgggtget ggteggette 240

cgcatggegt teggegacceg getgeteeeg ttetggggga aggecggege ggegetgacg 300

gaggggttce tegtggegeg cgegteggte ceggecacgg cgcactacgg gaaggacgge 360

gecctggagt cgecgegecac cgagecegtte taccceggagg cgtecatggt getgttecag 420
ttcgageteg ccgecatcac getggtgetyg ctegecgggt cgetcectegyg gaggatgaac 480
atcaaggcegt ggatggegtt cactcegete tggetectet tetectacac cgtetgegece 540
ttcagectet ggggeggegg cttectetac cagtggggeg tcatcgacta ctecggegga 600
tacgtcatce acctetecte cggeategee ggettcaceg cegectactyg ggtggggecg 660
aggctgaaga gcgacaggga geggtteteg ccgaacaaca tectcectecat gatcgecgge 720

ggegggetge tgtggetggg ctgggecggyg ttcaacggeg gegegecgta cgecccaaac 780

atcaccgegt ccatcgeegt getcaacace aacgtcageg cegeggegag cctectcace 840
tggacctgee tcgacgtecat cttettegge aageecteeg tcatcggege cgtgcaggge 900
atgatgaccyg gtctegtetg catcaccece ggegeaggte tggtgcacac gtgggeggece 960

atactgatgg gcatctgtgg cggcagecttg ccgtggttet ccatgatgat cctccacaag 1020
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agatcggege tgctccagaa ggtggacgac accctegecyg tettecacac ccacgecgte 1080
gcgggectee teggeggcett cctcacggge ctgttegect tgccggacct caccgcecgte 1140
cacacccaca tccctggege gegeggegeg ttetacggeg geggcatcege ccaggtgggg 1200
aagcagatcg ccggecgcget cttegtegte gtgtggaacg tcgtggccac caccgtcatce 1260
ctgcteggeg teggectegt cgtcecccgcecte cgcatgececg acgagcaget caagatcggce 1320
gacgacgcegyg cgcacgggga ggaggectac gegctatggg gagacggcega gaggttcgac 1380
gtgacgcgee atgagggggce gaggggegge gegtggggeg ccgeggtegt ggacgaggcg 1440
atggatcacc ggctggcecgg aatgggagcg agaggagtca cgattcaget gtag 1494
<210> SEQ ID NO 40

<211> LENGTH: 497

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 40

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

Val Pro Glu Trp Leu Asn Thr Gly Asp Asn Gly Trp Gln Leu Ala Ala
20 25 30

Ala Thr Phe Val Gly Leu Gln Ser Met Pro Gly Leu Val Val Leu Tyr
35 40 45

Gly Ser Ile Val Lys Lys Lys Trp Ala Val Asn Ser Ala Phe Met Ala
50 55 60

Leu Tyr Ala Tyr Ala Ser Thr Leu Ile Val Trp Val Leu Val Gly Phe
65 70 75 80

Arg Met Ala Phe Gly Asp Arg Leu Leu Pro Phe Trp Gly Lys Ala Gly
85 90 95

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

Thr Ala His Tyr Gly Lys Asp Gly Ala Leu Glu Ser Pro Arg Thr Glu
115 120 125

Pro Phe Tyr Pro Glu Ala Ser Met Val Leu Phe Gln Phe Glu Leu Ala
130 135 140

Ala Ile Thr Leu Val Leu Leu Ala Gly Ser Leu Leu Gly Arg Met Asn
145 150 155 160

Ile Lys Ala Trp Met Ala Phe Thr Pro Leu Trp Leu Leu Phe Ser Tyr
165 170 175

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

Gly Val Ile Asp Tyr Ser Gly Gly Tyr Val Ile His Leu Ser Ser Gly
195 200 205

Ile Ala Gly Phe Thr Ala Ala Tyr Trp Val Gly Pro Arg Leu Lys Ser
210 215 220

Asp Arg Glu Arg Phe Ser Pro Asn Asn Ile Leu Leu Met Ile Ala Gly
225 230 235 240

Gly Gly Leu Leu Trp Leu Gly Trp Ala Gly Phe Asn Gly Gly Ala Pro
245 250 255

Tyr Ala Pro Asn Ile Thr Ala Ser Ile Ala Val Leu Asn Thr Asn Val
260 265 270
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Ser Ala Ala Ala Ser Leu Leu Thr Trp Thr Cys Leu Asp Val Ile Phe
275 280 285

Phe Gly Lys Pro Ser Val Ile Gly Ala Val Gln Gly Met Met Thr Gly
290 295 300

Leu Val Cys Ile Thr Pro Gly Ala Gly Leu Val His Thr Trp Ala Ala
305 310 315 320

Ile Leu Met Gly Ile Cys Gly Gly Ser Leu Pro Trp Phe Ser Met Met
325 330 335

Ile Leu His Lys Arg Ser Ala Leu Leu Gln Lys Val Asp Asp Thr Leu
340 345 350

Ala Val Phe His Thr His Ala Val Ala Gly Leu Leu Gly Gly Phe Leu
355 360 365

Thr Gly Leu Phe Ala Leu Pro Asp Leu Thr Ala Val His Thr His Ile
370 375 380

Pro Gly Ala Arg Gly Ala Phe Tyr Gly Gly Gly Ile Ala Gln Val Gly
385 390 395 400

Lys Gln Ile Ala Gly Ala Leu Phe Val Val Val Trp Asn Val Val Ala
405 410 415

Thr Thr Val Ile Leu Leu Gly Val Gly Leu Val Val Pro Leu Arg Met
420 425 430

Pro Asp Glu Gln Leu Lys Ile Gly Asp Asp Ala Ala His Gly Glu Glu
435 440 445

Ala Tyr Ala Leu Trp Gly Asp Gly Glu Arg Phe Asp Val Thr Arg His
450 455 460

Glu Gly Ala Arg Gly Gly Ala Trp Gly Ala Ala Val Val Asp Glu Ala
465 470 475 480

Met Asp His Arg Leu Ala Gly Met Gly Ala Arg Gly Val Thr Ile Gln
485 490 495

Leu

<210> SEQ ID NO 41
<211> LENGTH: 1494
<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 41

atggcgtege cgecgecagece cgggecgtac atgecggace tgceggeggt gecggegtgg 60
ctgaacaagyg gcgacaccge gtggcagetyg gtggeggega cgttegtegg catccagteg 120
atgcctggge tggtggtgat ctacggecage atcgtgaaga agaagtggge cgtcaactcece 180
gectteatgg cgetgtacge ctacgegtee acgecttateg tgtgggtget cgteggette 240
cgcatggegt teggegacceg getgeteeeg ttetgggeca aggecgggee ggegetgacg 300
caggacttce tggtgcaacg cgeggtgtte ceggegacgg cgcactacgg cagegacgge 360
acgctegaga cgccgegeac cgagecgtte tacgeggagg cggegetggt getgttegag 420
ttcgagtteg cggccatcac getggtgetyg ctegeegggt cgeteetggg geggatgaac 480
atcaaggcegt ggatggegtt caccccgete tggetectet tetectacac cgteggegeg 540
ttcagectet ggggeggegg cttectetac cagtggggeg tcatcgacta ctecggegga 600
tacgtcatce acctetecte cggegtegee ggettcaceg cegectactyg ggtgggecceg 660

aggctgaaga gcgacaggga geggtteteg ccgaacaaca tectgetcat gatcgecgge 720
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ggegggetge tgtggttggg ctgggecggyg ttcaacggeg gegegecgta cgeccccaac 780

gtcaccgeca cggtegecgt getcaacace aacgtcageg ccgcgacgag cctectcace 840
tggacctgee tcgacgtecat cttettegge aageecteeg tcatcggege cgtgcagggt 900
atgatgacgg ggctegtetg catcacgece ggegecggge tggtgcacac gtggtcageg 960

atgctgatgg gcatgttcege cggcagegte ccgtggttca cgatgatgat cctgcacaag 1020
aaatccacct tcctcatgaa ggtcgacgac accctcecgecg tetteccacac ccacgcecgte 1080
gccggcatee tgggceggcegt cctcacggge ctectegceca cgecggagcet ctgegctcete 1140
gattgccega tceccgaacat gcgeggegte ttctacggca geggcatcgg ccagceteggyg 1200
aagcagctcg gecggcgcget gttegtcace gtetggaacce tcatcgtcac cagcgccatt 1260
ctecctetgeca teggectett catcccgcecte cgcatgtecg acgaccaget catgatcggce 1320
gacgacgcegyg cgcacgggga ggaggectac getetgtggg gggacggtga gaagttcgac 1380
gtgacgegge cggagacgac gaggacggga ggtgcaggceyg gegcegggcag ggaggacacce 1440
atggagcaga ggctgaccaa catgggagcc aggggtgtca ccattcagtt gtag 1494
<210> SEQ ID NO 42

<211> LENGTH: 497

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 42

Met Ala Ser Pro Pro Gln Pro Gly Pro Tyr Met Pro Asp Leu Pro Ala
1 5 10 15

Val Pro Ala Trp Leu Asn Lys Gly Asp Thr Ala Trp Gln Leu Val Ala
20 25 30

Ala Thr Phe Val Gly Ile Gln Ser Met Pro Gly Leu Val Val Ile Tyr
35 40 45

Gly Ser Ile Val Lys Lys Lys Trp Ala Val Asn Ser Ala Phe Met Ala
50 55 60

Leu Tyr Ala Tyr Ala Ser Thr Leu Ile Val Trp Val Leu Val Gly Phe
65 70 75 80

Arg Met Ala Phe Gly Asp Arg Leu Leu Pro Phe Trp Ala Lys Ala Gly
85 90 95

Pro Ala Leu Thr Gln Asp Phe Leu Val Gln Arg Ala Val Phe Pro Ala
100 105 110

Thr Ala His Tyr Gly Ser Asp Gly Thr Leu Glu Thr Pro Arg Thr Glu
115 120 125

Pro Phe Tyr Ala Glu Ala Ala Leu Val Leu Phe Glu Phe Glu Phe Ala
130 135 140

Ala Ile Thr Leu Val Leu Leu Ala Gly Ser Leu Leu Gly Arg Met Asn
145 150 155 160

Ile Lys Ala Trp Met Ala Phe Thr Pro Leu Trp Leu Leu Phe Ser Tyr
165 170 175

Thr Val Gly Ala Phe Ser Leu Trp Gly Gly Gly Phe Leu Tyr Gln Trp
180 185 190

Gly Val Ile Asp Tyr Ser Gly Gly Tyr Val Ile His Leu Ser Ser Gly
195 200 205

Val Ala Gly Phe Thr Ala Ala Tyr Trp Val Gly Pro Arg Leu Lys Ser
210 215 220
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Asp Arg Glu Arg Phe Ser Pro Asn Asn Ile Leu Leu Met Ile Ala Gly
225 230 235 240

Gly Gly Leu Leu Trp Leu Gly Trp Ala Gly Phe Asn Gly Gly Ala Pro
245 250 255

Tyr Ala Pro Asn Val Thr Ala Thr Val Ala Val Leu Asn Thr Asn Val
260 265 270

Ser Ala Ala Thr Ser Leu Leu Thr Trp Thr Cys Leu Asp Val Ile Phe
275 280 285

Phe Gly Lys Pro Ser Val Ile Gly Ala Val Gln Gly Met Met Thr Gly
290 295 300

Leu Val Cys Ile Thr Pro Gly Ala Gly Leu Val His Thr Trp Ser Ala
305 310 315 320

Met Leu Met Gly Met Phe Ala Gly Ser Val Pro Trp Phe Thr Met Met
325 330 335

Ile Leu His Lys Lys Ser Thr Phe Leu Met Lys Val Asp Asp Thr Leu
340 345 350

Ala Val Phe His Thr His Ala Val Ala Gly Ile Leu Gly Gly Val Leu
355 360 365

Thr Gly Leu Leu Ala Thr Pro Glu Leu Cys Ala Leu Asp Cys Pro Ile
370 375 380

Pro Asn Met Arg Gly Val Phe Tyr Gly Ser Gly Ile Gly Gln Leu Gly
385 390 395 400

Lys Gln Leu Gly Gly Ala Leu Phe Val Thr Val Trp Asn Leu Ile Val
405 410 415

Thr Ser Ala Ile Leu Leu Cys Ile Gly Leu Phe Ile Pro Leu Arg Met
420 425 430

Ser Asp Asp Gln Leu Met Ile Gly Asp Asp Ala Ala His Gly Glu Glu
435 440 445

Ala Tyr Ala Leu Trp Gly Asp Gly Glu Lys Phe Asp Val Thr Arg Pro
450 455 460

Glu Thr Thr Arg Thr Gly Gly Ala Gly Gly Ala Gly Arg Glu Asp Thr
465 470 475 480

Met Glu Gln Arg Leu Thr Asn Met Gly Ala Arg Gly Val Thr Ile Gln
485 490 495

Leu

<210> SEQ ID NO 43

<211> LENGTH: 1440

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 43

atgtegtegt cggcgacggt ggtgcegetyg gegtaccagyg ggaacacgte ggegteggtg 60
geggactgge tgaacaaggg cgacaacgceg tggcagetgg tggceggegac ggtggtgggyg 120

ctgcagageg tgccgggett ggtggtgetyg tacggeggeg tggtgaagaa gaagtgggeg 180

gtgaactcgg cgttcatgge getctacgee ttegecgeeg tgtggatcetyg ctgggtcace 240
tgggcgtaca acatgtegtt cggggagaag ctectcecga tetgggggaa ggegeggecg 300
gegetggace agggectect cgteggecege gecegegetge cggcegacggt ccactaccege 360

gecgacggcea gegtggagac ggceggeggtyg gagecegetgt acccgatgge gacggtggtg 420

tacttccagt gegtgttege cgecatcace ctecatceteg tegecggete cctectegge 480
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cgcatgagcet tcctegectg gatgatctte gtccegetet ggctcacctt ctectacacce 540
gtcggegect tcetecctetyg gggeggegge ttectettee actggggegt catcgactac 600
tgcggegget acgtcatcca cgtctccegec ggcatcgeeg gettcaccge cgcectactgg 660
gtggggccaa gggcacagaa ggacagggag aggttcccgce cgaacaacat actgttcacg 720

ctgacggggyg cagggttact atggatgggg tgggcagggt tcaacggegg tggtcecegtac 780

gecgecaact cegtegecte catggecgte ctcaacacca acatctgeac cgecatgage 840
ctcategtet ggacatgect cgacgtcate ttettcaaga agcectcegt cgteggegece 900
gtccagggca tgatcaccgg cctegtetge atcacccceg ctgcaggggt ggtgcagggyg 960

tgggcggcge tggtgatggg ggtgctegcee ggcagcatcce cgtggtacac catgatgatce 1020
ctccacaage gctccaagat cctgcagege gtegacgaca cecteggegt cttecacace 1080
cacggegteg ccggectect cggceggecte cteaccggece tettegecga gceccaccecte 1140
tgcaacctct tectecccegt cgeccgactcee cggggcgect tcectacggegg cgccggceggce 1200
gcccagtteg gcaagcagat cgeceggtgge ctcettegteg tegectggaa cgtegecegte 1260
acctcectca tectgectege catcaaccte ctegtceeege teccgcatgece cgacgacaag 1320
ctegaggteg gcegacgacge cgtccacgge gaggaggect acgegetetyg gggcegacgge 1380
gagatgtacg acgtcaccaa gcacggctcc gacgccgceeg ttgecgcecegt cgtegtatga 1440
<210> SEQ ID NO 44

