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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 is introduced into 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 modi?ed plant genomic sequence, such as SEQ ID 
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 speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

TECHNICAL FIELD 

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

BACKGROUND 

Glyphosate is a Widely used component in herbicides. 
Glyphosate inhibits 5-enolpyruvyl-3-phosphoshikimic acid 
synthase (EPSP synthase, or EPSPS), Which is involved in 
the synthesis of aromatic amino acids in plant cells. Inhibi 
tion of EPSPS effectively disrupts protein synthesis and 
thereby kills the affected plant cells. Because glyphosate is 
non-selective, it kills both Weeds and crop plants. 
Accordingly, there is 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 US. 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 35S, rice actin 1, 
rice GOS2, maize polyubiquitin, or barley plastocyanin 
genes to a glyphosate-resistant EPSPS coding sequence in 
order to enhance the expression of the glyphosate-resistant 
EPSPS in transformed plant cells. 
No one has used a complete expression cassette of the 

EPSP synthase gene isolated 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 5' 
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 is suf 
?cient to provide glyphosate resistance is surprising. 
Moreover, the use of the native EPSPS 5' and/or 3' regulatory 
sequences simpli?es 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 (epml and epm2). The present 
invention includes use of one or both of mutated epml 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) is 
introduced into 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 transfor 
mation comprises a modi?ed plant genomic sequence. The 
unmodi?ed 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 is modi?ed to make the encoded EPSPS 
glyphosate-resistant. The DNA fragment comprising the 
modi?ed plant genomic sequence is stably transformed into 
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 
ferred 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 illustration only, not limita 
tion. Various changes and modi?cations Within the spirit and 
scope of the invention Will become apparent to those skilled 
in the art from the detailed description. 

DETAILED DESCRIPTION 

This invention relates to methods of making glyphosate 
resistant plants. In accordance With one aspect of the 
invention, a DNA fragment is introduced 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 5' regulatory sequence is 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 either linear or circular. Preferably, the DNA 
fragment used for transformation is a linear DNA fragment. 
A “coding sequence” encoding an EPSPS refers to a nucleic 
acid sequence transcription and translation of Which produce 
a functional 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 its 3, end. A coding 
sequence of EPSPS may be a cDNA, or a plant genomic 
sequence Which consists of all of the exons and introns 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 in 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 in 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 is 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 in 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. Preferably, the EPSPS 5' 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 in an EPSPS gene in 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 
elements, Wherein the elements are in a relationship permit 
ting them to operate in the expected manner. For instance, a 
5' regulatory sequence is operably linked to a coding 
sequence if 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 is not used by an EPSPS gene in 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 includes, 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/l 
or more glyphosate. Preferably, a glyphosate-resistant cell 
can groW and divide on a culture medium containing 100 

mg/l or more glyphosate, such as 200 mg/l, 300 mg/l or 400 
mg/l glyphosate. More preferably, a glyphosate-resistant cell 
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4 
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 effective form of N-phosphonomethylglycine 
(including any salt thereof) and other forms Which result in 
the production of the glyphosate anion in 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 after 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, v5 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 in a plant cell confers 
glyphosate resistance upon the plant cell. An EPSPS is 
“glyphosate-sensitive” if it does not confer glyphosate 
resistance When being expressed in 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 (GenBankAccession 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 epm1 
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 epm2 gene 
of 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 modi?ed 
EPSPSs, such as those described in Us. 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 in 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 into 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 in 
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 is 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 modi?ed plant genomic 
sequence that encodes a glyphosate-resistant EPSPS. With 
out modi?cation, the plant genomic sequence encodes a 
glyphosate-sensitive EPSPS. Modi?cations that are capable 
of converting a glyphosate-sensitive EPSPS to a glyphosate 
resistant EPSPS are knoWn in the art. 

In a preferred embodiment, the DNA fragment used for 
transformation is modi?ed from a plant genomic sequence. 
Before modi?cation, 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 obtained by fragmenting the 
genome of a plant of interest, or isolated from bacterial arti 
?cial 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 is then subject to nucleotide modi?cation(s) to ren 
der the encoded EPSPS glyphosate resistant. Suitable modi 
?cations for this purpose, such as nucleotide substitutions, 
are Well knoWn in the art. The DNA fragment comprising the 
genomic sequence thus modi?ed can be stably transformed 
into glyphosate-sensitive recipient plant cells. These trans 
formed plant cells are selected for glyphosate resistance and 
then used to regenerate glyphosate-resistant plants. 

