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Mutated 5-enolpyruvylshikimate-3-phosphate synthase,
gene coding for this protein and transformed plants

containing this gene

The present invention relates to a new
5-enolpyruvylshikimate-3-phosphate synthase (or EPSPS)
which displays increased tolerance with respect to
herbicides which are competitive inhibitors with

respect to phosphonoenolpyruvate (PEP) of EPSPS

activity. This more tolerant EPSP synthase possesses at

least one "threonine by isoleucine" substitution. The
invention also relates to a gene coding for such a
protein, to plant cells transformed by chimeric gene
constructions containing this gene, to the plants
regenerated from these cells and also to the plants

originating from crossing using these transformed

plants.

-

Glyphosate, sulfosate or fosametine are
broad-spectrum systemic herbicides of the
phosphonomethylglycine family. They act essentially as
competitive inhibitors of 5-enolpyruvylshikimate-3-
phosphate synthase (EC 2.5.1.19) or EPSPS with respect
to the PEP (phosphoenolpyruvate). After their
application to the plant, they are translocated in the
plant where they accumulate in the rapidly growing

parts, in particular the cauline and root apices,

causing damage to the point of destruction of sensitive

plants.
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Plastid EPSPS, the main target of these
products, is an enzyme of the pathway of biosynthesis
of aromatic amino acids, which is encoded by one or
more nuclear genes and synthesized in the form of a

5 cytoplasmic precursor, then imported into the plastids

where it accumulates in its mature form.

The tolerance of plants to glyphosate and to
products of the family is obtained by stable
introduction into their genome of an EPSPS gene, of

10 plant or bacterial origin, which is mutated orx

%
=
i

otherwise in respect of the characteristics of
inhibition by glyphosate of the product of this gene.
In view of the mode of action of glyphosate and the
degree of tolerance to glyphosate of the product of the
15 genes which are used, it is advantageous to be able to
express the product of the translation of this gene so
as enable it to be accumulated in substantial amounts

in the plastids.

It is known, for example from US Patent

20 4,535,060, to confer om a plant a tolerance to a
herbicide of the above type, especially N-phosphono-
methylglycine or glyphosate, by introducing into the
genome of plants a gene coding for an EPSPS carrying at
least one mutation that makes this enzyme more

25 resistant to its competitive inhibitor (glyphosate)
after localization of the enzyme in the plastid
compartment. These techniques, however, need to be

improved in order to obtain greater reliability in the

use of these plants under agricultural conditions.
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In the present description, "plant" is understood to mean any differentiated
multicellular organism capable of photosynthesis, and "plant cell" is understood to
mean any cell originating from a plant and capable of constituting undifferentiated
tissues such as calluses or differentiated tissues such a embryos or plant parts or
seeds.

The subject of the present invention is the production of transformed plants
having increased tolerance to herbicides having EPSP synthase as their target, e.g. of
the phosphonomethylglycine family, e.g. glyphosate or a glyphosate precursor, by
regeneration of cells transformed by means of new chimeric genes containing a gene
for tolerance to these herbicides.

The invention accordingly provides a DNA sequence coding for a mutated
5-enolpyruvylshikimate-3-phosphate synthase (EPSPS), characterized in that the
EPSPS is from maize and comprises a first mutation consisting in the threonine 102
- isoleucine substitution and a second mutation consisting in a substitution of
proline 106 by serine; the invention also provides a DNA sequence coding for a
mutated 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS), characterised in that
it comprises the coding region of the DNA sequence represented in SEQ ID No. 2,
comprising a first mutation consisting in the threonine 102 isoleucine substitution
and a second mutation consisting in a substitution of proline 106 by serine; and a
DNA sequence coding for a mutated 5-enolpyruvylshikimate -3-phosphate synthase
(EPSPS), characterised ix that it comprises the coding sequence of SEQ ID No. 4.

According tc a further feature of the invention there is provided a 5-
enolpyruvylshikimate -3-phosphate synthase (EPSPS), characterized in that the
EPSPS is from maize and comprises a first mutation consisting in the substitution of
threonine 102 by isoleucine and a second mutation consisting in a substitution of
proline 106 by serine.

The invention also provides a chimeric gene comprising a coding sequence
as well as regulatory elements at position 5' and 3' which are heterologous and
capable of functioning in plants, characterized in that it comprises as coding

sequence at least one sequence according to the invention.
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The chimeric gene of the invention for conferring on plants increased
tolerance with respect to a herbicide having EPSPS as its target, generally comprises,
in the direction of transcription: a promoter region, optionally a transit peptide
region, a sequence of a gene coding for a glyphosate tolerance enzyme and an

5 untranslated polyadenylation signal region at the 3' end, characterized in that the
glyphosate tolerance gene contains, relative to the gene from which it is derived, a
"threonine 102 by isoleucine" substitution in the "aroA" (EPSPS) region and, in the
same region, a "proline 106 by serine" substitution. These substitutions can be

introduced or be present in an EPSPS sequence of any
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origin, in particular of plant, bacterial, algal or fungal origin.

The transit peptides which can be used in the transit peptide region can
be, known per se, of plant origin, for example originating from maize,
sunflower, pea, tobacco or the like. The first and the second transit peptide can
be identical, similar or different. They can, in addition, each comprise one or
more transit peptide units according to European Patent Application
EP 0 508 909. It is the role of this characteristic region to permit the release of
a mature and native protein, and especially the above mutated EPSPS, with

maximum efficacy in the plasmid compartment.

The promoter region of the chimeric gene according to the invention
may comprise a plant virus promoter; the region may be advantageously
composed of at least one gene promoter or promoter fragment which is
expressed naturally in plants (e.g. tubulin, generally a-tubulin, introns actin,

histone).

The untranslated transcription termination signal region at the 3’ end of
the chimeric gene may be of any origin, for example of bacterial origin, such as
that of the nopaline synthase gene, or of plant origin, such as that of the
Arabidopsis thaliana histone H4A748 gene according to the European Patent

Application (European Application 633 317).

The chimeric gene according to the invention can comprise, in addition

to the essential portions
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above, at least one untranslated intermediate (linker) region, which can be located
between the different transcribed regions described above. This intermediate region
can be of any origin, for example of bacterial, viral or plant origin.

The method of the invention for the production of plants with improved
tolerance to a herbicide having EPSP synthase activity as its target, characterised in
that plant cells or protoplasts are transformed with a gene according to the invention
and in that the transformed cells are subjected to a regeneration. The plants obtained
may be used to prepare hybrid lines.

Isolation of a cDNA coding for a maize EPSPS:

The different steps which led to the obtaining of maize EPSPS cDNA,
which served as substrate for the introduction of the two mutations, are described
below. All the operations described below are given by way of example, and
correspond to a choice made from among the different methods available for arriving
at the same result. This choice has no effect on the quality of the result, and
consequently any suitable method may be used by a person skilled in the art to arrive
at the same result. Most of the methods of engineering of DNA fragments are
described in "Current Protocols in Molecular Biology" Volumes 1 and 2, Ausubel
F.M. et al., published by Greene Publishing Associates and Wiley-Interscience
(1989) (hereinafter, references to protocols described in this work will be designated
"ref. CPMB"). The operations relating to DNA which were performed according to
the protocols described in this work are especially the following: ligation of DNA
fragments, treatment with Klenow DNA polymerase and T4 DNA polymerase,
preparation of plasmid and of bacteriophage A DNA, either as a minipreparation or as

a maxipreparation, and DNA and
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minipreparation or as a maxipreparation, and DNA and
RNA analyses according to the Southern and Northern
techniques, respectively. Other methods described in

this work were followed, and only significant

modifications or additions to these protocols have been

described below.

