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(57) ABSTRACT

This invention relates to glyphosate-resistant transgenic
plants and methods of making the same. In a preferred
embodiment, a DNA fragment which comprises an EPSPS 5
regulatory sequence and a glyphosate-resistant EPSPS cod-
ing sequence 1s mtroduced 1nto regenerable plant cells. The

encoded EPSPS has a chloroplast transit peptide. The DNA
fragment does not contain a non-EPSPS enhancer. Cells are
selected for stable transformation, and the selected cells can
be used to regenerate glyphosate-resistant transgenic plants.
The DNA fragment used for transformation preferably com-
prises a modified plant genomic sequence, such as SEQ 1D
NO: 2, SEQ ID NO:4 or SEQ ID NO: 6. In one embodiment,
two DNA fragments of this invention are stably transformed
into a plant to confer glyphosate-resistance.

13 Claims, No Drawings
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GLYPHOSATE-RESISTANT PLANTS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

TECHNICAL FIELD

This mvention relates to glyphosate-resistant transgenic
plants and methods of making the same.

BACKGROUND

Glyphosate 1s a widely used component in herbicides.
Glyphosate mnhibits 3-enolpyruvyl-3-phosphoshikimic acid
synthase (EPSP synthase, or EPSPS), which 1s involved 1n
the synthesis of aromatic amino acids 1n plant cells. Inhibi-
tion of EPSPS eflectively disrupts protein synthesis and
thereby kills the affected plant cells. Because glyphosate 1s
non-selective, 1t kills both weeds and crop plants.
Accordingly, there 1s a need to produce transgenic crop
plants that are resistant to glyphosate.

Recombinant DNA technology has been used to create
mutant EPSP synthases that are glyphosate-resistant. These
mutant EPSP synthases can be transformed into plants and
confer glyphosate-resistance upon the transformed plants.
Examples of mutant EPSP synthases and glyphosate-

resistant transgenic plants are illustrated in U.S. Pat. Nos.
6,040,497 and 5,554,798, 5,310,667 and WO 00/66748.

Current plant transformation technology employs chi-
meric expression vectors. These vectors include regulatory

sequences, such as enhancers or promoters, that are heter-
ologous to the EPSPS genes. For instance, WO 00/66748

fuses enhancers from CaMV 35S, FMV 358, rice actin 1,
rice GOS2, maize polyubiquitin, or barley plastocyanin
genes to a glyphosate-resistant EPSPS coding sequence 1n
order to enhance the expression of the glyphosate-resistant
EPSPS 1n transformed plant cells.

No one has used a complete expression cassette of the
EPSP synthase gene 1solated from the genome of a donor
plant and mutated to give glyphosate resistance. In one
embodiment of the present invention, the expression cassette
of the EPSP synthase gene consists of a native EPSPS 3
regulator sequence, a coding sequence (with or without
introns) encoding a glyphosate-resistant EPSPS which
includes a native transit peptide, and a native EPSPS 3' regu-
latory sequence (such as an EPSPS transcriptional
terminator). The fact that such an expression cassette 1s sui-
ficient to provide glyphosate resistance 1s surprising.
Moreover, the use of the native EPSPS 5" and/or 3' regulatory
sequences simplifies the process of constructing expression
vectors suitable for plant transformation.

" -

Suitable sources of EPSP synthase genes include dicoty-
ledonous plants, such as Arabidopsis thaliana, and mono-
cotyledonous plants, such as Zea mays, Arabidopsis thaliana
has two EPSP synthase genes (epm1 and epm2). The present
invention icludes use of one or both of mutated epm1 and
epm2 to confer resistance to glyphosate. Mutated EPSP syn-
thase genes from Zea mays or other plants can also be used
for transforming plant cells to make glyphosate-resistant
plants.

SUMMARY OF THE INVENTION

In accordance with one aspect of the present invention, a
DNA fragment which comprises an EPSPS 5' regulatory
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2

sequence and a glyphosate-resistant EPSPS coding sequence
(including a chloroplast transit peptide coding sequence) 1s
introduced 1nto regenerable plant cells. The DNA fragment
does not contain a non-EPSPS enhancer. Cells are selected
for stable transformation. The selected cells are then used to
regenerate glyphosate-resistant, transgenic plants.

In one embodiment, the DNA fragment used for transior-
mation comprises a modified plant genomic sequence. The
unmodified plant genomic sequence comprises at least part
of an EPSPS gene, and includes an EPSPS 5' regulatory
sequence and a glyphosate-sensitive EPSPS coding
sequence (including a chloroplast transit peptide coding
sequence). The glyphosate-sensitive EPSPS coding
sequence 1s modified to make the encoded EPSPS
glyphosate-resistant. The DNA fragment comprising the
modified plant genomic sequence 1s stably transformed 1nto
plant cells, from which glyphosate-resistant plants are
regenerated.

In a preferred embodiment, the DNA fragment used for
transformation comprises SEQ ID NO: 2. In another pre-
terred embodiment, the DNA fragment used for transforma-
tion comprises SEQ ID NO: 4. In yet another preferred
embodiment, the DNA fragment comprises SEQ ID NO: 6.
In a further preferred embodiment, any two sequences
selected from SEQ ID. NO: 2, SEQ ID NO: 4, and SEQ ID
NO: 6 are used to transform plant cells. In one embodiment,
the transgenic plant comprises transformed SEQ ID. NO: 2

and SEQ ID NO: 4.

Other features, objects, and advantages of the present
invention are apparent in the detailed description that fol-
lows. It should be understood, however, that the detailed
description, while indicating preferred embodiments of the
invention, are given by way of 1illustration only, not limita-
tion. Various changes and modifications within the spirit and
scope of the mvention will become apparent to those skilled
in the art from the detailed description.

DETAILED DESCRIPTION

This mvention relates to methods of making glyphosate-
resistant plants. In accordance with one aspect of the
ivention, a DNA fragment 1s mtroduced into regenerable,
glyphosate-sensitive recipient plant cells. The DNA frag-
ment comprises an EPSPS 5' regulatory sequence, and a
coding sequence encoding a glyphosate-resistant EPSPS.
The EPSPS 3' regulatory sequence 1s operably linked to the
EPSPS coding sequence. The glyphosate-resistant EPSPS
includes a chloroplast transit peptide. The DNA fragment
does not contain a non-EPSPS enhancer. The recipient plant
cells are selected for glyphosate-resistance and stable trans-
formation. The cells thus selected can be used to regenerate
glyphosate-resistant plants. As used herein, a “DNA {frag-
ment” may be etther linear or circular. Preferably, the DNA
fragment used for transformation 1s a linear DNA fragment.
A “coding sequence” encoding an EPSPS refers to a nucleic
acid sequence transcription and translation of which produce
a Tunctional EPSPS. The boundaries of the coding sequence
are generally determined by a translation start codon at its 5
end and a translation stop co don at 1ts 3, end. A coding
sequence of EPSPS may be a ¢cDNA, or a plant genomic
sequence which consists of all of the exons and 1ntrons of an
EPSPS gene. An EPSPS gene refers to the plant genomic
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sequence which includes the EPSPS 5' regulatory sequence,
the EPSPS coding sequence (including the sequence encod-
ing the chloroplast transit peptide), and the EPSPS 3' regula-
tory sequence (such as an EPSPS transcriptional terminator).
A “plant genomic sequence” refers to a nucleotide sequence
found 1n the genome of the plant.

A chloroplast transit peptide functions post-
translationally to direct a polypeptide to chloroplast. Either
endogenous or heterologous chloroplast peptides can be
used 1n the present invention. As used herein, “heterologous™
means derived from a different source, and “endogenous™
means derived from the same source. In a preferred
embodiment, the endogenous transit peptide encoded by a
native EPSPS gene 1s used.

As used herein, an EPSPS 5' regulatory sequence refers to
a nucleotide sequence located upstream (5') to the start
codon of the EPSPS coding sequence in an EPSPS gene 1n a
plant or plant cell which has not been subject to genetic
engineering. The 5' regulatory sequence generally includes
an EPSPS promoter which directs the transcription of the
EPSPS gene. Preterably, the EPSPS 3' regulatory sequence
comprises one or more EPSPS enhancers operably linked to
the promoter. In one embodiment, the 5' regulatory sequence
comprises at least 200 bp. Preferably, the 5' regulatory

sequence comprises at least 400, 600, 800, 1000, 1,200 or
1,800 bp.

An EPSPS 3' regulatory sequence refers to a nucleotide
sequence located downstream (3') to the stop codon of the
EPSPS coding sequence 1n an EPSPS gene 1n a plant or plant
cell which has not been subject to genetic engineering. The
3, regulatory sequence generally includes a transcription ter-
minator which controls the termination of the transcription

of the EPSPS gene.

“Operably linked” refers to a juxtaposition of genetic
clements, wherein the elements are 1n a relationship permit-
ting them to operate 1n the expected manner. For instance, a
S' regulatory sequence 1s operably linked to a coding
sequence 1f the 5' regulatory sequence functions to initiate
transcription of the coding sequence.

Preferably, the DNA fragment used for transformation
does not include a non-EPSPS enhancer. As used in the
present invention, a “non-EPSPS enhancer” refers to an
enhancer which 1s not used by an EPSPS gene 1n a plant or
plant cell which has not been subject to genetic engineering.
Non-EPSPS enhancers include, but are not limited to,
enhancers that are associated with CaMV 35S, FMV 35S,
rice actin 1, rice GOS2, maize polyubiquitin, or barley plas-
tocyanin genes.

As used herein, a “glyphosate-resistant” cell or plant
refers to a cell or plant that can survive or continue to grow
in the presence of certain concentrations of glyphosate that
typically kill or inhibit the growth of other cells or plants.
Growth 1includes, for instance, photosynthesis, increased
rooting, increased height, increased mass, or development of
new leaves. In one embodiment, a glyphosate-resistant cell
can grow and divide on a culture medium containing 50 mg/1
or more glyphosate. Preferably, a glyphosate-resistant cell
can grow and divide on a culture medium containing 100
mg/1 or more glyphosate, such as 200 mg/1, 300 mg/1 or 400
mg/1 glyphosate. More preterably, a glyphosate-resistant cell
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can grow and divide on a culture medium containing 500
mg/l or more glyphosate, such as 600 mg/l. For purposes of
the present invention, the term “glyphosate” includes any
herbicidally etl

ective form of N-phosphonomethylglycine
(including any salt thereol) and other forms which result 1n
the production of the glyphosate anion 1n plants.

Regenerable glyphosate-resistant plant cells may be used
to regenerate glyphosate-resistant plants. In one
embodiment, the glyphosate-resistant plant thus regenerated
can survive or continue to grow after being sprayed with
glyphosate at a rate of 25 g/ha (grams per hectare) or more.
Preferably, the glyphosate-resistant plant thus regenerated
can survive or continue to grow after being sprayed with
glyphosate at a rate of 50 g/ha or more, such as 100 g/ha, 200
g/ha, 400 g/ha, or 800 g/ha. More preferably, the glyphosate-
resistant plant thus regenerated can survive or continue to
grow aiter being sprayed with glyphosate at a rate of 1000
g/ha or more, such as 2000 g/ha and 3000 g/ha. The spray
may preferably be carried out at or after the growth stage of
v2, such as v3, v4, v35 or later stages. In another embodiment,
the regenerated glyphosate-resistant plant can tolerate the
spray of glyphosate at between 0.1 M and 0.4 M.

As used herein, a “glyphosate-resistant” EPSPS refers to
an EPSPS the expression of which 1n a plant cell confers
glyphosate resistance upon the plant cell. An EPSPS 1s
“olyphosate-sensitive” 1f 1t does not confer glyphosate-
resistance when being expressed 1n plant cells.

A variety of EPSPS mutations have been known to be
glyphosate-resistant and capable of conferring glyphosate
resistance upon transformed plants. For instance, EPSPS of
Zea mays (GenBank Accession No. X63374) can be mutated
at amino acid residues 102 (substitution of He for Thr) and
106 (substitution of Ser for Pro). EPSPS encoded by epml
gene of Arabidopsis thaliana can be mutated at amino acid
residues 179 (substitution of He for Thr) and 183
(substitution of Ser for Pro). EPSPS encoded by epm?2 gene
ol Arabidopsis thaliana can be mutated at amino acid resi-
dues 177 (substitution of He for Thr) and 182 (substitution
of Ser for Pro). These mutated EPSPSs are glyphosate-
resistant and capable of conferring glyphosate resistance

upon transformed plants. Other mutated or modified
EPSPSs, such as those described in U.S. Pat. Nos. 5,310,
667, 5,866,775, 6,225,114, and 6,248,876, or natural EPSPS
variants showing glyphosate-resistance, can be used 1n the
present invention. In addition, bacteria-derived, glyphosate-
resistant EPSPSs, after fusion with a chloroplast transit
peptide, can also be used.

The DNA fragment comprising the EPSPS 5' regulatory
sequence and the glyphosate-resistant EPSPS coding
sequence can be stably transformed 1nto a regenerable plant
cell. As used herein, stable transformation refers to integra-
tion of the DNA fragment into the genome of the trans-
formed plant cell.

In one embodiment, the EPSPS 5' regulatory sequence 1n
the DNA fragment used for transformation comprises an
EPSPS enhancer and an EPSPS promoter. In another
embodiment, the DNA fragment used for transformation fur-
ther comprises an EPSPS 3' regulatory sequence, such as an
EPSPS transcriptional terminator, which 1s operably linked

to the coding sequence encoding the glyphosate-resistant
EPSPS.
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In yet another embodiment, the DNA fragment used for
transformation comprises a modified plant genomic
sequence that encodes a glyphosate-resistant EPSPS. With-
out modification, the plant genomic sequence encodes a
glyphosate-sensitive EPSPS. Modifications that are capable
of converting a glyphosate-sensitive EPSPS to a glyphosate-
resistant EPSPS are known 1n the art.

In a preferred embodiment, the DNA fragment used for
transformation 1s modified from a plant genomic sequence.
Before modification, the plant genomic sequence comprises
an EPSPS regulatory sequence, a coding sequence encoding
a glyphosate-sensitive EPSPS which includes a chloroplast
transit peptide, and preferably an EPSPS 3, regulatory
sequence, such as an EPSPS transcriptional terminator. The
genomic sequence may be obtamned by fragmenting the
genome of a plant of interest, or 1solated from bacterial arti-
ficial chromosome clones. Other methods for obtaining
genomic sequences can also be used, such as PCR or DNA
synthesis.