The recipient plant cells are regenerable. They can be 
derived from immature embryos or meristematic tissues 
Which contain cells that have not yet terminally differenti 
ated. Juvenile leaf 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 5' 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 modi?ed 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 transfer, PEG 
or liposome mediated DNA transfer, electroporation, micro 
injection, microprojectile or particle bombardment, 
receptor-mediated DNA transfer, and viral or other vector 
mediated DNA transfer. Preferably, transformation is carried 
out using aerosol beam injection as described in US. patent 
application Ser. No. 09/450,226, Which is 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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6 
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 con?rm 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 leaf and root assays, or 
analysis of the phenotype of the Whole regenerated plant, 
can be used to con?rm stable transformation. 

Plants can be regenerated from 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 invention. 
The glyphosate-resistant EPSPS coding sequence can be 
derived from either monocotyledonous or dicotyledonous 
plants. The representative monocotyledonous and dicotyle 
donous plants used in 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 de?ned otherWise, all technical and scienti?c 
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 in 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 puri?cation and/or isolation steps are per 
formed according to the manufacturers’ speci?cations. The 
techniques and procedures are generally performed accord 
ing to conventional methodology disclosed, for example, in 
Molecular CloningA Laboratory Manual, 2d ed., COld Spring Harbor 
Laboratory Press, Cold Spring Harbor, NY. (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 modi?ca 
tions Within the spirit and scope of the present invention Will 
become apparent to those skilled in the art from the present 
description. 

EXAMPLE 1 

Preparation and Mutation of Arabidopsis Genomic 
Fragments Containing EPSPS Genes 

TWo bacterial arti?cial chromosome (BAC) clones, 
F27K7 and F4L23, Were obtained from the Arabidopsis Bio 
logical Resource Center, DNA Stock Center, at the Ohio 
State University. F27K7 and F4L23 contain the EPSPS 



US RE41,943 E 
7 

genes found on chromosome 1 and 2 of Arabidopsis 
thaliana, respectively. The F27K7 clone Was digested using 
Sac II and Bam HI restriction enzymes to produce a 4.7 kb 
fragment, the sequence of Which is shoWn as SEQ ID NO: 1. 
The 4.7 kb fragment comprises the complete EPSPS gene 
(epm1) found on chromosome Which includes an EPSPS 5' 
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 II vec 
tor (Stratagene), and tWo nucleotide substitutions Were intro 
duced into 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 is shoWn as SEQ ID NO: 2. The 
mutated sequence encodes a glyphosate-resistant EPSPS 
Which has, as compared to the EPSPS encoded by SEQ ID 
NO: 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 is shoWn as SEQ ID NO: 7. 
The pbluescript II vector containing SEQ ID NO: 2 is 
referred to as epm1 vector. 

The BAC F4L23 clone Was digested using Eco RI restric 
tion enZyme to produce a 5.2 kb fragment, the sequence of 
Which is shoWn as SEQ ID NO: 3. The 5.2 kb fragment 
comprises the complete EPSPS gene (epm2) from chromo 
some 2, Which includes an EPSPS 5 'regulatory sequence 
(the sequence before nucleotide 1515), and EPSPS coding 
sequence (from nucleotide 1515 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 II 
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 in 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 ID 
NO: 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 is shoWn as SEQ 
ID: 8. The pbluescript II vector containing SEQ ID NO: 4 is 
referred to as epm2 vector. 

EXAMPLE 2 

Transformation of Soybean 

The Barn HI/Sac II fragment (SEQ ID NO: 2) of epm1 
vector and the Eco RI fragment (SEQ ID NO: 4) of epm2 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
vector Were used to transform soybean embryogenic callus 
using an aerosol beam injector as described in US. patent 
application Ser. No. 09/450,226, Which is incorporated 
herein by reference. These fragments comprised mutant 
epm1 and mutant epm2 Which encode (putative) glypho sate 
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 ofB1-30 3Co5My0.01PA medium. 