Example 1:

1. Obtaining of an Arabidopsis thaliana EPSPS
fragment |
a) Two 20-mer oligonucleotides of respective
seqguences:
57/ -GCTCTGCTCATGTCTGCTCC-37
57 -GCCCGCCCTTGACAARAGAAR~3
were synthesized from the sequence of an Arabidopsis
thaliana EPSPS gene (Klee H.J. et al. (1887) Mol. Gen.
Genet., 210, 437-442). Thzse two oligonucleotides are
at positions 1523 to 1543 and 1737 to 1717,
respectively, of the published sequence, and in
opposite orientatiomns.
b) Arabidopsis thaliana (var. columbia) total
DNA was obtained from Clontech (catalogue reference:
6970-1).
c) 50 nanograms (ng) of DNA are mixed with
300 ng of each of the oligonucleotides and subjected to
35 amplification cycles with a Perkin-Elmer 56500
apparatus, under the conditions of standard medium for

amplification which are recommended by the supplier.

AP/Pi98/01195
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The resulting 204-bp fragment constitutes the
Arabidopsis thaliana EPSPS fragment.

2. Construction of a library of a cDNA from a

BMS maize cell line
a) 5 g of filtered cells are ground in liquid

nitrogen, and the total nucleic acids are extracted

according to the method described by Shure et al. with

the following modifications:

the pH of the lysis buffer is adjusted

10 to PH 9.0;

after precipitation with isopropanol,
the pellet is taken up in water and,
after dissolution, adjusted to 2.5 M
LiCl. After incubation for 12 h at °C,
15 the pellet from centrifugation for 15
min at 30,000 g at 4°C is resolubilized.

The LiCl precipitation step is then

- repeated. The resolubilized pellet

constitutes the RNA fraction of the

20 total nucleic acids.

b) The poly(A)* RNA fraction of the RNA

fraction is obtained by chromatography on an oligo (dT)-

cellulose column as described in "Current Protocols in

Molecular Biology".

25 c) Synthesis of double-stranded c¢DNA having a

synthetic EcoRI end: this is carried out according to

the protocol of the supplier of the different reagents

needed for this synthesis penny form of a kit: the

AP/2/98/7/01195.
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"copy kit" from the company In Vitrogen.

Two single-stranded and partially
complementary oligonucleotides of respective sequences:

5/-AATTCCCGGG-3"'

5/-CCCGGG-3’ (the latter being
phosphorylated)
are ligated with the blunt-ended double-stranded cDNAs.

This ligation of the adaptors results in the
creation of SmaIl sites attached to the double-stranded
cDNAs and EcoRI sites in cohesive form at each end of
the double-stranded CDNAs.

d) Creation of the library:

The cDNAs possessing the artificial cohesive
EcoRI sites at their ends are ligated with
bacteriophage Agtl0 cDNA which has been cut with EcoRI
and dephosphorylated according to the protocol of the
supplier New England Biolabs.

An aliquot of the ligation reaction was
encapsidated in vitro with encapsidation extracts,
namely Gigapack Gold, according to the supplier’s
instructions; this library was titrated using the
bacterium E. coli C600hfl. The library thereby obtained
is amplified and stored according to the instructions
of the same supplier, and constitutes the BMS maize
cell suspension c¢DNA library.

3. Screening of the BHS maize cell suspension
cDNA library with the Arabidopsis thaliana EPSP probe

The protocol followed is that of "Current

AP/PI98/01195
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Protocols in Molecular Biology" Vvdlumes 1 and 2,
Ausubel F.M. et al., published by Greene Publishing
Associates and Wiley-Interscience (1989) (CPMB).
Briefly, approximately 10° recombinant phages are
plated out on LB dishes at an average density of 100
phages/cm?. The lytic plagques are replicated in
duplicate on Amersham Hybond N membranes.

h) The DNA was fixed to the filters by 1600kJ
UV treatment (Stratagene Stratalinker). The filters
were prehybridized in 6xSSC/0.1%SDS/0.25 skimmed milk
for z h at 65°C. The Arabidopsis thaliana EPSPS probe
was labelled with [3?P]dCTP by random priming according
to the supplier’s instructions (Pharmacia Ready to Go
kit). The specific activity obtained is of the order of
108 cpm per Ug of fragment. After denaturation for 5
min at 100°C, the probe is added to the
prehybridization medium and hybridization is continued
for 14 hours at 55°C. The filters are fluorographed for
48 h at -80°C with Kodak XAR5 film and Amersham
Hyperscreen RPN enhancing screens. Alignment of the
positive spots on the filter with the dishes from which
they originate enables zones corresponding to the
phages displaying a positive hybridization response
with the Arabidopsis thaliana EPSPS probe to be picked
out from the dish. This step of plating out, transfer,
hybridization and recovéry is repeated until all the
spots in the dish of the successively purified phages

prove 100% positive in hybridization. A prlagque of

98/01195
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independent phage lysis is then picked out in diluent A
medium (Tris-Cl pH 7.5; 10mM MgsSO,; 0.1M NaCl; 0.1i%
gelatin); these phages in solution constitute the EPSP-
positive clones of the BMS maize cell suspension.

4. Preparation and analysis of the DNA of the
EPSP clones of the BMS maize cell suspension

Approximately 5x108 phages are added to 20 ml
of C600hfl bacteria at an ODgygn, value of 2/ml and
incubated for 15 minutes at 37°C. This suspension is
then diluted in 200 ml of bacterial growth medium in a
1-1 Erlenmeyer and stirred in a rotary stirrer at
250 rpm. Lysis is noted when the medium clarifies,
corresponding to the lysis of the turbid bacteria, and
takes place after approximately 4 h of stirring. This
supernatant is then treated as described in "Current
Protocols in Molecular Biology". The DNA obtained
corresponds to the EPSP clones of the BMS maize cell
suspension.

One to two g of this DNA are cut with EcoRI
and separated on 0.8% LGTA/TBE agarose gel (ref. CPMB).

A final verification consists in checking that the

purified DNA does indeed display a hybridization signal

with the Arabidopsis thaliana EPEPS probe. After

electrophoresis, the DNA fragments are transferred onto

Amersham Hybond N membranes according to the protocol
of Southern described in "Current Protocols in
Molecular Biology". The filter is hybridized with the

Arabidopsis thaliana EPSPS probe according to the

98/011925
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conditions described in section 3 above. The clone
displaying a hybridization signal with the Arabidopsis
thaliana EPSPS probe and containing the longest EcoRI

fragment has a size estimated on gel as approximately

1.7 kbp.