The EPSPS-coding sequence in this plant genomic

sequence 1s then subject to nucleotide modification(s) to ren-
der the encoded EPSPS glyphosate resistant. Suitable modi-
fications for this purpose, such as nucleotide substitutions,
are well known 1n the art. The DNA fragment comprising the
genomic sequence thus modified can be stably transformed
into glyphosate-sensitive recipient plant cells. These trans-
tformed plant cells are selected for glyphosate resistance and
then used to regenerate glyphosate-resistant plants.

The recipient plant cells are regenerable. They can be
dertved from immature embryos or meristematic tissues
which contain cells that have not yet terminally differenti-
ated. Juvenile leal basal regions, immature tassels and
gametic cells can be used to provide regenerable recipient
cells for Zea mays. The preferred source of recipient cells for
soybean includes the immature cotyledon.

In another preferred embodiment, two or more DNA frag-
ments can be stably transformed into a recipient plant cell.
Each of these DNA fragments includes an EPSPS 3' regula-
tory sequence, a coding sequence encoding a glyphosate-
resistant EPSPS which contains a chloroplast transit peptide,
and preferably an EPSPS 3' regulatory sequence (such as an
EPSPS transcriptional terminator). These DNA fragments
can be modified plant genomic sequences. They can be
derived from the same or different plant species. They can be
derived from the same EPSPS gene, or from different EPSPS
genes of the same plant species, such as empl and emp2 of
Arabidopsis thaliana.

Transformation of plant cells can be carried out using
various methods. These methods include, but are not limited
to, Agrobacterium tumefaciens mediated DNA transier, PEG
or liposome mediated DNA transier, electroporation, micro-
injection, microprojectile or particle bombardment,
receptor-mediated DNA transfer, and viral or other vector
mediated DNA transfer. Preferably, transformation 1s carried
out using aerosol beam i1njection as described in U.S. patent
application Ser. No. 09/450,226, which 1s incorporated
herein by reference.

Selection for stably transformed plant cells can be per-
formed using methods as appreciated by one of ordinary
skill in the art. For instance, the transformed cells can be
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grown and selected on media containing glyphosate.
Preferably, the introduced DNA fragment is stably trans-
formed and integrated into a chromosome of the transformed
plant cell. A variety of assays can be used to confirm stable
transformation. Suitable assays include molecular biological
assays, such as Southern and Northern Blotting and PCR, or
biochemical assays, such as ELISA and Western Blot. In
addition, plant part assays, such as leal and root assays, or
analysis of the phenotype of the whole regenerated plant,
can be used to confirm stable transformation.

Plants can be regenerated {rom the selected, stably trans-
formed cells. Progeny can be recovered from the regenerated
plants and tested for glyphosate resistance. Seeds or other
parts of the regenerated transgenic plants can also be
obtained. In one embodiment, glyphosate-resistant plants
are made by crossing.

Both monocotyledonous and dicotyledonous plants can
be transformed using the methods of the present mvention.
The glyphosate-resistant EPSPS coding sequence can be
derived from either monocotyledonous or dicotyledonous
plants. The representative monocotyledonous and dicotyle-
donous plants used 1n the present invention include, but are
not limited to, Oryza sativa, Zea mays, Hordeum vulgare,
Triticum aestivum, Avena sativa, turf grasses including spe-
cies of the genera Poa, Festuca, Lolium, Zoysia, and Cyn-
odon among others, Glycine max, Gossypium hirsutii, Lyco-
persicum esculentum, Solanum tuberosum, Phaseolus
species, Beta vulgaris, and Brassica species.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Generally, the nomenclature used herein
and the laboratory procedures 1n cell culture and molecular
genetics described herein are those well known and com-
monly employed in the art. Standard techniques can be used
for recombinant nucleic acid methods, polynucleotide
synthesis, plant cell culture, cell culture, tissue culture, and
plant transformation and regeneration. Generally, enzymatic
reactions and purification and/or isolation steps are per-
formed according to the manufacturers’ specifications. The
techniques and procedures are generally performed accord-
ing to conventional methodology disclosed, for example, 1n
Molecular Cloning A Laboratory Manual, 2d ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. (1989), and

Current Protocols in Molecular Biology (John Wiley &
Sons, Baltimore, Md., 1989).

It should be understood that the above-described embodi-
ments and the following examples are given by way of
illustration, not limitation. Various changes and modifica-
tions within the spirit and scope of the present invention will
become apparent to those skilled 1n the art from the present
description.

EXAMPLE 1

Preparation and Mutation of Arabidopsis Genomic
Fragments Containing EPSPS Genes

Two bacterial artificial chromosome (BAC) clones,
F27K7 and F41.23, were obtained from the Arabidopsis Bio-
logical Resource Center, DNA Stock Center, at the Ohio
State University. F27K7 and F4L.23 contain the EPSPS
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genes found on chromosome 1 and 2 of Arabidopsis
thaliana, respectively. The F27K7 clone was digested using
Sac Il and Bam HI restriction enzymes to produce a 4.7 kb
fragment, the sequence of which 1s shown as SEQ ID NO: 1.
The 4.7 kb fragment comprises the complete EPSPS gene
(epml) found on chromosome which includes an EPSPS 3
regulatory sequence (the sequence before nucleotide residue

1290), an EPSPS coding sequence (from nucleotide residue
1290 to nucleotide residue 3729), and an EPSPS 3, regula-

tory sequence (the sequence after nucleotide residue 3729).
The EPSPS coding sequence also encodes a chloroplast tran-
sit peptide (from nucleotide residue 1290 to nucleotide resi-
due 1612). The sequence encoding this chloroplast transit
peptide can be predicted using the computer program
PSORT maintained on the public accessible GenomeNet at
Kyoto University, Japan.

The 4.7 kb fragment was cloned into a pbluescript 11 vec-
tor (Stratagene), and two nucleotide substitutions were intro-
duced 1nto the EPSPS coding sequence using QuikChange®
Site-Directed Mutagenesis Kit (Stratagene) according to the
instructions of the manufacturer. The two nucleotide substi-
tutions are a cytosine to thymine substitution at nucleotide
2007 and a cytosine to thymine substitution at nucleotide
2018. The mutated sequence 1s shown as SEQ ID NO: 2. The

mutated sequence encodes a glyphosate-resistant EPSPS
which has, as compared to the EPSPS encoded by SEQ 1D

NQO: 1, a Thr to Ile mutation at amino acid 179 and a Pro to
Ser mutation at amino acid 183. The amino acid sequence of

the glyphosate-resistant EPSPS 1s shown as SEQ ID NO: 7.
The pbluescript II vector containing SEQ ID NO: 2 1s
referred to as epm1 vector.

The BAC F4L.23 clone was digested using Eco RI restric-
tion enzyme to produce a 5.2 kb fragment, the sequence of
which 1s shown as SEQ ID NO: 3. The 5.2 kb fragment

comprises the complete EPSPS gene (epm?2) from chromo-
some 2, which includes an EPSPS 5 'regulatory sequence
(the sequence before nucleotide 1315), and EPSPS coding
sequence (from nucleotide 15135 to nucleotide 3872), and an
EPSPS 3' regulatory sequence (the sequence after nucleotide
3872). The EPSPS coding sequence also encodes a chloro-
plast transit peptide (from nucleotide 1515 to nucleotide
1665). The sequence encoding this chloroplast transit pep-
tide can be predicted using the computer program PSORT
maintained on the public accessible GenomeNet at Kyoto
University, Japan.

The 5.2 kb fragment was cloned into a pbluescript 1I
vector, and then subject to site-directed mutagenesis using,
QuikChange® Site-Directed Mutagenesis Kit (Stratagene).
SEQ ID NO: 4 shows the mutated sequence which has two
nucleotide substitutions 1n the EPSPS coding sequence as
compared to SEQ ID NO: 3. The two substitutions are a
cytosine to thymine substitution at nucleotide 2134 and a
cytosine to thymine substitution at nucleotide 2145. The
mutated sequence encodes a glyphosate-resistant EPSPS
which has, as compared to the EPSPS encoded by SEQ 1D
NQO: 3, a Thr to Ile mutation at amino acid 178 and a Pro to
Ser mutation at amino acid 182. The amino acid sequence of
the (putative) glyphosate-resistant EPSPS 1s shown as SEQ

ID: 8. The pbluescript 11 vector containing SEQ ID NO: 4 1s
referred to as epm2 vector.

EXAMPLE 2

Transformation of Soybean

The Bam HI/Sac II fragment (SEQ ID NO: 2) of epml
vector and the Eco RI fragment (SEQ ID NO: 4) of epm?2
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vector were used to transform soybean embryogenic callus
using an aerosol beam injector as described 1 U.S. patent
application Ser. No. 09/450,226, which 1s mncorporated
herein by reference. These fragments comprised mutant
epm] and mutant epm?2 which encode (putative) glyphosate-
resistant EPSPSs. These fragments were used either alone
or, preferably, together.

The transformed tissue [was] is selected for glyphosate
resistance using the method described below. First, the

beamed embryogenic callus [was] is maintained for one
month on B1-30 3Co5My0.01PA medium. Table 1 shows

the composition of B1-30 3Co5My0.01PA medium.

TABL.

1

(1]

Ingredients in 1 liter B1-30 3Co53My0.10PA Medium (pH 5.8)

MS Salts* 443 g
NaEDTA 37.3 mg
2,4 dichlorophenoxyvacetic acid 30 mg
Phytagar 8 g
Coconut water 30 ml
Myo-inositol 5¢g
Phytic acid 10 mg

*S1gma Plant Culture catalogue, reference M5519

The tissue [was] is then transferred to the same medium
but now containing 300 mg/1 glyphosate. After a number of
passages (up to S passages, each passage may last for about a
month) on this latter medium, resistant clonal material may
be i1denftified. After an optional further few passages on
B1-30 3Co5My0.01PA medium but containing 3500 mg/]
glyphosate, the growing tissue [was] is transferred to a
regeneration media as described i U.S. patent Ser. No.
09/450,226. Regenerated plants [were] are transferred to
pots 1 a greenhouse. These plants and their progenies
[were] are sprayed with glyphosate at commercial rates, and
complete resistance to glyphosate [was] is expected to be
observed. Progenies [segregated] are expected to segregate
3:1 for glyphosate resistance as would be expected for Men-
delian inheritance of a transgene.

Preferably, both mutant epm1 (such as SEQ ID NO: 2)
and mutant epm2 (such as SEQ ID NO: 4) are stably trans-
formed into a plant cell, from which glyphosate-resistant
plants can be regenerated.

EXAMPLE 3

Preparation and Mutation of Corn Genomic
Fragments Containing EPSPS Gene

A com (B 73) BAC library was screened with a probe
containing a sequence ol a corn EPSPS gene published 1n
Genbank accession number X63374 by Incyte Genomics
Inc. Four BAC clones were 1dentified. Southern blot analysis
indicated that all four clones contained the same EPSPS
gene. One BAC clone was further characterized by nucle-
otide sequencing which resulted 1n 1dentification of a 6.0 kb
genomic fragment tlanked by unique Cla I and Eco RV sites.
The sequence of the 6.0 kb fragment was shown as SEQ 1D
NO: 3. The 6.0 kb fragment includes an EPSPS 5' regulatory
sequence (the sequence before nucleotide 1868), an EPSPS
coding sequence (from nucleotide 1868 to nucleotide 5146),
and an EPSPS 3, regulatory sequence (the sequence after
nucleotide 5146). The EPSPS coding sequence also encodes
a chloroplast transit peptide (from nucleotide 1868 to nucle-
otide 2041). The sequence encoding this chloroplast transit
peptide can be predicted using the computer program PS
ORT maintained on the public accessible GenomeNet at
Kyoto University, Japan.
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The 6.0 kb fragment was cloned mto the Cla I and Eco RV
sites of a pbluescript vector, and then subject to site directed
mutagenesis using QuikChange Site-Directed Mutagenesis
Kit (Stratagene). Two mutations were introduced into the
EPSPS coding sequence: the first mutation being a cytosine

to thymine substitution at nucleotide 2886 and the second
mutation being a cytosine to thymine substitution at nucle-
otide 2897. The mutated sequence 1s shown as SEQ ID NO:
6. The mutations changed the encoded amino acid residue
Thr to Ile at position 164 and Pro to Ser at position 168. This
mutated EPSPS amino acid sequence 1s shown as SEQ 1D
NO: 9. The mutated EPSPS 1s glyphosate-resistant. The
pBluescript vector comprising SEQ ID NO: 6 1s referred to
as HCEM.

10

10

The beamed embryos were then transferred to

DN62A100RR a medium containing 100 mg/1 glyphosate.
Table 3 lists the composition of DN62A100RR and other
media. After two 14-day passages on DN62A100RR,

actively growing tissue [was] is transferred to
DN62A300RR medium which contains 300 mg/1 (Table 3).
After two 14-day passages on this medium, tissue was
finally transferred to DN62340RR medium which contains
540 mg/l glyphosate (Table 3). Stable transformation

allowed continued growth on 540 mg/l glyphosate. Regen-

eration [was] is carried out as described in U.S. patent appli-
cation Ser. No. 09/450,226.

TABL

(Ll

3

Ingredients in 1 liter Culture Medium (pH 5.8)

DN62AT00R R DN62ALCIROR R DN62A300R R DN62540RR

Nb6 Salts™ 398 g 398 g 398 g 398 ¢g
N6 Vitamins 1 ml 1 ml 1 ml 1 ml
Asparagine 800 mg 800 mg 800 mg 800 mg
Myoinositol 100 mg 100 mg 100 mg 100 mg
Proline 1400 mg 1400 mg 1400 mg 1400 mg
Casamino acids 100 mg 100 mg 100 mg 100 mg
2.4 1 mg 1 mg 1 mg 1 mg
dichlorophenoxyacetic

acid

SUcCrose 20 g 20 g 20 g 20 g
Silver nitrate 10 mg 10 mg 10 mg

Glyphosate 100 mg 180 mg 300 mg 540 mg
Cefotaxime 0 mg 50 mg 0 mg 0 mg

*S1gma Plant Culture catalogue, reference C1416

EXAMPL.