TABLE 1 

Ingredients in 1 liter B1-30 3Co5My0.10PA Medium (pH 5.8) 

MS Salts* 4.43 g 
NaEDTA 37.3 mg 
2,4 dichlorophenoxyacetic acid 30 mg 
Phytagar 8 g 
Coconut Water 30 ml 
Myo-inositol 5 g 
Phytic acid 10 mg 

*Sigrna Plant Culture catalogue, reference M5519 

The tissue [Was] is then transferred to the same medium 
but noW containing 300 mg/l glyphosate. After a number of 
passages (up to 5 passages, each passage may last for about a 
month) on this latter medium, resistant clonal material may 
be identi?ed. After an optional further feW passages on 
B1-30 3Co5My0.01PA medium but containing 500 mg/l 
glyphosate, the groWing tissue [Was] is transferred to a 
regeneration media as described in US. patent Ser. No. 
09/450,226. Regenerated plants [Were] are transferred to 
pots in 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 of a corn EPSPS gene published in 
Genbank accession number X63374 by Incyte Genomics 
Inc. Four BAC clones Were identi?ed. 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 in identi?cation of a 6.0 kb 
genomic fragment ?anked by unique Cla I and Eco RV sites. 
The sequence of the 6.0 kb fragment Was shoWn as SEQ ID 
NO: 5. 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 into 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 ?rst 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 is 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 is shoWn as SEQ ID 
NO: 9. The mutated EPSPS is glyphosate-resistant. The 
pBluescript vector comprising SEQ ID NO: 6 is referred to 
as HCEM. 

10 
The beamed embryos Were then transferred to 

DN62A100RR a medium containing 100 mg/l 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/l (Table 3). 
After tWo 14-day passages on this medium, tissue Was 

?nally transferred to DN62540RR 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 US. patent appli 

cation Ser. No. 09/450,226. 

TABLE 3 

Egredients in 1 liter Culture Medium (pH 5.8) 

N6 Salts* 3.98 g 3.98 g 3.98 g 3.98 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 
Sucrose 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 

*Sigma Plant Culture catalogue, reference C1416 

EXAMPLE 4 

Transformation of Corn 

The Cla I and Eco RV fragment (SEQ ID NO: 6) of 
HCEM Was introduced into cultured immature corn embryos 

using an aerosol beam injector according to US. 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 DN62AOS20G medium for 5 

days. Table 2 shoWs the composition of DN62AOS20G 
medium. 

TABLE 2 

Ingredients in 1 liter Culture Medium (pH 5.8) 

DN62AOS20G DN62AOS20GLC 

N6 Salts* 3.98 g 3.98 g 
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 
Silvernitrate 10 mg 10 mg 
Cefotaxime 0 mg 50 mg 

*Sigma Plant Culture catalogue, reference C1416 

35 

40 
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50 
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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 in US. patent appli 

cation Ser. No. 09/203,679, Which is herein incorporated by 
reference. Brie?y, after culturing on DN62AOS20GLC 

(Table 2) for ?ve days, co-cultivated embryos [Were] are 
transferred to DN62ALC180RR medium Which contains 

180 mg/l 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 allow contin 
ued groWth on 540 mg/l glyphosate. Regeneration [Was] is 
carried out as described in US. Ser. No. 09/203,679. 

Resistance to glyphosate in regenerants [Was] is con 

?rmed 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. 



11 
US RE41,943 E 

12 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 9 

SEQ ID NO 1 
LENGTH: 

TYPE: 

4706 

DNA 

<2l3> ORGANISM: Arabidopsis thaliana 

Ccgcggtggc 

aagaatcacg 

gtgttaccgc 

accttcccgt 

gcttggatgg 

cgataatcta 

gttttggtgt 

cgatggctca 

tcctacttca 

cttcaaagct 

tggtcttttt 

cagcttcgtt 

tattaaatcc 

tatatctaca 

ctcaaacgag 

cagtttaagt 

ttggtttaag 

atggaacaaa 

aatggtcgaa 

ctatatcact 

tacccctaaa 

tttgagtctt 

tcggatgcac 

ctcccgccgt 

attcttttca 

atttgaatct 

tgagattcgt 

tgtgcttcaa 

ctctaatcga 

tttCttCCtt 

tgtgcttata 

catgcttgat 

tgctgtagtt 

cgaactttac 

SEQUENCE: 1 

ggcttggact 

gcgcgttatg 

cacgtggccg 

cggcgagttt 

gatgattagg 

tttttgtttt 

ctaaatatat 

atgccaattt 

ttttagtcca 

caaagatgat 

acagatagca 

gtagacagac 

aacaaaaaca 

cactactgaa 

aagtagaagt 

tggctctttt 

aaacctcaag 

caaactaaca 

ccataaccgg 

aacccacaca 

ccaactccaa 

ttgccttgga 

caaacccgct 

tcagatatct 

aaatttttag 

ctagggcagt 

cctgtgaagg 

cccattagag 

attctgcttc 

ctctgtactc 

tagggaacta 

gcgttgaaga 

gaaggatgtg 

ctcggcaatg 

caaccggaaa 

agaaaaatac 

gaggagaagc 

gatcttgccg 

acattccata 

aaataggaga 

gtagattttc 

agtcagataa 

tactagttca 

tcttttttta 

aacatataca 

ttgtagtcgt 

aattttcttc 

gaccaagaag 

ttttatggtg 

taactttgct 

cgattgcgat 

tatcggaaca 

tatggcccaa 

ttcttgcaga 

tttCtCtCCt 

atcctgatca 

tCttCttCtt 

ctccattcac 

atttgaagcc 

cgtggggatt 

ttagggcttc 

aaatctcggg 

tcgctgctct 

cgaatttaga 

ctgtagtgga 

tattgggact 

gcggggtatt 

caggaacagc 

caaaagtgtc 

agagctctgg 

tccttatgaa 

aggcgtggag 

actatggact 

aaacaaaaat 

tagtttctag 

gattatgctg 

ttttatctcc 

atgggccctc 

aattatggag 

tttcttcatt 

tgttgcttga 

taaacattag 

acttttgtat 

aacatatgcc 

tttgggtctt 

agcttggctt 

gatgttcatg 

aggttttaga 

cctctattaa 

tggcgtcttc 

ttcttccgtc 

aaaccaggaa 

tgtatctagc 

gaagaagagt 

tgtttccacg 

tctcattaag 

atctgaggta 

ttattaaaga 

caacttgttg 

taatgtggaa 

tccagcttcc 

aatgcgtcca 

gaaagtagcc 

gagattgtct 

tgtaggaagt 

actggtgatc 

gccacgtaca 

tgattttttg 

tccttcgctt 

caactgctag 

aagaaaatga 

ttgaaaaatg 

aaaacaggat 

ttcccattcc 

taaaatctat 

tttgcctgat 

ttagagaaac 

tgaaagtgga 

aagcttgaaa 

tggttttaaa 

ttttttaaaa 

atcacaaagc 

atctttctca 

tctcacttcc 

ggagctccgt 

gaacttccgt 

ttaaagaaga 

gatctgatgc 

gcggagaaag 

cttcctggct 

tatataaatg 

tataaacttt 

aacagtgatg 

actcacagtg 

attgattcca 

cttaccgccg 

ggtgatgatg 

cgctcctgtc 

tacgatagta 

gtgaccgtga 

ttttagagat 

tttggttttt 

ccaagttcct 

agcgactctc 

ctccgttttg 

ggtaaaatct 

tatattgatg 

tctgctaaat 

gtggaatatc 

cttcacctac 

aatgggattc 

agacaagaac 

aaagtgttgt 

gctgatagat 

ctcaccaaag 

ataactcacc 

atcatctttc 

aaatccattc 

cgtctctctt 

gagttctctg 

aagatgtgtg 

taaatggttc 

cttcggagat 

ccaagtctct 

tatcacttca 

accattttgc 

acatcaatta 

aaaacaatcg 

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 
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—cont inued 

ttctcagtta tggtttggtc ctcgtcgttt tgggttagtg ttgttggtag gtggagaatt 4500 

ttgcatttgc atttgcacaa cgaagaagaa gaccacaaga gccatttgca attaggcata 4560 

atatatgtcc taactcacca accccctcaa aattgccacc aacttcaaat ttctctcctt 4620 

taaacctttc tcaatcatct ttcttctgcc ttggaatcct gatcatggcg tcgtcttctc 4680 

tcacttcgaa atccattctc ggatcc 4706 

<210> SEQ ID NO 2 
<211> LENGTH: 4706 

<212> TYPE: DNA 

<2l3> ORGANISM: Arabidopsis thaliana 
FEATURE: 

<22l> NAME/KEY: miscifeature 
LOCATION: 

<223> OTHER INFORMATION: 
(2007) . . (2007) 

2007 as compared to SEQ ID NO: 1 
FEATURE: 

<22l> NAME/KEY: miscifeature 
LOCATION: 

<223> OTHER INFORMATION: 
(2018) . . (2018) 

2018 as compared to SEQ ID NO: 1 

Ccgcggtggc 

aagaatcacg 

gtgttaccgc 

accttcccgt 

gcttggatgg 

cgataatcta 

gttttggtgt 

cgatggctca 

tcctacttca 

cttcaaagct 

tggtcttttt 

cagcttcgtt 

tattaaatcc 

tatatctaca 

ctcaaacgag 

cagtttaagt 

ttggtttaag 

atggaacaaa 

aatggtcgaa 

ctatatcact 

tacccctaaa 

tttgagtctt 

tcggatgcac 

ctcccgccgt 

attcttttca 

atttgaatct 

SEQUENCE: 2 

ggcttggact 

gcgcgttatg 

cacgtggccg 

cggcgagttt 

gatgattagg 

tttttgtttt 

ctaaatatat 

atgccaattt 

ttttagtcca 

caaagatgat 

acagatagca 

gtagacagac 

aacaaaaaca 

cactactgaa 

aagtagaagt 

tggctctttt 

aaacctcaag 

caaactaaca 

ccataaccgg 

aacccacaca 

ccaactccaa 

ttgccttgga 

caaacccgct 

tcagatatct 

aaatttttag 

ctagggcagt 

caaccggaaa 

agaaaaatac 

gaggagaagc 

gatcttgccg 

acattccata 

aaataggaga 

gtagattttc 

agtcagataa 

tactagttca 

tcttttttta 

aacatataca 

ttgtagtcgt 

aattttcttc 

gaccaagaag 

ttttatggtg 

taactttgct 

cgattgcgat 

tatcggaaca 

tatggcccaa 

ttcttgcaga 

tttCtCtCCt 

atcctgatca 

tCttCttCtt 

ctccattcac 

atttgaagcc 

cgtggggatt 

caaaagtgtc 

agagctctgg 

tccttatgaa 

aggcgtggag 

actatggact 

aaacaaaaat 

tagtttctag 

gattatgctg 

ttttatctcc 

atgggccctc 

aattatggag 

tttcttcatt 

tgttgcttga 

taaacattag 

acttttgtat 

aacatatgcc 

tttgggtctt 

agcttggctt 

gatgttcatg 

aggttttaga 

cctctattaa 

tggcgtcttc 

ttcttccgtc 

aaaccaggaa 

tgtatctagc 

gaagaagagt 

gaaagtagcc 

gagattgtct 

tgtaggaagt 

actggtgatc 

gccacgtaca 

tgattttttg 

tccttcgctt 

caactgctag 

aagaaaatga 

ttgaaaaatg 

aaaacaggat 

ttcccattcc 

taaaatctat 

tttgcctgat 

ttagagaaac 

tgaaagtgga 

aagcttgaaa 

tggttttaaa 

ttttttaaaa 

atcacaaagc 

atctttctca 

tctcacttcc 

ggagctccgt 

gaacttccgt 

ttaaagaaga 

gatctgatgc 

ggtgatgatg 

cgctcctgtc 

tacgatagta 

gtgaccgtga 

ttttagagat 

tttggttttt 

ccaagttcct 

agcgactctc 

ctccgttttg 

ggtaaaatct 

tatattgatg 

tctgctaaat 

gtggaatatc 

cttcacctac 

aatgggattc 

agacaagaac 

aaagtgttgt 

gctgatagat 

ctcaccaaag 

ataactcacc 

atcatctttc 

aaatccattc 

cgtctctctt 

gagttctctg 

aagatgtgtg 

taaatggttc 

substituting thymine for cytosine at position 

substituting thymine for cytosine at position 

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 
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—cont inued 

tccaatcacc atcaacgatc ctggttgcac caggaaaacc ttccccgact acttccaagt 3840 

acttgaaaga atcacaaagc actaaacaat aaactctgtt ttttcttctg atccaagctt 3900 

atctgtttcc atttttcttg tctctgtaat attattagaa accgagagtg tttgtttgcg 3960 

tgtaactgaa ctgagcgagt tttgagatgc aatcatttga gttcgattga gagaaatgaa 4020 

tgtgtagaga tttcctttta tcttgatgga aagaaattga gttttccttc ttctcttttt 4080 

tttccaattc ctaggtcgtc gactcgaata tataaagaca gcagccacga tcgtctcttt 4140 

tgatcactta ttagagacaa taatgttgga aagacatggt tcctctagtt tggtattgaa 4200 

aagacatcgt tcttgtttgg aattgctgcc acacgatgta gtagagctca tcctcgagag 4260 

acacagttga tcggtcacga gaacaatatt atagatgaag ctcaaaggag gagaatagtg 4320 

ttgttggggt cgtcatcgta attagcaaac taactgtgag ttcccgtcaa agaccattta 4380 

tggcccacgt aaaacgacgc cgtttaaatc tgagtcaaag cccatttgtg gcccacgtcc 4440 

taacacagtc gtttctctcc gactagtaaa ctaaaatccc ggaaattctc atccgcatga 4500 

gctccggtga aaaatggaga ccaagagaaa gtaagcagga gcctctcgtc tctgcaatct 4560 

gagacatcga aagaccgaaa atccttcaac aggtaacatt tcaatttcgc cttcgcctag 4620 

aaagaagctc gtgtttgttt ttgggtttta gctaagaatt ttagggaaaa gcttgaaaca 4680 

aatttggctc tcttatcaat tgcatttgtt ttggagttat gattctgtgt ggaatcgaat 4740 

caaaattatc aatctgaaag tgacaataat cccttgtttg tcttttgtgt tttttatttg 4800 

agttcggttt acatggtttc gaacttttca attgattttt gggtttcggt ttgcattgga 4860 

attaataagg ttttgagaag agaaaagaaa aaaaggcacg cacgcgaggc gtttttagag 4920 

aggggcgagt gtggttcaaa ataggcgttt tggtgggtta gaacccacag aaattggatt 4980 

cacgcgccaa acgcaagatg ggcgagagtg ggtatgaaat ggtaagatcg gtgagaatgg 5040 

ggtatgacat ggagggctct gattggctaa taaactcaaa atagtagaca tatagctcct 5100 

cccttcctcc tctcataata atagtagtta ttattactta gtcttatatg cgaagaaaca 5160 

atgaatgaaa aaaccttact tgggtcggaa ttc 5193 

<2l0> SEQ ID NO 4 
<211> LENGTH: 5193 

<2l2> TYPE: DNA 

<213> ORGANISM: Arabidopsis thaliana 
FEATURE: 

<221> NAME/KEY: miscifeature 
LOCATION: 

<223> OTHER INFORMATION: 
(2134) . . (2134) 

2134 as compared to SEQ ID NO: 3 
FEATURE: 

<221> NAME/KEY: miscifeature 
LOCATION: 

<223> OTHER INFORMATION: 
(2145) . . (2145) 

2145 as compared to SEQ ID NO: 3 

ctgtctagaa 

atttatggaa 

ggctatcact 

catgccgaaa 

ctttcgacga 

gatagtaaag 

ttagtccgct 

SEQUENCE: 4 

tctttccatt 

aaacaaaagt 

accaatccac 

actccacagc 

aatttatcat 

atttcgtcga 

ttatggaata 

tttgcttaca 

gtcatgtgtt 

aatggaagat 

aagcattcct 

cagattccga 

cgcctttctg 

atacttatgt 

aatatggcac 

atatatattg 

tcacaaccgt 

cttaaactca 

tccgtgtcga 

aatcctcttt 

tttaacgtaa 

aaccggaaat 

gtcccttttt 

gtacatcacg 

tcttcgaaat 

tgctgtgacg 

tttcaatgaa 

tgaatcttta 

tcccttactt 

atgtttgtag 

taacctagat 

actatcgagg 

ctctatcatc 

gactcttttt 

tatctatttg 

substituting thymine for cytosine at position 

substituting thymine for cytosine at position 

60 

120 

180 

240 

300 

360 

420 
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—cont inued 

atttgggagg aaacacctca aggcgattga tgtcaacatg aacaagatgc ctgatgtcgc 4620 

catgactctt gctgtggttg ccctctttgc cgatggcccg acagccatca gagacggtaa 4680 

aacattctca gccctacaac catgcctctt ctacatcact acttgacaag actaaaaact 4740 

attggctcgt tggcagtggc ttcctggaga gtaaaggaga ccgagaggat ggttgcgatc 4800 

cggacggagc taaccaaggt aaggctacat acttcacatg tctcacgtcg tctttccata 4860 

gctcgctgcc tcttagcggc ttgcctgcgg tcgctccatc ctcggttgct gtctgtgttt 4920 

tccacagctg ggagcatctg ttgaggaagg gccggactac tgcatcatca cgccgccgga 4980 

gaagctgaac gtgacggcga tcgacacgta cgacgaccac aggatggcca tggccttctc 5040 

ccttgccgcc tgtgccgagg tccccgtgac catccgggac cctgggtgca cccggaagac 5100 

cttccccgac tacttcgatg tgctgagcac tttcgtcaag aattaataaa gcgtgcgata 5160 

ctaccacgca gcttgattga agtgataggc ttgtgctgag gaaatacatt tcttttgttc 5220 

tgttttttct ctttcacggg attaagtttt gagtctgtaa cgttagttgt ttgtagcaag 5280 

tttctatttc ggatcttaag tttgtgcact gtaagccaaa tttcatttca agagtggttc 5340 

gttggaataa taagaataat aaattacgtt tcagtggctg tcaagcctgc tgctacgttt 5400 

taggagatgg cattagacat tcatcatcaa caacaataaa accttttagc ctcaaacaat 5460 

aatagtgaag ttatttttta gtcctaaaca agttgcatta ggatatagtt aaaacacaaa 5520 

agaagctaaa gttagggttt agacatgtgg atattgtttt ccatgtatag tatgttcttt 5580 

ctttgagtct catttaacta cctctacaca taccaacttt agtttttttt ctacctcttc 5640 

atgttactat ggtgccttct tatcccactg agcattggta tatttagagg tttttgttga 5700 

acatgcctaa atcatctcaa tcaacgatgg acaatctttt cttcgattga gctgaggtac 5760 

gtcatctaca ggataggacc ttgagaatat gtgtccgtca atagctaacc ctctactaat 5820 

tttttcaatc aagcaaccta ttggcttgac tttaattcgt accggcttct actacttcta 5880 

cagtattttg tctctataaa ttgcagctac aacagtcaga acggctggct ttaaaatcaa 5940 

atggcctaag gatcattgaa aggcatctta gcaatgtcta aaattattac cttctctaga 6000 

cgttgatatc 60l0 

<2l0> SEQ ID NO 6 
<2ll> LENGTH: 6010 

<2l2> TYPE: DNA 

<2l3> ORGANISM: Zea mays 
FEATURE: 

<22l> NAME/KEY: miscifeature 
LOCATION: 

<223> OTHER INFORMATION: 
(2886) . . (2886) 

2886 as compared to SEQ ID NO: 5 
FEATURE: 

<22l> NAME/KEY: miscifeature 
LOCATION: 

<223> OTHER INFORMATION: 
(2897) . . (2897) 

2897 as compared to SEQ ID NO: 5 

atcgattgca 

ctcggcaagg 

CtCtCCCtCt 

caatttatac 

cacaggacac 

agactcaggc 

SEQUENCE: 6 

accttcaaat 

aaatcttcta 

ggttcgtttg 

aggagcatat 

gcacaggaca 

acacgcacat 

tctcttcgat 

acgtgtaaac 

acattgtgga 

cctcatgcac 

cgcaaacagt 

caaatcacct 

cttccttcca 

ttcactggga 

tggagtgact 

acgcaaaact 

ttcagactca 

tcgcttgtcg 

aattcatcta 

tccaactcga 

aacctgctaa 

gatgttgtcc 

tgcacacgca 

atgagtcgca 

atatttcatc 

aaggatcaaa 

caccctgcaa 

acaagacacg 

catcagtttc 

gccgcatcgt 

substituting thymine for cytosine at position 

substituting thymine for cytosine at position 

60 

120 

180 

240 

300 

360 
