5. Obtaining of the clone pRPA-ML-711

Ten g of the phage clone containing the
1.7-kbp insert are digested with EcoRI and separated on
0.8% LGTA/TBE agarose gel (ref. CPMB). The gel fragment
containing the 1.7-kbp insert is excised from the gel
by BET staining, and the fragment is treated with
f-agarse according to the protocol of the supplier, New
England Biolabs. The purified DNA of the 1.7-kbp
fragment is ligated at 12°C for 14 h with the DNA of
plasmid pUC 19 (New England Biolabs) cut with EcoRI
according to the ligation protocol described in
"Current Protocols in Molecular Biology". Two Ul of the
above ligation mixture are used for the transformation
of aﬁ aliquot of electrocompetent E. coli DH10B;
transformation is accomplished by electroporation using
the following conditions: the mixture of competent
bacteria and and ligation medium is introduced into an
electroporation cell of thickness 0.2 cm (Biorad)
previously cooled to 0°C. The physical conditions of
the electroporation using an electroporator made by
Biorad are 2500 volts,‘25 UF and 200 (2. Under these

conditions, the mean discharge time of the condenser is

of the order of 4.2 milliseconds. The bacteria are then.
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taken up in 1 ml of SOC medium (ref. CPMB) and stirred
for 1 hour at 200 rpm on a rotary stirrer in 15-ml
Corning tubes. After plating out on LB/agar medium
supplemented with 100 pg/ml of carbenicillin, minipre-
parations of the bacterial clones which have grown
after one night at 37°C is produced according to the
protocol described in "Current Protocols in Molecular
Biology". After digestion of the DNA with EcoRI and
separation by electrophoresis on 0.8% LGTA/TBE agarose
gel (ref. CPMB), the clones possessing a 1.7-kbp insert
are retained. A final verification consists in checking
that the purified DNA does indeed display a
hybridization signal with the Arabidopsis thaliana
EPSPS probe. After electrophoresis, the DNA fragments
are transferred onto Amersham Hybond N membranes
according to the protocol of Southern described in
nCurrent Protocols in Molecular Biology". The filter is
hybridized with the Arabidopsis thaliana EPSPS probe
according to the conditions described in section 3
above. The plasmid clone possessing a 1.7-kbp insert
and hybridizing with the Arabidopsis thaliana EPSPS
probe was prepared on a larger gcale, and the DNA
resulting from the lysis of the bacteria was purified
on a CsCl gradient as described in "Current Protocols
in Molecular Biology". The purified DNA was partially
sequenced with a Pharmacia kit according to the
supplier’s instructions and using as primers the M13

direct and reverse universal primers ordered from the

98701195
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same supplier. The partial sequence produced covers
approximately 0.5 kbp. The derived amino acid seguence
in the region of the mature protein (approximately 50
amino acid residues) displays 100% identity with the
corresponding amino seguence of mature maize EPSPS
described in American Patent USP 4,971,908). This
clone, corresponding to a 1.7-kbp EcoRI fragment of the
EPSP DNA of the BMS maize cell suspension, was
designated pRPA-ML-711. The complete sequence of this
clone was determined on both strands using the protocol
of the Pharmacia kit and synthesizing complementary
oligonucleotides and those of the opposite orientation
every 250 bp approximately. The complete sequence
obtained of this 1713-bp clone is presented in SEQ ID
No. 1.

6. Obtaining of the clone pRPA-ML-715

Analysis of the sequence of the clone’pRPA—
ML-711, and especially comparison of the derived amino
acid sequence with that of maize, shows a sequence
extension of 92 bp upstream of the GCG codon coding for
the NH,-terminal alanine of the mature portion of maize
EPSPS (American Patent USP 4,971,908). Similarly, an
extension of 288 bp downstream of the AAT codon coding
for the COOH-terminal asparagine of the mature portion
of maize EPSPS (American Patent USP 4,971,908) is
observed. These two portions could correspond, in the
case of the NH,-terminal extension to a portion of the

sequence of a transit peptide for plastid localization,

AP/V/98/01195
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and, in the case of the COOH-terminal extension, to the
untranslated 3’ region of the cDNA.
In order to obtain a c¢DNA coding for the
mature portion of the maize EPSPS cDNA, as described in

USP 4,971,908, the following operations were carried

out:

a) Removal of the untranslated 3’ region:
construction of pRPA-ML-712:

The clone pRPA-ML-711 was cut with the
restriction enzyme AselI, and the ends resulting from
this cleavage were rendered blunt by treatment with the
Klenow fragment of DNA polymerase I according to the
protocol described in CPMB. A cleavage with the
restriction enzyme SacII was then performed. The DNA
resulting from these operations was separated by
electrophoresis on 1% LGTA/TBE agarose gel (ref. CPMB).

) The gel fragment containing the 0.4-kbp *
"AseI-blunt ends/SacII" insert was excised from the gel
and purified according to the protocol described in
section 5 above. The DNA of the clone pRPA-ML-711 was
cut with the restriction enzyme HindIII [lacunal]
located in the polylinker of the cloning vector pUC18,
and the ends resulting from this cleavage were rendered
blunt by treatment with the Kl=@now fragment of DNA
polymerase I. A cleavage with the restriction enzyme
SacII was then performed. The DNA resulting from these

manipulations was separated by electrophoresis on 0.7%

LGTA/TBE agarose gel (ref. CPMB).
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The gel fragment containing the approximately
3.7-kbp HindIII-blunt ends/SaclI insert was excised
from the gel and purified according to the protocol
described in section 5 above.

The two inserts were ligated, and 2 pl of the
ligation mixture were used to transform E. coli DH10B
as described above in section 5.

The plasmid DNA content of different clones
was analysed according to the procedure described for
PRPA-ML-711. One of the plasmid clones selected
contains an approximately 1.45-kbp EcoRI-HindIIT
insert. The sequence of the terminal ends of this clone
reveals that the 5’ end of the insert corresponds
exactly to the corresponding end of pRPA-ML-711, and
that the 3’-terminal end possesses the following
sequence:

"57-...AATTAAGCTCTAGAGTCGACCTGCAGGCATGCAAGCTT-3" ",

The underlined sequence corresponds to the
codon of the COOH-terminal amino acid asparagine, the
next codon corresponding to the translation stop codon.
The nucleotides downstream correspond to sequence
elements of the pUC19 polylinker. This clone comprising
the pRPA-ML-711 sequence up to the translation
termination site of mature maize EPSPS and followed by
sequences of the pUC 19 polylinker up to the HindIIT
site was designated pRPA-ML-712.

b) Modification of the 5’ end of pRPA-ML-712:

construction of pRPA-ML-715:

798/01195

E,
o

s
i
/

I3
3



10

15

20

25

APLVL0(0886
16

The clone pRPA-ML-712 was cut with the
restriction enzymes PstI and HindIII. The DNA resulting
from these manipulations was separated by
electrophoresis on 0.8% LGTA/TBE agarose gel (ref.
CPMB). The gel fragment containing the 1.3-kbp PstI-
EcoRTI insert was excised from the gel and purified
according to the protocol described in section 5 above.
This insert was ligated in the presence of an
equimolecular amount of each of the two partially
complementary oligonucleotides of seguence:
Oligo 1: 57 ~-GAGCCGAGCTCCATGGCCGGCGCCGAGGAGATCGTGCTGCA-3
Oligo 2: 57 -GCACGATCTCCTCGGCGCCGGCCATGGAGCTCGGCTC-3
as well as in the presence of plasmid pUC1lS DNA
digested with the restriction enzymes BamHI and

HindIII.

Two Ul of_the ligation mixture were used to
transform E. coli DH10B as described above in section
5. After analysis of the plasmid DNA content of
different clones according to the procedure described
above in section 5, one of the clones possessing an
approximately 1.3-kbp insert was retained for
subsequent analyses. The sequence of the 5/-terminal
end of the selected clone reveals that the DNA sequence
in this region is the following: sequence of the pUC1S
polylinker from the EcoRI to the BamHI sites, followed
by the sequence of the oligonucleotides used in the

cloning, followed by the remainder of the segquence

present in pRPA-ML-712. This clone was designated pRPA-

98/01195

!
!

AF/F



15

20

25

AP000886

17
ML-713. This clone possesses a methionine ATG codon
included in an NcoI site upstream of the N-terminal
alanine codon of mature EPSP synthase. Furthermore, the
alanine and glycine codons of the N-terminal end have
been preserved, but modified on the third variable
base: initial GCGGGT gives modified GCCGGC.