L1
I

Transformation of Corn

35

The Cla I and Eco RV fragment (SEQ ID NO: 6) of *

HCEM was mtroduced into cultured immature corn embryos

using an aerosol beam injector according to U.S. patent
application Ser. No. 09/450,226. The Cla I-Eco RV fragment
comprised the glyphosate-resistant EPSPS coding sequence.

Selection was carried out as follows: the beamed embryos
were allowed to remain on DN62A0S20G medium for 3

days. Table 2 shows the composition of DN62A0S20G
medium.

TABL.

L1l

2

Ingredients in 1 liter Culture Medium (pH 5.8)

DN62A0S20G  DN62A0S20GLC

N6 Salts* 398 ¢ 398 ¢

N6 Vitamins 1 ml 1 ml
Asparagine 800 mg 800 mg
Myoinositol 100 g 100 g

Proline 1400 mg 1400 mg
Casamino acids 100 mg 100 mg
2.4 dichlorophenoxyacetic acid 1 mg 1 mg
Glucose 20 g 20 g

Silver nitrate 10 mg 10 mg
Cefotaxime 0 mg 50 mg

*Sigma Plant Culture catalogue, reference C1416

45

50

55

60

65

Transformation can also be accomplished using

Agrobacterium-mediated DNA delivery. In this case, the

transformation and regeneration [were] are performed
according to the methods as described 1n U.S. patent appli-
cation Ser. No. 09/203,679, which 1s herein incorporated by
reference. Brietly, after culturing on DN62AO0S20GLC
(Table 2) for five days, co-cultivated embryos [were] are
transferred to DN62ALCI80RR medium which contains

180 mg/1 glyphosate (Table 3). After two 14-day passages on

this medium, actively growing tissue [was] is transferred to
DN62540RR medium containing 540 mg/l glyphosate
(Table 3). Stable transformation [allowed] will al/low contin-

ued growth on 540 mg/l glyphosate. Regeneration [was] is
carried out as described in U.S. Ser. No. 09/203,679.

Resistance to glyphosate in regenerants [was] is con-
firmed by spraying them with glyphosate at commercial
rates. Seed from the regenerants [segregated] is expected to
segregate 3:1 for resistance as would be expected with Men-
delian inheritance of a transgene. Seeds from backcrossed
individuals [segregated] are expected to segregate 1:1. Corn

transformation may also be accomplished by other means
including, for example, particle bombardment or electropo-

ration of competent cells.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: ©

<210> SEQ ID NO 1

<211> LENGTH:
<212> TYPE:

47706
DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 1

ccgeggtggce
aagaatcacg
gtgttaccgc
accttceegt
gcttggatgy
cgataatcta
gttttggtgt
cgatggctca
tcctacttcea
cttcaaagct
tggtcttttt
cagcttcgtt
tattaaatcc
tatatctaca
ctcaaacgag
cagtttaagt
ttggtttaag
atggaacaaa
aatggtcgaa
ctatatcact
tacccctaaa
tttgagtctt
tcggatgcac
ctccecgecgt
attcttttca
atttgaatct
tgagattcgt
tgtgcttcaa
ctctaatcga
CCLtcttcctt
tgtgcttata
catgcttgat
tgctgtagtt

cgaactttac

ggcttggact
gcgegttatyg
cacgtggccy
cggcgagttt
gatgattagyg
CCCLCtgtttt
ctaaatatat
atgccaattt
ttttagtcca
caaagatgat
acagatagca
gtagacagac
aacaaaaaca
cactactgaa
aagtagaagt
tggctetttt
aaacctcaag
caaactaaca
ccataaccgy
aacccacaca
ccaactccaa
ttgccttgga
caaacccgct
tcagatatct

aaatttttag

ctagggcagt

cctgtgaagy

cccattagag

attctgettc

ctctgtactc

tagggaacta

gcgttgaaga

gaaggatgtg

ctcggcaatyg

caaccggaaa

agaaaaatac

gaggagaagc

gatcttgccyg

acattccata

aaataggaga

gtagattttc

agtcagataa

tactagttca

CCCLCCLLCtta

aacatataca

ttgtagtcgt

aattttcttc

gaccaagaag

ttttatggtyg

taactttgct

cgattgcgat

tatcggaaca

tatggcccaa

ttcttgcaga

CCtLctctect

atcctgatca

CCCLEtCttctt

ctccattcac

atttgaagcc

cgtggggatt

ttagggcttc

aaatctcgygy

tcgctgetcet

cgaatttaga

ctgtagtgga

tattgggact

gcggggtatt

caggaacagc

caaaagtgtc

agagctctygg
tccttatgaa
aggcgtggag
actatggact
aaacaaaaat
tagtttctag
gattatgctyg
CLLtatctcc
atgggccctc
aattatggag
CCCcttcatt
tgttgcttga
taaacattag
acttttgtat
aacatatgcc
tttgggtctt
agcttggcett
gatgttcatyg
aggttttaga
cctctattaa
tggcgtcttc
ttctteagtc
aaaccaggaa
tgtatctagc
gaagaagagt
tgtttccacyg
tctcattaag
atctgaggta
ttattaaaga
caacttgttg
taatgtggaa
tccagcecttcec

aatgcgtcca

gaaagtagcc

gagattgtct

tgtaggaagt

actggtgatc

gccacgtaca

tgattttttg

tcottegett

caactgctag

aagaaaatga

ttgaaaaatg

aaaacaggat

ttcccattcec

Caaaatctat

tttgcctgat

ttagagaaac

tgaaagtgga

aagcttgaaa

tggttttaaa

CtLtttaaaa

atcacaaagc

atctttctca

tctcacttcce

ggagctccgt

gaacttccgt

ttaaagaaga

gatctgatgc

gcggagaaay

cttcecetgget

tatataaatg

tataaacttt

aacagtgatg

actcacagtg

attgattcca

cttaccgecyg

ggtgatgatg
cgctectgtce
tacgatagta
gtgaccgtga
ttttagagat
tttggttttt
ccaagttcct
agcgactctc
ctcogttttyg
ggtaaaatct
tatattgatg
tctgctaaat
gtggaatatc
cttcacctac
aatgggattc
agacaagaac
aaagtgttgt
gctgatagat
ctcaccaaag
ataactcacc
atcatctttc
aaatccattc
cgtctctett
gagttctctg
aagatgtgtyg
taaatggttc
cttcggagat
ccaagtctcet
tatcacttca
accattttgc
acatcaatta
aaaacaatcyg
agagtgatat

cagttactgc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

12



tgcaggtggc

gaatcgatct

gcctcecggatyg

tgatgttgaa

ccttectggt

cttgcagcaa

tgtcaatgta

ttgattaccc

caggtgaagc

cCccttagcte

gttgaaatga

tgggatcgtt

ttttctgaaa

gtﬂgﬂﬂgggt

tgctgccatt

aatatttgta

caaagtttca

gttcaatttt

tgggatgtaa

cttttggaat

caatgactct

agtaaaaagc

ttggtcaata

acagagctta

tctaagaaat

tattgtgtga

catagaatgg

gaccccocggtt

aagcattaaa

tgtttccatt

tgtacctgaa

tactctgttt

tcccatgaty

accggtgcett

tgcaggagtg

ttttgctgec

ggttattcag

ttccaagttyg

tgttggagtt

gatatttgcc

aacgcaaggt

tgttttgatg

agagagagac

tgtactcttyg

ggaaaggtga

tttgtgttca

ttgttcctga

CEtCCtccttgte

tttcetggatc

ttggagacgt

cattgaagtt

tctttgttaa

tcacatacct

aatgcttacyg

accggtgaaa

cactgaatca

tctttttaag

tgtgatgaat

agtgtcctgy

gagacacttg

tgccgtegtt

CCctctcttat

tagtggctag

gaaaagtaaa

tttgcggtat

ttactccgcc

caatggcatt

gcaccaggaa

caaaaaaact

CtCcttgtct

ctgagtgaga

ttcagggtgt

tctaacgttt

ggaagttgtyg

aaaaatgaga

aatgttatta

ggtaataggg

tagtaagaac

ttgcacaaat

catctcactt

13

atattgaagg
cCCLttcaatc
ctatagggga
gcactaactyg
gatcttgcaa
tcatagcctt
aaacgaattg
atggtttctt
tattagtagt
cgaaattgaa
gatggaacgt
gggtgggcaa
tagattgaca
tagaaggtga
ctgtcactgt
tcaaagaggc
gctttgacaa
ctctagggag
acagagaaca
cgggctattyg
gctcetetttg
aatataaggt
ctggagagta
attcttcttc
ttgtgtccag
gaaaaaggtyg
ctctcecttgcea
aaccttcccc
ctaaaatctc
ctgtaacatt
tttgagatgc
ttgttcaggt
tggttctaag
ttaattgaag
taagaggaat
ccaaaagggc
tatcaagtta
aactcaaatt
gagaagactc

gaaaacacta

agtaaatgct

ggtttattte

tttggttgtt

ccetecectgtt

atggcatgtyg

acttgacaag

CCCCCCttta

tattgacgca

cagtacttga

attgtcgata

tttggggtaa

aaatacaagt

aaataatgac

tgcttetagt

tgaaggttgt

tgttaagttt

gttgtatgta

atgtgaaatt

gtgtgactgt

atgtcaacat

ccgatggtec

ttctcaagat

daddadacdd

CCCLCLCLCLC

ctgggagcta

aaaccggcag

gcttgtgcty

gactacttcc

cactgttttt

attagaaagc

aatcattgaa

tctectctagt

aatgaacaga

aaacaatggc

gcaaatatgc

tacaagtgag

gtaataagag

caaagtgaag

ttatagaaac

accggagata

US RE41,943 E

-continued

gaatagtttt

agttatgtcc

ggtcttaagc

cgtgtcaacg

aatttataac

atttcatttt

gtagggatta

tcgaacattt

ccgctetget

aattgatttc

gtgctgagca

aagagttatt

taatatggga

gctagttatt

ggaacgacca

atagtgaaat

acatattcgc

tgccgaggtt

gacaqdgqyCccd

gaacaaaatyg

aaccaccatt

tcatggtcac

aaaggatgat

CCtctgttta

cagtggaaga

agattgatac

atgttccaat

aagtccttga

tcttetgate

aagagtagtg

tcggcetttygyg

tatcatccac

acaaacaata

aatagctgca

aattgcaggt

tattctccaa

tcagagatac

ttttgtgagt

agaggggttyg

aaccaaatta

gatttcttaa

ttgatggggt

agcttggtgce

ctaatggtgg

Cttataaaca

ttttgtttgt

gttttctete

tttgcatttyg

catggcagct

tgttcegtat

tagtgaaagc

attctcttcc

aatgattcag

tcctggetygy

gtttgcaggt

tegtttaggt

aagaatctaa

cttgagaaaa

tctagagatg

cctgatgtag

agagatggta

Ctaattctat

tgccatttygce

cagtgctcat

aggttcagat

atatgatgat

caccatcaat

aagaatcaca

caagcttatc

tttgtttgtyg

catatcattt

tccaaacagg

cactgcgata

tacttatagt

Cctatttttt

gcttggatga

catgaaagga

tgtgtaattg

aagaagaagc

attggaacta

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

14



ttctcagtta

ttgcatttgce

atatatgtcc

taaacctttc

tcacttcgaa

tggtttggtc
atttgcacaa
Caactcacca
Ccaatcatct

atccattctc

<210> SEQ ID NO 2

<211> LENGTH:
<212> TYPE:

47706
DNA

15

ctcgtogttt
cgaagaagaa
acccoectcaa
ttcttotgec

ggatcc

tgggttagtyg
gaccacaaga

aattgccacc

ttggaatcct

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
«221> NAME/KEY: misc feature

<222> LOCATION:
<223> OTHER INFORMATION:

(2007)..(2007)

2007 as compared to SEQ ID NO: 1
<220> FEATURE:
«221> NAME/KEY: misc feature

<222> LOCATION:
<223> OTHER INFORMATION:

(2018) ..(2018)

2018 as compared to SEQ ID NO: 1

<400> SEQUENCE: 2

ccgeggtggce
aagaatcacg
gtgttaccgc
accttcceccgt
gcttggatgg
cgataatcta
gttttggtgt
cgatggctca
tcctacttea
cttcaaagct
tggtcttttt
cagcttcgtt
tattaaatcc
tatatctaca
ctcaaacgag
cagtttaagt
ttggtttaag
atggaacaaa
aatggtcgaa
ctatatcact
tacccctaaa
tttgagtctt
tcggatgcac
ctccecgecgt
attcttttca

atttgaatct

ggcttggact

gcgegttatyg

cacgtggccy

cggcgagttt

gatgattagg

CECCtgtttt

ctaaatatat

atgccaattt

ttttagtcca

caaagatgat

acagatagca

gtagacagac

ddcdaddacd

cactactgaa

aagtagaagt

tggctetttt

aaacctcaag

caaactaaca

ccataaccgy

dacccacaca

ccaactccaa

ttgccttgga

caaacccgct

tcagatatct

aaatttttag

ctagggcagt

caaccggaaa

agaaaaatac

gaggagaagc

gatcttgccy

acattccata

aaataggaga

gtagattttc

agtcagataa

tactagttca

CCCLCCCLLEtta

aacatataca

ttgtagtcgt

aattttcttc

gaccaagaag

ttttatggtyg

taactttgcet

cgattgcgat

tatcggaaca

tatggcccaa

ttcttgcaga

CCLLctctect

atcctgatca

CCLECttctt

ctccattcac

atttgaagcc

cgtggggatt

caaaagtgtc

agagctctygg
tccttatgaa
aggcgtggag
actatggact
aaacaaaaat
tagtttctag
gattatgctyg
CLCLtatctcc
atgggccctc
aattatggag
CCtcttcatt
tgttgcttga
taaacattag
acttttgtat
aacatatgcc
tttgggtett
agcttggcett
gatgttcatyg
aggttttaga
cctctattaa
tggcgtcttc
ttctteoagtc
aaaccaggaa

