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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the production of a non-transgenic plant resistant or tolerant to an herbicide
of the phosphonomethylglycine family, e.g., glyphosate. The present invention also relates to the use of a recombinagenic
oligonucleobase to make a desired mutation in the chromosomal or episomal sequences of a plant in the gene encoding
for 5-enol pyruvylshikimate-3-phosphate synthase (EPSPS). The mutated protein, which substantially maintains the
catalytic activity of the wild-type protein, allows for increased resistance or tolerance of the plant to a herbicide of the
phosphonomethylglycine family, and allows for the substantially normal growth or development of the plant, its organs,
tissues or cells as compared to the wild-type plant regardless of the presence or absence of the herbicide. The present
invention also relates to an E. coli cell having a mutated EPSPS gene, a non-transgenic plant cell in which the EPSPS-
gene has been mutated, a non-transgenic plant regenerated therefrom, as well as a plant resulting from a cross using
a regenerated non-transgenic plant having a mutated EPSPS gene as one of the parents of the cross. The present
mutated EPSPS protein has been changed in amino acid positions 178 and 182 in the Arabidopsis EPSPS protein (NM
130093) or at an analogous amino acid residue in an EPSPS paralog.

BACKGROUND OF THE INVENTION

Phosphonomethylglycine Herbicides

[0002] Herbicide-tolerant plants may reduce the need for tillage to control weeds thereby effectively reducing soil
erosion. One herbicide which is the subject of much investigation in this regard is N-phosphonomethylglycine, commonly
referred to as glyphosate. Glyphosate inhibits the shikimic acid pathway which leads to the biosynthesis of aromatic
compounds including amino acids, hormones and vitamins. Specifically, glyphosate curbs the conversion of phosphoe-
nolpyruvic acid (PEP) and 3-phosphoshikimic acid to 5-enolpyruvyl-3-phosphoshikimic acid by inhibiting the enzyme 5-
enolpyruvylshikimate-3-phosphate synthase (hereinafter referred to as EPSP synthase or EPSPS). For purposes of the
present invention, the term "glyphosate" includes any herbicidally effective form of N-phosphonomethylglycine (including
any salt thereof), other forms which result in the production of the glyphosate anion in plants and any other herbicides
of the phosphonomeuyglycine family.
[0003] Tolerance of plants to glyphosate can be increased by introducing a mutant EPSPS gene having an alteration
in the EPSPS amino acid coding sequence into the genome of the plant. Examples of some of the mutations in the
EPSPS gene for inducing glyphosate tolerance are described in the following patents: U.S. Pat. No. 5,310,667; U.S.
Pat. No. 5,866,775; U.S. Pat. No. 5,312,910; U.S. Pat. No. 5,145,783. These proposed mutations typically have a higher
Kl for glyphosate than the wild-type EPSPS enzyme which confers the glyphosate-tolerant phenotype, but these variants
are also characterized by a high Km for PEP which makes the enzyme kinetically less efficient (Kishore et al., 1998,
Ann. Rev. Biochem. 57:627-663; Schulz et al., 1984, Arch. Microbiol. 137:121-123; Sost et al., 1984, FEBS Lett.
173:238-241; Kishore et al., 1986, Fed. Proc. 45: 1506; Sost and Amrhein, 1990, Arch. Biochem. Biophys. 282: 433-436).
Many mutations of the EPSPS gene are chosen so as to produce an EPSPS enzyme that is resistant to herbicides, but
unfortunately, the EPSPS enzyme produced by the mutated EPSPS gene has a significantly lower enzymatic activity
than the wild-type EPSPS. For example, the apparent Km for PEP and the apparent Kl for glyphosate for the wild-type
EPSPS from E. coli are 10 mM and 0.5 mM, respectively,- while for a glyphosate-tolerant isolate having a single amino
acid substitution of alanine for glycine at position 96, these values are 220 mM and 4.0 mM, respectively. A number of
glyphosate-tolerant EPSPS genes have been constructed by mutagenesis. Again, the glyphosate-tolerant EPSPS had
lower catalytic efficiency (Vmax /Km, as shown by an increase in the Km for PEP, and a slight reduction of the Vmax of
the wild-type plant enzyme (Kishore et al., 1998, Ann. Rev. Biochem. 57:627-663).
[0004] Since the kinetic constants of the variant enzymes are impaired with respect to PEP, it has been proposed that
high levels of overproduction of the variant enzyme, 40-80 fold, would be required to maintain normal catalytic activity
in plants in the presence of glyphosate (Kishore et al., 19.88, Ann. Rev. Biochem. 57:627-663). It has been shown that
glyphosate-tolerant plants can be produced by inserting into the genome of the plant the capacity to produce a higher
level of EPSP synthase in the chloroplast of the cell (Shah et al., 1986, Science 233, 478-481), which enzyme is preferably
glyphosate tolerant (Kishore et al., 1988, Ann. Rev. Biochem. 57:627-663).
[0005] The introduction of the exogenous mutant EPSPS genes into plant is well documented. For example, according
to U.S. Pat. No. 4,545,060, to increase a plant’s resistance to glyphosate, a gene coding for an EPSPS variant having
at least one mutation that renders the enzyme more resistant to its competitive inhibitor, i.e., glyphosate, is introduced
into the plant genome. However, many complications and problems are associated with these transgenic plants containing
mutant EPSPS genes. Many such mutations result in low expression of the mutated EPSPS gene product or result in
an EPSPS gene product with significantly lower enzymatic activity as compared to wild type. The low expression or low
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enzymatic activity of the mutated enzyme results in abnormally low levels of growth and development of the plant.
[0006] While such variants in the EPSP synthases have proved useful in obtaining transgenic plants tolerant to glypho-
sate, it would be increasingly beneficial to obtain a variant EPSPS gene product that is highly glyphosate-tolerant but
still kinetically efficient, such that improved tolerance can be obtained with a wild-type expression level.

Recombinagenic Oligonucleobases

[0007] Recombinagenic oligonucleobases and their use to effect genetic changes in eukaryotic cells are described in
U.S. Pat. No. 5,565,350 to Kmiec (Kmiec I). Kmiec I teaches a method for introducing specific genetic alterations into
a target gene. Kmiec I discloses, inter alia, recombinagenic oligonucleobases having two strands, in which a first strand
contains two segments of at least 8 RNA-like nucleotides that are separated by a third segment of from 4 to about 50
DNA-like nucleotides, termed an "interposed DNA segment." The nucleotides of the first strand are base paired to DNA-
like nucleotides of a second strand. The first and second strands are additionally linked by a segment of single stranded
nucleotides so that the first and second strands are parts of a single oligonucleotide chain. Kmiec I further teaches a
method for introducing specific genetic alterations into a target gene. According to Kmiec I, the sequences of the RNA
segments are selected to be homologous, i.e., identical, to the sequence of a first and a second fragment of the target
gene. The sequence of the interposed DNA segment is homologous with the sequence of the target gene between the
first and second fragment except for a region of difference, termed the "heterologous region." The heterologous region
can effect an insertion or deletion, or can contain one or more bases that are mismatched with the sequence of target
gene so as to effect a substitution. According to Kmiec I, the sequence of the target gene is altered as directed by the
heterologous region, such that the target gene becomes homologous with the sequence of the recombinagenic oligo-
nucleobase. Kmiec I specifically teaches that ribose and 2’-O-methyln-bose, i.e., 2’-methoxyribose, containing nucle-
otides can be used in recombinagenic oligonucleobases and that naturally-occurring deoxyribose-containing nucleotides
can be used as DNA-like nucleotides.
[0008] U.S. Pat No. 5,731,181 to Kmiec (Kmiec II) specifically disclose the use of recombinagenic oligonucleobases
to effect genetic changes in plant cells and discloses further examples of analogs and derivatives of RNA-like and DNA-
like nucleotides that can be used to effect genetic changes in specific target genes. Other patents discussing the use
of recombinagenic oligonucleobases include: U.S. Pat. Nos. 5,756,325; 5,871,984; 5,760,012; 5,888,983; 5,795,972;
5,780,296; 5,945,339; 6,004,804; and 6,010,907 and in International Patent No. PCT/US00/23457; and in International
Patent Publication Nos. WO 98/49350; WO 99/07865; WO 99/58723; WO 99/58702; and WO 99/40789. Recombinagenic
oligonucleobases include mixed duplex oligonucleotides, non-nucleotide containing molecules taught in Kmiec II and
other molecules taught in the above-noted patents and patent publications.
[0009] US Patent 6,870,075 (’075 patent) discloses a method for producing a non-transgenic, herbicide resistant or
tolerant plants employing recombinagenic oligonucleobases according to the methods disclosed in Kmiec I and Kmiec
II. The EPSPS mutants disclosed in the ’075 patent include changes made in the following amino acid positions of the
EPSPS protein: Leu173, Gly177, Thr178, Ala179, Met180, Arg181, Pro182, Ser98, Ser255 and Leu198 in the Arabidopsis
EPSPS protein or at an analogous amino acid residue in an EPSPS paralog.
[0010] Published US Patent Application 20030084473 also discloses the use of recombinagenic oligonucleobases to
make non-transgenic herbicide resistant plants where the EPSPS protein has been changed in amino acid positions
126, 177, 207, 438, 479, 480 and/or 505 in the Arabidopsis EPSPS protein or at an analogous amino acid residue in an
EPSPS paralog.
[0011] The present invention relates to additional amino acid mutations that can be made in any EPSPS gene from
any species to produce a gene product that possesses resistance to glyphosate.