The clone pRPA-ML-713 was cut with the
restriction enzyme HindIII, and the ends of this
cleavage were rendered blunt by treatment with the
Klenow fragment of DNA polymerase I. A cleavage with
restriction enzyme SacIl was then performed. The DNA
resulting from these manipulations was separated by
electrophoresis on 0.8% LGTA/TBE agarose gel (ref.
CPMB). The gel fragment containing the 1.3-kbp
"HindIII-blunt ends/SacI" insert was excised from the
gel and purified according to the protocol described in
section 5 above. This insert was ligated in the
presence of plasmid pUC19 DNA digested with restriction
enzyme XbaI, and the ends of this cleavage were
rendered blunt by treatment with the Klenow fragment of
DNA polymerase I. A cleavage with the restriction
enzyme SacI was then performed. Two |11 of the ligation
mixture were used to transform E. coli DH10B as
described above in section 5. After analysis of the
plasmid DNA content éf different clones according to
the procedure described above in section 5, one of the
clones possessing an approximately 1.3-kbp insert was

retained for subsequent analyses. The sequence of the

AR/P/98/01105
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terminal ends of the selected clone reveals that the
DNA sequence is the following: segquence of the pUC19
polylinker from the EcoRI to SacI sites, followed by
the sequence of the oligonucleotides used in the
cloning from which the 4 bp GATCC of the
oligonucleotide 1 described above have been deleted,
followed by the remainder of the sequence present in
pRPA-ML-712 up to the HindIII site and sequence of the
pUC19 polylinker from XbaI to HindIII. This clone was
designated pRPA-ML-715.

7. Obtaining of a ¢DNA coding for a mutated
maize EPSPS

All the mutagenesis steps were carried out
with the Pharmacia U.S.E. mutagenesis kit according to

the supplier’s instructions. The principle of this

¥/98/01195
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mutagenesis system is as follows: plasmid DNA is

P

denatured by heat and reassociated in the presence of a

A

molar excess of, on the one hand the mutagenesis oligo-
nucleotide, and on the other hand an ocligonucleotide
enabling a unique restriction enzyme site present in
the polylinker to be eliminated. After the
reassociation step, synthesis of the complementary
strand is carried out by the action of T4 DNA
polymerase in the presence of T4 DNA ligase and gene 32
protein in a suitable buffer which is supplied. The
synthesis product is incubated in the presence of the
restriction enzyme for which the site is assumed to

have disappeared by mutagenesis. The E. coli strain
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possessing, in particular, the mutS mutation is used as
host for the transformation of this DNA. After growth
in liquid medium, the total plasmid DNA is prepared and
incubated in the presence of the restriction enzyme
used before. After these treatments, E. coli strain
DH10B is used as host for the transformation. The
plasmid DNA of the clones isolated is prepared, and the
presence of the mutation introduced is verified by
sequencing.

A)- modification of sites or sequences
without in principle affecting the EPSPS-resistance
character of maize to products which are competitive
inhibitors of EPSP synthase activity: elimination of an
internal NcoI site from pRPA-ML-715.

The pRPA-ML-715 sequence is numbered
arbitrarily by placing the first base of the N-terminal
alanine codon GCC at position 1. This sequence
possesses an Ncol site at position 1217. The site-
modification oligonucleotide possesses the seguence:

5’ -CCACAGGATGGCGATGGCCTTCTCC-3 .

After sequencing according to the references
given above, the segquence read after mutagenesis corre-
sponds to that of the oligonucleotide used. The Ncol
site has indeed been eliminated, and the translation
into amino acids in this region preserves the initial
sequence present in pRPA-ML—?lS.

This clone was designated pRPA-ML-716.

The 1340-bp sequence of this clone is

AFP/P/98/01195
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presented in SEQ ID No. 2 and SEQ ID No. 3.

B)~ segquence modifications enabling the
EPSPS-resistance character of maize to products which
are competitive inhibitors of EPSP synthase activity to
be increased.

The following oligonucleotides were used:

a) mutation Thr 102 — Tle.

5’ -GAATGCTGGAATCGCAATGCGGCCATTGACAGC-3/

b) mutation Pro 106 — Ser.

5 —GAATGCTGGAACTGCAATGCGGTCCTTGACAGC -3 o)
(=)
—
c) mutations Gly 101 — Ala and Thr 102 — Ile. ~
o
57/ - CTTGGGGAATGCTGCCATCGCAATGCGGCCATTG-3 7 ~
©
b=r)
d) mutations Thr 102 — Ile and Pro 106 — Ser. EE
5’ -GGEGAATGCTGGAATCGCAATGCGGTCCTTGACAGC-3 7 f}{
e

After sequencing, the sequence read after
mutagenesis on the three mutated fragments is identical
to the parent pRPA-ML-716 DNA sequence, with the
exception of the mutagenized region which corresponds
to that of the mutagenesis oligonucleotides used. These
clones were designated: pRPA-ML-717 for the mutation
Thr 102 — Ile, pRPA-ML-718 for the mutation Pro 106 —
Ser, pRPA-ML-719 for the mutations Gly 101 — Ala and
Thr 102 — Ile and pRPA-ML-720 for the mutations Thr 102

— Ile and Pro 106 — Ser.
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The 1340-bp sequence of pRPA-ML-720 is
presented in SEQ ID No. 4 and SEQ ID No. 5.

The 1395-bp NcoI-HindIII insert is the basis
of all the constructions used for the transformation of
plants for the introduction of resistance to herbicides
which are competitive inhibitors of EPSPS, and especi-
ally glyphosate resistance. This insert will be
designated in the remainder of the description "the
maize EPSPS double mutant".

Example 2:

Glyphosate tolerance of the different mutants

in vitro
2.a: Extraction of EPSP synthase

The different EPSP synthase genes are
introduced in the form of an NcoI-HindIII cassette into
the plasmid vector pTrc99a (Pharmacia, ref: 27-5007-01)
cut with NcoI and HindIII. Recombinant E. coli DH10B
bacteria overexpressing the different EPSP synthases
are sonicated in 40 ml of buffer per 10 g of pelleted
cells, and washed with this same buffer (200 mM Tris-
HCl pH 7.8, 50 mM mercaptoethanol, 5 mM EDTA and 1 mM
PMSF), to which 1 g of polyvinylpyrrolidone is added.
The suspension is stirred for 15 minutes at 4°C and
then centrifuged for 20 minutes at 27,000 g and 4°C.

Ammonium sulphate is added to the supernatant
to bring the solution to 40% saturation with respect to
ammonium sulphate. The mixture is centrifuged for

20 minutes at 27,000 g and 4°C. Ammonium sulphate is

/59/98/7/01195
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added to the new supernatant to bring the solution to
70% saturation with respect to ammonium sulphate. The
mixture is centrifuged for 30 minutes at 27,000 g and
4°C. The EPSP synthase present in this protein pellet
is taken up in 1 ml of buffer (20 mM Tris-HC1l pH 7.8
and 50 mM mercaptoethanol). This solution is dialysed
overnight against two litres of this same buffer at
4°C.

2.b: Enzyme activity

The activity of each enzyme, as well as its
glyphosate resistance, is measured in vitro over
10 minutes at 37°C in the following reaction mixture:
100 mM maleic acid pH 5.6, 1 mM phosphoenolpyruvate,

3 mM shikimate 3-phosphate (prepared according to
Knowles P.F. and Sprinson D.B. 1970. Methods in Enzymol
177, 351-352 from Aerobacter aerogenes strain ATCC
25597) and 10 mM potassiym fluoride. The enzyme extract
is added at the last moment after the addition of
glyphosate, the final concentration of which varies
from 0 to 20 mM.