tgtatctagc

gaagaagagt

US RE41,943 E

-continued

ttgttggtag
gccatttgca

aacttcaaat

gatcatggcy

gaaagtagcc

gagattgtct

tgtaggaagt

actggtgatc

gccacgtaca

tgattttttg

tccttegett

caactgctag

aagaaaatga

ttgaaaaatg

aaaacaggat

ttccecattcece

taaaatctat

tttgcctgat

ttagagaaac

tgaaagtgga

aagcttgaaa

tggttttaaa

CCLttttaaaa

atcacaaagc

atCctttctca

tctcacttcc

ggagctccgt

gaacttccgt

ttaaagaaga

gatctgatgc

gtggagaatt
attaggcata
CCctectecectt

tegtettete

ggtgatgatg
cgctectgtce
tacgatagta
gtgaccgtga
ttttagagat
tttggttttt
ccaagttcct
agcgactctce
ctcogtttty
ggtaaaatct
tatattgatg
tctgctaaat
gtggaatatc
cttcacctac
aatgggattc
agacaagaac
aaagtgttgt
gctgatagat
ctcaccaaag
ataactcacc
atcatctttc
aaatccattc
cgtctctett
gagttctctg
aagatgtgtyg

taaatggttc

4500

4560

4620

4680

4706

substituting thymine for cytosine at pogition

substituting thymine for c¢ytosine at position

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

16



tgagattcgt

tgtgcttcaa

ctctaatcga

CCLcttcctt

tgtgcttata

catgcttgat

tgctgtagtt

cgaactttac

tgcaggtggc

gaatcgatct

gccteggaty

tgatgttgaa

ccttectggt

cttgcagcaa

tgtcaatgta

ttgattaccc

caggtgaagc

ccecttagcetc

gttgaaatga

tgggatcgtt

ttttctgaaa

gtcgecgggrt

tgctgcecatt

aatatttgta

caaagtttca

gttcaatttt

tgggatgtaa

cttttggaat

caatgactct

agtaaaaagc

ttggtcaata

acagagctta

tctaagaaat

tattgtgtga

catagaatgyg

gaccccocggtt

aagcattaaa

tgtttccatt

tgtacctgaa

tactctgttt

cctgtgaagy

cccattagag

attctgettc

ctctgtactc

tagggaacta

gcgttgaaga

gaaggatgtg

ctcggcaaty

aacgcaaggt

tgttttgatyg

agagagagac

tgtactcttyg

ggaaaggtga

tttgtgttca

ttgttcctga

Ctttcecttgt

tttctggatc

ttggagacgt

cattgaagtt

tctttgttaa

tcacatacct

aatgcttacyg

accggtgaaa

cactgaatca

tctttttaag

tgtgatgaat

agtgtcctgy

gagacacttg

tgccgtegtt

CCtctcttat

tagtggctag

gaaaagtaaa

tttgcggtat

Ctactccgcce

caatggcatt

gcaccaggaa

caaaaaaact

CtCtcttgtct

ctgagtgaga

ttcagggtgt

17

ttagggcttc
aaatctcggy
tcgcectgetcet
cgaatttaga
ctgtagtgga
tattgggact
gcggggtatt
caggaatagc
atattgaagy
CCLLCtCtcaatc
ctatagggga
gcactaactg
gatcttgcaa
tcatagcctt
aaacgaattyg
atggtttett
tattagtagt
cgaaattgaa
gatggaacgt
gggtgggcaa
tagattgaca
tagaaggtga
ctgtcactgt
tcaaagaggc
gctttgacaa
ctctagggayg
acagagaaca
cgggctattyg
gctcetettty
aatataaggt
ctggagagta
attcttcttc
ttgtgtccayg
gaaaaaggtyg
ctctcttgca
aaccttcccc
ctaaaatctc
ctgtaacatt
tttgagatgc

ttgttcaggt

tgtttccacy

tctcattaag

atctgaggta

ttattaaaga

caacttgttyg

taatgtggaa

tccagcttcec

aatgcgttca

agtaaatgct

ggtttattte

tttggttgtt

ccectectgtt

atggcatgtyg

acttgacaag

CCCLCCLCLLta

tattgacgca

cagtacttga

attgtcgata

tttggggtaa

aaatacaadgt

aaataatgac

tgcttetagt

tgaaggttgt

tgttaagttt

gttgtatgta

atgtgaaatt

gtgtgactgt

atgtcaacat

ccgatggtec

ttctcaagat

daaddgagacdd

CCctctctcete

ctgggagcta

aaaccggcag

gcttgtgcty

gactacttcc

cactgttttt

attagaaagc

aatcattgaa

tctetetagt

US RE41,943 E

-continued

gcggagadag

cttcctgget

tatataaatg

tataaacttt

aacagtgatg

actcacagtg

attgattcca

cttaccgecyg

gaatagtttt

agttatgtcc

ggtcttaagc

cgtgtcaacg

aatttataac

atttcatttt

gtagggatta

tcgaacattt

ccgcectetget

aattgatttc

gtgctgagca

aagagttatt

taatatggga

gctagttatt

ggaacgacca

atagtgaaat

acatattcgc

tgccgaggtt

gacaydgyCccd

gaacaaaatyg

aaccaccatt

tcatggtcac

aaaggatgat

CCCCctgttta

cagtggaaga

agattgatac

atgttccaat

aagtccttga

tcttetgate

aagagtagtg

tcggcetttygy

tatcatccac

cttcggagat

ccaagtctct

tatcacttca

accattttgc

acatcaatta

aaaacaatcg

agagtgatat

cagttactgc

gatttcttaa

ctgatggggt

agcttggtygce

ctaatggtgg

Cttataaaca

ttttgtttgt

gttttctete

tttgcatttg

catggcagct

tgttccegtat

tagtgaaagc

attctcttcc

aatgattcag

tcetggetygy

gtttgcaggt

tcgtttaggt

aagaatctaa

cttgagaaaa

tctagagatg

cctgatgtag

agagatggta

Ctaattctat

tgccatttgce

cagtgctcat

aggttcagat

atatgatgat

caccatcaat

aagaatcaca

caagcttatc

tttgtttgtg

tatatcattt

tccaaacagyg

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

18



tcccatgatyg

accggtgcett

tgcaggagtg

ttttgctgec

ggttattcag

ttccaagttyg

tgttggagtt

gatatttgcc

ttctcagtta

ttgcatttgce

atatatgtcc

taaacctttc

tcacttcgaa

<210>

<211l>
<212>

tctaacgttt

ggaagttgtg

aaaaatgaga

aatgttatta

ggtaataggg

tagtaagaac

ttgcacaaat

catctcactt

tggtttggtc

atttgcacaa

taactcacca

tcaatcatct

atccattctc

SEQ ID NO 3
LENGTH:
TYPE :

5193
DNA

19

tggttctaag
ttaattgaag
taagaggaat
ccaaaagggc
tatcaagtta
aactcaaatt
gagaagactc
gaaaacacta
ctegtegttt
cgaagaagaa
accccectcaa
ttctteotgec

ggatcc

aatgaacaga

aaacaatggc

gcaaatatgc

tacaagtgag

gtaataagag

caaagtgaag

ttatagaaac

accggagata

tgggttagtg

gaccacaaga

aattgccacc

ttggaatcct

<213> ORGANISM: Arabidopsis thaliana

<4 00>

ctgtctagaa

atttatggaa

ggctatcact

catgccgaaa

ctttcgacga

gatagtaaag

ttagtccgcet

tatttttcag

CCCCcCLLtLtE

ggcacttgcg

acatcacata

gtggttttgyg

tacatacagt

taattttgca

tgctaatcaa

gtagaataaa

agaaatagca

agagaatcat

CCctttttgtt

CCLCCttgtta

ttcacctaac

atactgccag

gtgaaagatt

SEQUENCE: 3

CCtttccatt

aaacaaaagt

accaatccac

actccacagc

aatttatcat

atttcgtcga

ttatggaata

Ctacactttt

tcttettgta

attatgatgt

acagagagtc

tcgaatgcta

ttatgatcta

cattgtttat

taaaattgaa

tttgttgett

gattcaacat

aattcataac

dadaaaacccda

gaaaccccat

ccaccaaaycC

tggttatgat

tgacggatgc

tttgcttaca

gtcatgtgtt

aatggaagat

aagcattcct

cagattccga

cgcectttety

atacttatgt

gtttggacgt

gtttgccttyg

tctcoccegegt

tgtgaggttt

gaaaagggtg

acgtatctat

aaattaagtyg

cgcatttaat

ttgccttcac

acaacgtgca

atgggagatt

tttcttaagg

Ctatctttct

ctttgcacat

aaatgctcat

CCLLCttctca

aatatggcac

atatatattyg

tcacaaccgt

cttaaactca

tcegtgtega

aatcctcttet

tttaacgtaa

CCCgttttca

ctcgttggtyg

gaaagagcat

gggacatcgc

acttgtatgt

aacatattcat

caaaaatttt

aaaattgtaa

gacaccatta

adaccadada

gtccacaaaa

cccaacaadaa

tgaggcccaa

gttgacgtga

accataccag

Cttctcacca

US RE41,943 E

-continued

acaaacaata

aatagctgca

aattgcaggt

tattctccaa

tcagagatac

ttttgtgagt

agaggggttg

aaccaaatta

ttgttggtag

gccatttgca

aacttcaaat

gatcatggcy

aaccggaaat

gtccettttt

gtacatcacy

tcttcgaaat

tgctgtgacy

tttcaatgaa

tgaatcttta

aagaacttct

aatacactac

tgacctctct

attctcaaat

tgtgtcgecyg

taatagatat

tagctccaag

gagcaaactc

cctatagtta

acaaatgact

aacataaatt

aacataatcc

tttgaaaacc

acaccaaact

agtcatagag

actccctceca

cactgcgata
tacttatagt
Cctatttttct
gcttggatga
catgaaagga
tgtgtaattyg
aagaagaagc
attggaacta
gtggagaatt
attaggcata
CCctectcecectt

tegtettete

tcececttactt
atgtttgtag
taacctagat
actatcgagyg
ctctatcatc
gactcttttt
tatctatttyg
caagttttct
attaattgag
Cttattcaaa
ctcaatataa
ctagtgttcyg
tattttgttt
agatcgcctt
gcactgatac
atactccaaa
cgtaatctcec
ccctttecatyg
cctttcatgt
cacattttct
aacacgtgtc
tttttggtty

daacccadadcad

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4706

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

20



aagtgtttat

tgatcttacyg

ttgaagtttc

ttatctccaa

cgcagcagca

tgacgttaat

agaaagcgtc

ctggctccaa

tcacttegtt

attttgctgt

tcaattacat

ataatcgtgc

gtgatatcga

tcactgctgc

tgtttaagga

gatggggtgc

cttggtgctyg

aatggtggcc

cgttceccttac

gatttcagtt

ttggtttteg

catgttatgc

ctgctcatgt

atttctgttc

gagcatagtg

Ctattctttt

ggtgaatgat

tatttcttygg

accagcttgc

aaattcgtct

tctaagctca

gaaaatggga

agatgctttt

tgtagccaty

tggtaagtaa

ctgtttggtt

ttgcacagag

ctcattctaa

ggaagaaggt

tgatacatat

attagcaaag

taattggagy

tccgatggey

tctctcgaaa

tccacgagcet

tggctctgag

ggagattgta

gtctctatca

tcgtecttet

ggttttatag

gcttgatgceg

tgtagttgaa

actttacctc

aggtggaaac

atggagcttt

ctcgtatgag

atgttgaatyg

ttccecggtygy

tctatgaaca

Cttaatctac

ttctcgatta

atttgcaggt

ctgctcecectt

catatgttga

atagctggga

CELCCLLLLC

tcaggtctcc

ctggtgctgc

aggtaatatt

aggtcaaagt

atttttgtga

tgtaaagtgt

ggaatgagac

acccttygecy

aaagctctct

aatatagtgyg

cttagaaaag

gtaattagct

tcagattatt

gatgatcata

21

ccgccaaagt
aagatcaaaa
caagttagca
tccagtcaac
tatccgattt
cttcgtectce
cttcaaccca
aatcggatcc
ctgtaatctg
ggaacaactyg
ttgaagagat
ggatgtggcyg
ggtaatgcag
gcaaggtaga
tgttgatgcet
agaaagacct
tactcttgga
aaaggttaga
cttgcagaaa
tctcaacgga
cegttttegt
gaagctttct
agctcecttgga
aatgacattg
Ccgtttcttt
tgaaatcaca
gggtaatgcg
cattaccggt
tgtacactga
Ctcatctttt
tgaatctcta
cctggacaga
acttgcgggc
tcgttgetet
cttataatta
ctagctggag
taagagattc
cataaatttt
gtgtgataac

gaatggcaat

gtaaacgaaa

CELLEtcaatcc

gaatctgcaa

gcaaatctcc

cgtcgtegtyg

ttaaggtcat

ttagagaaat

tgcttcectegc

aacttagatt

tagtggacaa

tgggacttaa

ggatattccc

gaacagcaat

ttgaaggagt

ttatgatcca

ataggggatt

actaactgcc

tcttgcaaat

tgtgtgttca

tggatcctaa

tgtatgattt

ggatcaatta

gacgtcgaga

aagttgatgyg

gtcaagggcg

tcccecttaget

tatgtagaag

gaaactgtca

atcatcgacy

gacaagttgt

gggagatgta

gaacagtgtg

tattgatgtc

ctttgctgac

aggtttctca

agtaaaggag

Ctatctctct

gtgtgtttgt

tccgcccaaa

ggcattctct

US RE41,943 E

-continued

gtttataaat

ccattctteg

tggtgtgcag

cttatcggtt

gggattgaag

gtcttetgtt

ctccggtcett

tgctctgtet

ataaagattg

cttgttgaat

tgtggaaact

agcttccata

gcgtccactt

tgatgcttet

tttattccag

Cggttgttgyg

ctcctgtteg

ggcatgtgaa

tcatagcctt

aatagaatcg

cttgattaac

gtagtcagta

ttgagattgt

aacgtttcgg

ggcaaaaata

tgacaatata

gtgatgcttc

cagtcgaagyg

aggctgttaa

atataacata

aaattcgccg

actgtgacag

aacatgaaca

ggtccaacca

atattcatga

acagaaagga

ctttetgtet

gttcagctgy

aaggtgaaaa

cttgcagctt

ttcatttetg

attgcttcaa

aacccatctce

tctctgaaga

aagagtggga

tccacggcygy

attaagcttc

gaggtatata

atactttacc

agcgatgaca

gacagtgaaa

gattcaaaga

accgctgcecgyg

tggtatttga

ttatgtgctt

tcttaagcag

tgtcaacgct

tatgtaatct

agcttgacaa

gatttggtga

aattaggaga

cttgactgct

cgataaatta

ggttagtgtc

caagtaggag

atgactaaaa

tagtgctagt

ttgtggaact

gtttatagtg

ttcgcaagaa

aggtccttga

gaccacctag

aaatgcctga

ccattagaga

tCcacttaatt

tgattgccat

cttgacagtg

gagctacagt

cggcagagat

gtgctgatgt

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780
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tccaatcacc

acttgaaaga

atctgtttec

tgtaactgaa

tgtgtagaga

Cttccaattc

tgatcactta

aagacatcgt

acacagttga

Ctgttggggt

tggcccacgt

taacacagtc

gctccecggtga

gagacatcga

aaagaagctc

aatttggctc

caaaattatc

agttcggttt

attaataagyg

aggggcgagt

cacgcgccaa

ggtatgacat

CCCttcCccCctcece

atgaatgaaa

<210>

<211l>
<212>

atcaacgatc

atcacaaagc

atttttcttg

ctgagcgagt

CCCCCLtttta

ctaggtcgtc

ttagagacaa

tcttgtttygg

tcggtcacga

cgtcatcgta

aaaacgacgc

gtttctctece

aaaatggaga

aagaccgaaa

gtgtttgttt

Ccttatcaat

aatctgaaag

acatggtttc

ttttgagaag

gtggttcaaa

acgcaagatyg

ggagggctct

tctcataata

aaaccttact

SEQ ID NO 4
LENGTH:
TYPE :

5193
DNA

23

ctggttgcac
actaaacaat
tctcetgtaat
tttgagatgc
tcttgatgga
gactcgaata
taatgttgga
aattgctgcc
gaacaatatt
attagcaaac
cgtttaaatc
gactagtaaa
ccaagagaaa
atccttcaac
ttgggtttta
tgcatttgtt
tgacaataat
gaacttttca
agaaaagaaa
ataggcgttt
ggcgagagtyg
gattggctaa

atagtagtta

tgggtcggaa

caggaaaacc

aaactctgtt

attattagaa

aatcatttga

aagaaattga

tataaagaca

aagacatggt

acacgatgta

atagatgaag

taactgtgag

tgagtcaaag

ctaaaatccc

gtaagcagga

aggtaacatt

gctaagaatt

ttggagttat

ccottgtttyg

attgattttt

aaaaggcacyg

tggtgggtta

ggtatgaaat

taaactcaaa

Ctattactta

CtC

<213> ORGANISM: Arabidopsis thaliana

<220>

FEATURE:

«221> NAME/KEY: misc_feature

222>

LOCATION:
<223> OTHER INFORMATION:

(2134) ..(2134)

2134 as compared to SEQ ID NO: 3

220>

FEATURE:

<221> NAME/KEY: misc feature

L2222

LOCATION:
<223>» OTHER INFORMATION:

(2145} ..(2145)

2145 as compared to SEQ ID NO: 3

<400> SEQUENCE: 4

ctgtctagaa

atttatggaa

ggctatcact

catgccgaaa

ctttcgacga

gatagtaaag

ttagtccgcet

CCctttccatt

aaacaaaagt

accaatccac

actccacagc

aatttatcat

atttcgtcga

ttatggaata

tttgcttaca
gtcatgtgtt
aatggaagat
aagcattcct
cagattccga
cgcctttetg

atacttatgt

aatatggcac

atatatattg

tcacaaccgt

cttaaactca

tcecgtgtcega

aatcctcttt

tttaacgtaa

US RE41,943 E

-continued

ttccccgact

CCCCCcttctyg

accgagagtyg

gttcgattga

gttttectte

gcagccacga

tcctcectagtt

gtagagctca

ctcaaaggag

Ctcccgtcaa

cccatttgtyg

ggaaattctc

gcctcectegtc

tcaatttcgce

ttagggaaaa

gattctgtgt

tcttttgtgt

gggtttcggt

cacgcgaggc

gaacccacag

ggtaagatcy

atagtagaca

gtcttatatg

aaccggaaat

gtcccottttt

gtacatcacyg

tcttcgaaat

tgctgtgacg

tttcaatgaa

tgaatcttta

acttccaagt

atccaagctt

tttgtttgeg

gagaaatgaa

CCCtCCtttL

tegtetettt

tggtattgaa

tcctecgagag

gagaatagtyg

agaccattta

gcccacgtec

atccgcatga

tctgcaatct

cttcgectag

gcttgaaaca

ggaatcgaat

CCLttatttyg

ttgcattgga

gtttttagag

aaattggatt

gtgagaatgg

tatagctcct

cgaagaaaca

ccccecttactt

atgtttgtag

taacctagat

actatcgagyg

ctctatcatc

gactcttttt

tatctatttg

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5193

substituting thymine for c¢ytosine at position

substituting thymine for c¢ytosine at position

60

120

180

240

300

360

420

24



tatttttcag

CCCCcCLLtLtE

ggcacttgcg

acatcacata

gtggttttgg

tacatacagt

taattttgca

tgctaatcaa

gtagaataaa

agaaatagca

agagaatcat

CCctttttgtt

CCLCttgtta

ttcacctaac

atactgccag

gtgaaagatt

aagtgtttat

tgatcttacyg

ttgaagtttc

ttatctccaa

cgcagcagca

tgacgttaat

agaaagcgtc

ctggctccaa

tcacttegtt

attttgctgt

tcaattacat

ataatcgtgc

gtgatatcga

tcactgctgc

tgtttaagga

gatggggtgce

cttggtgcty

aatggtggcc

cgttceccttac

gatttcagtt

ttggttttcg

catgttatgc

ctgctcatgt

atttectgttc

Ctacactttt

tcttettgta

attatgatgt

acagagagtc

tcgaatgcta

ttatgatcta

cattgtttat

taaaattgaa

tttgttgett

gattcaacat

aattcataac

dadaaaacccda

gaaaccccat

ccacCcaaaycC

tggttatgat

tgacggatgc

attagcaaag

taattggagy

tccgatggey

tctctcgaaa

tccacgagcet

tggctctgay

ggagattgta

gtctctatca

tcgtecttet

ggttttatag

gcttgatgcyg

tgtagttgaa

actttacctc

aggtggaaac

atggagcttt

ctcgtatgag

atgttgaatyg

ttcceceggtygy

tctatgaaca

Cttaatctac

ttctcegatta

atttgcaggt

ctgctccectt

catatgttga

25

gtttggacgt
gtttgcctty
tctcecceccecgegt
tgtgaggttt
gaaaagggtyg
acgtatctat
aaattaagtg
cgcatttaat
ttgccttcac
acaacgtgca
atgggagatt
tttcttaagg
ttatctttct
ctttgcacat
aaatgctcat
cCtcttctca
ccgccaaagt
aagatcaaaa
caagttagca
tccagtcaac
tatccgattt
cttegtecte
cttcaaccca
aatcggatcc
ctgtaatctg
ggaacaactyg
ttgaagagat
ggatgtggcyg
ggtaatgcag
gcaaggtaga
tgttgatgct
agaaagacct
tactcttgga
aaaggttaga
cttgcagaaa
tctcaacgga
cegttttegt
gaagctttct
agctcttgga

aatgacattyg

CCCgttttca

ctcgttggtyg

gaaagagcat

gggacatcgc

acttgtatgt

aacatattat

caaaaatttt

aaaattgtaa

gacaccatta

adaccadada

gtccacaaaa

cccaacaadaa

tgaggcccaa

gttgacgtga

accataccag

Cttctcacca

gtaaacgaaa

CCCtcaatcc

gaatctgcaa

gcaaatctcc

cgtcgtegty

ttaaggtcat

ttagagaaat

tgcttcectegc

aacttagatt

tagtggacaa

tgggacttaa

ggatattccc

gaatagcaat

ttgaaggagt

ttatgatcca

ataggggatt

actaactgcc

tcttgcaaat

tgtgtgttca

tggatcctaa

tgtatgattt

ggatcaatta

gacgtcgaga

aagttgatgyg

US RE41,943 E

-continued

aagaacttct

aatacactac

tgacctctcet

attctcaaat

tgtgtcgecy

taatagatat

tagctccaag

gagcaaactc

cctatagtta

acaaatgact

aacataaatt

aacataatcc

tttgaaaacc

acaccaaact

agtcatagag

actccctceca

gtttataaat

ccattctteg

tggtgtgcag

cttatcggtt

gggattgaag

gtcttetgtt

ctceggtcett

tgctetgtet

ataaagattg

cttgttgaat

tgtggaaact

agcttccata

gcgttcactt

tgatgcttct

tttattccag

Cggttgttgyg

ctcctgtteg

ggcatgtgaa

tcatagcctt

aatagaatcg

cttgattaac

gtagtcagta

ttgagattgt

aacgtttcgyg

caagttttct
attaattgag
Cttattcaaa
ctcaatataa
ctagtgttcyg
Cattttgttt
agatcgcctt
gcactgatac
atactccaaa
cgtaatctcec
ccecttteatyg
cctttcatgt
cacattttct
aacacgtgtc
tttttggtty
aacccaacaa
ttcatttctyg
attgcttcaa
aacccatctc
tctctgaaga
aagagtggga
tccacggcgy
attaagcttc
gaggtatata
atactttacc
agcgatgaca
gacagtgaaa
gattcaaaga
accgctgcegy
tggtatttga
ttatgtgett
tcttaagcag
tgtcaacgct
tatgtaatct
agcttgacaa
gatttggtga
aattaggaga
cttgactgct
cgataaatta

ggttagtgtc

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

26



gagcatagtg

Ctattctttt

ggtgaatgat

tatttcttygg

accagcttgc

aaattcgtct

tctaagctca

gaaaatggga

agatgctttt

tgtagccaty

tggtaagtaa

ctgtttggtt

ttgcacagag

ctcattctaa

ggaagaaggt

tgatacatat

tccaatcacc

acttgaaaga

atctgtttec

tgtaactgaa

tgtgtagaga

CLtccaattcc

tgatcactta

aagacatcgt

acacagttga

Ctgttggggt

tggcccacgt

taacacagtc

gctccecggtga

gagacatcga

aaagaagctc

aatttggctc

caaaattatc

agttcoggttt

attaataagyg

aggggcgagt

cacgcgccaa

ggtatgacat

cccttcecectcec

atgaatgaaa

atagctggga

CELCCLLLLC

tcaggtctcc

ctggtgctgc

aggtaatatt

aggtcaaagt

atttttgtga

tgtaaagtgt

ggaatgagac

acccttygecy

aaagctctct

aatatagtgyg

cttagaaaag

gtaattagct

tcagattatt

gatgatcata

atcaacgatc

atcacaaagc

atttttcttg

ctgagcgagt

CCCCCLtttta

ctaggtcgtce

ttagagacaa

tcttgtttygg

tcggtcacga

cgtcatcgta

aaaacgacgc

gtttctctcce

aaaatggaga

aagaccgaaa

gtgtttgttt

tcttatcaat

aatctgaaag

acatggtttc

ttttgagaag

gtggttcaaa

acgcaagatyg

ggagggctct

tctcataata

aaaccttact

27

Ccgtttcttt
tgaaatcaca
gggtaatgcyg
cattaccggt
tgtacactga
tCcatctttt
tgaatctcta
cctggacaga
acttgcgggc
tcgttgetet
cttataatta
ctagctggag
taagagattc
cataaatttt
gtgtgataac
gaatggcaat
ctggttgcac
actaaacaat
tctctgtaat
tttgagatgc
tcttgatgga
gactcgaata
taatgttgga
aattgctgcc
gaacaatatt
attagcaaac
cgtttaaatc
gactagtaaa
ccaagagaaa
atccttcaac
ttgggtttta
tgcatttgtt
tgacaataat
gaacttttca
agaaaagaaa
ataggcgttt
ggcgagagtyg
gattggctaa

atagtagtta

tgggtcggaa

gtcaagggcg

tcccecttaget

tatgtagaag

gaaactgtca

atcatcgacy

gacaagttgt

gggagatgta

gaacagtgtg

tattgatgtc

ctttgctgac

aggtttctca

agtaaaggag

Ctatctctct

gtgtgtttgt

tccgcccaaa

ggcattctct

caggaaaacc

aaactctgtt

attattagaa

aatcatttga

aagaaattga

tataaagaca

aagacatggt

acacgatgta

atagatgaag

taactgtgag

tgagtcaaag

ctaaaatccc

gtaagcagga

aggtaacatt

gctaagaatt

ttggagttat

cccttgtttyg

attgattttct

aaaaggcacyg

tggtgggtta

ggtatgaaat

taaactcaaa

Ctattactta

CtC

US RE41,943 E

-continued

ggcaaaaata

tgacaatata

gtgatgcttc

cagtcgaagyg

aggctgttaa

atataacata

aaattcgccg

actgtgacag

aacatgaaca

ggtccaacca

atattcatga

acagaaagga

ctttetgtet

gttcagctgy

aaggtgaaaa

cttgcagctt

ttccccgact

CCCCCLECtyg

accgagagtyg

gttcgattga

gttttectte

gcagccacga

tcctcetagtt

gtagagctca

ctcaaaggag

ttcccgtcaa

cccatttgtg

ggaaattctc

gcctcectegtc

tcaatttcgce

ttagggaaaa

gattctgtgt

tcttttgtgt

gggtttcggt

cacgcgaggc

gaacccacag

ggtaagatcyg

atagtagaca

gtcttatatg

caagtaggag
atgactaaaa
tagtgctagt
ttgtggaact
gtttatagtg
ttcgcaagaa
aggtccttga
gaccacctag
aaatgcctga
ccattagaga
Ccacttaatt
tgattgccat
cttgacagtg
gagctacagt
cggcagagat
gtgctgatgt
acttccaagt
atccaagctt
tttgtttgeg
gagaaatgaa
CCctcttttt
tcgtcetettt
tggtattgaa
tcctecgagag
gagaatagtyg
agaccattta
gcccacgtcec
atccgcatga
tctgcaatcet
cttcgectag
gcttgaaaca
ggaatcgaat
CCCCLtatttg
ttgcattgga
gtttttagag
aaattggatt
gtgagaatgyg
tatagctcct

cgaagaaaca

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5193

28



<210> SEQ ID NO 5

<211> LENGTH:
<212> TYPE:

6010
DNA

29

<213> ORGANISM: Zea mays

<400> SEQUENCE: 5

atcgattgca

ctcggcaagy

ctctceectcet

caatttatac

cacaggacac

agactcaggc

acaatggcga

adacdacyddy

gatggcagta
accaactcac

gtatagttgc

aatattagta

atctcctttt

aaacattggc

CtLtcttgct

ctggtctact

gtagtctaaa

tagatgtgtc

ataatatttt

agaaatcatt

atatatatca

ttcttgtata

atataatcat

gacggtctat

taatcacggc

ttgtggaaaa

cacctacttc

gcaccgctgce

CtCtcCctctca

ctcctceccecyg

daaccaadccc

gtcggcaatg

cgcgcecegteyg

ccgcgggctg

ggcggceggtyg

caccgtcaag

accttcaaat

aaatcttcta

ggttcegtttyg

aggagcatat

gcacaggaca

acacgcacat

ttttaccgac

agcgatctcet

tacagacggc

ttagattttt

ataataatcg

cacaatatta

gctcecctegta

tagaaaaata

tataaagttt

tgtaaatttyg

acatagtctyg

gtgttttgac

aatggttatt

gatacttagt

attttaagtc

CCtttaaaat

cggttcegecy

attaactcaa

ccgtectgga

ggaagacgaa

CCCCthCCC

agcgcegtcegt

gttgtcaggt

accccgtygcea

actctcccceca

gcggecatgg

cgccogecacc

cgggcgcectyg

caggcegggtyg

Ctgﬂﬂggggt

tctettegat

acgtgtaaac

acattgtgga

cctcatgcac

cgcaaacagt

caaatcacct

gataaggcat

cccttcattt

aaagttaatyg

acaacggaac

ccttatgcety

aataagaacyg

gaacaattct

cctaaaatca

tccaaaagta

gtagtgacat

acacgatgcc

cgacacgaca

ttatgttcca

tgaatatcct

actttgctag

acacatcagt

tacttctaga

aactatttcyg

ttcgagattce

Jgdaddadadadacc

ctctcatggt

gtcgeggggyg

cctaggctca

ggtggcagtc

accccgeygcy

cgaccaaggc

accgccocgag

ggcgcecgcegt

ccgaggagat

ccaagtcgcet

CCtccttcca

ttcactggga

tggagtgact

acgcaaaact

ttcagactca

tcgcecttgteg

gggagcacda

aatctcttcce

ccgttgtaca

ataaggttcyg

tacattgcga

aacaatacat

gtgtaaatta

gttttgcaat

ccattttgga

ttgggaccgt

ttaaaaatag

caaagtaagg

ataattttca

aacacaatat

acatagtaat

Ctttatatgt

tcatgatgtt

tgaaaggcta

taacgtttca

aacaactaac

ctctcectegey

ttggtggcag

cctcaccggce

cagtccacgc

cccaggcecgc

CCCYCYYYcC

ctcggegegc

gatcgccgeg

cgtgctgcag

ttccaaccgy

US RE41,943 E

-continued

aattcatcta

tccaactcga

aacctgctaa

gatgttgtcc

tgcacacgca

atgagtcgca

gccecgtegecy

acgtcaggtt

tgcccttaga

cttgcagact

cacccgtaaa

atattatcat

tgcgtaaaat

tgtttetgat

tgaaaaaacg

ctagacacga

acgacaaagc

cacgatttaa

tctcttcaaa

atatatatat

atattttaaa

gtcgtgetty

cctaggtttt

actcgaaaaa

ttcgtgtceca

tccggeccgce

cccagatctg

gcagcegagag

tcccageccey

caccaaccdgdc

ccgccctacc

accgtgtcecgce

cocgocagecce

CCygCcCydygCcdy

cccatcaagyg

atcctcctgc

atatttcatc

aaggatcaaa

caccctgcaa

acaagacacg

catcagtttc

gccgcatcgt

tcgecttgeg

attttgctga

ctcttecegtce

tacatataag

tattcgatga

tgatcttagt

tcgaggacca

CLtcctcata

gaaaacaacyg

cctaaaaata

acaacacgat

aacccaataa

aaaatgttat

attaatatat

Cattttctct

aaccgacacg

aatattaaga

aaaatgaatg

gtgtgcacac

cggatgcgcc

ctactagacg

cttgccegttce

CtLtcCctatttc

gaggcgaacc

aaccatcggc

tggacctcgce

gccceccocgecgt

cdycagcygycC

agatctccgyg

tcgceccgecct

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

30



gtccgaggtyg
tttgcectgtce
tgtcgcatgc
aatcggtacc
gcctgtactce
caaccttatg
catgataaac
aactagcatc
aacataacaa
aacagtggtt
gactcttggt
tggtggaaag
tggaactgca
tgtttecctet
ctagtggctt
aatgagggag
tgattgtttc
tggtggcaag
ttgtcgagcet
caaaatatcc
gtttatcaaa
gtttttagca
catcagcagt
ggagattgaa
gatggagcgt
gggaggtcaa
cagttttcag
atcattgcag
atatagtcag
atacagagga
gactcgtagc
ttttetgtygy
tatgtcgtta
gttagtggtt
gcctatgtty
ggagggactyg
ctggtgctac
ataacattat

ccttacaaat

ggdgagcgaayg

agcgattttyg

gaataccatg

ctagctctcet

gcaaaagcta

ggctactcgt

aaatttgggc

agtggagcac

attaacttct

aatacttgtt

gataacctgt

ctctetgtey

ttcccagttyg

atgcggccat

CLLEtCctctct

atggtgtatt

agacccattyg

cttggcactyg

gttagctact

tttgcattty

tacaaatggt

ttaatttcca

ttaattagct

cagtacttga

atcattgata

tttggtgtga

aaatacaagt

Ctttccaaac

ggaaaaacta

tctattggag

caaccatgta

tgcttggcat

ccctcectatga

tgcaacatgc

ccctaaacga

aaggtgatgc

tgactgtgga

aataactgct

catctgcaaa

ttgctgaaac

gttacatgga

31

gtgcttgctyg
gattctcggt
ctaatttgtc
ggtgtaaata
tcttgtgaty
gcaaagaact
ggacgatcct
taatgacgat
gcttattaat
tgaacagtga
aagcggacaa
aggattctaa
tgacagcagc
acaatacttyg
ggtttttgaa
gcgacttggt
actgcccacc
aagggccaca
taaggaaagc
catccctaac
tcttetgggy
cttacaattyg
gtgccttget
aattaatctc
aagcagagca
aagctctgta
agtcgcatca
gtactgagta
tcaagagcgt
tactattgaa
ggataccttc
tgtgtgaacc
ttcceccttage
aaccttgttt
ctcaagcgca
aggttgtggc
CtCgtctttt
tgtcaaatag

ctcagggtga

ccgagactag

cgctgocctyg

gtaatccatc

tagtagtttg

aacactagaa

gcatgctgtc

cgccctcaag

ttacgttgtt

ttcacaacaa

tatatgtttt

ggatgtccac

agctgccaaa

agaggaagtyg

tgttactget

ctggagttag

cttcagttac

tgtcggattyg

tgttegtgtc

tgttacattc

attgattgat

tagcaaacaa

cattgcctgt

ttatgttcta

gatggctgct

cattccctac

ttctgatagc

atgtatttca

atatttgaat

ttttgactgt

gaaccgaaat

acttggttta

ttatctttag

tgcttctcta

catttgtact

ttctttgcaa

agctatttet

accaccagtt

tggtttcagc

acatacttag

tgtgaagttt

cgtaactgtt

US RE41,943 E

-continued

tctcactget

tcacgatcag

tatacggatt

aattggatgt

tcttettggt

ggttgatctt

Cttaacaaac

aaaaaggtaa

ttaatctttyg

tacatgctcg

agagctgtag

cagctcttcet

gctggtggaa

tatgaaaccc

gtgcttgatyg

aagcagcttyg

aatggaatcg

ttctgtaaat

ctgaatttga

tgaagtaata

tttctagtcet

caggtcaagc

cctttggcetce

gtcgaaatga

tgggacagat

ctactttgat

agatgcactg

aaattatttt

agccagttaa

taagagaatc

gaaaagacac

ttgctttaga

gaaatcagtt

tcaacaggtc

tggﬂtggtgﬂ

tgcaggtaaa

attgttctca

gtgaattcat

gctgaggtac

actggcccac

acctaaatgt

atgcaccgca

aatattgata

tcccctatcg

gtttggtgaa

atgccatcgt

tttgtcagaa

cctcgcectact

atcaggggac
gggccttgag
ttgttggcty
tggggaatgc
atgcaacgta
atgggtatgt
gagtaccaag
gtgcagatgt
gagggctacc
ggtacaacta
tgctacacca
cttggcatgt
aatagcattt
tgtctggcetce
ttggggatgt
cattgagatt
tctacattaa
gccaatgttt
tagaaaaaaa
accagtcgga
ttatcccatt
taggtagctg
Ctgatttttt
aggatatatc
tcataagttc
ccctaaaaat
tgcaattact
gatttcttygg
gagtcactaa
gtaaccgttt
tggagatgat

cgocygygygaycc

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560
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atttgggagg

catgactctt

aacattctca

attggctcgt

cgacygdgadgc

gctcgetgec

tccacagctyg

gaagctgaac

ccttgecgec

cttccececgac

ctaccacgca

Cgttttttct

CCLLctatttc

gttggaataa

taggagatgg

aatagtgaag

agaagctaaa

ctttgagtcet

atgttactat

acatgcctaa

gtcatctaca

CLLCtcaatc

cagtattttyg

atggcctaag

cgttgatatc

<210>

<211l>
<212>

aaacacctca

gctgtggttyg
gccctacaac
tggcagtgge
taaccaaggt

tcttagecggc

ggagcatctyg
gtgacggcga
tgtgccgagyg
tacttcgatg
gcttgattga
ctttcacggg
ggatcttaag
taagaataat
cattagacat
ttatttttta
gttagggttt
catttaacta
ggtgccttcet
atcatctcaa
ggataggacc
aagcaaccta

tctctataaa

gatcattgaa

SEQ ID NO 6
LENGTH:
TYPE:

6010
DNA

33

aggcgattga
ccectetttge
catgcctctt
ttcctggaga
aaggctacat
ttgcctgecygg
ttgaggaagg
tcgacacgta
tcceccecgtgac
tgctgagcac
agtgataggc
attaagtttt
tttgtgcact
aaattacgtt
tcatcatcaa
gtcctaaaca
agacatgtgg
cctctacaca
tatcccactg
tcaacgatygg
ttgagaatat
ttggcttgac
ttgcagctac

aggcatctta

<213> ORGANISM: Zea mays

<220>

FEATURE:

«221> NAME/KEY: misc feature

222>

LOCATION:
<223> OTHER INFORMATION:

(2886) ..(2886)

tgtcaacatyg

cgatggcccy
ctacatcact
gtaaaggaga
acttcacatyg
tcgctecatc
gccggactac
cgacgaccac
catccgggac
tttcgtcaag
ttgtgctgag
gagtctgtaa
gtaagccaaa
tcagtggctyg
caacaataaa
agttgcatta
atattgtttct
taccaacttt
agcattggta
acaatctttt
gtgtccgtca
tttaattcgt
aacagtcaga

gcaatgtcta

2886 as compared to SEQ ID NO: b5

220>

FEATURE:

«221> NAME/KEY: misc feature

<222

LOCATION:
<223>» OTHER INFORMATION:

(2897)..(2897)

2897 as compared to SEQ ID NO: 5

<4 00>

atcgattgca

ctcggcaagy

ctctceectcet

caatttatac

cacaggacac

agactcaggc

SEQUENCE: 6

accttcaaat

aaatcttcta

ggttcegtttyg

aggagcatat

gcacaggaca

acacgcacat

tctettegat

acgtgtaaac

acattgtgga

cctcatgcac

cgcaaacagt

caaatcacct

CCtccttcca

ttcactggga

tggagtgact

acgcaaaact

ttcagactca

tcgcecttgteg

US RE41,943 E

-continued

aacaagatgc

acagccatca

acttgacaag

ccgagaggat

tctcacgtcg

ctcggttget

tgcatcatca

aggatggcca

cctgggtgca

aattaataaa

gaaatacatt

cgttagttgt

Cttcatttca

tcaagcctgce

accttttagce

ggatatagtt

ccatgtatag

agtttttttt

tatttagagg

cttcgattga

atagctaacc

accggettet

acggctggcet

aaattattac

aattcatcta

tccaactcga

aacctgctaa

gatgttgtcc

tgcacacgca

atgagtcgca

ctgatgtcgc
gagacggtaa
actaaaaact
ggttgcgatc
Cctttccata
gtctgtgttt
cgccecgcoccgga
tggccttcetce
cccggaagac
gcgtgcegata
CCCLLCEgttLtcC
ttgtagcaag
agagtggttc
tgctacgttt
ctcaaacaat
aaaacacaaa
catgttcttt
ctacctcttc
tttttgttga
gctgaggtac
ctctactaat
actacttcta
ttaaaatcaa

cttctctaga

atatttcatc
aaggatcaaa
caccctgcaa
acaagacacg
catcagtttc

gccgcatcgt

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6010

substituting thymine for c¢ytosine at position

substituting thymine for c¢ytosine at position

60

120

180

240

300

360

34



acaatggcga

adacgdacydddy

gatggcagta

accaactcac

gtatagttgc

aatattagta

atCctCcCtttt

aaacattggc

CECEtCcttgct

ctggtctact

gtagtctaaa

tagatgtgtc

ataatatttt

agaaatcatt

atatatatca

ttcttgtata

atataatcat

gacggtctat

taatcacggc

ttgtggaaaa

cacctacttce

gcaccgctgce

CtCtcCctctca

ttCCtCCCCg

daaccaaccc

gtcggcaatyg
cgcgecgteg
ccgegggcetyg
ggcggceggtyg
caccgtcaag
gtccgaggtg
tttgcctgte
tgtcgcatgce
aatcggtacc
gcctgtactce
caaccttatg
catgataaac
aactagcatc
aacataacaa

aacagtggtt

ttttaccgac

agcgatctct

tacagacggc

Ctagattttt

ataataatcg

cacaatatta

gctcctegta

tagaaaaata

tataaagttt

tgtaaatttyg

acatagtctyg

gtgttttgac

aatggttatt

gatacttagt

attttaagtc

Cttttaaaat

cggttcegecy

attaactcaa

ccgtectgga

ggaagacgaa

CCCCthCCC

agcgcegtegt

gttgtcaggt

accccgtygca

actctcccecca

gcggecatgg

cgoccogecacc

nggﬂgﬂﬂtg

caggcgggtg

ctgccggggt

agcgattttyg

gaataccatg

ctagctctcet

gcaaaagcta

ggctactcgt

aaatttgggc

agtggagcac

attaacttct

aatacttgtt

gataacctgt

35

gataaggcat
cccttcecattt
aaagttaatg
acaacggaac
ccttatgetg
aataagaacg
gaacaattct
cctaaaatca
tccaaaagta
gtagtgacat
acacgatgcc
cgacacgaca
ttatgttcca
tgaatatcct
actttgctag
acacatcagt
tacttctaga
aactatttcg
ttcgagattc
gaaaaaaacc
ctctcatggt
gtcgeggggy
cctaggctcea
ggtggcagtc
accccgegceg
cgaccaaggc
accgcccgag
ggcgcagegt
ccgaggagat
ccaagtcgct
gtgcttgctyg
gattctcggt
ctaatttgtc
ggtgtaaata
tcttgtgatyg
gcaaagaact
ggacgatcct
taatgacgat
gcttattaat

tgaacagtga

gygagcacgda

aatctcttcc

ccgttgtaca

ataaggttcyg

tacattgcga

aacaatacat

gtgtaaatta

gttttgcaat

ccattttgga

ttgggaccgt

Ctaaaaatag

caaagtaagg

ataattttca

aacacaatat

acatagtaat

Ctttatatgt

tcatgatgtt

tgaaaggcta

taacgtttca

aacaactaac

ctctectegey

ctggtggcag

cctcaccggce

cagtccacgc

cccaggecgc

CCCYCYYYcC

ctcggagegc

gatcgcocgceyg

cgtgctgcag

ttccaaccgy

cgctgcocctyg

gtaatccatc

tagtagtttg

aacactagaa

gcatgctgtc

cgccctcaag

ttacgttgtt

ttcacaacaa

tatatgtttct

ggatgtccac

US RE41,943 E

-continued

gccecgtegecy

acgtcaggtt

tgcccttaga

cttgcagact

cacccgtaaa

atattatcat

tgcgtaaaat

tgtttctgat

tgaaaaaacg

ctagacacga

acgacaaagc

cacgatttaa

tctcttcaaa

atatatatat

atattttaaa

gtcgtgcttyg

cctaggtttt

actcgaaaaa

ttcgtgtceca

tccggeccge

cccagatctg

gceagcgagayd

tcccageccey

caccaaccydc

ccgccctacc

accgtgtcecgce

cocgocagecce

CCCCygygCcydy

cccatcaagyg

atcctcectgc

tctcactget

tcacgatcag

tatacggatt

aattggatgt

tcttettggt

ggttgatctt

tttaacaaac

aaaaaggtaa

ttaatctttg

tacatgctcg

tcgecttgeg

attttgctga

ctcttecegte

tacatataag

tattcgatga

tgatcttagt

tcgaggacca

CCtcctcecata

gaaaacaacyg

cCctaaaaata

acaacacgat

aacccaataa

aaaatgttat

attaatatat

Cattttctct

aaccgacacg

aatattaaga

aaaatgaatg

gtgtgcacac

cggatgcgcec

ctactagacg

cttgcegtte

CtLtcCctatttc

gaggcgaacc

aaccatcggc

tggacctcgce

gccceccocgocgt

cggcaygCcygycC

agatctccgyg

tcgeccgecct

acctaaatgt

atgcaccgca

aatattgata

tccectatcyg

gtttggtgaa

atgccatcgt

tttgtcagaa

cctcgctact

atcaggggac

gggccttgag

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

36



gactcttggt

tggtggaaag

tggaattgca

tgtttcctet

ctagtggctt

aatgagggag

tgattgtttc

tggtggcaag

ttgtcgagcet

caaaatatcc

gtttatcaaa

gtttttagca

catcagcagt

ggagattgaa

gatggagcgt

gggaggtcaa

cagttttcag

atcattgcag

atatagtcag

atacagagga

gactcgtagce

ttttetgtyy

tatgtcgtta

gttagtggtt

gcctatgttyg

ggagggactg

ctggtgctac

ataacattat

ccttacaaat

ggdgagcgaayg

atttgggagg

catgactctt
aacattctca

attggctcecgt

cggacyggagc

gctcgetgcec

tccacagctyg

gaagctgaac

ccttgecgec

cttccccgac

ctctectgteyg

ttcccagttyg

atgcggtcat

CCLLEtCctctct

atggtgtatt

agacccattyg

cttggcactyg

gttagctact

tttgcatttyg

tacaaatggt

ttaatttcca

ttaattagct

cagtacttga

atcattgata

tttggtgtga

aaatacaagt

Ctttccaaac

ggaaaaacta

tctattggag

caaccatgta

tgcttggcat

ccctctatga

tgcaacatgc

ccctaaacga

aaggtgatgc

tgactgtgga

aataactgct

catctgcaaa

ttgctgaaac

gttacatgga

aaacacctca

gctgtggttyg

gccctacaac

tggcagtggc

taaccaaggt

tcttagcggc

ggagcatctg

gtgacggcga

tgtgccgagy

tacttcgatyg

37

aagcggacaa
aggattctaa
tgacagcagc
acaatacttyg
ggtttttgaa
gcgacttggt
actgcccacc
aagggccaca
taaggaaagc
catccctaac
tcttetgggy
cttacaattyg
gtgccttgcet
aattaatctc
aagcagagca
aagctctgta
agtcgcatca
gtactgagta
tcaagagcgt
tactattgaa
ggataccttc
tgtgtgaacc
ttcccttage
aaccttgttt
ctcaagcgca
aggttgtggc
CtCgtctttt
tgtcaaatag
ctcagggtga
ccgagactag
aggcgattga
ccetetttge
catgcctcett
ttcctggaga
aaggctacat
ttgcctgegy
ttgaggaagg
tcgacacgta
tccceccgtgac

tgctgagcac

agctgccaaa

agaggaagtg

tgttactget

ctggagttag

cttcagttac

tgtcggattyg

tgttegtgtc

tgttacattc

attgattgat

tagcaaacaa

cattgcctgt

ttatgttcta

gatggctgct

cattccctac

ttctgatagc

atgtatttca

atatttgaat

ttttgactgt

gaaccgaaat

acttggttta

ttatctttag

tgctteteta

catttgtact

ttctttgcaa

agctatttet

accaccagtt

tggtttcagc

acatacttag

tgtgaagttt

cgtaactgtt

tgtcaacatyg

cgatggcccy

ctacatcact

gtaaaggaga

acttcacatg

tcgctccatc

gccggactac

cgacgaccac

catccgggac

tttcgtcaag

US RE41,943 E

-continued

agagctgtag
cagctcttcet
gctggtggaa
tatgaaaccc
gtgcttgatyg
aagcagcttyg
aatggaatcg
ttctgtaaat
ctgaatttga
tgaagtaata
tttctagtet
caggtcaagc
cctttggcetce
gtcgaaatga
tgggacagat
ctactttgat
agatgcactg
aaattatttc
agccagttaa
taagagaatc
gaaaagacac
ttgctttaga
gaaatcagtt
tcaacaggtc
tggctggtgce
tgcaggtaaa
attgttctca
gtgaattcat
gctgaggtac
actggcccac
aacaagatgc
acagccatca
acttgacaag
ccgagaggat
tctcacgtcg
ctcggttget

tgcatcatca

aggatggcca

cctgggtgcea

aattaataaa

ttgttggctg

tggggaatgc

atgcaacgta

atgggtatgt

gagtaccaag

gtgcagatgt

gagggctacc

ggtacaacta

tgctacacca

cttggcatgt

aatagcattt

tgtctggctce

ttggggatgt

cattgagatt

Cctacattaa

gccaatgttt

tagaaaaaaa

accagtcgga

Ctatcccatt

taggtagctg

Ctgatttttt

aggatatatc

tcataagttc

ccctaaaaat

tgcaattact

gatttcttgg

gagtcactaa

gtaaccgttt

tggagatgat

cgcgygygagycc

ctgatgtcgce

gagacggtaa

actaaaaact

ggttgcgatc

CCcLttccata

gtctgtgttt

cgccocgecgga

tggccttctce

cccggaagac

gcgtgcgata

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

38



ctaccacgca
Cgttttttct
Cttctatttce
gttggaataa
taggagatgg
aatagtgaag
agaagctaaa
ctttgagtct
atgttactat
acatgcctaa
gtcatctaca
CLttttcaatc
cagtattttg
atggcctaag
cgttgatatc
<210>
<211>

<212>
<213>

gcttgattga
ctttcacggg
ggatcttaag
taagaataat
cattagacat
tCLatttttta
gttagggttt
catttaacta
ggtgccttcet
atcatctcaa
ggataggacc
aagcaaccta
tctctataaa

gatcattgaa

SEQ ID NO 7
LENGTH :
TYPE :
ORGANISM: Arabidopsis thaliana

521
PRT

39

agtgataggc
attaagtttt
tttgtgcact
aaattacgtt
tcatcatcaa
gtcctaaaca
agacatgtgg
cctctacaca
tatcccactg
tcaacgatygg
ttgagaatat
ttggcttgac
ttgcagctac

aggcatctta

ttgtgctgag

gagtctgtaa

gtaagccaaa

tcagtggctyg

caacaataaa

agttgcatta

atattgtttt

taccaacttt

agcattggta

acaatctttt

gtgtccgtca

tttaattegt

aacagtcaga

gcaatgtcta

US RE41,943 E

-continued

gaaatacatt

cgttagttgt

Cttcatttca

tcaagcctgce

accttttagce

ggatatagtt

ccatgtatag

agtttttttt

tatttagagg

cttcgattga

atagctaacc

accggcttet

acggctggcet

aaattattac

CCCLLLtgttc

ttgtagcaag

agagtggttc

tgctacgttt

ctcaaacaat

ddddcacdad

tatgttcttt

ctacctcttce

tttttgttga

gctgaggtac

ctctactaat

actacttcta

ttaaaatcaa

cttctcectaga

<4 00>

SEQUENCE :

Met Ala Ser Ser

1

Ala

Ala

Ser

ATrg

65

Glu

Pro

Ser

ASh

Hig

145

Pro

Ala

Gly

Pro

Ser

Val

Trp

50

Pro

Ile

Gly

Glu

Tyr

130

Ser

2la

Gly

Agn

Ile
210

Ser

Gln

35

Gly

Val

Val

Ser

Gly
115

Met

Glu

Ser

Tle

Ala

195

Gly

Ser
20
Ile

Leu

Leu

Lys

100

Thr

Leu

Agn

Ile

Ala

180

Ser

ASP

7

Leu
5
Phe

Ser

Val

Gln

85

Ser

Thr

AsSp

AsSn

Asp

165

Met

Leu

Thr

Leu

Leu

ATrg

70

Pro

Leu

Val

Ala

ATrg

150

Ser

ATrg

Val

Val

Ser

Pro

Hig

Ser

55

Ala

ITle

Ser

Val

Leu

135

Ala

Ser

Leu

Val
215

Ser

Ser

40

ASDP

Ser

ATy

Agn

ASP

120

Val

Ser

Leu

ASP

200

Gly

Ser

Glu

25

Gln

Leu

Val

Glu

ATrg

105

Agn

Tle

Val

ASP

Thr
185

Gly

Leu

Tle

10

Leu

Thr

Met

Ser

Ile

50

Tle

Leu

Leu

Glu

Ile

170

2la

Val

Leu

ATrg

AYg

Leu

Thr

75

Ser

Leu

Leu

Gly

Gly

155

Glu

Ala

Pro

Gln

Gly

AYg

AsSn

60

Ala

Gly

Leu

Asn

Leu

140

Leu

Val

ATYg

Leu
220

Leu

Asn

45

Gly

Glu

Leu

Leu

Ser

125

Agh

Gly

Thr

Met
2065

Gly

Thr
Ser
30

Phe

Ser

Ile

Ala
110

ASP

Val

Gly

Leu

Ala

120

ATrg

Ala

Lys

15

Ser

ATrg

Glu

2la

Lys

55

2la

ASP

Glu

Val

Gly

175

2la

Glu

ASP

Pro

Pro

Gln

Tle

Ser

80

Leu

Leu

Ile

Thr

Phe

160

Agn

Gly

ATrg

Val

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6010

40



Glu

225

Gly

Gln

Val

Met

Glu

305

Pro

Leu

Gly

Gly
385
Val

Ala

ATrg

Pro
465

ATrg

Thr

Gln

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

<4 00>

Glu

Thr

290

Ser

Gly

2la

Thr

Met

370

Pro

Agn

Leu

Val

Leu

450

Pro

Met

Tle

Val

Thr

Leu

Leu

Ile

275

Leu

Trp

Agn

Gly

Thr

355

Gly

Ser

Met

Phe

Lys

435

Gly

Ala

AgSh

Leu
515

Leu

Pro

Thr
260

Glu

ASDP

Ala

Ala

340

Ser

ATg

Agn

Ala

420

Glu

Ala

Met

ASP
500

Glu

SEQUENCE :

Met Ala Gln Val

1

Ile

Ser

Trp

Pro
65

Ser

Leu

Gly
50

Leu

Agn

Lys
35

Leu

Leu
20

Thr

Lys

Val

Gly

Gly

245

Ala

Ile

Leu

Tyr
325
Ala

Leu

Asp

Lys

405

Asp

Thr

Thr

Vval

Ala

485

Pro

Arg

SEQ ID NO 8
LENGTH:
TYPE :

ORGANISM: Arabidopsis

520
PRT

8

Ser
5

Ser

Gln

Met

Thr

230

Gly

Leu

Val

Met

Phe

310

Val

Tle

Gln

Val

Ala

390

Met

Gly

Glu

Val

Lys

470

Phe

Gly

Tle

ATrg

Lys

Gln

Ser

Ser
70

41

Asn

Leu
Asp
Glu
295
Phe
Glu
Thr
Gly
Ser
375
Phe
Pro
Pro
Arg
Glu
455

Pro

Ser

Thr

Ile
Ser
His
Gly

55

Ser

Val

Met

Lys

280

Arg

Val

Gly

Gly

ASP

360

Trp

Gly

ASP

Thr

Met

440

Glu

Ala

Leu

Thr

Lys
520

thaliana

Ser

Pro

40

Met

Val

Pro

Ala
265

Leu

Phe

ASP

Glu

345

Val

Thr

Met

Val

Thr

425

Tle

Gly

Glu

Ala

Arg

505

His

ASn

Gln
25
Arg

Thr

Ser

Pro

Leu

250

2la

Ile

Gly

Gly

ala

330

Thr

Glu

ala

410

Tle

2la

Ser

Tle

2la
490

Gly

10

Arg

2la

Leu

Thr

Val

235

Ser

Pro

Ser

Val

Gly

315

Ser

Val

Phe

AgSn

His

395

Met

Arg

ITle

ASDP

ASp

475

Thr

Val

ITle

Ala
75

US RE41,943 E

-continued

Arg Val Asn Ala

Gly

Leu

Val

Ser

300

Gln

Ser

Thr

Ala

Ser

380

Leu

Thr

ASD

Tvr
460
Thr

Ala

Phe

Gln

Ser

Pro

Gly

60

Glu

Ser

Ala
Pro
285

Ala

Ala

Vval

Glu

365

Val

Arg

Leu

val

Thr
445

Asp

Pro

ASn

Pro

Tle
45

Ser

Ile
Leu

270

Glu

Ser

Glu

350

Val

Thr

Ala

Ala

Ala

430

Glu

Val

ASP

Val

ASP
510

Pro

Leu

30

Ser

Glu

Ala

Ser
255
Gly

Val

His

Tyr

335

Gly

Leu

Val

Tle

Val

415

Ser

Leu

Ile

ASpP

Pro
495

Ser

15

Ser

Ser

Leu

Ser

Agn

240

Ser

ASp

Glu

Ser

Ser

320

Phe

Glu

Thr

ASp

400

Val

Trp

Thr
His
480

Ile

Phe

Leu

Val

Ser

ATrg

Glu
80

42



Tle

Gly

Glu

Ser

145

Ala

Gly

Agn

Tle

Cvs

225

Gly

Glu

Thr

Ser
305

Gly

Ala

Thr

Met

Pro

385

Asn

Leu

Val

Leu

Pro

465

Met

Val

Ser

Gly

Met

130

Glu

Ser

Ile

2la

Gly

210

Thr

Leu

Leu

Tle

Leu

290

Trp

Agn

Gly

Thr

Gly

370

Pro

Met

Phe

Gly
450

2la

Leu

Thr

115

Leu

Agn

Tle

Ala

Ser

195

ASP

Leu

Pro

Thr

Glu

275

ASP

Ala

Ala

Ser

355

Arg

Agn

Ala

Glu

435

Ala

Met

Gln

Ser

100

Thr

ASP

Agn

ASDP

Met

180

Leu

Gly

Gly

Ala

260

Tle

Leu

ATJg

Ala
240

Leu

ASP

420

Thr

Thr

Val

Ala

Pro
85

Leu

Val

Ala

Arg

Ser

165

ATy

Val

Val

Thr

Gly

245

Leu

Vval

Met

Phe

Val

325

Tle

Gln

Val

2la

Met

405

Gly

Glu

Val

Phe
485

Tle

Ser

Val

Leu

Ala

150

Ser

Leu

Val

ASh

230

Leu

ASpP

Glu

Phe
210

Glu

Thr

Gly

Ser

Phe

390

Pro

Pro

ATrg

Glu

Thr

470

Ser

43

Arg
Asn
AsSp
Lys
135
Val
Ser
Leu
AsSp
Gly
215

Val

Met

Arg
295

Val
Gly
Gly
AsSp
Trp
375
Gly
AsSp
Thr
Met
Glu
455

Ala

Leu

Glu

ATrg

Agn

120

ATy

Val

ASP

Thr

Gly

200

Leu

Pro

Ser

Leu
280

Phe

ASP

Glu

Val

360

Thr

Met

Val

Thr

Tle

440

Gly

Glu

Ala

Tle

Ile
1085

Leu

Leu

Glu

Tle

Ala
185

Val

Pro

Leu

Ala
265

Tle

Gly

Gly

Ala

Thr

345

Glu

Arg

Ala

Ile

425

Ala

Ser

Ile

Ala

Ser

50

Leu

Leu

Gly

Gly

Glu

170

ala

Pro

Gln

Val

Ser

250

Pro

Ser

Val

Gly

Ser

330

Val

Phe

Agn

His

Met

410

Arg

Tle

ASp

ASpP

Cys
490

Gly

Leu

Agnh

Leu

Cys

155

Leu

Val

ATrg

Leu

Arg

235

Gly

Leu

Val

Ser

Gln
315

Ser

Thr

Ala

Ser

Leu

395

Thr

ASDP

Thr
475

Ala

US RE41,943 E

-continued

Leu Ile Lys Leu

Leu

Ser

Asn

140

Gly

Thr

Met

Gly
220

Val

Ser

Ala

Pro

Val
300

Ala

Val

Glu

Val

380

ATYg

Leu

Val

Thr

Cys

460

ASD

Ala

Asp

125

Val

Gly

Leu

Ala

Arg

205

Ala

Agh

Tle

Leu

Tyr

285

Glu

Tvr

Ser

Glu

Val

365

Thr

Ala

Ala

Ala

Glu

445

Val

Asp

val

Ala

110

ASP

Glu

Tle

Gly

Ala

120

Glu

ASP

Ala

Ser

Gly
270

Val

His

Gly

350

Leu

Val

Tle

Val

Ser

430

Leu

Tle

ASP

Pro

55

Leu

Tle

Thr

Phe

Agn

175

Gly

Arg

Val

AgSh

Ser

255

ASP

Glu

Ser

Ser

Phe

335

Glu

Thr

ASpP

Val

415

Trp

Arg

Thr

Hig

Tle
495

Pro

Ser

Agn

ASpP

Pro

160

Ala

Gly

Pro

Glu

Gly

240

Gln

Val

Met

ASp

Pro
320

Leu

Gly

Gly
Val
400

b2la

ATrg

Pro

ATrg
480

Thr

44



45

Ile Asn Asp Pro Gly Cys Thr

500

Val Leu Glu Arg Ile Thr Lys

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

<4 00>

515

SEQUENCE :

Met Ala Ala Met

1

Leu

Pro

Tle

Ala

65

Ala

ASP

Glu

Lys

145

AsSn

Gly

ATrg

Val

Tle

225

Ser

ASpP

Glu

Ser

Ser

305

Phe

2la

ala

2la

50

Glu

Leu

Leu

Val

Ala

130

Phe

ala

Gly

Pro

ASpP

210

Gly

Gln

Val

Met

ASpP

290

Pro

Leu

Gly

Ala

ATg

35

Ala

Glu

Pro

Ser

His

115

ASP

Pro

Gly

Agn

Tle
195

Glu
Thr
275

Ser

Ala

Thr

Pro

20

Pro

Pro

Tle

Gly

Glu
100

Val

Ile

Ala

180

Gly

Phe

Leu

Leu

Tle

260

Leu

Trp

Agn

Gly

Thr
240

SEQ ID NO ©
LENGTH :
TYPR:
ORGANISM: Zea mavys

506
PRT

5

Ala

5

Ser

Ala

Pro

Val

Ser

85

Gly

Met

Ala

Glu

Ala

165

Thr

AsSp

Leu

Pro

Ser

245

Glu

Asp

2la

2la
325

Ser

Thr

ATrg

Val

Ala

Leu

70

Thr

Leu

Ala

ASpP

150

Met

Leu

Gly

Gly

230

Ala

Tle

Leu

ATg

Tyr

310

Ala

Leu

Arg

Arg

bAla

55

Gln

Ser

Thr

Gly

Lys

135

Ser

Arg

Val

Val

Thr

215

Gly

Leu

Tle

Met

Phe

295

Val

Tle

Gln

US RE41,943 E

-continued

Arg Lys Thr Phe Pro Asp Tyr Phe Gln

Hig
520

Ala

His

Gly

40

Ala

Pro

Leu

Val

2la

120

Arg

Ser

Leu

Val

200

ASP

Leu

ASpP

Glu
280

Glu

Thr

Gly

505

Ala

His

25

Leu

Ala

Tle

Ser

Val

105

Leu

Ala

Glu

Leu

ASDP

185

Gly

Val

Met

Lys

265

ATrg

Ile

Gly

Gly

ASP
345

Ala
10

Arg

Arg

2la

AgSn
S0

ASp

Val

Glu

Thr

170

Gly

Leu

Pro

2la
250

Leu

Phe

ASp

Gly
330

Val

Gly

Pro

Ala

Ala

Glu

75

Arg

Agnh

Thr

Val

Val

155

Ala

Val

Pro

Leu

235

Ala

Ile

Gly

Gly

Ala

315

Thr

Thr

Ser

Pro

Ala

60

Tle

Tle

Leu

Leu

Val

140

Gln

Ala

Pro

Gln

Val

220

Ser

Pro

Ser

Val

Gly

300

Ser

Val

Phe

Val

Ser

Gly

45

val

Ser

Leu

Leu

Gly

125

Gly

Leu

Val

Arg

Leu

205

Arg

Gly

Leu

ITle

Lys

285

Gln

Ser

Thr

Ala

510

Ser

Ala

30

ATg

Gln

Gly

Leu

Agn

110

Leu

Phe

Thr

Met

120

Gly

Val

Ser

Ala

Pro

270

Ala

Ala

Val

Glu
250

Leu

15

ATrg

Arg

2la

Thr

Leu

55

Ser

Ser

Gly

Leu

ala

175

Arg

2la

Agn

Tle

Leu
255

Glu

Ser

Glu
335

Val

ASp

Pro

Val

Gly

Val

80

Ala

Glu

Val

Gly

Gly

160

Ala

Glu

ASp

Gly

Ser

240

Gly

Val

His

Tyr
320

Gly

Leu

46



Glu

Thr

ASpP

385

Val

Trp

Thr

Thr

Hig

4165

Val

Phe

Met

Gly

370

Val

2la

Arg

Pro
450
ATrg

Thr

ASp

Met

355

Pro

Agn

Leu

Val

Leu

435

Pro

Met

Tle

Val

Gly

Pro

Met

Phe

Lys

420

Gly

Glu

Ala

ATg

Leu
500

2la

Arg

AsSn

Ala

405

Glu

Ala

Met

Asp
485

Ser

Glu

Lys

390

ASpP

Thr

Ser

Leu

Ala
470

Pro

Thr

47

Val
Pro
375
Met
Gly
Glu
Val
Asn
455
Phe

Gly

Phe

Thr

360

Phe

Pro

Pro

Arg

Glu

440

Val

Ser

Val

Trp

Gly

ASP

Thr

Met

425

Glu

Thr

Leu

Thr

Lys
505

Thr

ATrg

Val

2la

410

Val

Gly

ala

2la

ATrg

490

AgSh

Glu

Ala

395

Ile

Ala

Pro

Ile

Ala
475
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Thr

His

380

Met

AYg

Tle

ASpP

ASP

460

Thr

Ser

365

Leu

Thr

Asp

Arg

Tyr

445

Thr

Ala

Phe

What 1s claimed 1s:

1. A method of making a glyphosate-resistant plant cell,
comprising:

(a) mtroducing a first DNA fragment mto a plurality of

regenerable plant cells, the first DNA fragment com-

prising a sequence selected from the group consisting
of SEQ ID NO: 2, SEQ ID NO: 4 and SEQ ID NO: 6;
and

(b) selecting from said regenerable plant cells a
glyphosate-resistant plant cell which 1s stably trans-
formed with the first DNA fragment.

2. The method according to claim 1, further comprising
introducing a second DNA fragment with the first DNA frag-
ment 1mnto said regenerable plant cells, wherein the second
DNA fragment comprises a sequence selected from the
group consisting of SEQ ID NO: 1, SEQ ID NO: 4 and SEQ
ID NO: 6, and the sequence of the first DNA fragment 1s
different from the sequence of the second DNA fragment.

3. The method according to claim 2, wherein the first
DNA fragment comprises SEQ ID NO: 2, and the second
DNA fragment comprises SEQ ID NO: 4.

4. A glyphosate-resistant plant cell made according to the
method of claim 3, which 1s stably transformed with said
first DNA fragment and said second DNA fragment.

5. A plant regenerated from the glyphosate-resistant plant
cell of claim 4.

Val

Lys

Leu

Val

Thr
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Glu

Pro

30

35
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50

Thr
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2la
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Glu

Tle

ASP

Val

ASP
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Val

Ile

Val

400

Ser

Leu

Tle

ASpP

Pro

480

Tyr

48

6. A regenerable, glyphosate-resistant plant cell compris-
ing an introduced, chromosomally mntegrated DNA sequence
which comprises a sequence selected from the group con-
sisting of SEQ ID NO: 2, SEQ ID NO: 4 and SEQ ID NO: 6.

7. The glyphosate-resistant plant cell according to claim
6, comprising another introduced, chromosomally integrated
DNA sequence, wherein said another introduced, integrated
DNA sequence comprises a sequence selected from the
group consisting of SEQ ID NO: 2, SEQ ID NO: 4 and SEQ
ID NO: 6.

8. The glyphosate-resistant plant cell according to claim
6, wherein the introduced, chromosomally 1ntegrated DNA
sequence comprises SEQ ID NO: 2, and wherein the plant
cell comprises another introduced, chromosomally 1nte-

grated DNA sequence which comprises SEQ 1D NO: 4.

9. A plant regenerated from the glyphosate-resistant plant
cell of claim 6.

10. A plant regenerated from the glyphosate-resistant
plant cell of claim 8.

11. An 1solated polynucleotide comprising the sequence
depicted 1n SEQ ID NO: 2.

12. An 1solated polynucleotide comprising the sequence
depicted 1n SEQ ID NO: 4.

13. An 1solated polynucleotide comprising the sequence
depicted 1n SEQ ID NO: 6.
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