SUMMARY OF THE INVENTION

[0012] Briefly, in accordance with the present invention, a non-transgenic plant or plant cell having mutations in the
EPSPS gene is made. The resulting plant has increased resistance or tolerance to a member of the phosphonometh-
ylglycine family such as glyphosate and exhibits substantially normal growth or development of the plant, its organs,
tissues or cells, as compared to the corresponding wild-type plant or cell.
[0013] Subject matter of the present invention is a method according to claim 1 for producing a non-transgenic, herbicide
resistant or tolerant plant. The dependent claims relate to preferred embodiments thereof. The method comprises intro-
ducing into plant cells a recombinagenic oligonucleobase with a targeted mutation in the EPSPS gene to produce plant
cells with a mutant EPSPS gene that expresses a EPSPS protein that is mutated at amino acid positions Thr179 and
Pro183 in an Arabidopsis EPSPS protein (AF360224) or at an analogous amino acid residue in an EPSPS of another
species wherein Thr179 is changed to Ile and Pro183 is changed to Thr; selecting a plant cell exhibiting improved tolerance
to glyphosate as compared to a corresponding wild-type plant cell; and regenerating a non-transgenic herbicide resistant
or tolerant plant having a mutated EPSPS gene from said selected plant cell.
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[0014] Further subject matter of the present invention is a method according to claim 2 for producing a non-transgenic,
herbicide resistant or tolerant plant. The dependent claims relate to preferred embodiments thereof. The method com-
prises introducing into plant cells a recombinagenic oligonucleobase with a targeted mutation in the EPSPS gene to
produce plant cells with a mutant EPSPS gene that expresses a EPSPS protein that is mutated at amino acid positions
Thr179 and Pro183 in an Arabidopsis EPSPS protein (AF360224) or at an analogous amino acid residue in an EPSPS
of another species wherein Thr179 is changed to Ile and Pro183 is changed to Thr; identifying a plant cell having mutant
EPSPS protein that exhibits substantially the same catalytic activity as a wild type EPSPS protein, and which exhibits
that activity even in the presence of glyphosate; and regenerating a non-transgenic herbicide resistant or tolerant plant
having a mutated EPSPS gene from said plant cell.
[0015] Further subject matter of the present invention is a method according to claim 6 for producing a non-transgenic
E. coli cell having a mutant EPSPS gene. The dependent claims relate to preferred embodiments thereof. The method
comprises introducing into E. coli cells a recombinagenic oligonucleobase with a targeted mutation in the EPSPS gene
to produce E. coli cells with a mutant EPSPS gene that expresses a EPSPS protein that is mutated at amino acid
positions Thr97 and Pro101 wherein Thr97 is changed to Ile and Pro101 is changed to Thr; identifying an E. coli cell colony
having substantially normal growth in the presence of glyphosate; and isolating one or more E. coli cells that contain
the EPSPS mutant gene.
[0016] Further subject matter of the present invention is an herbicide resistant plant according to claim 9. The dependent
claims relate to preferred embodiments thereof. The plant expresses a mutant EPSPS gene product wherein the EPSPS
gene is mutated at positions to change at amino acid positions Thr179 and Pro183 in an Arabidopsis EPSPS protein
(AF360224) or at an analogous amino acid residue in an EPSPS homolog wherein the Thr179 is changed to Ile and
Pro183 is changed to Thr.
[0017] Further subject matter of the present invention is a mutant EPSPS protein comprising the amino acid sequence
of the E. coli EPSPS gene product depicted in FIG. 1 or of an EPSPS homolog in which amino acids positions Thr97
and Pro101 are changed wherein Thr97 is changed to Ile and Pro101 is changed to Thr, which mutant EPSPS protein has
increased resistance or tolerance to a phosphonomethylglycine herbicide.
[0018] Further subject matter of the present invention is a mutant E. coli cell that expresses a mutant EPSPS gene
product wherein the EPSPS gene is mutated to change amino acid positions Thr97 and Pro101 in the gene product,
wherein Thr97 is changed to Ile and Pro101 is changed to Thr.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1 shows the EPSPS gene (AroA gene) product protein sequence in E. Coli where the mutated amino acid
positions are depicted with a box around them. The substituted amino acid in those positions is shown below the
sequence.

FIG. 2 shows the protein sequence of AtEPSPS cDNA - At2g45300 translated from Genbank accession NM_130093
(Arabodopsis).

FIG. 3 shows the protein sequence of AtEPSPS cDNA - At1g48860 translated from Genbank accession AF360224T
(Arabodopsis).

FIG. 4 shows the protein sequence of BnEPSPS cDNA - BN-2’ 2-23 (Canola).

FIG. 5 shows the protein sequence of BnEPSPS cDNA - 2-28 from X51475 gDNA translation (Canola).

DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0020] The invention is to be understood in accordance with the following definitions.
[0021] An oligonucleobase is a polymer of nucleobases, which polymer can hybridize by Watson-Crick base pairing
to a DNA having the complementary sequence.
[0022] Nucleobases comprise a base, which is a purine, pyrimidine, or a derivative or analog thereof. Nucleobases
include peptide nucleobases, the subunits of peptide nucleic acids, and morpholine nucleobases as well as nucleosides
and nucleotides. Nucleosides are nucleobases that contain a pentosefuranosyl moiety, e.g., an optionally substituted
riboside or 2’-deoxyriboside. Nucleosides can be linked by one of several linkage moieties, which may or may not contain
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a phosphorus. Nucleosides that are linked by unsubstituted phosphodiester linkages are termed nucleotides.
[0023] An oligonucleobase chain has a single 5’ and 3’ terminus, which are the ultimate nucleobases of the polymer.
A particular oligonucleobase chain can contain nucleobases of all types. An oligonucleobase compound is a compound
comprising one or more oligonucleobase chains that are complementary and hybridized by Watson-Crick base pairing.
Nucleobases are either deoxyribo-type or ribo-type. Ribo-type nucleobases are pentosefuranosyl containing nucleobases
wherein the 2’ carbon is a methylene substituted with a hydroxyl, akyloxy or halogen. Deoxyribo-type nucleobases are
nucleobases other than ribo-type nucleobases and include all nucleobases that do not contain a pentosefuranosyl moiety.
[0024] An bligonucleobase strand generically includes both oligonncleobase chains and segments or regions of oli-
gonucleobase chains. An oligonucleobase strand has a 3’ end and a 5’ end. When a oligonucleobase strand is coextensive
with a chain, the 3’ and 5’ ends of the strand are also 3’ and 5’ termini of the chain.
[0025] According to the present invention, substantially normal growth of a plant, plant organ, plant tissue or plant cell
is defined as a growth rate or rate of cell division of the plant, plant organ, plant tissue, or plant cell that is at least 35%,
at least 50%, at least 60%, or at least 75% of the growth rate or rate of cell division in a corresponding plant, plant organ,
plant tissue or plant cell expressing the wild type EPSPS protein.
[0026] According to the present invention, substantially normal development of a plant, plant organ, plant tissue or
plant cell is defined as the occurrence of one or more developmental events in the plant, plant organ, plant tissue or
plant cell that are substantially the same as those occurring in a corresponding plant, plant organ, plant tissue or plant
cell expressing the wild type EPSPS protein.
[0027] According to the present invention plant organs include, but are not limited to, leaves, stems, roots, vegetative
buds, floral buds, meristems, embryos, cotyledons, endosperm, sepals, petals, pistils, carpels, stamens, anthers, mi-
crospores, pollen, pollen tubes, ovules, ovaries and fruits, or sections, slices or discs taken therefrom. Plant tissues
include, but are not limited to, callus tissues, ground tissues, vascular tissues, storage tissues, meristematic tissues,
leaf tissues, shoot tissues, root tissues, gall tissues, plant tumor tissues, and reproductive tissues. Plant cells include,
but are not limited to, isolated cells with cell walls, variously sized aggregates thereof and protoplasms.
[0028] Plants are substantially "tolerant" to glyphosate when they are subjected to it and provide a dose/response
curve which is shifted to the right when compared with that provided by similarly subjected non-tolerant like plant. Such
dose/response curves have "dose" plotted on the X-axis and "percentage kill", "herbicidal effect", etc., plotted on the y-
axis. Tolerant plants will require more herbicide than non-tolerant like plants in order to produce a given herbicidal effect.
Plants which are substantially "resistant" to the glyphosate exhibit few, if any, necrotic, lytic, chlorotic or other lesions,
when subjected to glyphosate at concentrations and rates which are typically employed by the agrochemical community
to kill weeds in the field. Plants which are resistant to a herbicide are also tolerant of the herbicide. The terms "resistant
and "tolerant" are to be construed as "tolerant and/or resistant" within the context of the present application.
[0029] The term "EPSPS homolog" or any variation therefore refers to an EPSPS gene or EPSPS gene product found
in another plant species that performs the same or substantially the same biological function as the EPSPS genes
disclosed herein and where the nucleic acid sequences or polypeptide sequences (of the EPSPS gene product) are
said to be "identical" or at least 50% similar (also referred to as ’percent identity or ’substantially identical’) as described
below. Two polynucleotides or polypeptides are identical if the sequence of nucleotides or amino acid residues, respec-
tively, in the two sequences is the same when aligned for maximum correspondence as described below. The terms
"identical" or "percent identity," in the context of two or more nucleic acids or polypeptide sequences, refer to two or
more sequences or subsequences that are the same or have a specified percentage of amino acid residues or nucleotides
that are the same, when compared and aligned for maximum correspondence over a comparison window, as measured
using one of the following sequence comparison algorithms or by manual alignment and visual inspection. For polypep-
tides where sequences differ in conservative substitutions, the percent sequence identity may be adjusted upwards to
correct for the conservative nature of the substitution. Means for making this adjustment are well known to those of skill
in the art. Typically this involves scoring a conservative substitution as a partial rather than a full mismatch, thereby
increasing the percentage sequence identity. Thus, for example, where an identical amino acid is given a score of 1 and
a non-conservative substitution is given a ’score of zero, a conservative substitution is given a score between zero and
1. The scoring of conservative substitutions is calculated according to, e.g., the algorithm of Meyers & Miller, Computer
Applic. Biol. Sci. 4: 11-17 (1988) e.g., as implemented in the program PC/GENE (Intelligenedcs, Mountain View, Calif.,
USA).
[0030] The phrases "substantially identical," and "percent identity" in the context of two nucleic acids or polypeptides,
refer to sequences or subsequences that have at least 50%, advantageously 60%, preferably 70%, more preferably
80%, and most preferably 90-95% nucleotide or amino acid residue identity when aligned for maximum correspondence
over a comparison window as measured using one of the following sequence comparison algorithms or by manual
alignment and visual inspection. This definition also refers to the complement of a test sequence, which has substantial
sequence or subsequence complementarity when the test sequence has substantial identity to a reference sequence.
[0031] One of skill in the art will recognize that two polypeptides can also be "substantially identical" if the two polypeptide
are immunologically similar. Thus, overall protein structure may be similar while the primary structure of the two polypep-
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tides display significant variation. Therefore a method to measure whether two polypeptides are substantially identical
involves measuring the binding of monoclonal or polyclonal antibodies to each polypeptide. Two polypeptides are sub-
stantially identical if the antibodies specific for a first polypeptide bind to a second polypeptide with an affinity of at least
one third of the affinity for the first polypeptide. For sequence comparison, typically one sequence acts as a reference
sequence, to which test sequences are compared. When using a sequence comparison algorithm, test and reference
sequences are input into a computer, subsequence coordinates are designated, if necessary, and sequence algorithm
program parameters are designated. The sequence comparison algorithm then calculates the percent sequence identity
for the test sequence(s) relative to the reference sequence, based on the designated program parameters.
[0032] Optimal alignment of sequences for comparison can be conducted, e.g., by the local homology algorithm of
Smith & Waterman, 0.4dv. Appl. Math. 2:482 (I 98 I), by the homology alignment algorithm of Needleman & Wunsch, J.
Mol. Biol. 48:443 (1970), by the search for similarity method of Pearson & Lipman, Proc. Nat’I. Acad. Sci. USA 5 85:2444
(1988), by computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin
Genetics Software Package, Genetics Computer Group, 575 Science Dr., Madison, Wis.), by software for alignments
such as VECTOR NTI Version #6 by InforMax, Inc. MD, USA, by the procedures described in ClustalW, Thompson, J.
D., Higgins, D. G. and Gibson, T. J. (1994) CLUSTALW: improving the sensitivity of progressive multiple sequence
alignment through sequence weighting, position-specific gap penalties and weight matrix choice. Nucleic Acids Research,
22:4673-4680 or by visual inspection (see generally, Protocols in Molecular Biology, F. M. Ausubel et al., eds., Current
Protocols, a joint venture between Greene Publishing Associates, Inc. and John Wiley & Sons, Inc., (1995 Supplement)
(Ausubel)).
[0033] Examples of algorithms that are suitable for determining percent sequence identity and sequence similarity are
the BLAST and BLAST 2.0 algorithms, which are described in Altschul et al. (1990) J. Mol. Biol. 215: 403-410 and
Altschul et al. (1977) Nucleic Acids Res. 25: 33 89-3402, respectively. Software for performing BLAST analyses is
publicly available through the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/). This algo-
rithm involves first identifying high scoring sequence pairs (HSPs) by identifying short words of length W in the query
sequence, which either match or satisfy some positive-valued threshold score T when aligned with a word of the same
length in a database sequence. T is referred to as the neighborhood word score threshold (Altschul et al, supra). These
initial neighborhood word hits act as seeds for initiating searches to find longer HSPs containing them. The word hits
are then extended in both directions along each sequence for as far as the cumulative alignment score can be increased.
Cumulative scores are calculated using, for nucleotide sequences, the parameters M (reward score for a pair of matching
residues; always>0) and N (penalty score for mismatching residues; always<0). For amino acid sequences, a scoring
matrix is used to calculate the cumulative score. Extension of the word hits in each direction are halted when: the
cumulative alignment score falls off by the quantity X from its maximum achieved value; the cumulative score goes to
zero or below, due to the accumulation of one or more negative-scoring residue alignments; or the end of either sequence
is reached. The BLAST algorithm parameters W, T, and X determine the sensitivity and speed of the alignment. The
BLASTN program (for nucleotide sequences) uses as defaults a word length (W) of 11, an expectation (E) of 10, M=5,
N=-4, and a comparison of both strands. For amino acid sequences, the BLASTP program uses as defaults a word
length (W) of 3, an expectation (E) of 10, and the BLOSUM62 scoring matrix (see Henikoff& Henikoff, Proc. Natl. Acad.
Sci. USA 89:10915 (1989)). In addition to calculating percent sequence identity, the BLAST algorithm also performs a
statistical analysis of the similarity between two sequences (see, e.g., Karlin & Altschul, Proc. Nat’1. Acad. Sci. USA
90:5873-5787 (1993)). One measure of similarity provided by the BLAST algorithm is the smallest sum probability (P(N)),
which provides an indication of the probability by which a match between two nucleotide or amino acid sequences would
occur by chance. For example, a nucleic acid is considered similar to a reference sequence if the smallest sum probability
in a comparison of the test nucleic acid to the reference nucleic acid is less than about 0.1, more preferably less than
about 0.01, and most preferably less than about 0.001.
[0034] In practicing the present invention a non-transgenic plant or plant cell having mutations in the EPSPS gene is
made. The resulting plant has increased resistance or tolerance to a member of the phosphonomethylglycine family
such as glyphosate and exhibits substantially normal growth or development of the plant, its organs, tissues or cells, as
compared to the corresponding wild-type plant or cell. The mutated gene produces a gene product having substitutions
at amino acid positions 179 and 183 of the Arabidopsis EPSPS gene AF 360244 product or at an analogous amino acid
position in an EPSPS homolog wherein Thr179 is changed to Ile and Pro183 is changed to Thr. Preferably, the mutated
plant is resistant to glyphosate and has substantially the same catalytic activity as compared to the wild-type EPSPS
protein.
[0035] To identify mutant EPSPS genes that will produce a gene product that provides resistance to glyphosate, in
vitro screening can be done in a bacterial system to save time and resources. Growth curves of bacterial colonies
expressing candidate mutant EPSPS genes can be generated to evaluate the mutant EPSPS genes in providing a
glyphosate resistant phenotype. For example, US Patent 6,870,075 discloses a Salmonella glyphosate resistance assay
employing Arabidopsis mutant EPSPS genes transformed into a LacZ-Salmonella typhi strain. The E coli EPSPS gene,
also called the AroA gene, can be used to evaluate EPSPS mutants for glyphosate resistance. Growth curve assays
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and enzymatic assays measuring Ki and Km values for candidate mutants are conducted according to well known assay
techniques. Once an active glyphosate resistant mutant is identified in E coli EPSPS gene then an analogous amino
acid in a plant EPSPS gene is mutated with recombinagenic nucleobases as described herein to make a glyphosate
resistant plant.
[0036] Amino acid substitutions in the E. coli EPSPS gene (AroA) product according to the present invention include
the following:

Thr97Ile and
Pro101Thr
wherein the amino acid to the left of the subscript number is the native amino acid and the amino acid to the right
of the subscript number is the mutant amino acid.

[0037] Corresponding amino acid positions in plant species are changed according to the present invention to produce
a non-transgenic herbicide resistant plant. Below is a list of some preferred crops which list the amino acid positions in
the EPSPS gene to be changed. Amino acid substitutions according to the present invention are listed to the right of the
amino acid position number.
[0038] For maize:

Thr102Ile and
Pro 106 Thr

[0039] For cotton:

Thr97Ile and
Pro101Thr

[0040] For rice:

Thr169Ile and
Pro173Thr

[0041] For Brassica napus (2-28 from X51475 gDNA translation):

Thr174Ile and
Pro178Thr

[0042] For Arabidopsis thaliana (AF360224):

Thr179Ile and
Pro183Thr

[0043] For Petunia hybrida:

Thr174Ile and
Pro178Thr

[0044] As will be appreciated, E. coli is not a plant however it is contemplated in the present invention because the E.
coli gene can be mutated in a bacterial cell culture system and then the mutated E. coli gene product (enzyme) can be
assayed for enzymatic activity (Kl and Km) that will indicate resistance to glyphosate and function as a necessary enzyme
product which is essential in plants. Once a mutated E. coli mutant is identified then that mutation is made in a plant cell
employing the recombinagenic oligonucleobases described herein to produce a non-transgenic herbicide resistant plant.
For these reasons mutated E coli and mutated AroA proteins are considered part of the present invention.
[0045] The following table lists amino acid substitution positions according to the present invention, by amino acid
number, for various species. Making amino acid substitutions according to the present invention at these positions will
produce glyphosate resistant plants:
Genbank Accession
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[0046] As can be seen from the above table and Fig. 1-5 there are some minor variations among the EPSPS genes
between species and within species. This is to be expected. These minor variations should be taken into account when
making mutants according to the present invention. Amino acids in analogous positions between the different genes are
mutated to make glyphosate resistant plants. For example, the mutation in Arabidopsis AF360224 at position 179 (T>A)
would be equivalent to a T>A mutation at position 178 in Arabidopsis NM 130093.
[0047] Additionally, some species have more than one EPSPS gene. In such a case one or more of the genes are
mutated according to the present invention to make a glyphosate resistant mutant. If the expression levels of the various
EPSPS genes is known and is different then it is preferred to mutate the higher expressing EPSPS genes. In a preferred
embodiment all of the EPSPS genes in a crop are mutated to make a glyphosate phenotype. For example, canola is
known to have four EPSPS genes. Two genes are shown in Figs. 4 and 5. A comparison will show a light difference
between the two genes.
[0048] The plant mutated according to the present invention can be of any species of dicotyledonous, monocotyledo-
nous or gymnospermous plant, including any woody plant species that grows as a tree or shrub, any herbaceous species,
or any species that produces edible fruits, seeds or vegetables, or any species that produces colorful or aromatic flowers.
For example, the plant may be selected from a species of plant from the group consisting of canola, sunflower, tobacco,
sugar beet, sweet potato, yarn, cotton, maize, wheat, barley, rice, sorghum, tomato, mango, peach, apple, pear, straw-
berry, banana, melon, potato, carrot, lettuce, onion, soya spp, sugar cane, pea, peanut, field beans, poplar, grape, citrus,
alfalfa, rye, oats, turf and forage grasses, flax, oilseed rape, cucumber, morning glory, balsam, pepper, eggplant, marigold,
lotus, cabbage, daisy, carnation, tulip, iris, lily, and nut producing plants insofar as they are not already specifically
mentioned.
[0049] The recombinagenic oligonucleobase can be introduced into a plant cell using any method commonly used in
the art, including but not limited to, microcarriers (biolistic delivery), microfibers (whiskers), electroporation, direct DNA
uptake and microinjection.
[0050] Illustrative examples of a recombinagenic oligonucleobase are described below.
[0051] The invention can be practiced with recombinagenic oligonucleobases having the conformations and chemis-
tries described in the Kmiec I and Kmiec II patents. Kmiec I teaches a method for introducing specific genetic alterations
into a target gene. The recombinagenic oligonucleobases in Kmiec I and/or Kmiec II contain two complementary strands,
one of which contains at least one segment of RNA-type nucleotides (an "RNA segment") that are base paired to DNA-
type nucleotides of the other strand.
[0052] Kmiec II discloses that purine and pyrimidine base-containing non-nucleotides can be substituted for nucle-
otides. U.S. Pat. Nos. 5,756,325; 5,871,984; 5,760,012; 5,888,983; 5,795,972; 5,780,296; 5,945,339; 6,004,804; and
6,010,907 and in International Patent No. PCT/US00/23457; and in International Patent Publication Nos. WO 98/49350;
WO 99/07865; WO 99/58723; WO 99/58702; WO 99/40789; US 6,870,075; and US Published Patent Application
20030084473 disclose additional recombinagenic molecules that can be used for the present invention. The term "re-
combinagenic oligonucleobase" is used herein to denote the molecules that can be used in the methods of the present
invention and include mixed duplex oligonucleotides, non-nucleotide containing molecules taught in Kmiec II, single
stranded oligodeoxynucleotides and other recombinagenic molecules taught in the above noted patents and patent
publications.
[0053] In one embodiment, the recombinagenic oligonucleobase is a mixed duplex oligonucleotide in which the RNA-
type nucleotides of the mixed duplex oligonucleotide are made RNase resistant by replacing the 2’-hydroxyl with a fluoro,
chloro or bromo functionality or by placing a substituent on the 2’-O. Suitable substituents include the substituents taught
by the Kmiec II. Alternative substituents include the substituents taught by U.S. Pat. No. 5,334,711 (Sproat) and the
substituents taught by patent publications EP 629 387 and EP 679 657 (collectively, the Martin Applications). As used
herein, a 2’-fluoro, chloro or bromo derivative of a ribonucleotide or a ribonucleotide having a 2’-OH substituted with a
substituent described in the Martin Applications or Sproat is termed a "2’-Substituted Ribonucleotide." As used herein
the term "RNA-type nucleotide" means a 2’-hydroxyl or 2’-Substituted Nucleotide that is linked to other nucleotides of a

Protein # T97 P101
E. coli X00557 97 101

Arabidopsis thaliana AF360224 179 183
Petunia hybrida M21084.1 174 178
Brassica napus X51475.1 174 178
Zea mays X63374 102 106
Oryza sativa AF413082 169 173
Arabidopsis thaliana NM 130093 178 182



EP 2 465 341 B1

9

5

10

15

20

25

30

35

40

45

50

55

mixed duplex oligonucleotide by an unsubstituted phosphodiester linkage or any of the non-natural linkages taught by
Kmiec I or Kmiec II. As used herein the term "deoxyribo-type nucleotide" means a nucleotide having a 2’-H, which can
be linked to other nucleotides of a MDON by an unsubstituted phosphodiester linkage or any of the non-natural linkages
taught by Kmiec I or Kmiec II.
[0054] In one embodiment of the present invention, the recombinagenic oligonucleobase is a mixed duplex oligonu-
cleotide that is linked solely by unsubstituted phosphodiester bonds. In alternative embodiments, the linkage is by
substituted phosphodiesters, phosphodiester derivatives and non-phosphorus-based linkages as taught by Kmiec II. In
yet another embodiment, each RNA-type nucleotide in the mixed duplex oligonucleotide is a 2’-Substituted Nucleotide.
Particularly preferred embodiments of 2’-Substituted Ribonucleotides are 2’-fluoro, 2’-methoxy, 2’-propyloxy, 2’-allyloxy,
2’-hydroxylethyloxy, 2’-methoxyethyloxy, 2’-fluoropropyloxy and 2’-trifluoropropyloxy substituted ribonucleotides. More
preferred embodiments of 2’-Substituted Ribonucleotides are 2’-fluoro, 2’-methoxy, 2’ methoxyethyloxy, and 2’-allyloxy
substituted nucleotides. In another embodiment the -mixed duplex oligonucleotide is linked by unsubstituted phosphodi-
ester bonds.
[0055] Although mixed duplex oligonucleotide having only a single type of 2’-substituted RNA-type nucleotide are
more conveniently synthesized, the methods of the invention can be practiced with mixed duplex oligonucleotides having
two or more types of RNA-type nucleotides. The function of an RNA segment may not be affected by an interruption
caused by the introduction of a deoxynucleotide between two RNA-type trinucleotides, accordingly, the term RNA seg-
ment encompasses such an "interrupted RNA segment." An uninterrupted RNA segment is termed a contiguous RNA
segment. In an alternative embodiment an RNA segment can contain alternating RNase-resistant and unsubstituted 2’-
OH nucleotides. The mixed duplex oligonucleotides preferably have fewer than 100 nucleotides and more preferably
fewer than 85 nucleotides, but more than 50 nucleotides. The first and second strands are Watson-Crick base paired.
In one embodiment the strands of the mixed duplex oligonucleotide are covalently bonded by a linker, such as a single
stranded hexa, penta or tetranucleotide so that the first and second strands are segments of a single oligonucleotide
chain having a single 3’ and a single 5’ end. The 3’ and 5’ ends can be protected by the addition of a "hairpin cap"
whereby the 3’ and 5’ terminal nucleotides are Watson-Crick paired to adjacent nucleotides. A second hairpin cap can,
additionally, be placed at the junction between the first and second strands distant from the 3’ and 5’ ends, so that the
Watson-Crick pairing between the first and second strands is stabilized.
[0056] The first and second strands contain two regions that are homologous with two fragments of the target EPSPS
gene, i.e., have the same sequence as the target gene. A homologous region contains the nucleotides of an RNA
segment and may contain one or more DNA-type nucleotides of connecting DNA segment and may also contain DNA-
type nucleotides that are not within the intervening DNA segment. The two regions of homology are separated by, and
each is adjacent to, a region having a sequence that differs from the sequence of the target gene, termed a "heterologous
region." The heterologous region can contain one, two or three mismatched nucleotides. The mismatched nucleotides
can be contiguous or alternatively can be separated by one or two nucleotides that are homologous with the target gene.
Alternatively, the heterologous region can also contain an insertion or one, two, three or of five or fewer nucleotides.
Alternatively, the sequence of the mixed duplex oligonucleotide may differ from the sequence of the target gene only by
the deletion of one, two, three, or five or fewer nucleotides from the mixed duplex oligonucleotide. The length and position
of the heterologous region is, in this case, deemed to be the length of the deletion, even though no nucleotides of the
mixed duplex oligonucleotide are within the heterologous region. The distance between the fragments of the target gene
that are complementary to the two homologous regions is identically the length of the heterologous region when a
substitution or substitutions is intended. When the heterologous region contains an insertion, the homologous regions
are thereby separated in the mixed duplex oligonucleotide farther than their complementary homologous fragments are
in the gene, and the converse is applicable when the heterologous region encodes a deletion.
[0057] The RNA segments of the mixed duplex oligonucleotides are each a part of a homologous region, i.e., a region
that is identical in sequence to a fragment of the target gene, which segments together preferably contain at least 13
RNA-type nucleotides and preferably from 16 to 25 RNA-type nucleotides or yet more preferably 18-22 RNA-type
nucleotides or most preferably 20 nucleotides. In one embodiment, RNA segments of the homology regions are separated
by and adjacent to, i.e., "connected by" an intervening DNA segment. In one embodiment, each nucleotide of the
heterologous region is a nucleotide of the intervening DNA segment. An intervening DNA segment that contains the
heterologous region of a mixed duplex oligonucleotide is termed a "mutator segment."
[0058] The change to be introduced into the target EPSPS gene is encoded by the heterologous region. The change
to be introduced into the EPSPS gene may be a change in one or more bases of the EPSPS gene sequence that changes
the native amino acid in that position to the desired amino acid.
[0059] In another embodiment of the present invention, the recombinagenic oligonucleobase is a single stranded
oligodeoxynucleotide mutational vector or SSOMV, which is disclosed in International Patent Application
PCT/US00/23457. The sequence of the SSOMV is based on the same principles as the mutational vectors described
in U.S. Pat. Nos. 5,756,325; 5,871,984; 5,760,012; 5,888,983; 5,795,972; 5,780,296; 5,945,339; 6,004,804; and
6,010,907 and in International Publication Nos. WO 98/49350; WO 99/07865; WO 99/58723; WO 99/58702; WO
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99/40789; US 6,870,075; and US Published Patent Application 20030084473. The sequence of the SSOMV contains
two regions that are homologous with the target sequence separated by a region that contains the desired genetic
alteration termed the mutator region. The mutator region can have a sequence that is the same length as the sequence
that separates the homologous regions in the target sequence, but having a different sequence. Such a mutator region
will cause a substitution.
[0060] The nucleotides of the SSOMV are deoxyribonucleotides that are linked by unmodified phosphodiester bonds
except that the 3’ terminal and/or 5’ terminal internucleotide linkage or alternatively the two 3’ terminal and/or 5’ terminal
internucleotide linkages can be a phosphorothioate or phosphoamidate. As used herein an internucleotide linkage is
the linkage between nucleotides of the SSOMV and does not include the linkage between the 3’ end nucleotide or 5’
end nucleotide and a blocking substituent, see supra. In a specific embodiment the length of the SSOMV is between 21
and 55 deoxynucleotides and the lengths of the homology regions are, accordingly, a total length of at least 20 deoxy-
nucleotides and at least two homology regions should each have lengths of at least 8 deoxynucleotides.
[0061] The SSOMV can be designed to be complementary to either the coding or the non-coding strand of the target
gene. When the desired mutation is a substitution of a single base, it is preferred that both the mutator nucleotides be
a pyrimidine. To the extent that is consistent with achieving the desired functional result it is referred that both the mutator
nucleotide and the targeted nucleotide in the complementary strand be pyrimidines. Particularly preferred are SSOMV
that encode transversion mutations, i.e., a C or T mutator nucleotide is mismatched, respectively, with a C or T nucleotide
in the complementary strand.
[0062] In addition to the oligodeoxynucleotide the SSOMV can contain a 5’ blocking substituent that is attached to the
5’ terminal carbons through a linker. The chemistry of the linker is not critical other than its length, which should preferably
be at least 6 atoms long and that the linker should be flexible. A variety of non-toxic substituents such as biotin, cholesterol
or other steroids or a non-intercalating cationic fluorescent dye can be used. Particularly preferred as reagents to make
SSOMV are the reagents sold as Cy3™ and Cy5™ by Glen Research, Sterling VA, which are blocked phosphoroamidites
that upon incorporation into an oligonucleotide yield 3,3,3’,3’-tetramethyl N,N’-isopropyl substituted indomonocarbocy-
anine and indodicarbocyanine dyes, respectively. Cy3 is the most preferred. When the indocarbocyanine is N-oxyalkyl
substituted it can be conveniently linked to the 5’ terminal of the oligodeoxynucleotide through as a phosphodiester with
a 5’ terminal phosphate. The chemistry of the dye linker between the dye and the oligodeoxynucleotide is not critical
and is chosen for synthetic convenience. When the commercially available Cy3 phosphoramidite is used as directed
the resulting 5’ modification consists of a blocking substituent and linker together which are a N-hydroxypropyl, N’-
phosphatidylpropyl 3,3,3’,3’-tetramethyl indomonocarbocyanine.
[0063] In a preferred embodiment the indocarbocyanine dye is tetra substituted at the 3 and 3’ positions of the indole
rings. Without limitation as to theory these substitutions present the dye from being an intercalating dye. The identity of
the substituents at these positions are not critical. The SSOMV can in addition have a 3’ blocking substituent. Again the
chemistry of the 3’ blocking substituent is not critical.
[0064] In another preferred embodiment the recombinageneic oligonucleotide is a single-stranded oligodeoxynucle-
otide having a 3’ end nucleotide, a 5’ end nucleotide, having at least 25 deoxynucleotides and not more than 65 deox-
ynucleotides, and having a sequence comprising at least two regions each of at least 8 deoxynucleotides that are each,
respectively, identical to at least two regions of the targeted chromosomal gene, which regions together are at least 24
nucleotides in length, and which regions are separated by at least one nucleotide in the sequence of the targeted
chromosomal gene or in the sequence of the oligodeoxynucleotide or both such that the sequence of the oligodeoxy-
nucleotide is not identical to the sequence of the targeted chromosomal gene. See US Patent 6,271,360.

Microcarriers and Microfibers

[0065] The use of metallic microcarriers (microspheres) for introducing large fragments of DNA into plant cells having
cellulose cell walls by projectile penetration is well known to those skilled in the relevant art (henceforth biolistic delivery).
U.S. Pat Nos. 4,945,050; 5,100,792 and 5,204,253 describe general techniques for selecting microcarriers and devices
for projecting them. U.S. Pat. Nos. 5,484,956 and 5,489,520 describe the preparation of fertile transgenic corn using
microprojectile bombardment of corn callus tissue. The biolistic techniques are also used in transforming immature corn
embryos.
[0066] Specific conditions for using microcarriers in the methods of the present invention are described in International
Publication WO 99/07865. In an illustrative technique, ice cold microcarriers (60 mg/ml), mixed duplex oligonucleotide
(60 mg/ml) 2.5 M CaCl.sub.2 and 0.1 M spermidine are added in that order, the mixture is gently agitated, e.g., by
vortexing, for 10 minutes and let stand at room temperature for 10 minutes, whereupon the microcarriers are diluted in
5 volumes of ethanol, centrifuged and resuspended in 100% ethanol. Good results can be obtained with a concentration
in the adhering solution of 8-10 mg/ml microcarriers, 14-17 mg/ml mixed duplex oligonucleotide, 1.1-1.4 M CaCl.sub.2
and 18-22 mM spermidine. Optimal results were observed under the conditions of 8 mg/ml microcarriers, 16.5 mg/ml
mixed duplex oligonucleotide, 1.3 M CaCl.sub.2 and 21 mM spermidine.
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[0067] Recombinagenic oligonucleobases can also be introduced into plant cells for the practice of the present invention
using microfibers to penetrate the cell wall and cell membrane. U.S. Pat. No. 5,302,523 to Coffee et al. describes the
use of 30.time.0.5 mm and 10.times.0.3 mm silicon carbide fibers to facilitate transformation of suspension maize cultures
of Black Mexican Sweet. Any mechanical technique that can be used to introduce DNA for transformation of a plant cell
using microfibers can be used to deliver recombinagenic oligonucleobases for use in making the present EPSPS mutants.
The process disclosed by Coffee et al in U.S. Pat. No. 5,302,523 can be employed with regenerable plant cell materials
to introduce the present recombinagenic oligonucleobases to effect the mutation of the EPSPS gene whereby a whole
mutated plant can be recovered that exhibits the glyphosate resistant phenotype.
[0068] An illustrative technique for microfiber delivery of a recombinagenic oligonucleobase is as follows: Sterile
microfibers (2 mg) are suspended in 150 ml of plant culture medium containing about 10 .mu.g of a mixed duplex oligo-
nucleotide. A suspension culture is allowed to settle and equal volumes of packed cells and the sterile fiber/nucleotide
suspension are vortexed for 10 minutes and plated. Selective media are applied immediately or with a delay of up to
about 120 hours as is appropriate for the particular trait.

Electroporation

[0069] In an alternative embodiment, the recombinagenic oligonucleobases can be delivered to the plant cell by
electroporation of a protoplast derived from a plant part according to techniques that are well-known to one of ordinary
skill in the art. See, e.g., Gallois et al., 1996, in Methods in Molecular Biology 55:89-107, Humana Press, Totowa, N.J.;
Kipp et al., 1999, in Methods in Molecular Biology 133:213-221, Humana Press, Totowa, N.J.
[0070] Recombinagenic oligonucleobases can also be introduced into microspores by electroporation. Upon release
of the tetrad, the microspore is uninucleate and thin-walled. It begins to enlarge and develops a germpore before the
exine forms. A microspore at this stage is potentially more amenable to transformation with exogenous DNA than other
plant cells. In addition, microspore development can be altered in vitro to produce either haploid embryos or embryogenic
callus that can be regenerated into plants (Coumans et al., Plant Cell Rep. 7:618-621, 1989; Datta et al., Plant Sci.
67:83-88, 1990; Maheshwari et al., Am. J Bot. 69:865-879, 1982; Schaeffer, Adv. In Cell Culture 7:161-182, 1989;
Swanson et al., Plant Cell Rep. 6:94-97, 1987). Thus, transformed microspores can be regenerated directly into haploid
plants or dihaploid fertile plants upon chromosome doubling by standard methods. See also co-pending application U.S.
Ser. No. 09/680,858 entitled Compositions and Methods for Plant Genetic Modification.
[0071] Microspore electroporation can be practiced with any plant species for which microspore culture is possible,
including but not limited to plants in the families Graminae, Leguminoceae, Cruciferaceae, Solanaceac, Cucurbitaceae,
Rosaccae, Poaceae, Lilaceae, Rutaceae, Vitaceae, including such species as corn (Zea mays), wheat (Triticum aesti-
vum), rice (Oryza sativa), oats, barley, canola (Brassica napus, Brassica rapa, Brassica oleracea, and Brassicajuncea),
cotton (Gossypium hirsuitum L.), various legume species (e.g., soybean [Glycine max], pea [Pisum sativum], etc.),
grapes [Vitis vinifera], and a host of other important crop plants. Microspore embryogenesis, both from anther and
microspore culture, has been described in more than 170 species, belonging to 68 genera and 28 families of dicotyledons
and monocotyledons (Raghavan, Embryogenesis in Agniosperms: A. Developmental and Experimental Study, Cam-
bridge University Press, Cambridge, England, 1986; Rhagavan, Cell Differentiation 21:213-226, 1987; Raemakers et
al., Euphytica 81:93-107, 1995). For a detailed discussion of microspore isolation, culture, and regeneration of double
haploid plants from microspore-derived embryos [MDE] in Brassica napus L., see Nehlin, The Use of Rapeseed (Brassica
napus L.) Microspores as a Tool for Biotechnological Applications, doctoral thesis, Swedish University of Agricultural
Sciences, Uppsala, Sweden, 1999; also Nehlin et al., Plant Sci. 111:219-227, 1995, and Nehlin et al., Plant Sci.
111:219-227, 1995). Chromosome doubling from microspore or anther culture is a well-established technique for pro-
duction of double-haploid homologous plant lines in several crops (Heberle-Bors et al., In vitro pollen cultures: Progress
and perspectives. In: Pollen Biotechnology. Gene expression and allergen characterization, vol. 85-109, ed. Mohapatra,
S. S., and Knox, R. B., Chapman and Hall, New York, 1996).
[0072] Microspore electroporation methods are described in Jardinand et al., Plant Sci. 93:177-184, 1993, and Fennell
and Hauptman, Plant Cell Reports 11:567-570, 1992. Methods for electroporation of MDON into plant protoplasts can
also be adapted for use in microspore electroporation.

Whiskers and Microinjection

[0073] In yet another alternative embodiment, the recombinagenic oligonucleobase can be delivered to the plant cell
by whiskers or microinjection of the plant cell. The so called whiskers technique is performed essentially as described
in Frame et al., 1994, Plant J. 6:941-948. The recombinagenic oligonucleobase is added to the whiskers and used to
transform the plant cells. The recombinagenic oligonucleobase may be co-incubated with plasmids comprising sequences
encoding proteins capable of forming recombinase complexes in plant cells such that recombination is catalyzed between
the oligonucleotide and the target sequence in the EPSPS gene.
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Selection of Glyphosate Resistant Plants

[0074] Plants or plant cells can be tested for resistance or tolerance to a phosphonomethylglycine herbicide using
commonly known methods in the art, e.g., by growing the plant or plant cell in the presence of a phosphonomethylglycine
herbicide and measuring the rate of growth as compared to the growth rate of control plants in the absence of the
herbicide. In the case of glyphosate concentrations of from about 0.01 to about 20 mM are employed in selection medium.
[0075] The following examples illustrate the practice of the present invention but should not be construed as limiting
its scope.

Example 1: P178A Mutants in Brassica napus (canola) (Not according to the invention)

[0076] The following genoplast (recombinagenic oligonucleobase) was made to make a P178A change in Brassica
napus (canola) germplasm:

SEQ ID 1: VATGCAGGAACAGCCATGCGTTCACTTACGGCTGCAGTTACTH
wherein V is a fluorescent dye (V=Cy3) and H is a reverse nucleotide or reverse base (H=3’DMTdCCPG). The
underlined nucelobases represent the heterologous region (codon) where the mutation occurs in the canola genome,
ie, A. The genoplast is made according to well known techniques and the genoplast is preferably delivered into a
canola plant cell via microparticle bombardment, ie, biolistics. Canola plants regenerated that contain the P 178A
mutant are resistant to glyphosate when applied at commercial rates.

Example 2: P173A Mutants in Oryza_sativa (rice): (Not according to the invention)

[0077] The following genoplast (recombinagenic oligonucleobase) was made to make a P173A change in Oryza sativa
(rice) germplasm:

SEQ ID 2: VGGAACGCTGGAACTGCAATGCGAGCATTGACAGCAGCCGTGACTGCH

wherein V is a fluorescent dye (V=Cy3) and H is a reverse nucleotide or reverse base (H=3’DMTdCCPG). The underlined
nucleobases represent the heterologous region (codon) where the mutation occurs in the rice genome, ie, A. The
genoplast is made according to well known techniques and the genoplast is preferably delivered into a rice plant cell via
microparticle bombardment, ie, biolistics. Rice plants regenerated that contain the P173A mutant are resistant to glypho-
sate when applied at commercial rates.

Example 3: E Coli and Arabidposis Mutants

[0078] The following table lists the EPSPS mutations in E coli (AroA) and Arabidopsis NM 130093 that produce a
glyphosate resistant phenotype. The specific codon change is indicated in the right column. None of the mutants listed
in the following table is according to the present invention.

E. COLI ARABIDOPSIS NM 130093 MUTATION

1. T97 → A97 T178A ACA → GCA

2. L82 → S82 F159S TTC → TCC

3. P101 → C101 P182C CCA → TGC

4. T97;P101 → I97;A101 T178I;P182A (T -> I) ACA → ATA;
(P -> A) CCA -> GCA

5. *N194 → A194 N193A AAC → GCC

6. T97;P101 → A97;A101 T178A;P182A (T -> A) ACA → GCA;
(P -> A) CCA -> GCA

7. T97;P101 → A97;T101 T178A;P182T (T -> A) ACA → GCA;
(P -> T) CCA → ACA

8. L82;P101 → S82;A101 F159S;P182A (F -> S) TTC → TCC;
(P -> A) CCA -> GCA
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[0079] The following listing (a-g) shows in more detail the mutations. All references to "Arabidopsis" are to the Arabi-
dopsis gene NM 130093. The sequences are the gene sequences of the native EPSPS gene (top) and the mutated
EPSPS gene (bottom). The mutated codon is bolded and underlined where the changed nucleotide is represented by
a lower case letter.
a. T178A

CTTTACCTCGGTAATGCAGGAACAGCAATGCGTCCACTTACC
CTTTACCTCGGTAATGCAGGAgCAGCAATGCGTCCACTTACC

b. F159S

GGATGTGGCGGGATATTCCCAGCTTCCATAGATTC
GGATGTGGCGGGATATcCCAGCTTCCATAGATTC

c. PI01C

GCAGGAACAGCAATGCGTCCACTTACCGCTGCGGTC
GCAGGAACAGCAATGCGTtgcCTTACCGCTGCGGTC

d. T178I;P182A

CCTCGGTAATGCAGGAACAGCAATGCGTCCACTTAC
CCTCGGTAATGCAGGAAtAGCAATGCGTgCACTTAC

a. N193A

(continued)

E. COLI ARABIDOPSIS NM 130093 MUTATION

9. L82;P101 → S82;T101 F159S;P182T (F -> S) TTC → TCC;
(P -> T) CCA -> ACA

* No true homologous amino acid in E. coli. The closest homologous amino acid in
E. coli is N111. Also note that the native E coli has an L in the 82 position and the
analogous amino acid in Arabodposis at position 159 is F

E. COLI ARABIDOPSIS MUTATION

1. T97→A97 T178A (ACA → GCA

E. COLI ARABIDOPSIS MUTATION

2. L82 → S82 F159S TTC → TCC

E. COLI ARABIDOPSIS MUTATION

3. P101 → C101 P182C CCA→TGC

E. COLI ARABIDOPSIS MUTATION

4. T97;P101 → I97;A101 T178I;P182A (T → I) ACA → ATA;
(P → A) CCA -> GCA
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GGTCACTGCTGCAGGTGGAAACGCAAGTTATGTGCTTG
GGTCACTGCTGCAGGTGGAgcCGCAAGTTATGTGCTTG

b. T178A;P182A

CCTCGGTAATGCAGGAACAGCAATGCGTCCACTTAC
CCTCGGTAATGCAGGAgCAGCAATGCGTgCACTTAC

c. T178A;P182T

CCTCGGTAATGCAGGAACAGCAATGCGTCCACTTAC
CCTCGGTAATGCAGGAgCAGCAATGCGTaCACTTAC

SEQUENCE LISTING

[0080]

<110> Cibus, LLC

<120> EPSPS Mutants

<130> JWJ01491EP

<140> 07716464.8 <141> 2007-01-10

<150> PCT/US2007/000591
<151> 2007-01-10

<150> 60/758,439 <151> 2006-01-12

<160> 21

<170> Patent In version 3.5

<210> 1
<211> 43
<212> DNA
<213> Artificial Sequence

<220>

E. COLI ARABIDOPSIS MUTATION

5. *N193 → A193 N193A AAC → GCC

E. COLI ARABIDOPSIS MUTATION

6. T97;P101 → A97;A101 T178A;P182A (T -> A) ACA → GCA;
(P -> A) CCA -> GCA

E. COLI ARABIDOPSIS MUTATION

7. T97;P101 → A97;T101 T178A;P182T (T -> A) ACA → GCA;
(P -> T) CCA → ACA



EP 2 465 341 B1

15

5

10

15

20

25

30

35

40

45

50

55

<223> Recombinagenic oligonucleobase designed to cause a point mutation in Brassica napus

<400> 1
vatgcaggaa cagccatgcg ttcacttacg gctgcagtta cth 43

<210> 2
<211> 48
<212> DNA
<213> Artificial Sequence

<220>
<223> Recombinagenic oligonucleobase designed to cause point mutation in Oryza sativa

<400> 2
vggaacgctg gaactgcaat gcgagcattg acagcagccg tgactgch 48

<210> 3
<211> 42
<212> DNA
<213> Arabidopsis thaliana (native)

<400> 3
ctttacctcg gtaatgcagg aacagcaatg cgtccactta cc 42

<210> 4
<211> 42
<212> DNA
<213> Arabidopsis thaliana (mutated)

<400> 4
ctttacctcg gtaatgcagg agcagcaatg cgtccactta cc 42

<210> 5
<211> 35
<212> DNA
<213> Arabidopsis thaliana (native)

<400> 5
ggatgtggcg ggatattccc agcttccata gattc 35

<210> 6
<211> 35
<212> DNA
<213> Arabidopsis thaliana (mutated)

<400> 6
ggatgtggcg ggatatcccc agcttccata gattc 35

<210> 7
<211> 36
<212> DNA
<213> Arabidopsis thaliana (native)

<400> 7
gcaggaacag caatgcgtcc acttaccgct gcggtc 36

<210> 8
<211> 36
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<212> DNA
<213> Arabidopsis thaliana (mutated)

<400> 8
gcaggaacag caatgcgttg ccttaccgct gcggtc 36

<210> 9
<211> 36
<212> DNA
<213> Arabidopsis thaliana (native)

<400> 9
cctcggtaat gcaggaacag caatgcgtcc acttac 36

<210> 10
<211> 36
<212> DNA
<213> Arabidopsis thaliana (mutated)

<400> 10
cctcggtaat gcaggaatag caatgcgtgc acttac 36

<210> 11
<211> 38
<212> DNA
<213> Arabidopsis thaliana (native)

<400> 11
ggtcactgct gcaggtggaa acgcaagtta tgtgcttg 38

<210> 12
<211> 38
<212> DNA
<213> Arabidopsis thaliana (mutated)

<400> 12
ggtcactgct gcaggtggag ccgcaagtta tgtgcttg 38

<210> 13
<211> 36
<212> DNA
<213> Arabidopsis thaliana (native)

<400> 13
cctcggtaat gcaggaacag caatgcgtcc acttac 36

<210> 14
<211> 36
<212> DNA
<213> Arabidopsis thaliana (mutated)

<400> 14
cctcggtaat gcaggagcag caatgcgtgc acttac 36

<210> 15
<211> 36
<212> DNA
<213> Arabidopsis thaliana (native)
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<400> 15
cctcggtaat gcaggaacag caatgcgtcc acttac 36

<210> 16
<211> 36
<212> DNA
<213> Arabidopsis thaliana (mutated)

<400> 16
cctcggtaat gcaggagcag caatgcgtac acttac 36

<210> 17
<211> 427
<212> PRT
<213> Escherichia coli

<400> 17
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<210> 18
<211> 520
<212> PRT
<213> Arabidopsis thaliana

<400> 18
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<210> 19
<211> 521
<212> PRT
<213> Arabidopsis thaliana

<400> 19
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<210> 20
<211> 514
<212> PRT
<213> Brassica napus

<400> 20



EP 2 465 341 B1

23

5

10

15

20

25

30

35

40

45

50

55



EP 2 465 341 B1

24

5

10

15

20

25

30

35

40

45

50

55

<210> 21
<211> 516
<212> PRT
<213> Brassica napus

<400> 21
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Claims

1. A method for producing a non-transgenic, herbicide resistant or tolerant plant comprising:

introducing into plant cells a recombinagenic oligonucleobase with a targeted mutation in the EPSPS gene to
produce plant cells with a mutant EPSPS gene that expresses a EPSPS protein that is mutated at amino acid
positions Thr179 and Pro183 in an Arabidopsis EPSPS protein (AF360224) or at an analogous amino acid residue
in an EPSPS protein of another species wherein Thr179 is changed to Ile and Pro183 is changed to Thr;
selecting a plant cell exhibiting improved tolerance to glyphosate as compared to a corresponding wild-type
plant cell; and
regenerating a non-transgenic herbicide resistant or tolerant plant having a mutated EPSPS gene from said
selected plant cell.

2. A method for producing a non-transgenic, herbicide resistant or tolerant plant comprising:

introducing into plant cells a recombinagenic oligonucleobase with a targeted mutation in the EPSPS gene to
produce plant cells with a mutant EPSPS gene that expresses a EPSPS protein that is mutated at amino acid
positions Thr179 and Pro183 in an Arabidopsis EPSPS protein (AF360224) or at an analogous amino acid residue
in an EPSPS protein of another species wherein Thr179 is changed to Ile and Pro183 is changed to Thr;
identifying a plant cell having mutant EPSPS protein that exhibits substantially the same catalytic activity as a
wild type EPSPS protein, and which exhibits that activity even in the presence of glyphosate; and
regenerating a non-transgenic herbicide resistant or tolerant plant having a mutated EPSPS gene from said
plant cell.
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3. The method according to claim 1 or 2 in which the recombinagenic oligonucleobase is introduced by electroporation.

4. The method according to any of claims 1 to 3 in which the plant cells are selected from the group consisting of corn,
wheat, rice, barley, soybean, cotton, sugarbeet, oilseed rape, canola, flax, sunflower, potato, tobacco, tomato, alfalfa,
poplar, pine, eucalyptus, apple, lettuce, peas, lentils, grape, turf grasses, and Brassica sp.

5. The method according to any of claims 1 to 3 in which the amino acid positions are
Thr102 and Pro106 in the EPSPS protein of Zea mays;
Thr174 and Pro178 in the EPSPS protein of a Brassica sp;
Thr174 and Pro178 in the EPSPS protein of Petunia hybrida; or
Thr178 and Pro182 in the EPSPS protein of Arabidopsis (NM 130093).

6. A method for producing a non-transgenic E. coli cell having a mutant EPSPS gene comprising:

introducing into E. coli cells a recombinagenic oligonucleobase with a targeted mutation in the EPSPS gene to
produce E. coli cells with a mutant EPSPS gene that expresses a EPSPS protein that is mutated at amino acid
positions Thr97 and Pro101 wherein Thr97 is changed to Ile and Pro101 is changed to Thr;
identifying an E. coli cell colony having substantially normal growth in the presence of glyphosate; and
isolating one or more E. coli cells that contain the EPSPS mutant gene.

7. The method according to any of the preceding claims in which the recombinagenic oligonucleobase is a mixed
duplex nucleotide or a SSOMV.

8. The method according to claim 7 in which the mixed duplex nucleotide contains a first homologous region which
has a sequence identical to the sequence of at least 6 base pairs of the first fragment of the target EPSPS gene
and a second homologous region which has a sequence identical to the sequence of at least 6 base pairs of a
second fragment of the target EPSPS gene, and an intervening region which contains at least one nucleobase
heterologous to the target EPSPS gene, which intervening region connects the first and second homologous region.

9. An herbicide resistant plant that expresses a mutant EPSPS gene product wherein the EPSPS gene is mutated at
positions to change at amino acid positions Thr179 and Pro183 in an Arabidopsis EPSPS protein (AF360224) or at
an analogous amino acid residue in an EPSPS homolog wherein the Thr179 is changed to Ile and Pro183 is changed
to Thr.

10. The plant according to claim 9 in which the plant is selected from the group consisting of corn, wheat, rice, barley,
soybean, cotton, sugarbeet, oilseed rape, canola, flax, sunflower, potato, tobacco, tomato, alfalfa, poplar, pine,
eucalyptus, apple, lettuce, peas, lentils, grape, turf grasses, and Brassica sp.

11. The plant according to claims 9 to 10 in which the amino acid positions are
Thr102 and Pro106 in the EPSPS protein of Zea mays;
Thr174 and Pro178 in the EPSPS protein of a Brassica sp;
Thr174 and Pro178 in the EPSPS protein of Petunia hybrida; or
Thr178 and Pro182 in the EPSPS protein of Arabidopsis (NM 130093).

12. A mutant EPSPS protein comprising the amino acid sequence of the E. coli EPSPS gene product depicted in FIG.
1 or of an EPSPS homolog in which amino acids positions Thr97 and Pro101 are changed wherein Thr97 is changed
to Ile and Pro101 is changed to Thr, which mutant EPSPS protein has increased resistance or tolerance to a phospho-
nomethylglycine herbicide.

13. A mutant E. coli cell that expresses a mutant EPSPS gene product wherein the EPSPS gene is mutated to change
amino acid positions Thr97 and Pro101 in the gene product, wherein Thr97 is changed to Ile and Pro101 is changed
to Thr.

14. The method according to any of claims 1 to 3, wherein said herbicide resistant or tolerant plant is selected from the
group consisting of corn, wheat, sugarbeet, potato, oilseed rape and canola; and wherein said herbicide is glyphosate.

15. The plant according to claim 9, wherein said herbicide resistant or tolerant plant is selected from the group consisting
of corn, wheat, sugarbeet, potato, oilseed rape and canola; and wherein said herbicide is glyphosate.
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Patentansprüche

1. Verfahren zum Produzieren einer nicht-transgenen, herbizidresistenten oder herbizidtoleranten Pflanze, umfassend:

das Einschleusen einer rekombinagenen Oligonukleobase mit einer zielgerichteten Mutation im EPSPS-Gen
in Pflanzenzellen, um Pflanzenzellen mit einem mutierten EPSPS-Gen zu produzieren, das ein EPSPS-Protein
exprimiert, welches an den Aminosäurepositionen Thr179 und Pro183 in einem Arabidopsis EPSPS-Protein
(AF360224) oder an einem analogen Aminosäurerest in einem EPSPS-Protein einer anderen Spezies mutiert
ist, wobei Thr179 zu Ile geändert ist und Pro183 zu Thr geändert ist;
das Auswählen einer Pflanzenzelle, welche im Vergleich zu einer entsprechenden Wildtyp-Pflanzenzelle eine
verbesserte Toleranz gegenüber Glyphosat aufweist; und
das Regenerieren einer nicht-transgenen herbizidresistenten oder herbizidtoleranten Pflanze mit einem mu-
tierten EPSPS-Gen aus der ausgewählten Pflanzenzelle.

2. Verfahren zum Produzieren einer nicht-transgenen, herbizidresistenten oder herbizidtoleranten Pflanze, umfassend:

das Einschleusen einer rekombinagenen Oligonukleobase mit einer zielgerichteten Mutation im EPSPS-Gen
in Pflanzenzellen, um Pflanzenzellen mit einem mutierten EPSPS-Gen zu produzieren, das ein EPSPS-Protein
exprimiert, welches an den Aminosäurepositionen Thr179 und Pro183 in einem Arabidopsis EPSPS-Protein
(AF360224) oder an einem analogen Aminosäurerest in einem EPSPS-Protein einer anderen Spezies mutiert
ist, wobei Thr179 zu Ile geändert ist und Pro183 zu Thr geändert ist;
das Identifizieren einer Pflanzenzelle mit einem mutierten EPSPS-Protein, welches im Wesentlichen die gleiche
katalytische Aktivität wie ein Wildtyp-EPSPS-Protein aufweist, und welches diese Aktivität auch in der Gegenwart
von Glyphosat aufweist; und
das Regenerieren einer nicht-transgenen herbizidresistenten oder herbizidtoleranten Pflanze mit einem mu-
tierten EPSPS-Gen aus der Pflanzenzelle.

3. Verfahren nach Anspruch 1 oder 2, bei dem die rekombinagene Oligonukleobase durch Elektroporation einge-
schleust wird.

4. Verfahren nach einem der Ansprüche 1 bis 3, bei dem die Pflanzenzellen ausgewählt werden aus der Gruppe
bestehend aus Mais, Weizen, Reis, Gerste, Soja, Baumwolle, Zuckerrübe, Ölraps, Canola, Flachs, Sonnenblume,
Kartoffel, Tabak, Tomate, Alfalfa, Pappel, Kiefer, Eukalyptus, Apfel, Lattich, Erbsen, Linsen, Weintraube, Rasen-
gräsern, und Brassica Spezies.

5. Verfahren nach einem der Ansprüche 1 bis 3, bei dem die Aminosäurepositionen sind:

Thr102 und Pro106 im EPSPS-Protein von Zea mays;
Thr174 und Pro178 im EPSPS-Protein einer Brassica Spezies;
Thr174 und Pro178 im EPSPS-Protein von Petunia hybrida; oder
Thr178 und Pro182 im EPSPS-Protein von Arabidopsis (NM 130093).

6. Verfahren zum Produzieren einer nicht-transgenen E. coli Zelle mit einem mutierten EPSPS-Gen, umfassend:

das Einschleusen einer rekombinagenen Oligonukleobase mit einer zielgerichteten Mutation im EPSPS-Gen
in E. coli Zellen, um E. coli Zellen mit einem mutierten EPSPS-Gen zu produzieren, das ein EPSPS-Protein
exprimiert, welches an den Aminosäurepositionen Thr97 und Pro101 mutiert ist, wobei Thr97 zu Ile geändert ist
und Pro101 zu Thr geändert ist;
das Identifizieren einer Kolonie von E. coli Zellen mit im Wesentlichen normalem Wachstum in der Gegenwart
von Glyphosat; und
das Isolieren einer oder mehrerer E. coli Zellen, welche das mutierte EPSPS-Gen enthalten.

7. Verfahren nach einem der vorhergehenden Ansprüche, bei dem die rekombinagene Oligonukleobase ein gemischtes
Doppelstrang-Nukleotid oder ein SSOMV ist.

8. Verfahren nach Anspruch 7, bei dem das gemischte Doppelstrang-Nukleotid einen ersten homologen Bereich ent-
hält, welcher eine Sequenz aufweist, die identisch ist zu der Sequenz von wenigstens 6 Basenpaaren des ersten
Fragments des Ziel-EPSPS-Gens, und einen zweiten homologen Bereich, welcher eine Sequenz aufweist, die
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identisch ist zu der Sequenz von wenigstens 6 Basenpaaren eines zweiten Fragments des Ziel-EPSPS-Gens, und
einen intervenierenden Bereich, der wenigstens eine zum Ziel-EPSPS-Gen heterologe Nukleobase enthält, wobei
der intervenierende Bereich den ersten und den zweiten homologen Bereich verbindet.

9. Herbizidresistente Pflanze, die ein mutiertes EPSPS-Genprodukt exprimiert, bei dem das EPSPS-Gen an Positionen
mutiert ist um die Aminosäurepositionen Thr179 und Pro183 in einem Arabidopsis EPSPS-Protein (AF360224) zu
ändern, oder an einem analogen Aminosäurerest in einem EPSPS-Homolog, wobei Thr179 zu Ile geändert ist und
Pro183 zu Thr geändert ist.

10. Pflanze nach Anspruch 9, bei der die Pflanze ausgewählt ist aus der Gruppe bestehend aus Mais, Weizen, Reis,
Gerste, Soja, Baumwolle, Zuckerrübe, Ölraps, Canola, Flachs, Sonnenblume, Kartoffel, Tabak, Tomate, Alfalfa,
Pappel, Kiefer, Eukalyptus, Apfel, Lattich, Erbsen, Linsen, Weintraube, Rasengräsern, und Brassica Spezies.

11. Pflanze nach Anspruch 9 oder 10, bei der die Aminosäurepositionen sind:

Thr102 und Pro106 im EPSPS-Protein von Zea mays;
Thr174 und Pro178 im EPSPS-Protein einer Brassica Spezies;
Thr174 und Pro178 im EPSPS-Protein von Petunia hybrida; oder
Thr178 und Pro182 im EPSPS-Protein von Arabidopsis (NM 130093).

12. Mutiertes EPSPS-Protein, umfassend die Aminosäuresequenz des in Fig. 1 dargestellten E. coli EPSPS-Genpro-
dukts oder eines EPSPS-Homologs, bei dem die Aminosäurepositionen Thr97 und Pro101 geändert sind, wobei
Thr97 zu Ile geändert ist und Pro101 zu Thr geändert ist, wobei das mutierte EPSPS-Protein eine verbesserte
Resistenz oder Toleranz gegenüber einem Phosphonomethylglycin-Herbizid aufweist.

13. Mutierte E. coli Zelle, die ein mutiertes EPSPS-Genprodukt exprimiert, bei dem das EPSPS-Gen mutiert ist, wobei
die Aminosäurepositionen Thr97 und Pro101 in dem Genprodukt geändert sind, wobei Thr97 zu Ile geändert ist und
Pro101 zu Thr geändert ist.

14. Verfahren nach einem der Ansprüche 1 bis 3, bei dem die herbizidresistente oder herbizidtolerante Pflanze ausge-
wählt ist aus der Gruppe bestehend aus Mais, Weizen, Zuckerrübe, Kartoffel, Ölraps und Canola, und wobei das
Herbizid Glyphosat ist.

15. Pflanze nach Anspruch 9, bei der die herbizidresistente oder herbizidtolerante Pflanze ausgewählt ist aus der Gruppe
bestehend aus Mais, Weizen, Zuckerrübe, Kartoffel, Ölraps und Canola, und wobei das Herbizid Glyphosat ist.

Revendications

1. Procédé de production d’une plante non-transgénique, résistante à ou tolérant l’herbicide, comprenant le fait de:

introduire dans des cellules végétales une oligonucléobase recombinagène avec une mutation ciblée dans le
gène EPSPS, pour produire des cellules végétales avec un gène EPSPS mutant qui exprime une protéine
EPSPS qui est mutée à des positions d’acides aminés Thr179 et Pro183 dans une protéine EPSPS d’Arabidopsis
(AF360224) ou à un résidu d’acides aminés analogue dans une protéine EPSPS d’une autre espèce dans
laquelle Thr179 est changé à Ile et Pro183 est changé à Thr;
sélectionner une cellule végétale présentant une tolérance améliorée au glyphosate, comparé à une cellule
végétale de type sauvage correspondante; et
régénérer une plante non-transgénique résistante à ou tolérant l’herbicide présentant un gène EPSPS muté
de ladite cellule végétale sélectionnée.

2. Procédé de production d’une plante non-transgénique résistante à ou tolérant l’herbicide, comprenant le fait de:

introduire dans des cellules végétales une oligonucléobase recombinagène avec une mutation ciblée dans le
gène EPSPS, pour produire des cellules végétales avec un gène EPSPS mutant qui exprime une protéine
EPSPS qui est mutée à des positions d’acides aminés Thr179 et Pro183 dans une protéine EPSPS d’Arabidopsis
(AF360224) ou à un résidu d’acides aminés analogue dans une protéine EPSPS d’une autre espèce dans
laquelle Thr179 est changé à Ile et Pro183 est changé à Thr;
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identifier une cellule végétale présentant une protéine EPSPS mutante qui présente sensiblement la même
activité catalytique qu’une protéine EPSPS de type sauvage et qui présente cette activité même en présence
de glyphosate; et
régénérer une plante non-transgénique résistante à ou tolérant l’herbicide présentant un gène EPSPS muté
de ladite cellule végétale.

3. Procédé selon la revendication 1 ou 2, dans lequel l’oligonucléobase recombinagène est introduite par électropo-
ration.

4. Procédé selon l’une quelconque des revendications 1 à 3, dans lequel les cellules végétales sont choisies parmi le
groupe composé de maïs, de blé, de riz, d’orge, de soja, de coton, da betterave sucrière, de colza, de canola, de
lin, de tournesol, de pomme de terre, de tabac, de tomate, de luzerne, de peuplier, de pin, d’eucalyptus, de pomme,
de laitue, de pois, de lentilles, de raisin, d’herbes à gazon, et de Brassica sp.

5. Procédé selon l’une quelconque des revendications 1 à 3, dans lequel les positions d’acides aminés sont
Thr102 et Pro106 dans la protéine EPSPS de Zea mays;
Thr174 et Pro178 dans la protéine EPSPS de Brassica sp;
Thr174 et Pro178 dans la protéine EPSPS de Petunia hybrida; ou
Thr178 et Pro182 dans la protéine EPSPS d’Arabidopsis (NM 130093).

6. Procédé de production d’une cellule d’E. coli non-transgénique présentant un gène EPSPS mutant, comprenant:

introduire dans des cellules d’E. coli une oligonucléobase recombinagène avec une mutation ciblée dans le
gène EPSPS, pour produire des cellules d’E. coli avec un gène EPSPS mutant qui exprime une protéine EPSPS
qui est mutée à des positions d’acides aminés Thr97 et Pro101 dans lequelle Thr97 est changé à Ile et Pro101
est changé à Thr;
identifier une colonie de cellules d’E. coli présentant une croissance sensiblement normale en présence de
glyphosate; et
isoler une ou plusieurs cellules d’E. coli contenant le gène mutant EPSPS.

7. Procédé selon l’une quelconque des revendications précédentes, dans lequel l’oligonucléobase recombinagène
est un nucléotide duplex mixte ou un SSOMV.

8. Procédé selon la revendication 7, dans lequel le nucléotide duplex mixte contient une première région homologue
qui présente une séquence identique à la séquence d’au moins 6 paires de bases du premier fragment du gène
EPSPS cible et une deuxième région homologue qui présente une séquence identique à la séquence d’au moins
6 paires de bases d’un deuxième fragment du gène EPSPS cible, et une région intervenante qui contient au moins
une nucléobase hétérologue au gène EPSPS cible, région intervenante qui connecte les première et deuxième
régions homologues.

9. Plante résistante à l’herbicide qui exprime un produit de gène EPSPS mutant, dans laquelle le gène EPSPS est
muté à des positions pour changer les positions d’acides aminés Thr179 et Pro183 dans une protéine EPSPS d’Ara-
bidopsis (AF360224) ou à un résidu d’acides aminés analogue à un homologue EPSPS dans lequel la Thr179 est
changé à Ile et Pro183 est changé à Thr.

10. Plante selon la revendication 9, dans laquelle la plante est choisie parmi le groupe composé de maïs, de blé, de
riz, d’orge, de soja, de coton, de betterave sucrière, de colza, de canola, de lin, de tournesol, de pomme de terre,
de tabac, de tomate, de luzerne, de peuplier, de pin, d’eucalyptus, de pomme, de laitue, de pois, de lentilles, de
raisin, d’herbes à gazon, et de Brassica sp.

11. Plante selon les revendications 9 à 10, dans laquelle les positions d’acides aminés sont
Thr102 et Pro106 dans la protéine EPSPS de Zea mays;
Thr174 et Pro178 dans la protéine EPSPS de Brassica sp ;
Thr174 et Pro178 dans la protéine EPSPS de Petunia hybrida ; ou
Thr178 et Pro182 dans la protéine EPSPS d’Arabidopsis (NM 130093).

12. Protéine EPSPS mutante comprenant la séquence d’acides aminés du produit de gène E. coli EPSPS représenté
à la figure 1 ou d’un homologue EPSPS, dans laquelle les positions d’acides aminés Thr97 et Pro101 sont changées,
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dans lequel Thr97 est changé à Ile et Pro101 est changé à Thr, protéine EPSPS mutante qui présente une résistance
ou tolérance accrue à un herbicide à base de phosphonométhylglycine.

13. Cellule d’E. coli mutante qui exprime un produit de gène EPSPS mutant, dans laquelle le gène EPSPS est muté
pour changer les positions d’acides aminés Thr97 et Pro101 dans le produit de gène, dans lequel Thr97 est changé
à Ile et Pro101 est changé à Thr.

14. Procédé selon l’une quelconque des revendications 1 à 3, dans lequel ladite plante résistante à ou tolérant l’herbicide
est choisie parmi le groupe composé de maïs, de blé, de betterave sucrière, de pomme de terre, de colza et de
canola; et dans lequel ledit herbicide est le glyphosate.

15. Plante selon la revendication 9, dans laquelle ladite plante résistante à ou tolérant l’herbicide est choisie parmi le
groupe composé de maïs, de blé, de betterave sucrière, de pomme de terre, de colza et de canola; et dans lequel
ledit herbicide est le glyphosate.
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