The activity is measured by assaying the
phosphate liberated according to the technique of
Tausky H.A. and Shorr E. 1953. J. Biol. Chem. 202, 675-
685.

Under these conditions, the wild-type (WT)
enzyme is already 85% inhibited at a glyphosate
concentration of 0.12 mM. At this concentration, the

mutant enzyme known as Serl06 is only 50% inhibited,

98/01195
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and the other three mutants, Ilel02, Ilel02/Serl06 and
Alal0l1l/I1lel02, show little or no inhibition.

The glyphosate concentration has to be
multiplied by ten, that is to say 1.2 mM, in order to
produce a 50% inhibition of the mutant enzyws Ilell2,
the mutants Ilel02/Serl06, Ala/Ile and Ala still not
being inhibited.

It should be noted that the activity of the
mutants Ala/Ile and Ala is not inhibited up to
glyphosate concentrations of 10mM, and that that of the
mutant Ilel02/Serl06 is not reduced even if the
glyphosate concentration is multiplied by 2, that is to
say 20 mM.

Example 3:

Resistance of transformed tobacco plants

1-1- Transformation

Theé vector pRPA-RD-173 is introduced into
Agrobacterium tumefaciens strain EHA10l1l (Hood et al.,
1987) carrying the cosmid pTVK291 (Komari et al.,
1986). The transformation technique is based on the
procedure of Horsh et al. (1985).

1-2~ Regeneration

The regeneration of PBD6 tobacco (source
SEITA France) from leaf explants is carried out on a
Murashige and Skoog (MS) basal medium comprising 30 g/l
of sucrose as well as 200 Hg/ml of kanamycin. The leaf
explants are removed from plants cultivated in the

greenhouse or in vitro and transformed according to the

F98/01195
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leaf disc technique (Science, 1985, Voi. 227, pp. 1228-
1231) in three successive steps: the first comprises
the induction of shoots on a medium supplemented with
30 g/l of sucrose containing 0.05 mg/l of
naphthylacetic acid (NAA) and 2 mg/l of
benzylaminopurine (BAP) for 15 days. The shoots formed
during this step are then developed for 10 days by
culturing on an MS medium supplemented with 30 g/1 of
sucrose but not containing any hormone. Shoots which
have developed are then removed and cultured on an MS
rooting medium having half the content of salts,
vitamins and sugar and not containing any hormone.
After approximately 15 days, the rooted shoots are
transferred to soil.

1-3- Glyphosate resistance

Twenty transformed plants were regenerated
and transferred to the greenhouse for the construction
of pRPA-RD-173. These plants were treated in the
greenhouse at the 5-leaf stage with an aqueous
suspension of RoundUp corresponding to 0.8 kg of
glyphosate active substance per hectare.

The results correspond to the observation of
phytotoxicity indices recorded 3 weeks after treatment.
Under these conditions, it is found that the plants
transformed with the construction pRPA-RD-173 display
very good tolerance, whereas the untransformed control
plants are completely destroyed.

These results show clearly the improvement

98/01195
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brought about by the use of a chimeric gene according
to the invention for the same gene coding for
glyphosate tolerance.

Example 4:

Transformation and selection of maize cells

BMS (Black Mexican Sweet) maize cells in an
exponential growth phase are bombarded with the
construction pRPA-RD-130 according to the principle and
the protocol described by Klein et al. 1987 (Klein
T.M., Wolf E.D., Wu-R. and Sandford J.C. (1987): High
velocity microprojectiles for delivering nucleic acids
into living cells, NATURE Vol. 327 pp. 70-73).

Two days after bombardment, the cells are
transferred to the same medium containing 2 mM
N- (phosphomethyl)glycine.

After 8 weeks of selectiocn on this medium,

AP/77/98/01195

calluses which d?velop are selected, then amplified and
analysed by PCR, and reveal clearly the presence of the
chimeric OTP-EPSPS gene.

Cells not bombarded and grown on the same
medium containing 2 mM N- (phosphomethyl)glycine are
blocked by the herbicide and do not develop.

The transformed plants according to the
invention may be used as parents for obtaining lines
and hybrids having the phenotypic character
corresponding to the expression of the chimeric gene

introduced.
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Description of the constructions of the
plasmids

pPRPA-RD-124: Addition of a "nos"
polyadenylation signal to pRPA-ML-720 with creation of
a cloning cassette containing the maize double mutant
EPSPS gene (Thr 102 — Ile and Pro 106 — Ser). pRPA-ML-
720 is digested with HindIII and treated with the
Klenow fragment of E. coli DNA polymerase I to produce
a blunt end. A second digestion is performed with NcoI,
and the EPSPS fragment is purified. The EPSPS gene is
then ligated with purified pRPA-RD-12 (a cloning
cassette containing the polyadenvlation signal of
nopaline synthase) to give pRPA-RD-124. To obtain the
useful purified vector pRPA-RD-12, it was necessary for
the latter to be digested beforehand with SalIl, treated
with Klenow DNA polymerase and then digested a second

time with NcoI.

AP/F98/01195

-

pRPA-RD-125: Addition of an optimized transit
peptide (OTP) to pRPA-RD-124 with creation of a cloning
cassette containing the EPSPS gene targeted on the
plasmids. pRPA-RD-7 (European Patent Application
EP 652 286) is digested with SphI, treated with T4 DNA
polymerase and then digested with SpeI, and the OTP
fragment is purified. This OTP fragment 1s cloned into
pPRPA-RD-124 which has previously been digested with
NcoI, treated with Klenow DNA polymerase to remove the
protruding 3’ portion and then digested with SpeI. This

clone is then sequenced in order to ensure correct



10

15

20

25

AP0V088E6
27
translational fusion between the OTP and the EPSPS
gene. pRPA-RD-125 is then obtained.

pPRPA-RD-130: Addition of the H3C4 mai:ze
histone promoter and of adhl intron 1 sequences of
PRPA-RD-123 (Patent Application EP 507 698) to pRPA-RD-
125 with creation of a cassette for expression in
plants for the expression of the double mutant EPSPS
gene in the tissues of monocotyledons. pRPA-RD-123 (a
cassette containing the H3C4 maize histone promoter
fused with the adhl intron 1) is digested with NcoI and
SacI. The DNA fragment containing the promoter derived
from pRPA-RD-123 is then purified and ligated with
PRPA-RD-125 which has previously been digested with
NcoI and SacI.

PRPA~RD-159: Addition of the H4A748
Arabidopsis histone double promoter (Patent Application
Ep- 507 698) to pRPA-RD-125 with creation of a cassette
for expression in plants for the expression of the
"OTP-double mutant EPSPS gene" gene in the tissues of
dicotyledons. pRPA-RD-132 (a cassette containing the
H4A748 double promoter (Patent Application EP 507 698))
is digested with NcoI and SacI. The purified promoter
fragment is then cloned into [lacuna] which has been
digested with EcoI and SacX.

PRPA-RD-173: Addition of the “H4A748
promoter-OTP-double mutant EPSPS gene”" gene of pRPA-RD-
159 to plasmid pRPA-BL-150A (European Patent

Application 508 909) with creation of an Agrobacterium

AP/P/98701195
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tumefaciens transformation vector. pRPA-RD-159 is

digested with NotI and treated with Klenow polymerase.

This fragment is then cloned into pRPA-BL-150A with

Smal.