<211> LENGTH: 479

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 44

Met Ser Ser Ser Ala Thr Val Val Pro Leu Ala Tyr Gln Gly Asn Thr
1 5 10 15

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

Leu Val Ala Ala Thr Val Val Gly Leu Gln Ser Val Pro Gly Leu Val
35 40 45

Val Leu Tyr Gly Gly Val Val Lys Lys Lys Trp Ala Val Asn Ser Ala
50 55 60

Phe Met Ala Leu Tyr Ala Phe Ala Ala Val Trp Ile Cys Trp Val Thr
65 70 75 80

Trp Ala Tyr Asn Met Ser Phe Gly Glu Lys Leu Leu Pro Ile Trp Gly
85 90 95

Lys Ala Arg Pro Ala Leu Asp Gln Gly Leu Leu Val Gly Arg Ala Ala
100 105 110

Leu Pro Ala Thr Val His Tyr Arg Ala Asp Gly Ser Val Glu Thr Ala
115 120 125

Ala Val Glu Pro Leu Tyr Pro Met Ala Thr Val Val Tyr Phe Gln Cys
130 135 140

Val Phe Ala Ala Ile Thr Leu Ile Leu Val Ala Gly Ser Leu Leu Gly
145 150 155 160

Arg Met Ser Phe Leu Ala Trp Met Ile Phe Val Pro Leu Trp Leu Thr
165 170 175

Phe Ser Tyr Thr Val Gly Ala Phe Ser Leu Trp Gly Gly Gly Phe Leu
180 185 190
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Phe His Trp Gly Val Ile Asp Tyr Cys Gly Gly Tyr Val Ile His Val
195 200 205

Ser Ala Gly Ile Ala Gly Phe Thr Ala Ala Tyr Trp Val Gly Pro Arg
210 215 220

Ala Gln Lys Asp Arg Glu Arg Phe Pro Pro Asn Asn Ile Leu Phe Thr
225 230 235 240

Leu Thr Gly Ala Gly Leu Leu Trp Met Gly Trp Ala Gly Phe Asn Gly
245 250 255

Gly Gly Pro Tyr Ala Ala Asn Ser Val Ala Ser Met Ala Val Leu Asn
260 265 270

Thr Asn Ile Cys Thr Ala Met Ser Leu Ile Val Trp Thr Cys Leu Asp
275 280 285

Val Ile Phe Phe Lys Lys Pro Ser Val Val Gly Ala Val Gln Gly Met
290 295 300

Ile Thr Gly Leu Val Cys Ile Thr Pro Ala Ala Gly Val Val Gln Gly
305 310 315 320

Trp Ala Ala Leu Val Met Gly Val Leu Ala Gly Ser Ile Pro Trp Tyr
325 330 335

Thr Met Met Ile Leu His Lys Arg Ser Lys Ile Leu Gln Arg Val Asp
340 345 350

Asp Thr Leu Gly Val Phe His Thr His Gly Val Ala Gly Leu Leu Gly
355 360 365

Gly Leu Leu Thr Gly Leu Phe Ala Glu Pro Thr Leu Cys Asn Leu Phe
370 375 380

Leu Pro Val Ala Asp Ser Arg Gly Ala Phe Tyr Gly Gly Ala Gly Gly
385 390 395 400

Ala Gln Phe Gly Lys Gln Ile Ala Gly Gly Leu Phe Val Val Ala Trp
405 410 415

Asn Val Ala Val Thr Ser Leu Ile Cys Leu Ala Ile Asn Leu Leu Val
420 425 430

Pro Leu Arg Met Pro Asp Asp Lys Leu Glu Val Gly Asp Asp Ala Val
435 440 445

His Gly Glu Glu Ala Tyr Ala Leu Trp Gly Asp Gly Glu Met Tyr Asp
450 455 460

Val Thr Lys His Gly Ser Asp Ala Ala Val Ala Pro Val Val Val
465 470 475

<210> SEQ ID NO 45

<211> LENGTH: 1497

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 45

atgtcggggyg acgcgttcaa catgteggtyg gegtaccage cgteggggat ggeggtgecg 60
gagtggctga acaagggcga caacgcegtgg cagatgatct cggegacget ggtggggatg 120

cagagcegtge cggggetggt gatcctgtac ggcagcateg tgaagaagaa gtgggeggtg 180

aactcggegt tcatggeget ctacgectte gecgecgtgt ggetgtgetyg ggtcacctgg 240
ggctacaaca tgtcgttcgg ccacaagcte ctecegttet ggggcaagge geggecggeg 300
ctgggccaga gcttectect cgeccaggee gtgctceege agacgacgca gttctacaag 360

ggeggeggeyg gegecgacge cgtggtggag acgccatggg tgaacccget ctacccgatg 420
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gccaccatgg tgtacttcca gtgegtgttc geccgccatca cgctcatcct cctegecgge 480
tegctgetgg ggceggatgaa catcaaggeg tggatgetgt tcegtcceget ctggetcacce 540
ttctectaca cegteggege cttetegetg tggggeggeg gettectett ccactggggg 600
gtcatggact actccggegg ctacgtcatc cacctctegt cgggtgtege cggcttcacc 660
gcggegtact gggtggggcece caggtcgacc aaggacaggg agaggttccc gccaaacaac 720

gtgctgctca tgctcaccgg cgcceggcata ctgtggatgg ggtgggeggy gttcaacgge 780

ggcgaccegt actcegecaa catcgactcee tegetegeeg tgctcaacac caacatctge 840
gecgecacca gectectegt ctggacttge ctegacgtcea tcettettcaa gaagecgtec 900
gtcatcggeg cegtecaggg catgatcacce ggectegtet geatcactee cggegeagge 960

ctggtgcagg gttgggcggce gatcgtgatg ggcatcctet cecggcagcat cccgtggtte 1020
acgatgatgg tggtgcacaa gcggtcegege ctectgcage aggtggacga caccctggge 1080
gtcttccaca cccacgecgt cgecggatte ctcecggeggeg ccaccacggg cctettegece 1140
gagceccgtee tetgcteccect cttectecece gtcaccaact ccecgeggegce cttectacccce 1200
ggcegeggeg geggectceca gttegtecge caggtggceg gegecctett catcatcetge 1260
tggaacgtgg tggtcaccag cctcecgtetge ctegecgtee gegececgtggt teccectecgg 1320
atgceccgagg aggagetege catcggegac gacgecgtge acggggagga ggcgtacgeg 1380
ctgtggggeyg acggcegagaa gtacgactcce accaagcacyg gatggtactce cgacaacaac 1440
gacacgcacce acaacaacaa caaggccgeg cccageggeg tcacgcagaa cgtctga 1497
<210> SEQ ID NO 46

<211> LENGTH: 498

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 46

Met Ser Gly Asp Ala Phe Asn Met Ser Val Ala Tyr Gln Pro Ser Gly
1 5 10 15

Met Ala Val Pro Glu Trp Leu Asn Lys Gly Asp Asn Ala Trp Gln Met
20 25 30

Ile Ser Ala Thr Leu Val Gly Met Gln Ser Val Pro Gly Leu Val Ile
35 40 45

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

Met Ala Leu Tyr Ala Phe Ala Ala Val Trp Leu Cys Trp Val Thr Trp
65 70 75 80

Gly Tyr Asn Met Ser Phe Gly His Lys Leu Leu Pro Phe Trp Gly Lys
Ala Arg Pro Ala Leu Gly Gln Ser Phe Leu Leu Ala Gln Ala Val Leu
100 105 110

Pro Gln Thr Thr Gln Phe Tyr Lys Gly Gly Gly Gly Ala Asp Ala Val
115 120 125

Val Glu Thr Pro Trp Val Asn Pro Leu Tyr Pro Met Ala Thr Met Val
130 135 140

Tyr Phe Gln Cys Val Phe Ala Ala Ile Thr Leu Ile Leu Leu Ala Gly
145 150 155 160

Ser Leu Leu Gly Arg Met Asn Ile Lys Ala Trp Met Leu Phe Val Pro
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165 170 175

Leu Trp Leu Thr Phe Ser Tyr Thr Val Gly Ala Phe Ser Leu Trp Gly
180 185 190

Gly Gly Phe Leu Phe His Trp Gly Val Met Asp Tyr Ser Gly Gly Tyr
195 200 205

Val Ile His Leu Ser Ser Gly Val Ala Gly Phe Thr Ala Ala Tyr Trp
210 215 220

Val Gly Pro Arg Ser Thr Lys Asp Arg Glu Arg Phe Pro Pro Asn Asn
225 230 235 240

Val Leu Leu Met Leu Thr Gly Ala Gly Ile Leu Trp Met Gly Trp Ala
245 250 255

Gly Phe Asn Gly Gly Asp Pro Tyr Ser Ala Asn Ile Asp Ser Ser Leu
260 265 270

Ala Val Leu Asn Thr Asn Ile Cys Ala Ala Thr Ser Leu Leu Val Trp
275 280 285

Thr Cys Leu Asp Val Ile Phe Phe Lys Lys Pro Ser Val Ile Gly Ala
290 295 300

Val Gln Gly Met Ile Thr Gly Leu Val Cys Ile Thr Pro Gly Ala Gly
305 310 315 320

Leu Val Gln Gly Trp Ala Ala Ile Val Met Gly Ile Leu Ser Gly Ser
325 330 335

Ile Pro Trp Phe Thr Met Met Val Val His Lys Arg Ser Arg Leu Leu
340 345 350

Gln Gln Val Asp Asp Thr Leu Gly Val Phe His Thr His Ala Val Ala
355 360 365

Gly Phe Leu Gly Gly Ala Thr Thr Gly Leu Phe Ala Glu Pro Val Leu
370 375 380

Cys Ser Leu Phe Leu Pro Val Thr Asn Ser Arg Gly Ala Phe Tyr Pro
385 390 395 400

Gly Arg Gly Gly Gly Leu Gln Phe Val Arg Gln Val Ala Gly Ala Leu
405 410 415

Phe Ile Ile Cys Trp Asn Val Val Val Thr Ser Leu Val Cys Leu Ala
420 425 430

Val Arg Ala Val Val Pro Leu Arg Met Pro Glu Glu Glu Leu Ala Ile
435 440 445

Gly Asp Asp Ala Val His Gly Glu Glu Ala Tyr Ala Leu Trp Gly Asp
450 455 460

Gly Glu Lys Tyr Asp Ser Thr Lys His Gly Trp Tyr Ser Asp Asn Asn
465 470 475 480

Asp Thr His His Asn Asn Asn Lys Ala Ala Pro Ser Gly Val Thr Gln
485 490 495

Asn Val

<210> SEQ ID NO 47

<211> LENGTH: 1497

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 47

atggcgacgt gcgeggegga cctggegeceg ctgetgggge cggtggegge gaacgcgacyg 60

gactacctgt gcaaccggtt cgccgacacyg acgtceggegg tggacgcgac gtacctgetce 120
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ttcteggegt acctegtgtt cgeccatgcag ctegggtteg cgatgctcetyg cgcegggteg 180
gtgcgggcca agaacacgat gaacatcatg ctcaccaacg tgctcgacgce cgecggccggg 240
gcgetettet actacctett cggcttegec ttegectteg gcacgeccegte caacggettce 300
atcgggaagc agttcttcecgg cctcaagcac atgccgcaga ccegggttcga ctacgacttce 360
ttcctettec agtgggectt cgccatcgec gececgceggga tcacgteggyg ctecatcegec 420
gagaggacgc agttcgtege ctacctcatc tactccgect tectcacegg gttegtctac 480
ceggtggtgt cccactggat ctggtccegec gatgggtggg cctetgectce cecgcacgtcece 540
ggacctectge tgtteggetce cggtgtcatc gacttcegecg gectcecggegt cgtccacatg 600

gteggeggty tegeeggget ctggggegeyg ctcatcgagg gecccegeat cgggaggtte 660

gaccacgeceg gecgateggt ggcegctcaag ggccacageg cgtegetegt cgtgettgge 720
accttectge tgtggttegg ctggtacgga ttcaaccceg ggtegttcac caccatccte 780
aagacgtacg gcccggecgg cggcatcaac gggcagtggt ceggagtegg ccgcaccegec 840
gtgacgacga ccctggecgg cagegtggeyg gegetcacca cgetgttegyg gaageggetce 900
cagacgggge actggaacgt ggtcgacgte tgcaacggec tecteggegg gttegecgece 960

atcaccgcecg ggtgcagegt cgtcgaccceg tgggccgcega tcatctgcegg gttegteteg 1020
gcgtgggtge tcatcggect caacgcgetce gecgegcgec tcaagttcga cgacccgetce 1080
gaggccgecec agctccacgg cgggtgcegge gegtggggga tcectcettcac cgegetette 1140
gcgaggcaga agtacgtcga ggagatctac ggcgeeggece ggccgtacgg cctgttcatg 1200
ggcggcggceyg gcaagctgcet cgccgcgcac gtcatccaga tectggtcat cttegggtgg 1260
gtcagctgca ccatgggacce tctettctac gggctcaaga agectcecggect gctecgeatce 1320
tcegecgagg acgagacgtce cggcatggac ctgacacgge acggegggtt cgegtacgte 1380
taccacgacg aggacgagca cgacaagtct ggggttggtg ggttcatgct cecggtceccgeg 1440
cagacccgeg tcegagecgge ggcggegget gectccaaca gcaacaacca agtgtaa 1497
<210> SEQ ID NO 48

<211> LENGTH: 498

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 48

Met Ala Thr Cys Ala Ala Asp Leu Ala Pro Leu Leu Gly Pro Val Ala
1 5 10 15

Ala Asn Ala Thr Asp Tyr Leu Cys Asn Arg Phe Ala Asp Thr Thr Ser
20 25 30

Ala Val Asp Ala Thr Tyr Leu Leu Phe Ser Ala Tyr Leu Val Phe Ala
35 40 45

Met Gln Leu Gly Phe Ala Met Leu Cys Ala Gly Ser Val Arg Ala Lys
50 55 60

Asn Thr Met Asn Ile Met Leu Thr Asn Val Leu Asp Ala Ala Ala Gly
65 70 75 80

Ala Leu Phe Tyr Tyr Leu Phe Gly Phe Ala Phe Ala Phe Gly Thr Pro
85 90 95

Ser Asn Gly Phe Ile Gly Lys Gln Phe Phe Gly Leu Lys His Met Pro
100 105 110

Gln Thr Gly Phe Asp Tyr Asp Phe Phe Leu Phe Gln Trp Ala Phe Ala
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115 120 125

Ile Ala Ala Ala Gly Ile Thr Ser Gly Ser Ile Ala Glu Arg Thr Gln
130 135 140

Phe Val Ala Tyr Leu Ile Tyr Ser Ala Phe Leu Thr Gly Phe Val Tyr
145 150 155 160

Pro Val Val Ser His Trp Ile Trp Ser Ala Asp Gly Trp Ala Ser Ala
165 170 175

Ser Arg Thr Ser Gly Pro Leu Leu Phe Gly Ser Gly Val Ile Asp Phe
180 185 190

Ala Gly Ser Gly Val Val His Met Val Gly Gly Val Ala Gly Leu Trp
195 200 205

Gly Ala Leu Ile Glu Gly Pro Arg Ile Gly Arg Phe Asp His Ala Gly
210 215 220

Arg Ser Val Ala Leu Lys Gly His Ser Ala Ser Leu Val Val Leu Gly
225 230 235 240

Thr Phe Leu Leu Trp Phe Gly Trp Tyr Gly Phe Asn Pro Gly Ser Phe
245 250 255

Thr Thr Ile Leu Lys Thr Tyr Gly Pro Ala Gly Gly Ile Asn Gly Gln
260 265 270

Trp Ser Gly Val Gly Arg Thr Ala Val Thr Thr Thr Leu Ala Gly Ser
275 280 285

Val Ala Ala Leu Thr Thr Leu Phe Gly Lys Arg Leu Gln Thr Gly His
290 295 300

Trp Asn Val Val Asp Val Cys Asn Gly Leu Leu Gly Gly Phe Ala Ala
305 310 315 320

Ile Thr Ala Gly Cys Ser Val Val Asp Pro Trp Ala Ala Ile Ile Cys
325 330 335

Gly Phe Val Ser Ala Trp Val Leu Ile Gly Leu Asn Ala Leu Ala Ala
340 345 350

Arg Leu Lys Phe Asp Asp Pro Leu Glu Ala Ala Gln Leu His Gly Gly
355 360 365

Cys Gly Ala Trp Gly Ile Leu Phe Thr Ala Leu Phe Ala Arg Gln Lys
370 375 380

Tyr Val Glu Glu Ile Tyr Gly Ala Gly Arg Pro Tyr Gly Leu Phe Met
385 390 395 400

Gly Gly Gly Gly Lys Leu Leu Ala Ala His Val Ile Gln Ile Leu Val
405 410 415

Ile Phe Gly Trp Val Ser Cys Thr Met Gly Pro Leu Phe Tyr Gly Leu
420 425 430

Lys Lys Leu Gly Leu Leu Arg Ile Ser Ala Glu Asp Glu Thr Ser Gly
435 440 445

Met Asp Leu Thr Arg His Gly Gly Phe Ala Tyr Val Tyr His Asp Glu
450 455 460

Asp Glu His Asp Lys Ser Gly Val Gly Gly Phe Met Leu Arg Ser Ala
465 470 475 480

Gln Thr Arg Val Glu Pro Ala Ala Ala Ala Ala Ser Asn Ser Asn Asn
485 490 495

Gln Val

<210> SEQ ID NO 49
<211> LENGTH: 438
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<212> TYPE: DNA
<213> ORGANISM: Oryza sativa
<400> SEQUENCE: 49
atggcegtggyg tgagettcac catggegetyg ctgttectgg tgctcaacaa getgggettg 60
ctgegeatcet cggccgagga caagatggece ggcatggace agacgegeca cggegggtta 120
ccacgacgac gacgcgageg gcaagccaga ccttggeatt ggegggttca tgctcaagte 180

ggtgcacgge acgcaggttc gtcggtgteg acggaggcga cgactgeggyg gatggtggec 240

gecgagggecyg tgcaggagtt gtggaacggt tcggacaccg agcagaagag gacataccca 300
ceggttetge tegecggaga gggaggggac aacgactgeg gtgtccatca ctggetgege 360
ttgccactac catcgetggt ctegtggaag agaggagagg ggagaaagag gaagaagaag 420
gaaagaaggg caatttga 438

<210> SEQ ID NO 50

<211> LENGTH: 145

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 50

Met Ala Trp Val Ser Phe Thr Met Ala Leu Leu Phe Leu Val Leu Asn
1 5 10 15

Lys Leu Gly Leu Leu Arg Ile Ser Ala Glu Asp Lys Met Ala Gly Met
20 25 30

Asp Gln Thr Arg His Gly Gly Leu Pro Arg Arg Arg Arg Glu Arg Gln
35 40 45

Ala Arg Pro Trp His Trp Arg Val His Ala Gln Val Gly Ala Arg His
50 55 60

Ala Gly Ser Ser Val Ser Thr Glu Ala Thr Thr Ala Gly Met Val Ala
65 70 75 80

Ala Arg Ala Val Gln Glu Leu Trp Asn Gly Ser Asp Thr Glu Gln Lys
85 90 95

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

Cys Gly Val His His Trp Leu Arg Leu Pro Leu Pro Ser Leu Val Ser
115 120 125

Trp Lys Arg Gly Glu Gly Arg Lys Arg Lys Lys Lys Glu Arg Arg Ala
130 135 140

Ile
145

<210> SEQ ID NO 51

<211> LENGTH: 1497

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 51

atggcgacgt gecttggacag cctegggeceg ctgcteggeg gegeggegaa ctcecaccgac 60
geggcecaact acatctgcaa caggttcacyg gacacctect cegeggtgga cgegacgtac 120
ctgetettet cggectacct cgtgttegee atgecageteg ggttegecat getcetgegeg 180
ggctcegtee gegccaagaa ctccatgaac atcatgetca ccaacgtget cgacgecgec 240

gecggegege tettetacta cectettegge ttegectteg cgttegggac gecgtecaag 300
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ggcttcatecg ggaagcagtt cttecgggetg aagcacatgce cgcagacagg gtacgactac 360
gacttcttee tctteccagtg ggecttegec atcegeccgecg ceggcatcac gtceggttec 420
atcgccgage ggacgcgcett cagcegegtat ctcatctact ccegecttect caccgggtte 480
gtgtaccecgg tggtgtcgca ctggttcectgg tccaccgacg ggtgggcettce ggeccggecegg 540
ttgacgggtc cgttgectgtt caagtcggge gtcatcgact tcegeccggcetce cggegtegtce 600
catctggtceg gtggcattge tggcectgtgg ggtgccttca tcegagggcce tcgcatcggg 660
cggttcgacg cegceggecg cacggtggeg atgaaaggge acagcgectce actggtegtg 720
ctcggeacct tectgetgtg gttegggtgg ttecggetteca acceggggtce cttceaccacce 780
atctccaaga tctacggcga gtcgggcacg atcgacggge agtggtcegge ggtgggecgce 840
accgccgtga cgacgtceget ggeggggage gtcgccgege tgacgacgct ctacggcaag 900
agatggctga cggggcactg gaacgtgacc gacgtctgca acggtctcct cggeggette 960

gccgegatceca cegegggcetg cteegtggte gaccegtggg cgtecggtgat ctgegggtte 1020
gtgtcggegt gggtcectcat cggctgcaac aagctgtcge tgattctcaa gttcgacgac 1080
cegetggagyg cgacgcaget geacgeeggg tgeggegegt gggggatcat cttcaccegeg 1140
ctgttcgege gcagggagta cgtcgagcetg atctacgggg tgccggggag gecgtacggg 1200
ctgttcatgg gcggcggegyg gaggcttcte gcggcgcaca tcgtgcagat cctggtgatce 1260
gtcgggtggyg tcagcegecac catggggacg ctcttcectacg tgctgcacag gttegggetyg 1320
ctcegegtet cgecegegac agagatggaa ggecatggace cgacgtgeca cggegggtte 1380
gggtacgtgg acgaggacga aggcgagcege cgcegtcaggg ccaagtegge ggeggagacyg 1440
gctegegtgg agecccagaaa gtcgccggag caagccgcegg cgggcecagtt tgtgtag 1497
<210> SEQ ID NO 52

<211> LENGTH: 498

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 52

Met Ala Thr Cys Leu Asp Ser Leu Gly Pro Leu Leu Gly Gly Ala Ala
1 5 10 15

Asn Ser Thr Asp Ala Ala Asn Tyr Ile Cys Asn Arg Phe Thr Asp Thr
20 25 30

Ser Ser Ala Val Asp Ala Thr Tyr Leu Leu Phe Ser Ala Tyr Leu Val
35 40 45

Phe Ala Met Gln Leu Gly Phe Ala Met Leu Cys Ala Gly Ser Val Arg
50 55 60

Ala Lys Asn Ser Met Asn Ile Met Leu Thr Asn Val Leu Asp Ala Ala
65 70 75 80

Ala Gly Ala Leu Phe Tyr Tyr Leu Phe Gly Phe Ala Phe Ala Phe Gly
85 90 95

Thr Pro Ser Lys Gly Phe Ile Gly Lys Gln Phe Phe Gly Leu Lys His
100 105 110

Met Pro Gln Thr Gly Tyr Asp Tyr Asp Phe Phe Leu Phe Gln Trp Ala
115 120 125

Phe Ala Ile Ala Ala Ala Gly Ile Thr Ser Gly Ser Ile Ala Glu Arg
130 135 140
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Thr Arg Phe Ser Ala Tyr Leu Ile Tyr Ser Ala Phe Leu Thr Gly Phe
145 150 155 160

Val Tyr Pro Val Val Ser His Trp Phe Trp Ser Thr Asp Gly Trp Ala
165 170 175

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

Asp Phe Ala Gly Ser Gly Val Val His Leu Val Gly Gly Ile Ala Gly
195 200 205

Leu Trp Gly Ala Phe Ile Glu Gly Pro Arg Ile Gly Arg Phe Asp Ala
210 215 220

Ala Gly Arg Thr Val Ala Met Lys Gly His Ser Ala Ser Leu Val Val
225 230 235 240

Leu Gly Thr Phe Leu Leu Trp Phe Gly Trp Phe Gly Phe Asn Pro Gly
245 250 255

Ser Phe Thr Thr Ile Ser Lys Ile Tyr Gly Glu Ser Gly Thr Ile Asp
260 265 270

Gly Gln Trp Ser Ala Val Gly Arg Thr Ala Val Thr Thr Ser Leu Ala
275 280 285

Gly Ser Val Ala Ala Leu Thr Thr Leu Tyr Gly Lys Arg Trp Leu Thr
290 295 300

Gly His Trp Asn Val Thr Asp Val Cys Asn Gly Leu Leu Gly Gly Phe
305 310 315 320

Ala Ala Ile Thr Ala Gly Cys Ser Val Val Asp Pro Trp Ala Ser Val
325 330 335

Ile Cys Gly Phe Val Ser Ala Trp Val Leu Ile Gly Cys Asn Lys Leu
340 345 350

Ser Leu Ile Leu Lys Phe Asp Asp Pro Leu Glu Ala Thr Gln Leu His
355 360 365

Ala Gly Cys Gly Ala Trp Gly Ile Ile Phe Thr Ala Leu Phe Ala Arg
370 375 380

Arg Glu Tyr Val Glu Leu Ile Tyr Gly Val Pro Gly Arg Pro Tyr Gly
385 390 395 400

Leu Phe Met Gly Gly Gly Gly Arg Leu Leu Ala Ala His Ile Val Gln
405 410 415

Ile Leu Val Ile Val Gly Trp Val Ser Ala Thr Met Gly Thr Leu Phe
420 425 430

Tyr Val Leu His Arg Phe Gly Leu Leu Arg Val Ser Pro Ala Thr Glu
435 440 445

Met Glu Gly Met Asp Pro Thr Cys His Gly Gly Phe Gly Tyr Val Asp
450 455 460

Glu Asp Glu Gly Glu Arg Arg Val Arg Ala Lys Ser Ala Ala Glu Thr
465 470 475 480

Ala Arg Val Glu Pro Arg Lys Ser Pro Glu Gln Ala Ala Ala Gly Gln
485 490 495

Phe Val

<210> SEQ ID NO 53
<211> LENGTH: 1853
<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 53
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acagcccaca cttecattge tectecccte tectetacag tetgtgttga gegegegteg 60

aggcggcgag gatggcaacg tgcgeggata cccteggece getgetggge acggeggegg 120

cgaacgcgac ggactacctg tgcaaccagt tegeggacac gacgteggee gtggactcega 180
cgtacctget ctteteggeg tacctegtgt tegecatgea geteggette gecatgetcet 240
gegecgggte cgtcegegece aagaacacca tgaacatcat gettaccaac gtgetcgacg 300
cegecgeagyg cgegetette tactacctet teggettege cttegectte ggggegecegt 360
ccaacggett catcgggaag cacttetteg gectcaagea ggteccacag gteggetteg 420
actacagett cttectette cagtgggect tegecatege cgeegeggge atcacgteceg 480
getecatege cgageggace cagttegtgg cgtacctcat ctactcegece ttectcaceg 540
gettegteta cceggtggtg teccactgga tetggteege cgacgggtgyg gecteggett 600
cceggacgte ggggtegetg ctettegggt ceggegteat cgacttegee gggtcagggg 660
ttgtccacat ggtgggegge gtggecggac tctggggege cetcatcgag ggcecccegcea 720
ttgggeggtt cgaccacgece ggccgetegg tggegetgeg cggecacage gegtegeteg 780
tegtgetegyg cagettectt ctgtggtteg ggtggtacgg gtttaaccce ggetegttece 840
tcaccatcct caaatcctac ggeccgecceg gtageatcca cgggcagtgg teggeggtgg 900
gacgcaccge cgtgaccacc accctegecg gcagcacgge ggcgctcacyg acgetcetteg 960

ggaagaggct ccagacgggg cactggaacg tgatcgacgt ctgcaacggce ctecteggeg 1020
gcttegegge gatcaccgcee ggttgctecg tegtcgacee gtgggcecgeg atcatctgeg 1080
ggttegtete ggegtgggtg ctcatcggece tcaacgcget ggcggcgagg ctcaagtteg 1140
acgacccget cgaggeggceg cagctgecacg gegggtgegyg cgegtggggyg gtcatcttca 1200
cggegetgtt cgcgegcaag gagtacgtgg accagatctt cggecagece gggegeccgt 1260
acgggctgtt catgggcggce ggcggccggce tgctcegggge gcacatagtg gtcatcctgg 1320
tcatcgegge gtgggtgage ttcaccatgg cgccgctgtt cectggtgcte aacaagctgg 1380
gettgetgeyg catcteggece gaggacgaga tggccggcat ggaccagacg cgcecacggeg 1440
ggttcegegta cgegtaccac gacgacgacg cgagcggcaa gecggaccgce agegtceggeg 1500
ggttcatgcet caagtcggcg cacggcacgce aggtcgccge cgagatggga ggccatgtcet 1560
agtggaaccg gaggagctga gctagtagta catacatgca gcatcatcga tcgaacgaaa 1620
tgcatataag cgtttttcaa ggttgatctg atgctgcagg tttcgtgatt gtataatagg 1680
aagaaaaaga tagtagtatt ttttatctga gatcatctgt ttggaacagg ggatttgact 1740
aagatttgat ataaatttac acaaaatctt agcaaaaatc cctttatctc aactctcaag 1800
tagagctttg ctttgtacaa caaagtatca tgtgtgatat aattgtcagg tgg 1853
<210> SEQ ID NO 54

<211> LENGTH: 496

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 54

Met Ala Thr Cys Ala Asp Thr Leu Gly Pro Leu Leu Gly Thr Ala Ala
1 5 10 15

Ala Asn Ala Thr Asp Tyr Leu Cys Asn Gln Phe Ala Asp Thr Thr Ser
20 25 30
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Ala Val Asp Ser Thr Tyr Leu Leu Phe Ser Ala Tyr Leu Val Phe Ala
35 40 45

Met Gln Leu Gly Phe Ala Met Leu Cys Ala Gly Ser Val Arg Ala Lys
50 55 60

Asn Thr Met Asn Ile Met Leu Thr Asn Val Leu Asp Ala Ala Ala Gly
65 70 75 80

Ala Leu Phe Tyr Tyr Leu Phe Gly Phe Ala Phe Ala Phe Gly Ala Pro
85 90 95

Ser Asn Gly Phe Ile Gly Lys His Phe Phe Gly Leu Lys Gln Val Pro
100 105 110

Gln Val Gly Phe Asp Tyr Ser Phe Phe Leu Phe Gln Trp Ala Phe Ala
115 120 125

Ile Ala Ala Ala Gly Ile Thr Ser Gly Ser Ile Ala Glu Arg Thr Gln
130 135 140

Phe Val Ala Tyr Leu Ile Tyr Ser Ala Phe Leu Thr Gly Phe Val Tyr
145 150 155 160

Pro Val Val Ser His Trp Ile Trp Ser Ala Asp Gly Trp Ala Ser Ala
165 170 175

Ser Arg Thr Ser Gly Ser Leu Leu Phe Gly Ser Gly Val Ile Asp Phe
180 185 190

Ala Gly Ser Gly Val Val His Met Val Gly Gly Val Ala Gly Leu Trp
195 200 205

Gly Ala Leu Ile Glu Gly Pro Arg Ile Gly Arg Phe Asp His Ala Gly
210 215 220

Arg Ser Val Ala Leu Arg Gly His Ser Ala Ser Leu Val Val Leu Gly
225 230 235 240

Ser Phe Leu Leu Trp Phe Gly Trp Tyr Gly Phe Asn Pro Gly Ser Phe
245 250 255

Leu Thr Ile Leu Lys Ser Tyr Gly Pro Pro Gly Ser Ile His Gly Gln
260 265 270

Trp Ser Ala Val Gly Arg Thr Ala Val Thr Thr Thr Leu Ala Gly Ser
275 280 285

Thr Ala Ala Leu Thr Thr Leu Phe Gly Lys Arg Leu Gln Thr Gly His
290 295 300

Trp Asn Val Ile Asp Val Cys Asn Gly Leu Leu Gly Gly Phe Ala Ala
305 310 315 320

Ile Thr Ala Gly Cys Ser Val Val Asp Pro Trp Ala Ala Ile Ile Cys
325 330 335

Gly Phe Val Ser Ala Trp Val Leu Ile Gly Leu Asn Ala Leu Ala Ala
340 345 350

Arg Leu Lys Phe Asp Asp Pro Leu Glu Ala Ala Gln Leu His Gly Gly
355 360 365

Cys Gly Ala Trp Gly Val Ile Phe Thr Ala Leu Phe Ala Arg Lys Glu
370 375 380

Tyr Val Asp Gln Ile Phe Gly Gln Pro Gly Arg Pro Tyr Gly Leu Phe
385 390 395 400

Met Gly Gly Gly Gly Arg Leu Leu Gly Ala His Ile Val Val Ile Leu
405 410 415

Val Ile Ala Ala Trp Val Ser Phe Thr Met Ala Pro Leu Phe Leu Val
420 425 430

Leu Asn Lys Leu Gly Leu Leu Arg Ile Ser Ala Glu Asp Glu Met Ala
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435 440 445

Gly Met Asp Gln Thr Arg His Gly Gly Phe Ala Tyr Ala Tyr His Asp
450 455 460

Asp Asp Ala Ser Gly Lys Pro Asp Arg Ser Val Gly Gly Phe Met Leu
465 470 475 480

Lys Ser Ala His Gly Thr Gln Val Ala Ala Glu Met Gly Gly His Val
485 490 495

<210> SEQ ID NO 55

<211> LENGTH: 1870

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 55

cactagtact cccteegtece caatataagt gcatttagga caggatgtga tatatcctag 60
gactacaaat ctggacagtt gtctgttcat attcgtagte ctaggatatg tcacatacta 120
tactaggtgt atttatattg ggacggaggg agcagtactt aaagtatatt tgcaactttt 180
tactgaactt ggtgtgctgt gtcaggegac tactccagag gattgattac ttcatgectt 240
gacaatgatg tgaagtagca tgaccttgeg attcatatgg tcggggatcg aggcatatat 300
acacccaacce cagttcattg agtgatcagt agagagattc ttcecctett ctectgecag 360
ctcttecagg ttetgagtte tgaccatgge ggetggageg attccaatgg cgtaccagac 420
cactcegtca tecgecagact ggctgaacaa gggcgacaac geatggcaga tgacatcegge 480
gaccctegte ggectgcaga gcatgecagyg getggtgate ctgtacggeca geattgtcaa 540
gaagaagtgg gctatcaact cggegttcat ggegetgtat gecttegetg ctgtetggat 600
ctgetgggtt gtetgggeat acaacatgte gtteggegac cgectectge cattetgggg 660
taaggcacgg ccagcgcteg ggcagagett cctegtggeg cagtctgage tcactgetac 720
cgctattege taccacaatg ggtcagetga ggegeccatg ctcaageegt tgtacccagt 780
cgccaccatyg gtgtacttee agtgcatgtt tgegageatce accatcatca tcctegcagg 840
ctcactgett gggcgecatga acatcaagge gtggatggece tttgtgeege tcetggatcac 900
cttetettac acggtetgeg ccetteteget ctggggtgge ggtttectet tcecagtgggg 960

tgtcatagac tactctggtg gctatgtcat ccatctctet tectggcatcg caggcectcac 1020
tgctgectac tgggttggac caaggtcagce atcagatagg gagagattcc cgcccaacaa 1080
catactgctg gtgctagcag gggcggggct gctgtggett gggtggacag gtttcaatgg 1140
aggagaccca tattcagcca atattgattc atccatggca gtgctcaaca cacatatctg 1200
cgcatccacce agcectacteg tgtggacaat cctggatgte ttcecttectteg ggaagccatce 1260
ggtaattggc gcggtgcagg gcatgatcac tggcctggta tgcatcaccce ctggtgcagg 1320
cctggtgcaa ggttgggcag ctattgtgat gggaattctce tctggtagca ttccatggta 1380
caccatgatg gtgctgcaca agaaatggtc attcatgcag aggattgatg acacgcttgg 1440
tgtcttecac acccatgegg tggctgggtt ccttggtgge geccaccactg gactcttege 1500
cgagcccatce ctatgcagtce tettectate tatcccagat tctaaaggtg cattctacgg 1560
tggcceeggt ggatcacagt tcegggaagca gattgctgge gecactatttg tcactgectg 1620
gaatattgtt atcacctcca tcatctgtgt catcatcagc ctaatcctgce ccctecgtat 1680

agctgatcaa gaactgctta ttggagatga tgctgtacac ggtgaggagg catatgctat 1740
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ctgggcagag ggagagctca atgacatgac ccaccacaat gagagcacac atagtggtgt 1800
ctctgtagga gtgacacaga atgtttgaac agtacccact ttattgagga aaaagaaata 1860
taattgtctt 1870
<210> SEQ ID NO 56

<211> LENGTH: 480

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 56

Met Ala Ala Gly Ala Ile Pro Met Ala Tyr Gln Thr Thr Pro Ser Ser
1 5 10 15

Pro Asp Trp Leu Asn Lys Gly Asp Asn Ala Trp Gln Met Thr Ser Ala
20 25 30

Thr Leu Val Gly Leu Gln Ser Met Pro Gly Leu Val Ile Leu Tyr Gly
35 40 45

Ser Ile Val Lys Lys Lys Trp Ala Ile Asn Ser Ala Phe Met Ala Leu
Tyr Ala Phe Ala Ala Val Trp Ile Cys Trp Val Val Trp Ala Tyr Asn
65 70 75 80

Met Ser Phe Gly Asp Arg Leu Leu Pro Phe Trp Gly Lys Ala Arg Pro
85 90 95

Ala Leu Gly Gln Ser Phe Leu Val Ala Gln Ser Glu Leu Thr Ala Thr
100 105 110

Ala Ile Arg Tyr His Asn Gly Ser Ala Glu Ala Pro Met Leu Lys Pro
115 120 125

Leu Tyr Pro Val Ala Thr Met Val Tyr Phe Gln Cys Met Phe Ala Ser
130 135 140

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

Lys Ala Trp Met Ala Phe Val Pro Leu Trp Ile Thr Phe Ser Tyr Thr
165 170 175

Val Cys Ala Phe Ser Leu Trp Gly Gly Gly Phe Leu Phe Gln Trp Gly
180 185 190

Val Ile Asp Tyr Ser Gly Gly Tyr Val Ile His Leu Ser Ser Gly Ile
195 200 205

Ala Gly Leu Thr Ala Ala Tyr Trp Val Gly Pro Arg Ser Ala Ser Asp
210 215 220

Arg Glu Arg Phe Pro Pro Asn Asn Ile Leu Leu Val Leu Ala Gly Ala
225 230 235 240

Gly Leu Leu Trp Leu Gly Trp Thr Gly Phe Asn Gly Gly Asp Pro Tyr
245 250 255

Ser Ala Asn Ile Asp Ser Ser Met Ala Val Leu Asn Thr His Ile Cys
260 265 270

Ala Ser Thr Ser Leu Leu Val Trp Thr Ile Leu Asp Val Phe Phe Phe
275 280 285

Gly Lys Pro Ser Val Ile Gly Ala Val Gln Gly Met Ile Thr Gly Leu
290 295 300

Val Cys Ile Thr Pro Gly Ala Gly Leu Val Gln Gly Trp Ala Ala Ile
305 310 315 320

Val Met Gly Ile Leu Ser Gly Ser Ile Pro Trp Tyr Thr Met Met Val
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325 330 335

Leu His Lys Lys Trp Ser Phe Met Gln Arg Ile Asp Asp Thr Leu Gly
340 345 350

Val Phe His Thr His Ala Val Ala Gly Phe Leu Gly Gly Ala Thr Thr
355 360 365

Gly Leu Phe Ala Glu Pro Ile Leu Cys Ser Leu Phe Leu Ser Ile Pro
370 375 380

Asp Ser Lys Gly Ala Phe Tyr Gly Gly Pro Gly Gly Ser Gln Phe Gly
385 390 395 400

Lys Gln Ile Ala Gly Ala Leu Phe Val Thr Ala Trp Asn Ile Val Ile
405 410 415

Thr Ser Ile Ile Cys Val Ile Ile Ser Leu Ile Leu Pro Leu Arg Ile
420 425 430

Ala Asp Gln Glu Leu Leu Ile Gly Asp Asp Ala Val His Gly Glu Glu
435 440 445

Ala Tyr Ala Ile Trp Ala Glu Gly Glu Leu Asn Asp Met Thr His His
450 455 460

Asn Glu Ser Thr His Ser Gly Val Ser Val Gly Val Thr Gln Asn Val
465 470 475 480

<210> SEQ ID NO 57

<211> LENGTH: 981

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 57

atggcgtegyg cggeggtgee ggagtggetyg aacaagggeg acaatgectyg gcagatgete 60
tcegecacge tegtegecct tcagggette cegggecteg cectetteta cgteggtgece 120
gtcececgea agtgggeget cacctecgea ttcatggege tctacgecat ggecgecace 180
atgccgtget gggegetetg ggegcacaac atggectteg gecgeegect ccteccctte 240
gteggecgee ccegeccegge getegeccag gactacatge tcagecagge gotgetecec 300
tccaccctee accteegete caacggegag gttgagacgg cegeggtgge gecgetgtac 360
cegteggega gecatggtgtt cttecagtgg gecttegeeg gegtcacegt ggggetggte 420

geeggegecyg tgetegggeg catgagegte aaggcegtgga tggegttegt geegetgtgg 480
acgacgctgt cctacacggt gggagegtac agecatctggg geggaggett cctettecac 540
tggggcegtca tggactacte cggeggctac gtegtgetece tegecgeegyg cgtcetecegge 600
tacacggceg cgtactgggt gggacccagg aggaaggagg aggacgagga ggaaatggca 660
acggcgagtyg gtggcaacct ggtggtgatg gtggecggeg cgggcatect gtggatgggg 720
tggaccgget tcaacggegg cgaccectte teegecaaca cegactegte ggtggeggtg 780
ctcaacacge acatctgege caccaccage ategtegett gggtttgetg cgacgtegece 840
gtcegeggga ggecgteggt ggtgggegeyg gtgcagggca tgatcaccegyg cctggtgtge 900
atcactccaa ggtcaaacat caagtacage tttcttetag tagtaattte tgatgagatg 960
cctgttectg atctgagcta g 981
<210> SEQ ID NO 58

<211> LENGTH: 326

<212> TYPE: PRT
<213> ORGANISM: Oryza sativa
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<400> SEQUENCE: 58

Met Ala Ser Ala Ala Val Pro Glu Trp Leu Asn Lys Gly Asp Asn Ala
1 5 10 15

Trp Gln Met Leu Ser Ala Thr Leu Val Ala Leu Gln Gly Phe Pro Gly
20 25 30

Leu Ala Leu Phe Tyr Val Gly Ala Val Pro Arg Lys Trp Ala Leu Thr
35 40 45

Ser Ala Phe Met Ala Leu Tyr Ala Met Ala Ala Thr Met Pro Cys Trp
Ala Leu Trp Ala His Asn Met Ala Phe Gly Arg Arg Leu Leu Pro Phe
65 70 75 80

Val Gly Arg Pro Ala Pro Ala Leu Ala Gln Asp Tyr Met Leu Ser Gln
85 90 95

Ala Leu Leu Pro Ser Thr Leu His Leu Arg Ser Asn Gly Glu Val Glu
100 105 110

Thr Ala Ala Val Ala Pro Leu Tyr Pro Ser Ala Ser Met Val Phe Phe
115 120 125

Gln Trp Ala Phe Ala Gly Val Thr Val Gly Leu Val Ala Gly Ala Val
130 135 140

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

Thr Thr Leu Ser Tyr Thr Val Gly Ala Tyr Ser Ile Trp Gly Gly Gly
165 170 175

Phe Leu Phe His Trp Gly Val Met Asp Tyr Ser Gly Gly Tyr Val Val
180 185 190

Leu Leu Ala Ala Gly Val Ser Gly Tyr Thr Ala Ala Tyr Trp Val Gly
195 200 205

Pro Arg Arg Lys Glu Glu Asp Glu Glu Glu Met Ala Thr Ala Ser Gly
210 215 220

Gly Asn Leu Val Val Met Val Ala Gly Ala Gly Ile Leu Trp Met Gly
225 230 235 240

Trp Thr Gly Phe Asn Gly Gly Asp Pro Phe Ser Ala Asn Thr Asp Ser
245 250 255

Ser Val Ala Val Leu Asn Thr His Ile Cys Ala Thr Thr Ser Ile Val
260 265 270

Ala Trp Val Cys Cys Asp Val Ala Val Arg Gly Arg Pro Ser Val Val
275 280 285

Gly Ala Val Gln Gly Met Ile Thr Gly Leu Val Cys Ile Thr Pro Arg
290 295 300

Ser Asn Ile Lys Tyr Ser Phe Leu Leu Val Val Ile Ser Asp Glu Met
305 310 315 320

Pro Val Pro Asp Leu Ser
325

<210> SEQ ID NO 59

<211> LENGTH: 1377

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 59

atggcgtegyg tggeggtgece ggagtggetyg aacaagggeg acaacgectyg gcagatgete 60
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teccgecacge tegtegeect gcagggette cceggteteg ceoctettceta cgceeggegec 120
gtcaccecgca agtgcgegcet cacctccegea ttcatggege tctacgccat ggccgecacc 180
atgcegtget gggcegetctg ggegcacaac atggcectteg gccaccgect cctgecctte 240
gtcggeegee cecgeccegge getcegceccag cactacatge tcacccagge gcetgctcccc 300
ttcaccctec acctccacte caacggcgag gtggagacgg ccgeggtggce geccegetgtac 360
cegteggega gcatggtgtt cttecagtgg gectceegeeg gegtcaccgt ggggetggtce 420

geeggegecyg tgetegggeg catgagegte aaggcegtgga tggegttegt geegetgtgg 480
acgacgctgt cctatacggt gggagegtac ageatttggg gegggggett cctettecac 540
tggggcegtca tggactacte cggeggctac gtegttcace tegecgeegg cgtcetecegge 600
tacacggceg cgtactgggt gggaccaagg aggaaggagg aggaggaaat gacaatggeg 660

ggtggtggca acctggtgge gatggtggee ggcegegggca tectgtggat ggggtggacce 720

ggcttcaacyg geggegaccee ctteteegee aacaccgact cgteggtgge ggtgetcaac 780
acgcacatct gcaccaccac cagcatccte gettgggttt getgegacat cgecgtecege 840
gggaggcegt cggtggtggg cgcggtgcag ggcatgatca ceggectggt gtgcataact 900

ceggeggceag ggctggtgca ggggtgggea getcectgetaa tgggegtege gtceggggaca 960
ctgccatgcet acaccatgaa cgccgccatg tcgttcaagg tagacgacac getgggcatce 1020
ctgcacaccce acgcggtgte cggtgttctg ggeggcgtece tcaccggegt tttegegcac 1080
cctactectet gtgacatgtt ccttceceggtg accggctcaa ggggcctcegt ctacggegte 1140
cgegecggeg gggtgcaggt gttgaagcag gtcegccgecg cattgttcegt tgccgcatgg 1200
aacgtggceg ccacgtccat catcttggte gtegtcaggg cgttegtgece getgaggatg 1260
acggaagatg agctgctcge cggagacatt gccgtacatg gggaacaagce ttattatttt 1320
tcgagtggca ccaattgtag tttaagccat gagaccattg aggtcggaaa ttcataa 1377
<210> SEQ ID NO 60

<211> LENGTH: 458

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 60

Met Ala Ser Val Ala Val Pro Glu Trp Leu Asn Lys Gly Asp Asn Ala
1 5 10 15

Trp Gln Met Leu Ser Ala Thr Leu Val Ala Leu Gln Gly Phe Pro Gly
20 25 30

Leu Ala Leu Phe Tyr Ala Gly Ala Val Thr Arg Lys Cys Ala Leu Thr
35 40 45

Ser Ala Phe Met Ala Leu Tyr Ala Met Ala Ala Thr Met Pro Cys Trp
50 55 60

Ala Leu Trp Ala His Asn Met Ala Phe Gly His Arg Leu Leu Pro Phe
65 70 75 80

Val Gly Arg Pro Ala Pro Ala Leu Ala Gln His Tyr Met Leu Thr Gln
85 90 95

Ala Leu Leu Pro Phe Thr Leu His Leu His Ser Asn Gly Glu Val Glu
100 105 110

Thr Ala Ala Val Ala Pro Leu Tyr Pro Ser Ala Ser Met Val Phe Phe
115 120 125
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Gln Trp Ala Ser Ala Gly Val Thr Val Gly Leu Val Ala Gly Ala Val
130 135 140

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

Thr Thr Leu Ser Tyr Thr Val Gly Ala Tyr Ser Ile Trp Gly Gly Gly
165 170 175

Phe Leu Phe His Trp Gly Val Met Asp Tyr Ser Gly Gly Tyr Val Val
180 185 190

His Leu Ala Ala Gly Val Ser Gly Tyr Thr Ala Ala Tyr Trp Val Gly
195 200 205

Pro Arg Arg Lys Glu Glu Glu Glu Met Thr Met Ala Gly Gly Gly Asn
210 215 220

Leu Val Ala Met Val Ala Gly Ala Gly Ile Leu Trp Met Gly Trp Thr
225 230 235 240

Gly Phe Asn Gly Gly Asp Pro Phe Ser Ala Asn Thr Asp Ser Ser Val
245 250 255

Ala Val Leu Asn Thr His Ile Cys Thr Thr Thr Ser Ile Leu Ala Trp
260 265 270

Val Cys Cys Asp Ile Ala Val Arg Gly Arg Pro Ser Val Val Gly Ala
275 280 285

Val Gln Gly Met Ile Thr Gly Leu Val Cys Ile Thr Pro Ala Ala Gly
290 295 300

Leu Val Gln Gly Trp Ala Ala Leu Leu Met Gly Val Ala Ser Gly Thr
305 310 315 320

Leu Pro Cys Tyr Thr Met Asn Ala Ala Met Ser Phe Lys Val Asp Asp
325 330 335

Thr Leu Gly Ile Leu His Thr His Ala Val Ser Gly Val Leu Gly Gly
340 345 350

Val Leu Thr Gly Val Phe Ala His Pro Thr Leu Cys Asp Met Phe Leu
355 360 365

Pro Val Thr Gly Ser Arg Gly Leu Val Tyr Gly Val Arg Ala Gly Gly
370 375 380

Val Gln Val Leu Lys Gln Val Ala Ala Ala Leu Phe Val Ala Ala Trp
385 390 395 400

Asn Val Ala Ala Thr Ser Ile Ile Leu Val Val Val Arg Ala Phe Val
405 410 415

Pro Leu Arg Met Thr Glu Asp Glu Leu Leu Ala Gly Asp Ile Ala Val
420 425 430

His Gly Glu Gln Ala Tyr Tyr Phe Ser Ser Gly Thr Asn Cys Ser Leu
435 440 445

Ser His Glu Thr Ile Glu Val Gly Asn Ser
450 455

<210> SEQ ID NO 61

<211> LENGTH: 1750

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 61

atttcatata tgtatatata gcatcagaga gagaacaatt ctttgaaggg tgaaaaacct 60

tgatcaagaa ttgaagcatt aatcttcaac catggccaca cecttggect accaagagca 120

cctteeggeg gcacceggtt ggectgaacaa aggtgacaac gecatggcagt taacagcage 180
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caccctegtt ggtcttcaaa gcatgeeggg tcetegtgate ctctacgcaa gcatagtgaa 240
gaagaaatgg gcagtgaatt cagctttcat ggctctectat gectttgcag cagttctaat 300
atgttgggtyg cttgtgtgtt accgcatgge ctttggagaa gaacttttac ccttetgggg 360
taagggtgct ccagcactag gccagaagtt cctcacaaaa cgagccgtag tcaatgaaac 420
catccaccac tttgataatg gcactgttga atcacctect gaggaaccct tttaccctat 480
ggcctegett gtgtatttcee aattcacttt tgctgcectatt actcttattt tgttggetgg 540
ctetgtectt ggccgaatga acatcaagge ttggatgget tttgtgecte tttggttgat 600
cttttectac acagtecgggg cttttagtet ttggggtggt ggetttetet accaatgggg 660
cgttattgat tattctggcg gctatgtcat acacctttet tectggaatcg ctggcettcac 720
tgctgettac tgggttggac caaggttgaa gagtgatagg gagaggttcce caccaaacaa 780
tgtgcttete atgettgetyg gtgctgggtt gttgtggatyg ggttggtcag ggttcaacgg 840
tggagcacca tatgctgcaa acattgcatce ttcaattgeg gtgttgaaca caaacatttg 900
tgcagccact agcttccttg tgtggacaac tttggatgtc attttttttg ggaaacctte 960

ggtgattgga gctgtgcagg gcatgatgac tggacttgta tgcatcaccc caggggcagyg 1020
gcttgtgecat tcatgggctg ttatagtgat gggaatatta tttgggagca ttccatgggt 1080
gactatgatg attttgcata aaaagtcaac tttgctacag aaggtagatg acacccttgg 1140
tgtgtttcac acacatgctg tggctggcect tttgggtggt ctcectcacag gtctattagce 1200
agaaccagcce ctttgtagac ttctattgce agtaacaaat tcaaggggtg cattctatgg 1260
tggaggtggt ggtgtgcagt tcttcaagca attggtggcg geccatgtttg ttattggatg 1320
gaacttggtg tccaccacca ttattctecct tgtcataaaa ttgttcatac ccttgaggat 1380
geeggacgag cagcetggaaa tcggtgacga cgccgtecac ggtgaggaag cttatgecct 1440
ttggggtgat ggagaaaaat atgacccaac taggcatggt tccttgcaaa gtggcaacac 1500
tactgtctca ccttatgtta atggtgcaag aggggtgact ataaacttat gagtcaagaa 1560
attaggctgt geccttgctca cacatgcatg tgtataaatt tatatgatta acaaatgtga 1620
tgaatccgtg agtggtataa gtagatattt gattttgtca tgaaagaaaa tttccaaatt 1680
ttgagatgtg atgttcctcect ggtcatcttg cattcgaaga ctctggtcat atatttectgg 1740
cacagaatgt 1750
<210> SEQ ID NO 62

<211> LENGTH: 486

<212> TYPE: PRT

<213> ORGANISM: Glycine max

<400> SEQUENCE: 62

Met Ala Thr Pro Leu Ala Tyr Gln Glu His Leu Pro Ala Ala Pro Gly
1 5 10 15

Trp Leu Asn Lys Gly Asp Asn Ala Trp Gln Leu Thr Ala Ala Thr Leu
20 25 30

Val Gly Leu Gln Ser Met Pro Gly Leu Val Ile Leu Tyr Ala Ser Ile
35 40 45

Val Lys Lys Lys Trp Ala Val Asn Ser Ala Phe Met Ala Leu Tyr Ala
50 55 60

Phe Ala Ala Val Leu Ile Cys Trp Val Leu Val Cys Tyr Arg Met Ala
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65 70 75 80

Phe Gly Glu Glu Leu Leu Pro Phe Trp Gly Lys Gly Ala Pro Ala Leu
85 90 95

Gly Gln Lys Phe Leu Thr Lys Arg Ala Val Val Asn Glu Thr Ile His
100 105 110

His Phe Asp Asn Gly Thr Val Glu Ser Pro Pro Glu Glu Pro Phe Tyr
115 120 125

Pro Met Ala Ser Leu Val Tyr Phe Gln Phe Thr Phe Ala Ala Ile Thr
130 135 140

Leu Ile Leu Leu Ala Gly Ser Val Leu Gly Arg Met Asn Ile Lys Ala
145 150 155 160

Trp Met Ala Phe Val Pro Leu Trp Leu Ile Phe Ser Tyr Thr Val Gly
165 170 175

Ala Phe Ser Leu Trp Gly Gly Gly Phe Leu Tyr Gln Trp Gly Val Ile
180 185 190

Asp Tyr Ser Gly Gly Tyr Val Ile His Leu Ser Ser Gly Ile Ala Gly
195 200 205

Phe Thr Ala Ala Tyr Trp Val Gly Pro Arg Leu Lys Ser Asp Arg Glu
210 215 220

Arg Phe Pro Pro Asn Asn Val Leu Leu Met Leu Ala Gly Ala Gly Leu
225 230 235 240

Leu Trp Met Gly Trp Ser Gly Phe Asn Gly Gly Ala Pro Tyr Ala Ala
245 250 255

Asn Ile Ala Ser Ser Ile Ala Val Leu Asn Thr Asn Ile Cys Ala Ala
260 265 270

Thr Ser Phe Leu Val Trp Thr Thr Leu Asp Val Ile Phe Phe Gly Lys
275 280 285

Pro Ser Val Ile Gly Ala Val Gln Gly Met Met Thr Gly Leu Val Cys
290 295 300

Ile Thr Pro Gly Ala Gly Leu Val His Ser Trp Ala Val Ile Val Met
305 310 315 320

Gly Ile Leu Phe Gly Ser Ile Pro Trp Val Thr Met Met Ile Leu His
325 330 335

Lys Lys Ser Thr Leu Leu Gln Lys Val Asp Asp Thr Leu Gly Val Phe
340 345 350

His Thr His Ala Val Ala Gly Leu Leu Gly Gly Leu Leu Thr Gly Leu
355 360 365

Leu Ala Glu Pro Ala Leu Cys Arg Leu Leu Leu Pro Val Thr Asn Ser
370 375 380

Arg Gly Ala Phe Tyr Gly Gly Gly Gly Gly Val Gln Phe Phe Lys Gln
385 390 395 400

Leu Val Ala Ala Met Phe Val Ile Gly Trp Asn Leu Val Ser Thr Thr
405 410 415

Ile Ile Leu Leu Val Ile Lys Leu Phe Ile Pro Leu Arg Met Pro Asp
420 425 430

Glu Gln Leu Glu Ile Gly Asp Asp Ala Val His Gly Glu Glu Ala Tyr
435 440 445

Ala Leu Trp Gly Asp Gly Glu Lys Tyr Asp Pro Thr Arg His Gly Ser
450 455 460

Leu Gln Ser Gly Asn Thr Thr Val Ser Pro Tyr Val Asn Gly Ala Arg
465 470 475 480
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Gly Val Thr Ile Asn Leu
485
<210> SEQ ID NO 63
<211> LENGTH: 2191
<212> TYPE: DNA
<213> ORGANISM: Glycine max
<400> SEQUENCE: 63
cgtaatacac taaccaaccc accatgtege tgectgettyg teccgcecgaa caactggece 60
aacttctcegg cccaaacacc acagacgect cegecgecege cteecttate tgcggecatt 120
tegeegeegt ggacagcaag ttcgtcegaca cggecttege cgtegacaac acctacctcee 180
tctttteege ctacctegtt ttttctatge agetceggett cgecatgete tgcgecgget 240
cegtecgege caagaacacce atgaacatca tgetcaccaa cgtectggac gctgecgecg 300
geggectett ctactaccte ttceggetteg cettegettt cggcteccce tecaacgget 360
tcatcggtaa acatttcttc ggcctcaagg acatccctte atcctectac gactacaget 420
acttectcta ccaatgggcce ttcgccateg cegecgeegyg catcaccage ggaagcatcg 480
ccgaacgcac acagttcgtg gectatctca tcetactecte cttectcace ggettegtet 540
atccggtggt ctcccactgg ttetggtece cagacggetyg ggectcetgece tttaagatca 600
ccgaccgget attttecace ggcgtaatag acttegeegyg ttecggegta gtccacatgg 660
tecggeggaat agccggecta tggggagege tgatcgaagyg cccaagaatyg ggacgttteg 720
atcatgcagg acgagctgtg gecttgegag gecacagege gtecttagta gtcectgggaa 780
ccttettget ttggtteggt tggtacggat ttaacccegyg ttcatttaac aaaatcctac 840
ttacttacgg taactcagga aattactacg gtcaatggag cgcggttgge agaaccgcgg 900
tcaccactac cctagegggg tcaacagetg ccttgaccac gcetattceggt aaacgggtga 960
tatccggtca ctggaacgtg accgatgtct gcaacgggct gttaggcggt ttecgeggega 1020
taacagccgg ttgctccecgtyg gttgageccat gggcagcecat cgtatgcggt tttgttgett 1080
ctatagtatt aatagcttgc aacaaattag cagagaaggt taagttcgac gatcctctgg 1140
aggcggcgca gttgcacggt gggtgtggca cgtggggggt gatattcacg gegttgttceg 1200
caaaaaagga gtatgtgaag gaggtttacg ggttggggag ggcgcacggg ttgctcatgg 1260
ggggtggtgg gaagttgctg gcggcgcacg tgattcagat tcectggtgatt gctgggtggg 1320
ttagtgcgac catgggaccc ttgttttggg ggttgaataa actgaagctg ttgaggattt 1380
cttcagagga tgagcttgcg gggatggaca tgactcgceca tggaggcttt gettatgett 1440
atgaggatga tgagacgcac aagcatggga tgcagttgag gagggttggg cccaacgcgt 1500
cttccacacc caccactgat gaatgatctt tttttcccat atgcatgtct cattagtcaa 1560
acattaaatt tggatacata ttccttgtaa ggattcaaac cttggttact tgttacttct 1620
gttagatcca actccggttg atactcatga ctttttactt cttttttttt tatttgtett 1680
gggtcttett ttttcecgtaga tttttetttt tatgatgatg ggcaattagg gattttgatt 1740
tgtaattgtc attggtcgtg cattggtgga tgctggaagt taaagattct ggtggaagat 1800
gcgtacgttt ctgtgggggg tggttgttga ctaaggcatg ttggtcecctgg aaatgacaga 1860
tggctgtgga aaatggaaat ttgtgggatt tatttttgta gttttcacca aaaaagaagg 1920
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aagaagattg gtatatagta gaaatactac tgtttggccg tgaggcatat agtttttttt 1980
tcttttectt aatttgagac ttttatgtta aactttttca ttatgtctaa tgtaaatata 2040
tggaagtagt ttttatattt tactgcctga atgtttgttt tttgtgttat atgtttttgt 2100
ttatatggaa ttgaaatcga ttgtaatatg ttacgtggaa gtaatgtaag ttaaaagatg 2160
atgtaggtag tgttatttag tgtttttttt t 2191
<210> SEQ ID NO 64

<211> LENGTH: 500

<212> TYPE: PRT

<213> ORGANISM: Glycine max

<400> SEQUENCE: 64

Met Ser Leu Pro Ala Cys Pro Ala Glu Gln Leu Ala Gln Leu Leu Gly
1 5 10 15

Pro Asn Thr Thr Asp Ala Ser Ala Ala Ala Ser Leu Ile Cys Gly His
20 25 30

Phe Ala Ala Val Asp Ser Lys Phe Val Asp Thr Ala Phe Ala Val Asp
35 40 45

Asn Thr Tyr Leu Leu Phe Ser Ala Tyr Leu Val Phe Ser Met Gln Leu
50 55 60

Gly Phe Ala Met Leu Cys Ala Gly Ser Val Arg Ala Lys Asn Thr Met
65 70 75 80

Asn Ile Met Leu Thr Asn Val Leu Asp Ala Ala Ala Gly Gly Leu Phe
85 90 95

Tyr Tyr Leu Phe Gly Phe Ala Phe Ala Phe Gly Ser Pro Ser Asn Gly
100 105 110

Phe Ile Gly Lys His Phe Phe Gly Leu Lys Asp Ile Pro Ser Ser Ser
115 120 125

Tyr Asp Tyr Ser Tyr Phe Leu Tyr Gln Trp Ala Phe Ala Ile Ala Ala
130 135 140

Ala Gly Ile Thr Ser Gly Ser Ile Ala Glu Arg Thr Gln Phe Val Ala
145 150 155 160

Tyr Leu Ile Tyr Ser Ser Phe Leu Thr Gly Phe Val Tyr Pro Val Val
165 170 175

Ser His Trp Phe Trp Ser Pro Asp Gly Trp Ala Ser Ala Phe Lys Ile
180 185 190

Thr Asp Arg Leu Phe Ser Thr Gly Val Ile Asp Phe Ala Gly Ser Gly
195 200 205

Val Val His Met Val Gly Gly Ile Ala Gly Leu Trp Gly Ala Leu Ile
210 215 220

Glu Gly Pro Arg Met Gly Arg Phe Asp His Ala Gly Arg Ala Val Ala
225 230 235 240

Leu Arg Gly His Ser Ala Ser Leu Val Val Leu Gly Thr Phe Leu Leu
245 250 255

Trp Phe Gly Trp Tyr Gly Phe Asn Pro Gly Ser Phe Asn Lys Ile Leu
260 265 270

Leu Thr Tyr Gly Asn Ser Gly Asn Tyr Tyr Gly Gln Trp Ser Ala Val
275 280 285

Gly Arg Thr Ala Val Thr Thr Thr Leu Ala Gly Ser Thr Ala Ala Leu
290 295 300

Thr Thr Leu Phe Gly Lys Arg Val Ile Ser Gly His Trp Asn Val Thr



US 2008/0222753 Al Sep. 11, 2008
94

-continued

305 310 315 320

Asp Val Cys Asn Gly Leu Leu Gly Gly Phe Ala Ala Ile Thr Ala Gly
325 330 335

Cys Ser Val Val Glu Pro Trp Ala Ala Ile Val Cys Gly Phe Val Ala
340 345 350

Ser Ile Val Leu Ile Ala Cys Asn Lys Leu Ala Glu Lys Val Lys Phe
355 360 365

Asp Asp Pro Leu Glu Ala Ala Gln Leu His Gly Gly Cys Gly Thr Trp
370 375 380

Gly Val Ile Phe Thr Ala Leu Phe Ala Lys Lys Glu Tyr Val Lys Glu
385 390 395 400

Val Tyr Gly Leu Gly Arg Ala His Gly Leu Leu Met Gly Gly Gly Gly
405 410 415

Lys Leu Leu Ala Ala His Val Ile Gln Ile Leu Val Ile Ala Gly Trp
420 425 430

Val Ser Ala Thr Met Gly Pro Leu Phe Trp Gly Leu Asn Lys Leu Lys
435 440 445

Leu Leu Arg Ile Ser Ser Glu Asp Glu Leu Ala Gly Met Asp Met Thr
450 455 460

Arg His Gly Gly Phe Ala Tyr Ala Tyr Glu Asp Asp Glu Thr His Lys
465 470 475 480

His Gly Met Gln Leu Arg Arg Val Gly Pro Asn Ala Ser Ser Thr Pro
485 490 495

Thr Thr Asp Glu
500

<210> SEQ ID NO 65

<211> LENGTH: 800

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 65

gettetecca cctcaaacge cgtegttteg accaccttet teggtegegg cacaaccaat 60
aaccatgteg ctgccagatt gtcccgecgt ccaacttgece caactcctgg gceccaaatac 120
cacaaacgct gccgecgecg cctectteat ctgegacegyg ttcaccgecyg tggacaacaa 180
gttegtegac acggectteg cggtcgacaa cacttaccte ctettetecg cctacctegt 240
cttetegatg cagetegget tcgccatget ctgegecgge teegtcecgeyg ccaagaacac 300
catgaacatc atgctcacca acgtcctega cgecgcecgece ggeggectet tctactacct 360
ctteggette gecttegect teggcteccee ctecaacgge ttcattggea aacacttett 420
cggcctcaag gaactccect cccaaagett cgactacage aactttctet atcaatggge 480
cttegecate gcecgecgecg geatcaccag cggetccate gecgaacgca cacagttegt 540
ggectatcete atctactcct ccttectcac cggettegte tacccegteg teteccactg 600
gttetggtee gcagacgget gggettetge catttecccee ggagaccgge tattttccac 660
cggcegtgata gacttegecg getcecggegt agtcecacatyg gttggtggag tagecggett 720
ctggggegcea ctgatagaag gcccgagaat cggacgcette gaccacgegyg gacgegecgt 780
tgccctcaga ggccacagceg 800

<210> SEQ ID NO 66
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<211> LENGTH: 245
<212> TYPE: PRT
<213> ORGANISM: Glycine max

<400> SEQUENCE: 66

Met Ser Leu Pro Asp Cys Pro Ala Val Gln Leu Ala Gln Leu Leu Gly
1 5 10 15

Pro Asn Thr Thr Asn Ala Ala Ala Ala Ala Ser Phe Ile Cys Asp Arg
20 25 30

Phe Thr Ala Val Asp Asn Lys Phe Val Asp Thr Ala Phe Ala Val Asp
35 40 45

Asn Thr Tyr Leu Leu Phe Ser Ala Tyr Leu Val Phe Ser Met Gln Leu
50 55 60

Gly Phe Ala Met Leu Cys Ala Gly Ser Val Arg Ala Lys Asn Thr Met
65 70 75 80

Asn Ile Met Leu Thr Asn Val Leu Asp Ala Ala Ala Gly Gly Leu Phe
85 90 95

Tyr Tyr Leu Phe Gly Phe Ala Phe Ala Phe Gly Ser Pro Ser Asn Gly
100 105 110

Phe Ile Gly Lys His Phe Phe Gly Leu Lys Glu Leu Pro Ser Gln Ser
115 120 125

Phe Asp Tyr Ser Asn Phe Leu Tyr Gln Trp Ala Phe Ala Ile Ala Ala
130 135 140

Ala Gly Ile Thr Ser Gly Ser Ile Ala Glu Arg Thr Gln Phe Val Ala
145 150 155 160

Tyr Leu Ile Tyr Ser Ser Phe Leu Thr Gly Phe Val Tyr Pro Val Val
165 170 175

Ser His Trp Phe Trp Ser Ala Asp Gly Trp Ala Ser Ala Ile Ser Pro
180 185 190

Gly Asp Arg Leu Phe Ser Thr Gly Val Ile Asp Phe Ala Gly Ser Gly
195 200 205

Val Val His Met Val Gly Gly Val Ala Gly Phe Trp Gly Ala Leu Ile
210 215 220

Glu Gly Pro Arg Ile Gly Arg Phe Asp His Ala Gly Arg Ala Val Ala
225 230 235 240

Leu Arg Gly His Ser
245

<210> SEQ ID NO 67

<211> LENGTH: 644

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 67

cggtgettaa caccaacatt tgecgecgeca ccagectect cgtatggacg tggttggacg 60
ttattttectt caagaaaccce tcagttattg gagcegtteca gggecatgata actggecttg 120
tttgcatcac tcccggaget ggtetggtte aaggatggge tgccatagtg atgggactte 180
tttcaggcag tgtcccatgg ttcagcatga tggtattagg gaaaaagetyg aaattgttte 240
aaatggttga tgacaccctt getgtgttee acactcatge tgtggetgge cttettggag 300
gcatactcac tggcectattt gecgaaccte gtetgtgtge actcttteta cctgtcacca 360

actccaaaag aggagtctat ggaggccctg gtggagtcca aatccttaaa caaatcgtgg 420
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gagctttgtt catcattggg tggaaccttg tggtcacttc aattatttgt gtggttatta 480
gtttcatagt tccacttaga atgacagagg aagagcttct cattggagat gatgeggtte 540
atggggaaga ggcttatgct ctgtggggtg atggagagaa acttagcatc tacaaagatg 600
ataccactca ccatggagtt gtgtctagtg gtgccactca agtg 644

<210> SEQ ID NO 68

<211> LENGTH: 204

<212> TYPE: PRT

<213> ORGANISM: Glycine max

<400> SEQUENCE: 68

Val Leu Asn Thr Asn Ile Cys Ala Ala Thr Ser Leu Leu Val Trp Thr
1 5 10 15

Trp Leu Asp Val Ile Phe Phe Lys Lys Pro Ser Val Ile Gly Ala Val
20 25 30

Gln Gly Met Ile Thr Gly Leu Val Cys Ile Thr Pro Gly Ala Gly Leu
35 40 45

Val Gln Gly Trp Ala Ala Ile Val Met Gly Leu Leu Ser Gly Ser Val
50 55 60

Pro Trp Phe Ser Met Met Val Leu Gly Lys Lys Leu Lys Leu Phe Gln
65 70 75 80

Met Val Asp Asp Thr Leu Ala Val Phe His Thr His Ala Val Ala Gly
85 90 95

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

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

Pro Gly Gly Val Gln Ile Leu Lys Gln Ile Val Gly Ala Leu Phe Ile
130 135 140

Ile Gly Trp Asn Leu Val Val Thr Ser Ile Ile Cys Val Val Ile Ser
145 150 155 160

Phe Ile Val Pro Leu Arg Met Thr Glu Glu Glu Leu Leu Ile Gly Asp
165 170 175

Asp Ala Val His Gly Glu Glu Ala Tyr Ala Leu Trp Gly Asp Gly Glu
180 185 190

Lys Leu Ser Ile Tyr Lys Asp Asp Thr Thr His His
195 200

<210> SEQ ID NO 69

<211> LENGTH: 749

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 69

gccacaaaca attcatcage tcatacacgt aatttcetttt cctettttece tettatccaa 60
ttctaatcac gatcagacat taaatgtaaa cacttctcta tcaaaaattt gaacttagtt 120
cgectcacac ttttgttttg tcaccttgtyg agagactaat tecctctaat aaacgcaacg 180
ttgttcatca gtggcacata catatacage atcacaattc tttgaagggt gaaaaagcett 240
gatcaagaat tgaagcatat tgatcttcag ccatggctac acccttggec taccaagagc 300
acctteegge ggcacccgaa tggctgaaca aaggtgacaa cgcatggecag ctaacagcag 360

ccaccctegt cggtettcaa agecatgeegg gtetegtgat cetetacgece agcatagtga 420
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agaaaaaatg ggcagtgaac tcagctttca tggctctcta cgectttgeg geggttctaa 480
tatgttgggt gcttgtgtgt taccgcatgg cctttggaga aaaactttta cccttcectggg 540
ggaagggtge tcccagactt aggccagaat tcgtcacaaa acgagccgga gtcaatgaaa 600
cgetgeacca ctttgatagt ggcactgtag aatccccteg cgaagagceca ctttacccta 660
atggcgtact tgtgtatgtc cgattgactt ttgctgctat gtaccatata gtgatggcetg 720
gctetgtget gecacgaaga acatcgaag 749

<210> SEQ ID NO 70

<211> LENGTH: 159

<212> TYPE: PRT

<213> ORGANISM: Glycine max

<400> SEQUENCE: 70

Met Ala Thr Pro Leu Ala Tyr Gln Glu His Leu Pro Ala Ala Pro Glu
1 5 10 15

Trp Leu Asn Lys Gly Asp Asn Ala Trp Gln Leu Thr Ala Ala Thr Leu
20 25 30

Val Gly Leu Gln Ser Met Pro Gly Leu Val Ile Leu Tyr Ala Ser Ile
35 40 45

Val Lys Lys Lys Trp Ala Val Asn Ser Ala Phe Met Ala Leu Tyr Ala
50 55 60

Phe Ala Ala Val Leu Ile Cys Trp Val Leu Val Cys Tyr Arg Met Ala
65 70 75 80

Phe Gly Glu Lys Leu Leu Pro Phe Trp Gly Lys Gly Ala Pro Arg Leu
85 90 95

Arg Pro Glu Phe Val Thr Lys Arg Ala Gly Val Asn Glu Thr Leu His
100 105 110

His Phe Asp Ser Gly Thr Val Glu Ser Pro Arg Glu Glu Pro Leu Tyr
115 120 125

Pro Asn Gly Val Leu Val Tyr Val Arg Leu Thr Phe Ala Ala Met Tyr
130 135 140

His Ile Val Met Ala Gly Ser Val Leu Pro Arg Arg Thr Ser Lys
145 150 155

<210> SEQ ID NO 71

<211> LENGTH: 1871

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 71

ctctaacage caaagcatgg cttetetete ttgcteegece aacgaccttyg ccccactett 60
caacgacacc gccgecgeca actacctetg cgeccaatte gattccattt ctagaaagcet 120
cgccgaaaca acctacgecg tcgacaacac ctaccttetg ttttcagegt atcttgtett 180
cgccatgecag cteggetteg ccatgetetyg cgecggetece gtcagageca aaaacaccat 240
gaacatcatg ctcaccaacg tcctcgacge cgcecgecegge ggtctcetect actacctatt 300
cggetttgea ttegectteg geggecccte caacggette atcggecgee acttettegg 360
cctacgagat tacccaatgg getectetee ctecggegac tacagettcet tcectctacca 420
gtgggectte gecatcgeeg cegcaggaat caccagegge tccatcgecyg agagaacaca 480

gttcgtgget taccttatct actecttettt cttaaccggt ttegtttacce ccatcecgttte 540
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gecattggtte tggtecctcag acggttggge cagcgcgact cgtagccacyg gaaatgtttt 600
attcgggtcet ggagtcateg acttegeggg ctecaggegtt gttcacatgg ttggegggat 660
agcgggectyg tggggggett taattgaagg cccgagaatce ggeeggtteg accgtteggg 720
ccggteggtt getttacgtg gecacagcecge gtetttagtt gtgcttggta cgtttttgtt 780
atggttcgge tggtacgget tcaaccctgg ttegtttgtg acaatagaca aggggtatga 840
aagtggaggg tattatggtc aatggagege tatagggagg acagctgtca cgacgacatt 900
ggctgggage actgeggete tgacgacgtt gttcagcaag cggttattgyg ttggecactg 960

gaacgtgatt gacgtgtgta acggcctgct tggcgggttce getgccatta catcgggetg 1020
tgccgttgtg gaaccgtggg ccgcgattgt gtgtgggttt gtggecggegt gggttttgat 1080
tgggcttaat aagcttgccg cgaaggtaga gtacgatgat ccgttggagg cggcgcagct 1140
tcacggceggg tgcggcgegt ggggtgtttt cttcacggga ttgtttgcga agaaagtgta 1200
cgtggaggag atttacggtg ttggaaggcc gtteggggcet ttgatgggtg geggagggag 1260
gctgetggeg gegcaggtga ttcagatatt ggtggtgtge gggtgggtta cggcgaccat 1320
ggcgecgttyg ttectatggge ttcataagat gaaactgttg agaatttcga gggatgatga 1380
gactgcgggg atggatttga cgaggcatgg tgggtttgcet tatgcatacc atgatgatga 1440
agatggttca agcaggggag tagggttcat gctgcgtaga attgagcctg ctgctagtac 1500
cactceccectet cecccecgetyg caccacaagt ttaatcaaaa tgtggtttat gattttcaag 1560
cgttttttag tttcgtacct gcacatagct atgggcaaag ctagccttgt caaaaccata 1620
tacaagcaag acacgaggga tgcatatatg aagtataaaa attaatgcgt gggggtcaac 1680
atttaggaaa tgtcttctag agttactgta cattttaaaa tgtttgttgg cttggtttat 1740
tattttcatc tttgaattcc aagactagtt tggtcgactg ttgtcacgtt agtttgtatc 1800
ctgctgcaga ataacttgct tgtaattgta tactgattag ttggtatata gtgatatatt 1860
atatatacta a 1871
<210> SEQ ID NO 72

<211> LENGTH: 505

<212> TYPE: PRT

<213> ORGANISM: Glycine max

<400> SEQUENCE: 72

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

Asp Thr Ala Ala Ala Asn Tyr Leu Cys Ala Gln Phe Asp Ser Ile Ser
20 25 30

Arg Lys Leu Ala Glu Thr Thr Tyr Ala Val Asp Asn Thr Tyr Leu Leu
35 40 45

Phe Ser Ala Tyr Leu Val Phe Ala Met Gln Leu Gly Phe Ala Met Leu
50 55 60

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

Asn Val Leu Asp Ala Ala Ala Gly Gly Leu Ser Tyr Tyr Leu Phe Gly
85 90 95

Phe Ala Phe Ala Phe Gly Gly Pro Ser Asn Gly Phe Ile Gly Arg His
100 105 110
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Phe Phe Gly Leu Arg Asp Tyr Pro Met Gly Ser Ser Pro Ser Gly Asp
115 120 125

Tyr Ser Phe Phe Leu Tyr Gln Trp Ala Phe Ala Ile Ala Ala Ala Gly
130 135 140

Ile Thr Ser Gly Ser Ile Ala Glu Arg Thr Gln Phe Val Ala Tyr Leu
145 150 155 160

Ile Tyr Ser Ser Phe Leu Thr Gly Phe Val Tyr Pro Ile Val Ser His
165 170 175

Trp Phe Trp Ser Ser Asp Gly Trp Ala Ser Ala Thr Arg Ser His Gly
180 185 190

Asn Val Leu Phe Gly Ser Gly Val Ile Asp Phe Ala Gly Ser Gly Val
195 200 205

Val His Met Val Gly Gly Ile Ala Gly Leu Trp Gly Ala Leu Ile Glu
210 215 220

Gly Pro Arg Ile Gly Arg Phe Asp Arg Ser Gly Arg Ser Val Ala Leu
225 230 235 240

Arg Gly His Ser Ala Ser Leu Val Val Leu Gly Thr Phe Leu Leu Trp
245 250 255

Phe Gly Trp Tyr Gly Phe Asn Pro Gly Ser Phe Val Thr Ile Asp Lys
260 265 270

Gly Tyr Glu Ser Gly Gly Tyr Tyr Gly Gln Trp Ser Ala Ile Gly Arg
275 280 285

Thr Ala Val Thr Thr Thr Leu Ala Gly Ser Thr Ala Ala Leu Thr Thr
290 295 300

Leu Phe Ser Lys Arg Leu Leu Val Gly His Trp Asn Val Ile Asp Val
305 310 315 320

Cys Asn Gly Leu Leu Gly Gly Phe Ala Ala Ile Thr Ser Gly Cys Ala
325 330 335

Val Val Glu Pro Trp Ala Ala Ile Val Cys Gly Phe Val Ala Ala Trp
340 345 350

Val Leu Ile Gly Leu Asn Lys Leu Ala Ala Lys Val Glu Tyr Asp Asp
355 360 365

Pro Leu Glu Ala Ala Gln Leu His Gly Gly Cys Gly Ala Trp Gly Val
370 375 380

Phe Phe Thr Gly Leu Phe Ala Lys Lys Val Tyr Val Glu Glu Ile Tyr
385 390 395 400

Gly Val Gly Arg Pro Phe Gly Ala Leu Met Gly Gly Gly Gly Arg Leu
405 410 415

Leu Ala Ala Gln Val Ile Gln Ile Leu Val Val Cys Gly Trp Val Thr
420 425 430

Ala Thr Met Ala Pro Leu Phe Tyr Gly Leu His Lys Met Lys Leu Leu
435 440 445

Arg Ile Ser Arg Asp Asp Glu Thr Ala Gly Met Asp Leu Thr Arg His
450 455 460

Gly Gly Phe Ala Tyr Ala Tyr His Asp Asp Glu Asp Gly Ser Ser Arg
465 470 475 480

Gly Val Gly Phe Met Leu Arg Arg Ile Glu Pro Ala Ala Ser Thr Thr
485 490 495

Pro Ser Pro Pro Ala Ala Pro Gln Val
500 505
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<210> SEQ ID NO 73
<211> LENGTH: 1053
<212> TYPE: DNA
<213> ORGANISM: Glycine max
<400> SEQUENCE: 73
tttcacacac atgctgtgge tggccttttg ggtggtctece tcacaggtet attagcagaa 60
ccageecttt gtagactact attgccagtt accaactcaa ggggtgcatt ctatggtggt 120
ggtggtggta tgcagttctt caagcaattg gtggcggceca tgtttgtcat tggatggaac 180
ttggtgtcca ccaccatcat tctcecttgte ataaaattgt tcatacccett gaggatgccg 240
gatgagcage tggaaatcgg cgacgacgcce gtccacggeg aggaagctta tgcecctetgg 300
ggtgatggag aaaaatatga cccaactagg catggttcct tgcaaagtgg caacactttt 360
gtgtcacctt atgttaatgg tgcaagaggg gtgaccataa acttatgagt caagaaattc 420
ggctgtgett tgctcacaca tatgtataaa gttatgtgat gaatcegtga gtggtgtaag 480
tagaaatttg attttgtcat gaaagaaaat tcaagttttg agatctgatg ttcctcectggce 540
catccagcat tcgaagacct gatcatatat ttctggcaca gattgtgttg acatgtttat 600
aaaatttaga tttgtcaatt tttgaaggag cttgtgatta gttttctttt ccacttatat 660
gttttaatta ctagaagaat atcaaatttt ctttttacga aatgcttagt acataattgt 720
taaaaaaaat catcatgtaa tgggtacgaa atatttatca attctatgaa tgagtatttt 780
tttcttagat aacttcagtg accactttta gaaaatttat cctatgtata aattttaaaa 840
gaatggtttt aactccaaaa ttttcaccta gtccttgtca aacaaatttt attttggcetce 900
acttaaaggt aaaattattt agttatgcat ttcagaatga agtttggttc gaaatatttt 960
gacagtgtgt caaatataaa ttcttcaaaa gaaaaagcca agactacttt acaacaaaat 1020
agataagttt ctcataaact gagcacaagt ttt 1053
<210> SEQ ID NO 74
<211> LENGTH: 135
<212> TYPE: PRT
<213> ORGANISM: Glycine max
<400> SEQUENCE: 74
Phe His Thr His Ala Val Ala Gly Leu Leu Gly Gly Leu Leu Thr Gly
1 5 10 15
Leu Leu Ala Glu Pro Ala Leu Cys Arg Leu Leu Leu Pro Val Thr Asn
20 25 30
Ser Arg Gly Ala Phe Tyr Gly Gly Gly Gly Gly Met Gln Phe Phe Lys
35 40 45
Gln Leu Val Ala Ala Met Phe Val Ile Gly Trp Asn Leu Val Ser Thr
50 55 60
Thr Ile Ile Leu Leu Val Ile Lys Leu Phe Ile Pro Leu Arg Met Pro
65 70 75 80
Asp Glu Gln Leu Glu Ile Gly Asp Asp Ala Val His Gly Glu Glu Ala
85 90 95
Tyr Ala Leu Trp Gly Asp Gly Glu Lys Tyr Asp Pro Thr Arg His Gly
100 105 110
Ser Leu Gln Ser Gly Asn Thr Phe Val Ser Pro Tyr Val Asn Gly Ala
115 120 125
Arg Gly Val Thr Ile Asn Leu
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130 135
<210> SEQ ID NO 75
<211> LENGTH: 799
<212> TYPE: DNA
<213> ORGANISM: Glycine max
<400> SEQUENCE: 75
gtgtgtggtt ttgtcgctte agtgtttetg atagegtgca acaaattagc agagaaggtt 60
aagttcgatg atcctttgga agcggegeag ttacacggtyg ggtgtggege gtggggggtyg 120
atattcacgg cgctgttcge gaaaaaggag tatgtgagec aggtttatgyg ggaggggagg 180
gegeacgggt tgttcatgag gggtggaggg aagttgetgg cggcgcacgt gattcagatt 240
ttggttattyg ttgggtgggt gagtgcgacce atgggaccct tgttttgggyg gttgaataaa 300
ttgaaattgt tgaggatttc ttccgaggat gagcettgegyg ggatggatct tacccgtcat 360
ggaggatttyg cttatgctta tgaggatgat gagtcgcaca agcatgggat tcagctgagyg 420
aaggttgggce ccaacgcgtc gtccacacce accactgatg aatgattacyg atcacgatta 480
attcggeccee gacagtatta tcttcaattg aaattacgtyg tgacttagaa gaagaaaaaa 540
agatgatgat gattttgttt gtaatttatt ttatttgttt tgggtttttt ttttaatttt 600
gtagattttt ctttttatga tgggtaagta gggattttaa tttgtaattg ttattggccyg 660
tatattggta gatgctggaa attgaagatt ctgctggaag atgcgaacgt ttctgaaaat 720
gatagatggc tgtggaaaat gaaaatattt tatttgtggg atttaatttt cgtagttttce 780
gccaaaaaag aaggaagag 799
<210> SEQ ID NO 76
<211> LENGTH: 154
<212> TYPE: PRT
<213> ORGANISM: Glycine max
<400> SEQUENCE: 76
Val Cys Gly Phe Val Ala Ser Val Phe Leu Ile Ala Cys Asn Lys Leu
1 5 10 15
Ala Glu Lys Val Lys Phe Asp Asp Pro Leu Glu Ala Ala Gln Leu His
20 25 30
Gly Gly Cys Gly Ala Trp Gly Val Ile Phe Thr Ala Leu Phe Ala Lys
35 40 45
Lys Glu Tyr Val Ser Gln Val Tyr Gly Glu Gly Arg Ala His Gly Leu
50 55 60
Phe Met Arg Gly Gly Gly Lys Leu Leu Ala Ala His Val Ile Gln Ile
65 70 75 80
Leu Val Ile Val Gly Trp Val Ser Ala Thr Met Gly Pro Leu Phe Trp
85 90 95
Gly Leu Asn Lys Leu Lys Leu Leu Arg Ile Ser Ser Glu Asp Glu Leu
100 105 110
Ala Gly Met Asp Leu Thr Arg His Gly Gly Phe Ala Tyr Ala Tyr Glu
115 120 125
Asp Asp Glu Ser His Lys His Gly Ile Gln Leu Arg Lys Val Gly Pro

130 135

Asn Ala Ser Ser Thr Pro Thr Thr
145 150

140

Asp Glu
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<210> SEQ ID NO 77

<211> LENGTH: 90

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 77

tttctetace aatggggggt tattgactat tetggegget atgtcatcca cctttettet 60
ggaatcgcetg gtttaactge tgcttactgg 90
<210> SEQ ID NO 78

<211> LENGTH: 30

<212> TYPE: PRT

<213> ORGANISM: Glycine max

<400> SEQUENCE: 78

Phe Leu Tyr Gln Trp Gly Val Ile Asp Tyr Ser Gly Gly Tyr Val Ile
1 5 10 15

His Leu Ser Ser Gly Ile Ala Gly Leu Thr Ala Ala Tyr Trp
20 25 30

<210> SEQ ID NO 79

<211> LENGTH: 459

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 79

caaattcget ttacatacag tatggtaatt gtccaaattt ttacgaccga tttgtcaggt 60
acatcattta atgcatggca acatacatga taagatgaat caataaatac attccagcett 120
ccacgtacgt acgtctgcca acatagecgg cctcataatg tctcatccaa gtaaataaaa 180
cgacaaaatg attgattgta taaacctgct gcaaataact cagtatcata aagccttgge 240
cttgaacacce ctcactcgag ttttcagcca attaaccaaa tcacactgaa acactgaagt 300
actagttatt caactactag taataagcat aattaaatat agaggagccyg aagacgaagce 360
aagcccagaa aggttgaaca aaggagacaa cgcatggcag ttaatggcag ccacagtggt 420
gggtatggtg attctctatg gaagcctaga gtgaaaaag 459

<210> SEQ ID NO 80

<211> LENGTH: 28

<212> TYPE: PRT

<213> ORGANISM: Glycine max

<400> SEQUENCE: 80

Pro Glu Arg Leu Asn Lys Gly Asp Asn Ala Trp Gln Leu Met Ala Ala
1 5 10 15

Thr Val Val Gly Met Val Ile Leu Tyr Gly Ser Leu
20 25

<210> SEQ ID NO 81

<211> LENGTH: 451

<212> TYPE: DNA

<213> ORGANISM: Glycine max
<400> SEQUENCE: 81

acttgtgcta cccatggeca cteccacage ataccaagaa cacctecctg catcccccca 60

ctggctaaac aaaggggaca acgcatggca gctgacagea gecactcteg taggtctcca 120
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aagcatgceg ggtctggtga tcctctacge cagcatggtyg aagaagaaat gggccgtgaa 180
ctetgeatte atggecctcet acgectttge agcagtcecta atatgetggyg tgctegtttg 240
tcaccgaatg gcctteggtyg acaaactect teecttetgyg gggaagggeyg ccccagcact 300
aggccagaag tttttaacac accgcgecaa agtccccgaa agcacgcact attataacaa 360
tggtacggte gaaagcgcga cttceggaacce gttgtttgece acggettcete ttgtgtattt 420
tcaattcacg tttgcggcta tcacgcttat ¢ 451
<210> SEQ ID NO 82
<211> LENGTH: 146
<212> TYPE: PRT
<213> ORGANISM: Glycine max
<400> SEQUENCE: 82
Met Ala Thr Pro Thr Ala Tyr Gln Glu His Leu Pro Ala Ser Pro His
1 5 10 15
Trp Leu Asn Lys Gly Asp Asn Ala Trp Gln Leu Thr Ala Ala Thr Leu
20 25 30
Val Gly Leu Gln Ser Met Pro Gly Leu Val Ile Leu Tyr Ala Ser Met
35 40 45
Val Lys Lys Lys Trp Ala Val Asn Ser Ala Phe Met Ala Leu Tyr Ala
50 55 60
Phe Ala Ala Val Leu Ile Cys Trp Val Leu Val Cys His Arg Met Ala
65 70 75 80
Phe Gly Asp Lys Leu Leu Pro Phe Trp Gly Lys Gly Ala Pro Ala Leu
85 90 95
Gly Gln Lys Phe Leu Thr His Arg Ala Lys Val Pro Glu Ser Thr His
100 105 110
Tyr Tyr Asn Asn Gly Thr Val Glu Ser Ala Thr Ser Glu Pro Leu Phe
115 120 125
Ala Thr Ala Ser Leu Val Tyr Phe Gln Phe Thr Phe Ala Ala Ile Thr
130 135 140
Leu Ile
145

What is claimed is:

1. An isolated polynucleotide selected from the group con-

sisting of:

a. a polynucleotide having at least 70% sequence identity,
as determined by the GAP algorithm under default
parameters, to the full length sequence of a polynucle-
otide selected from the group consisting of SEQ ID
NOS: 1,3,5,7,9,11, 13,15, 17, 19, 21, 23, 25, 27, 29,
31,33,35,37,39, 41, 43, 45,47, 49, 51, 53, 55, 57, 59,
61, 63, 65, 67, 69,71, 73,75, 77, 79 or 81; wherein the
polynucleotide encodes a polypeptide that functions as a
modifier of AMT,

. a polynucleotide encoding a polypeptide selected from
the group consisting of SEQIDNO: 2, 4, 6,8, 10,12, 14,
16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44,
46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74,
76, 78, 80 or 82;

. a polynucleotide selected from the group consisting of
SEQIDNOS: 1,3,5,7,9,11, 13, 15,17, 19, 21, 23, 25,

27,29,31,33,35,37,39, 41,43, 45,47, 49, 51, 53, 55,
57,59, 61, 63, 65,67,69,71,73,75,77,79 or 81; and

d. A polynucleotide which is complementary to the poly-
nucleotide of (a), (b) or (c).

2. A recombinant expression cassette, comprising the poly-
nucleotide of claim 1, wherein the polynucleotide is operably
linked, in sense or anti-sense orientation, to a promoter.

3. A host cell comprising the expression cassette of claim 2.

4. A transgenic plant comprising the recombinant expres-
sion cassette of claim 2.

5. The transgenic plant of claim 4, wherein said plant is a
monocot.

6. The transgenic plant of claim 4, wherein said plant is a
dicot.

7. The transgenic plant of claim 4, wherein said plant is
selected from the group consisting of: maize, soybean, sun-
flower, sorghum, canola, wheat, alfalfa, cotton, rice, barley,
millet, peanut, switchgrass, myscanthus, triticale and cocoa.

8. A transgenic seed from the transgenic plant of claim 4.



US 2008/0222753 Al

9. A method of modulating the AMT in plants, comprising:
a. introducing into a plant cell a recombinant expression
cassette comprising the polynucleotide of claim 1 oper-
ably linked to a promoter; and

culturing the plant under plant cell growing conditions;
wherein the

AMT in said plant cell is modulated.

10. The method of claim 9, wherein the plant cell is from a
plant selected from the group consisting of: maize, soybean,
sunflower, sorghum, canola, wheat, alfalfa, cotton, rice, bar-
ley, millet, peanut, switchgrass, myscanthus, triticale and
cocoa.

11. A method of modulating the AMT in a plant, compris-
ing:

a. introducing into a plant cell a recombinant expression
cassette comprising the polynucleotide of claim 1 oper-
ably linked to a promoter;

b. culturing the plant cell under plant cell growing condi-
tions; and

c. regenerating a plant form said plant cell; wherein the
AMT in said plant is modulated.

12. The method of claim 11, wherein the plant is selected
from the group consisting of: maize, soybean, sorghum,
canola, wheat, alfalfa, cotton, rice, barley, millet, peanut,
switchgrass, myscanthus, triticale and cocoa.

13. A method of decreasing the AMT transporter polypep-
tide activity in a plant cell, comprising:

a. providing a nucleotide sequence comprising at least 15

consecutive nucleotides of the complement of SEQ ID
NO: 1,3,5,7,9,11,13,15,17,19,21,23,25,27,29,31,
33,35,37,39, 41, 43, 45,47, 49, 51, 53, 55, 57, 59, 61,
63, 65, 67,69,71,73,75,77,79 or 81,

b. providing a plant cell comprising an mRNA having the
sequence set forthin SEQIDNO: 1,3,5,7,9,11,13, 15,

b.
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17,19, 21, 23, 25,27, 29, 31, 33,35, 37,39, 41, 43, 45,
47,49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75,
77,79 or 81; and

c. introducing the nucleotide sequence of step (a) into the

plant cell, wherein the nucleotide sequence inhibits
expression of the mRNA in the plant cell.

14. The method of claim 13, wherein said plant cell is from
a monocot.

15. The method of claim 14, wherein said monocot is
maize, wheat, rice, barley, sorghum, switchgrass, myscant-
hus, triticale or rye.

16. The method of claim 13, wherein said plant cell is from
a dicot.

17. The transgenic plant of claim 4, wherein the AMT
transporter activity in said plant is decreased.

18. The transgenic plant of claim 17, wherein the plant has
enhanced root growth.

19. The transgenic plant of claim 17, wherein the plant has
increased seed size.

20. The transgenic plant of claim 17, wherein the plant has
increased seed weight.

21. The transgenic plant of claim 17, wherein the plant has
seed with increased embryo size.

22. The transgenic plant of claim 17, wherein the plant has
increased leaf size.

23. The transgenic plant of claim 17, wherein the plant has
increased seedling vigor.

24. The transgenic plant of claim 17, wherein the plant has
enhanced silk emergence.

25. The transgenic plant of claim 17, wherein the plant has
increased ear size.

26. The transgenic plant of claim 4, wherein the AMT
transporter activity in said plant is increased.
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