98/01195
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SEQUENCY [LIST NG

(11 OEMERAL (NPT SIMAT (O
FLe APMLITANTE: Lebroun, Mirnel

e Rose, Rimhacd T
Raittand, Alain

il TiTLE OF INVENTION: S-encl pyruvylshikimgste-l-phosphate
synthase rutee, Qune codant pour celts proteine et plantes
trancformees contenant ce gene

(41L) NUMBER OF SEQUENCES: §

(iv) CORRESPONDENCE ADDRESS:
{A] ADDRESSEL: Fruncois Chretlen
(B) STRELT: 1420 rue Pirre Baizetz
{C) CITY: Lyon Cedex Q9
{E} COUNTRY: Francs
{F] ZIP: 69263

{v)} COMPUTER READASLE FORM:
(A) MEDIUM TYPE: [Mloppy disk
(B) COMPUTER: IBM IC compatible
IC) COPERATING SYSTEM: PC-DOS/MS-DQS
(D] SOFTWARE: Pstentln Relsams §1.0, Version #1.25

{vl) CURRENT APPLICATION DATA:
fA) APPLICATION NUMBER:
(B} FILING DATE:
(C] CLASSIFICATION:

{viil) ATTORNEY/AGENT INPORMATION:
{A} NAME: Chretien, Francois

(ix] TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (33]172-29-26-46
(B) TELEFAX: (33)72-29-28~43

(2} INFORMATION FOR SEQ ID MNO:l:

{11 SEQUENCE CHARACTERISTICS:
(A} LENGTH: 1713 base pairs
{B) TYPE: nucleic acid )
(C] STRANDEDNESS: couble
(D] TOPOLOGY: linear

(LL} MOLECULE TYPE: cONA

(vi) ORIGINAL SOURCE:
{A] ORGANISM: 2sa pays
(B} STRAIN: Black Mexican Swest
(F) TISSUE TYPE: Callus

»

(vili] DEDIATY SOURCE:
(A) LIBRARY: lambda gtl0
(B) CTONE: pRPA-ML~T11

Ixi}) SEQUENCE DESCRIPTION: SEQ ID NO:1:

MTCAATTTC ACACAGGAA, CAGCTATGAC CATGATTALE AATICHOGEL CGGGEGIGTG [1¢]
ATTCRGLECEE GOLAGCRGEG GLGGIGGTEE AGGLRGG TG CRAGGAGATT GTGCTGRAGS 120
CCATCAAGGA GATCTOIGGC ACCGTCAAGE TGCLGGGGETC CAAGTCGETT TOCARCIGGA 180
TCCTCCIACT COCTHATTIG TOCRAGGGGA CAACAGTGGT TGATAACTTG CTGARCAGTG 240
AGGATGTCCA CTACATGCIC GGGGCTTTGA GGACTCTTCG TCTCTCTUTC GAMGCGGACA 300
MAGCTGETAA AAGAGCTIGTA GTTGTIGECT GTGGTGGAAA GTTCCUAGTT GAGGATGCTA 360
MGACGAMGT GCAGCTICTIC TIGGGGAATG CIGGAACTGC AATGCGGICA TIGACAGCAG 420

CIGTTACTGC TGLTGGTGGA AATGCAACTT ACGTIGCTIGA TGEIMGTACIA AGARTGAGGG {48Q

198/01195

3.0
i3

AP



ALACACTTAT TrXeTaAcTrn
TESTTIR NS TRACTIROT A
AGTCANGTT (TSI
TITTAOSTST TewnnaATeTs
THAMTOAL ATTRAGATTS
FHEATAGATT CTACATTAAG
MGGTGATGC CTCAAGCGCEA

CIGTTTTICT CITTCACSGS
TTISTATTIC GGATCTTAAG
GTTGGAATAA TAAGAATAAT

APUV0OULBBE

TTUTORGAT
TTTANG
ATCANTAGTC
GCAGATTGAAA
ATCGACCGTT
GGAGGTCAAA
AGCTATTICT

GTTACATGGA
AAACACTTCA
GCIGTGGTIG

GTTGAGGAAG
ATCGACACGT

{2) INFORMATION FCR SEQ ID NO:2:

{1] SEQUENCE CHARACTERISTICS:
fA) LENGTH: 1340 base pairs
(B) TYPE: nuclaic zcid
(C) STRANDEDNESS: couble
(D] TOPOLOGY: linear

(11) MOLECULE TYPE: cONA

{vi) ORIGINAL SOURCE:
[{A) ORGANISM: Zez nays
{B] STRAIN: Black Mexican Swwet

(vii) DMMEQIATE SOURCE:
(B} CLONE: pRPA-ML-716

{ix} FEATURE:

(A) NAME/XEY: DS
(B) LOCATION: 6..1337

30

TOANCNTT T TTOCAGAT
TCAMTCCAAT COIANAGTTA
ATTACTTOAG TCSTTRCTG
TCATTIGATAA ATTAATTTS
TIGGTGTIGAA AGCAGAGCAT
ATACAAGTC COTTAAAAAT
TGGCTGGTGE TGCAATTACST
TGCAGGGTIGA TGTGAAGTTT
CCOAGACTAG CGTAACTGTT
AGGCTATTGA TGTCAACRATG

Fe

GTTGATTGTT
CCTOCTCSA
ATOGCIGSTC
ATTCSOTACS
TCTGATAGCT
GCTTATGTTG
GGAGCGACTG
GCTGAGGTAC

ACTGGOAL

AACAAGATGS

mcmscmmcmmo\
mmmmmmm

GGCIBGASTA CIGCRICATC

{x1) SEQUENCE DESCRIPTION: SEQ ID NO:2:

CCAIG GLT GGC GCT GAS

AELOTGE

GAG ATC GTG CTG CAG CIC ATC AAG GAG ATC
Ala Gly Alsx Glu Glu Ile Vel Leu Gln Pro Ile Lys Glu Ile
1

s

10

mmmmmmmmmmmmmmmm

1s

Leu Leu Leu Ala Ala Ley

s

CIG AAC AGT GAG GAT GTC CAS
Lau Axn Ser Glu Asp Yal Hig

Ser Gly Thr Val Lys Leu Pro
249

Gly Ser Lys Ser Leu Ser Asn Arg Il

Ser Glu Gly Thr Thrs Val Val

40

Axp
TAC ATG CIC GGG GCC TIG ASG
Tyr Mat Arg

Leu Gly Ale Leu

-

540
%00

on0

9640
1020
1080
1140
1200
1260
1320
-1}
1440
1500
1560

1620

47

$35

143

98/01195
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7=

aly

Leu
95

GTT
Val

175

ATT
Ile

Lys

Gln

AGS

Ser

255

Ala

Ser

Thr

58 3%

T
=

40

TTC
Phe

The

ATG
Met

Gly

GTC
Val
160

oo
Ser

240

GCA
Ala

GTG
Yal

Glu

GTA
Yal

Ala
145

-~
4

Asn

ATC
Ile

T

Ser

Glu

GTA
Val

308

Als

Ala

Als

Glu

h1e]
TC

val

P
iy

GAG
Glu
130

GGG
Gly

GIC
Val
210

caT
His

Ass
Lys

TAT
Tyr

Gly

cT6
Leu
290

Val

ATT
Ile

Val
Ser

CIA
Leu

AAT
Asn

Gly
115

Val

ATC
Ile

Ser

GAY
Axp
195

Glu

Al

Ser

™
Sear

Yal

Irp
385

=3
Ala

; TTC

Phe

ST
Ala
140

Gly

Pro

GAT

Gly

Gln
189

GG
Val

ATG
Mez

Asp

Pro

TIG

Leu

26Q

Gly

Mat

Gly

Yal

Ala
340

Lys

AP00V0886

aAC
Aap

A
Pro
8s

GGA
Gly

AAT
ATT

Ile

6T

Gly
165

TAC

Glu

The

Ser

Lys
245

G
Ala

ATG

Met

Pra

328

[eryed

GZA
Yal

Lys
7Q

Val

Thr

Ala

150
CTA
Lau

TG
Leu

Ile

765
Trp
230

Gly

Pro
310

Met

T
Phe

Lys

31

9%
e
Ala

NG
Glu

Ala

Thr

x5
13s
cTT
Lau

o
Pro

rGT
Sar

Glu

215

GAL
Asp

G2
Als

—
Y

Ala

g

Gly Als

[Fe
Ala

GA'T
Acp

ATG
MacC

TAC
Iyr
120

Lau

Gly

Gly

Ak

ARIC

Ila
200

TG
Leu

TAT

Tyr

Ala

280

Lys

Glu

Lys

GAT

Sar

Ly
aGIT

Ala

108

G&G
Val

Val

Thr

Gly

TIG
leu
188

AT
Ile

ATG
Met

<

GTT
val

v 4

Ile

265

Gln

Val

Pro

Mat

Gly

34

Glu

VY=l

ACA
Arg

Lys
30

Pro

crT
Lesu

GIC
Val

Lys
170

C6
Leu

§

Giu
S

Tyx
Glu
250
Thr

Gly

Thr

Gly

=T
Ala

5
LA
Glu

gyl
Lau

ATT
Ile
238

Gly

Gly

2

Tp

Gly
s

Glu

Q0

e,

Yal

Glu

The

Gly

TIG
Lau
140

Pro

T
Phe
220

Ly=

GAT

Gly

GTG
Val

Val
Ala
GTT

Yal

Gly

iz ud
val

berdg]

val

GTA
Yal
125

Lys

Pro

Lau

Ala

ATC
Ile
205

Gly

Gly

ATC
Ile

Ala
365

Pro

lix
Val

SAL
Gln

Val

T
Ser

Pro
19Q

Sar

GG
Yal

GGT
Gly

TCA
Ser

Val
270

™7
Fhe

ATG
Net

LI

Ile

239

237

13s

383

431

479

527

515

€23

671

718

167

81s

B8€3

311

859

1007

1055

1103

1151

AP/IP/98/01195
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314 375 . Jee .
TAZ TGC ATC ATC AC O G0 GAG AAG CT6 AAC GTG ASS G5 ATC GAC 119
Tye Syz [le (le The Pra Pra Glu Lys Leu Asn Val The Ala (le Azp
3K 390 a1
AT TAC CAC RAT CAZ ASG AT KT AT GCT TTC TS =M 60T 5= a0t 1247
The Tye Asp Asp Hls Arg Mer Ala Met Ala Phe Ser Leu Ala Ala Cys
4Q¢ 405 110

T GAG CG:CGTCACCATCCGGG#C@!’GGGTGC)C:CGGMGPG:V 1285
Alas Glu Val Pro Val Thr Ile Arg Asp .Pro Gly Cys Thr Arg Lys Thr
415 420 425 430
TTC 0 GAC TAC TTC GAT GIG CIG AGC ACT TTC GTIC AAG AAT 1337
Phe Pro Asp Tyr Phe Asp Val Leu Ser Thr Phe Val Lys Asn

438 440
TAA 1340

(2] INFORMATION FOR SEQ ID NO:3:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 444 zmino acids
(B} TYPE: amino acid
(D} 7TOSCLOGY: linear

(11) MOLECULE TYPE: protein
{xl) SEQUENE DESCRIFTION: SEQ ID NQO:3:

Ala Gly Alz Glu Giu Ile Val Leu Gln Pro Ile Lys Glu Ils Ser Gly
1 S 10 15

Thr Val Lys Lau Pro Gly Ser Lys Ssr Leu Ser Asn Arg Ile Leu Lau
20 25 ae

Lau Als Ala Lau Ser Glu Gly Thr Thr Val Val Asp Asn Leu Leu Asn
as 40 45

Ser Glu Asp Val His Tyr Met Leu Gly Alx Leu Arg Thr Lsu Gly Lau
50 5% [-1+]

Ser Val Glu Ala Asp Lys Ala Alz Lys Arg Ala Val Val Val Gly Cys
65 70 78 B8O

Gly Gly Lys Phe Pro Vil Glu Asp Ala Lys Glu Glu Val Gln Leu Phe
85 30 - 35

Leu Gly Asn Ala Gly Thr Ala Met Arg Pro Leu Thr Ala Alx Val Thr
- 100 108 110

Gly hen Als Thr Tyr Val Leu Asp Gly Vil Pro Arg Mst

Ala Alsx Gly
115 120 1258

Arg Glu Arg Pro Ile Gly Asp Leu Val Val Gly Leu Lys Gln Leu Gly
130 138 140

Ala Asxp Val As2p Cys Phe Lau Gly Thr Asp Cyx Pro Pru Val Arg Yal
145 150 158 160

Asn Gly Ils Gly Gly Leu Pro Gly Gly Lys Val Lys leu Ser Gly Ser
163 170 178

Ile Sar Ser Gln Tyr Leu Ser Ala Lau Lau Met Ala Alz Pro Leu Ala
180 188 190

Lau Gly Asp Val Glu Ile Glu Ile Ile Asp Lys Leu Ile Ser Ile Pro
195 200 205

Tyr Val Glu Met Thr Leu Arg Leu Met Glu Ary Phe Gly Val Lys Alz
210 215 226

Glu His Ser Asp Ser Trp Asp Arg Pha Tyr Ile Lys Gly Gly Gln Lyw
225 230 238 240

Tyr Lys Ser Pro Lys Aan Ala Tyr Yal Glu Gly Asp Ala Ser Ser Ala
248 2840 2558

AP/F/98/01195
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R TYr P tary Ala Gly Ala Ala [le Thr Gly Gly The Val Thr val
n0 s 270

Gl Ly Qysr fily The The 3ur Luu Gln Gly Asp Val Lys Phe Ala Glu

T 2nQ pa s

Al Len Gls Mer Met Gly Ala Lys Val The 'Tep The fGiu The Ser Va.
T 2% o

Thr Wal The Sly Pro Pro Arg Glu Pro Phe Gly Arg Lys His Leu Lys
30% 31¢ als 320

Ala [le Azp Val Asn Met Aun Lys Met Pro Asp Val Ala Met Thr Lau
a2s 330 318

Ala Val Val Ala Leu Phe Alx Asp Gly Pro Thr Ala Ile Acg Asp Val
340 345 350

Ala Ser Tsp Arg Yal Lys Glu Thr Glu Arg Met Vzl Als Ile Arg Thr
iss 360 3658

Glu Leu Thr Lys Lau Gly Ala Ser Val Glu Glu Gly Pro Asp Tyr Cys
310 378 380

Ile Ile Thr Pro Pro Glu Lys Leu Asn Val Thr Ala Ile-Asp Thr Tyr
388 39%0 385 400

Asp Asp His Arg Met Ala Met Ala Phe Ser Leu Ala Alz Cys Ala Glu
405 410 . 415

Vil Pro Val Thr lle Arg Asp Pro Gly Cys The Arg Lys Thr Phe Pro
420 428 43¢0

1

Asp Tyr Phs Asg Val Lau Ser Thr Phe Val Lys
i35 440

{2) INFORMATION FOR SEQ ID NO:4d:

141 SEQUENCE CHARACTERISTICS:
{A} LENGTH: 1340 base pairs
(B} TYPE: nucleic acid
(C] STRANDEDHESS: couble
(D) TOPOLOSY: linexrs

({i)] MOLECULE TYPE: cDNA

fvi) ORIGINAL SOURCT:
[A) ORGANISM: Zaz rays
{B] STRAIN: Black Mexican Sweet

tvil) IMMEDIATE SOURCE:
{B) CLONE: pRPA-ML-T20

(ix) FEATURE:
[A) NNE/KEY: CBS
(B} LOCATION: €..1337

(x1) SEQUENCE DESCRIPTION: SEQ ID MNO:4:
CCATG GCC GG GCT GAG GAG ATC GTI6 CIG CAG COC ATC AAG GAS ATC
Als Gly Ala Glu Glu Ils Val Leu Gln Pro Ile Lys Glu Ile
1 s 10

TCC GGC AL GTC AMG CTG CCG GGG TCC AAG TCG CTT ICC AAC OG5 ATC
Ser Gly Thr Val Ly3 Leu Pro Gly Ser Lys Sar Lou Ser Asn Arg Ile
20
[oy g

15 25 30
CTT CTA CIC GCC &k G TCC GAG GGG MDA ACA GG GTT GAT AAC CIG
Leu Leu Lau Ala Ala Le: Ser Glu Gly Thr Thr Val Yal Asp Asn Leu
as 40 4%
CTG AL AGT GAG GAT GTC CAC TAC ATG CIC GGG GCT TTG AGG ACT CTT
lLau Asn Ser Glu Asp Val His Tyr Net Leu Gly Als Leu Afy Thr Leu
50 55 [ 2]
GGT CTC T GTC GAA GG GAC AM GCT GOT AAA AGA GCT GTA GTT GTT
Gly Lau Ser Val Glu Ala Asp Lys Als Als Lys Arg Alas Val Val Val
65 10 18

&7

85

143

131

238
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35

TAC CAC GAC CAC AIG ATG GOX5 ATH GCT TTC T
Tye Ap Axp Hiws Arg Mut Ala Mwt Ala Phe Ser
R D] 109 410

GAG G TTT G7TT ACT ATC OOG GAC ot &5 TS
Glu val Peo Val The Ile Arg Asp Pro Gly Cys
120 ils

C’L‘:GACTACTPCGATCTEGCRG!GCACTTTCGTC

Pro Asp Tyr Phe Asp Val Leu Ser Thr Phe Val
421s 440

INFORMATION FOR SEQ ID NO:5S:
(L} SEQUENCE CHARACTERISTICS:
(A] LENGTH: (44 amino aciese
(B! TYPE: amino acig
(0} TOPOLOGY: linear
(11) MOLECULE TYPE: protein
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

Gly Ala Glu Glu Ile Val Leu Gln Pro Ils Lys
5 10

Val Lys Leu Pro Gly Sar Lys Ser Leu Ser Asn
20 : 25

Als Als Leu Ser Glu Gly Thr Thr Val Val Axp
35 0

Glu Asp Val His Tyr Met Leu Gly Als Leu Arg
50 ss 60

Vil Glu Als Asp Lyr Alz Ala Lys Arg Ala Val
70 78

Gly Ly= Phe Pro Val Glu Asp Als Lys Glu Glu
8s 90

Gly A=sn Ala Gly Ile Ala Met Arg- Ser Leau Thr
100 105

Ala Gly Gly Asn Alz Thr TYr Val Leu Asp Gly
118 120 -

Glu Arg Pro Ile Gly Asp Lau Val Val Gly Leu
130 135 140

Asp Val Axp Cys Phe Leu Gly T™he Asp Cys Pro
' 150 185

Gly Ile Gly Gly Lau Pro Gly Gly Lys Val Lys
16% 17Q

Ser Ser Gln Tyr Leu Ser Alas Leu Lesu Mat Ala
180 185

Gly Asp Val Glu Ils Glu Ile Ile Asp Lyx Leu
185 200

Yal Glu Met Thr Leuy Arg Leu Met Glu Arg Phe
210 215 220

His 8er Asp Ser Trp Axp Arg Phe Tyr Ile Lys
230 235

Lys Ser Pro Lys Asn Ala YT Val Glu Qly Asp
245 250

Tyr Phe Leu Ala Gly Ala Als Ile The Gly Gly
260 285

Gly Cys Gly The Thr Ser Leu Gln Gly Asp Vval
275 280

6

.
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Thr
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Gly
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95
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Lau
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Lys

Gln

Ser
238

Als

120

Gly

Leu

80
Phe
Thre
Mat
Gly
Yal
160
Ser
Ala
Pro

Als
Llys
240
Az
Val

Glu

(247

129%

1337

1340
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CLAIMS

1. A DNA sequence coding for a mutated S-enolpyruvylshikimate-3-
phosphate synthase (EPSPS), characterized in that the EPSPS is from maize and

comprises a first mutation consisting in the threonine 102 — isoleucine substitution

and a second mutation consisting in a substitution of proline 106 by serine.

2. DNA sequence coding for a mutated 5-enolpyruvylshikimate-3-
phosphate synthase (EPSPS), characterised in that it comprises the coding region of
the DNA sequence represented in SEQ ID No. 2, comprising a first mutation
consisting in the threonine 102 isoleucine substitution and a second mutation

consisting in a substitution of proline 106 by serine.

3. DNA sequence coding for a mutated 5-enolpyruvylshikimate -3-
phosphate synthase (EPSPS), characterised in that it comprises the coding sequence
of SEQ ID No. 4.

4. A mutated 5-enolpyruvylshikimate -3-phosphate synthase (EPSPS),
characterized in that the EPSPS is maize and comprises a first mutation consisting in
the substitution of threounine 102 by isoleucine and a second mutation consisting in a

substitution of proline 106 by serine.

5. A mutated 5-enolpyruvylshikimate -3-phosphate synthase (EPSPS),

characterized in that it comprises the peptide sequence of SEQ ID No. 5.

6. Chimeric gene comprising a coding sequence as well as regulatory
elements at position 5' and 3' which are heterologous and capable of functioning in
plants, characterized in that it comprises as coding sequence at least one sequence

according to any one of claims 1 to 3.
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Chimeric gene according to claim 6, characterized in that it

7.

comprises a plant virus promoter.

Chimeric gene according to claim 6, characterized in that it

8.
5 comprises a plant promoter.
9. Chimeric gene according to claim 8 in which the plant promoter is

a-tubulin, histone, intron or actin.

10 10. Chimeric gene according to any one of claims 6 to 9, characterised

in that it comprises a zone coding for a transit peptide.

An

vtk
N st

11. Chimeric gene according to claim 10, characterized in that it

comprises one or more transit peptide units.

15

12. Vector for the transformation of plants, characterized in that it

comprises at least one gene according to any one of claims 6 to 11.

N 13. Plant cell, characterized in that it comprises at least one gene

- 20 according to any one of claims 6 to 11.

25 14 . Method for the production of plants with improved tolerance to a
herbicide having EPSP synthase as its target, characterised in that plant cells or

protoplasts are transformed with a gene according to any one of claims 6 to 11, and

in that the transformed cells are subjected to a regeneration.

30 15
improved tolerance.are used for the preparation of hybrid lines.

Method as claimed in claim 14 characterised in that the plants with

FTI88/01195
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16. Method of treatment of plants with a herbicide having EPSPS as

its target, characterized in that the herbicide is applied to plants ‘comprising

plantA cells according to Claim 13.

17. Method according to claim ¢, characterized in that glyphosate or

a glyphosate precursor is applied.

AP/ 9801195



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS

