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llutated s-enol.py.ruvylshikimate-3;..phosphate synthase, 

gene codj:ng for this protein. and transformed plants 

contajniDG' this gene 

'l'he present invention relates to a new 

5 S-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. 'l'his more tolerant EPSP synthase possesses at 

10 least one 0 threonine by isoleucine 0 substitution. 'l'he 

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 

15 originating from crossing using these transformed 

plants. 

Glyphosate, sulfosate or fosametine are 

broad-spectrum systemic herbicides of the 

phosphonomethylglycine family. '!'hey act essentially as 

20 competitive inhibitors of 5-enolpyruvylshikimate-3-

phosphate synthase (EC 2.5.1.19) or EPSPS with respect 

to the PBP (phosphoenolpyruvate). After their 

application to the plant, they are translocated in the 

plant where they accumulate in the rapidly growing 

25 parts, in particular the cauline and root apices, 

causing damage to the point of destruction of sensitive 

plants. 
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Plastid BPSPS, the ma.in ·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. 

'l'he tolerance of plants to glyphosate and to 

products of the family is obtained by stable 

introduction into their genome of an BPSPS gene, of 

10 plant or bacterial origin, which is mutated or 

otherwise in respect of the characteristics of 

inhibition by glyphosate of the pJ;"Oduct of this gene. 

~n 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. 

~t is known, for example from US Patent 

20 4,535,060, to confer on a plant a tolerance to a 

herbicide of the a.hove type, especial~y H-phosphono­

methylglycine or glyphosate, by introducing into the 

genome of plants a gene coding for an BPSPS 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. 'l'hese techniques, however, need to be 

improved in order to obtain greater reliability in the 
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use of these plants under agricultural conditions. 

ID the present description, 0 plantn is 

understood to mean an.y differentiated multicellular 

organism capable of photosynthesis, and nplant ce11n is 

5 understood to mean an.y cell originating from a plant 

and capable of constituting undifferentiated tissues 

such as calluses or differentiated tissues such as 

embryos or plant parts or seeds. 

'l'he subject of the present invention is the 

10 production of transformed plants having increased 

tolerance to herbicides of the phosphonomethylglycine 

family, by regeneration of cells transformed by means 

of new chimeric genes containing a gene for tolerance 

to these herbicides. 

15 'l'he sub:ject of the invention is also a 

chimeric gene for conferring on plants increased 

tolerance with respect to a herbicide having EPSPS as 

its target, comprising, in the direction of 

transcription: a promoter region, optionally a transit 

20 peptide region, a sequence of a gene coding for a 

glyphosate tolerance enzyme and an untranslated 

polyadenylation signal region at the 3' end, 

characterized in that the glyphosate tolerance gene 

contains, relative to the gene from which it is 

25 derived, a "threonine 102 by isoleucine 0 substitution 

in the 0 aroA0 (EPSPS) region. Preferably, it COllll>rises, 

in addition, in the same region, a 0 proline 106 by 

serinen substitution. 'l'hese substitutions can be 
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introduced or be present in an EPSPS sequence of any 

origin, in particular of plant, bacterial, algal or 

fungal origin. 

'l'he transit peptides which can be used in the 

5 transit peptide region can be, kn.own per se, of plant 

origin, for example originating from maize, sunflower, 

pea, tobacco or the like. 'l'he first and the second 

transit peptide can be identical, similar or different. 

'l'hey can, in addition, each comprise one or more 

10 transit peptide units according to European Patent 

Application BP 0 508 909. Xt is the role of this 

characteristic region to permit the release of a mature 

and native protein, and especially· the above mutated 

BPSPS, with maximum efficacy in the plasmid 

15 compartment. 

'l'he promoter region of the chimeric gene 

according to the invention may be advantageously 

composed of at least one gene promoter or promoter 

fragment which is expressed naturally in plants 

20 (tubulin, introns actin, histone). 

'l'he 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, 

25 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 
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can. comprise, in addition to the essential portions 

above, at least one untranslated intermediate {linker) 

region, which can be located between the different 

transcribed regions described above. This intermediate 

5 region can be of any origin, for example of bacterial, 

viral or plant origin. 

zao1ation of a cDRA coding for a maize BPSPS: 

The different steps which led to the 

obtaining of maize EPSPS cDNA, which served as 

10 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 

15 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 
0 CUrrent Protocols in Molecular Biology0 Volumes 1 and 

20 2., Ausubel P.M. et al., published by Greene Publishing 

Associates and Wiley-~nterscience (1989) {hereinafter, 

references to protocols described in this work will be 

designated 0 ref. CPMB 0 ). The operations relating to DNA 

which were performed according to the protocols 

25 described in this work are especially the following: 

ligation of DNA fragments, treatment with IO.enow DNA 

polymerase and T4 DNA polymerase, preparation of 

plasmid and of bacteriophage A DNA, either as a 
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minipreparation or as a maxipreparation, and DNA and 

RKA analyses according to the Southern and Northern 

techniques, respectively. Other methods described in 

this work were followed, and only significant 

5 modifications or additions to these protocols have been 

described below. 

10 

Bxag1e 1: 

f ragaent 

sequences: 

1. Obtaining of an. .Arah.idops.is t.hal.iana BPSPS 

a) 'l'wo 20-mer oligonucleotides of respective 

5'-GCTCTGC'l'CA'l'G'l'CTGCTCC-3' 

5'-GCCCGCCCT'l'GACAAAGAAA-3' 

were synthesized from the sequence of an Arabidopsis 

15 thaliana BPSPS gene (Klee H.J. et al. (1987) Mol. Gen. 

Genet., 210, 437-442). These two oligonucleotides are 

at positions 1523 to 1543 and 1737 to 1717, 

respectively, of the published sequence, and in 

opposite orientations. 

20 b) .Arabidopsis t.haliana (var. columbia) total 

DHA was obtained from Clontech (catalogue reference: 

6970-1). 

c) SO nanograms (ng) of DNA are mixed with 

300 ng of each of the oligonucleotides and subjected to 

25 35 amplification cycles with a Perkin-Blmer 9600 

apparatus, under the conditions of standard medium. for 

amplification which are recommended by the supplier. 
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'l'he resulting 204-bp fragment constitutes the 

Arabidopsis thaliana BPSPS fragment. 

2. Construction of a lihrazy of a cma fraa a 

ms :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 buff er is adjusted 

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 0 c, 

the pellet from centrifugation for 15 

min at 30,000 g at 4°C is resolubilized. 

'l'he LiCl precipitation step is then 

repeated. 'l'he resolubilized pellet 

constitutes the RRA fraction of the 

total nucleic acids. 

b) 'l'he 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 Biology0 • 

25 c) Synthesis of double-stranded cI>RA having a 

synthetic BcoRZ end: this is carried out according to 

the protocol of the supplier of the different reagents 

needed for this synthesis penny fo:cm of a kit: the 
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0 copy kit 0 from the com;pany In Vitrogen. 

'l'wo single-stranded and partially 

complementary oligonucleotides of respective sequences: 

S'-AA'l"l'CCCGGG-3' 

5 5'-CCCGGG-3' (the latter being 

phosphorylated) 

are ligated with the blunt-ended double-stranded cDRAs. 

'l'his ligation of the adaptors results in the 

creation of SmaI sites attached to the double-stranded 

10 cDHAs and EcoRI sites in cohesive form at each end. of 

the double-stranded CDHAs. 

d) Creation of the library: 

'l'he cDHAs possessing the artificial cohesive 

EcoRI sites at their ends are ligated with 

15 bacteriophage AgtlO cDHA which has been cut with EcoRI 

and dephosphorylated according to the protocol of the 

supplier Hew England. Biolabs. 

An aliquot of the ligation reaction was 

encapsidated in vitro with encapsidation extracts, 

20 namely Gigapack Gold, according to the supplier's 

instructions; this library was titrated using the 

bacterium B. coli C600bfl. 'l'he library thereby obtained 

is amplified and stored according to the instructions 

of the same supplier, and constitutes the BMS maize 

25 cell suspension cDHA library. 

3. Screenjng of the BKS maize cell suspension 

cD1IA library with the Arabidogsis· tbaliana BPSP probe 

'l'he protocol followed is that of 0 CUrrent 
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Protocols in Molecular Biology0 Volumes 1 and 2, 

Ausubel F.M. et al., published by Greene Publishing 

Associates and Wiley-Interscience (1989)(CPMB). 

Briefly, approximately 106 recombinant phages are 

5 plated out on LB dishes at an average density of 100 

phages/cm.2 • The lytic plaques are replicated in 

duplicate on .Amersham Bybond H membranes. 

h) The DHA was fixed to the filters by 1600kJ 

UV treatment (Stratagene Stratalinker). The filters 

10 were prehybridized in 6xSSC/0.1%SDS/0.25 skimmed milk 

for 2 h at 65°C. 'l'he Arabidopsis thaliazza EPSPS probe 

was labelled with [32PJdC'l'P by random priming according 

to the supplier's instructions (Pharmacia Ready to Go 

kit). The specific activity obtained is of the order of 

15 108 cpm per µg 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 ss0 c. 'l'he filters are fluorographed for 

48 h at -eo0 c with Kodak XAR.5 film and .Amersham 

20 Byperscreen RPN enhancing screens. Aligmnent 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 thaliazza EPSPS probe to be picked 

25 out from the dish. This step of plating out, transfer, 

hybridization and recovery is repeated until all the 

spots in the dish of the successively purified phages 

prove 100% positive in hybridization. A plaque of 
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independent phage lysis is then picked out in diluent A 

medium ('l'ris-Cl pH 7.5; lOmM MgS04 ; O.lM HaCl; 0.1% 

gelatin); these phages in solution constitute the BPSP­

positive clones of the BMS maize cell suspension. 

5 4.. Preparation and analysis of the DRA of the 

BPSP clones of the BllS maize cell suspension 

Approximately 5x108 phages are added to 20 ml 

of C600hfl bacteria at an OD6oo:am value of 2/ml and 

incubated for 15 minutes at 37°C. 'l'his suspension is 

10 then diluted in 200 ml of bacterial growth medium in a 

1-1 Erlemneyer 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. 'l'his 

15 supernatant is then treated as described in °CUrrent 

Protocols in Molecular Biology0 • The DHA obtained 

corresponds to the EPSP clones of the BMS maize cell 

suspension. 

One to two µg of this DNA are cut with BcoRI 

20 and separated on 0.8% LG'l'A/'l'BB agarose gel (ref. CPMB). 

A final verification consists in checking that the 

purified DHA does indeed display a hybridization signal 

with the Arabidopsis thaliana BPSPS probe. After 

electrophoresis, the DHA fragments are transferred onto 

25 Amersham Bybond H membranes according to the protocol 

of Southern described in °CUrrent Protocols in 

Molecular Biology0 • 'l'he filter is hybridized with the 

Arabidopsis thaliana BPSPS probe according to the 
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conditions described in section 3 above. 'l'he clone 

displaying a hybridization signal with the Arabidopsis 

thaliana BPSPS probe and containing the longest BcoRZ 

fragment has a size estimated on gel as approximately 

5 1.7 kbp. 

5. Obtaining of the clone pRPA-llL-711 

Ten µg of the phage clone containing the 

1.7-kbp insert are digested with EcoRZ and separated on 

0.8% LG'l'A/'l'BB agarose gel (ref. CPMB). The gel fragment 

10 containing the 1.7-kbp insert is excised from the gel 

by BET staining, and the fragment is treated with 

~-agarse according to the protocol of the supplier, Hew 

Bngland Biolabs. The purified DNA of the 1.7-kbp 

fragment is ligated at 12°c for 14 h with the DNA of 

15 plasmid pUC 19 (Rew Bngland Biolabs) cut with BcoRZ 

according to the ligation protocol described in 

0 CUrrent Protocols in Molecular Biology0
• Two µl of the 

above ligation mixture are used for the transformation 

of an aliquot of electrocompetent B. coli DB10B; 

20 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 o0 c. 'l'he physical conditions of 

25 the electroporation using an electroporator made by 

Biorad are 2500 volts, 25 µF and 200 0. 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 µg/ml of carbenicillin, minipre-

5 parations of the bacterial clones which have grown 

after one night at 37°c is produced according to the 

protocol described in °CUrren.t Protocols in Molecular 

Biology0 • After digestion. of the DNA with EcoR~ and 

separation by electrophoresis on 0.8% LG'l'A/TBE agarose 

10 gel (ref. CPMB), the clones possessing a 1.7-kbp insert 

are retained. A fin.al 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 

15 are transferred onto .Amersham Bybond H membranes 

according to the protocol of Southern described in 

0 CUrrent Protocols in Molecular Biology0 • The filter is 

hybridized with the Arabidopsis t.haliana EPSPS probe 

according to the conditions described in. section 3 

20 above. The plasmid clone possessing a 1.7-kbp insert 

and hybridizing with the Arabidopsis thaliana BPSPS 

probe was prepared on a larger scale, and the DNA 

resulting from the lysis of the bacteria was purified 

on a cscl gradient as described in °CUrrent Protocols 

25 in. Molecular Biology0
• 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 
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same supplier. '1'he partial sequence produced covers 

approximately O.S khp. The derived amino acid sequence 

in the region of the mature protein (approximately SO 

amino acid residues) displays 100% identity with the 

5 corresponding amino sequence of mature maize BPSPS 

described in .American Patent USP 4,971,908). This 

clone, corresponding to a 1.7-khp BcoRZ fragment of the 

BPSP DHA of the BMS maize cell suspension, was 

designated pRPA-llL-711. The complete sequence of this 

10 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 SBQ ZD 

15 No. 1. 

6. Obta:ining of the clone pRPA-llL-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 

20 extension of 92 bp upstream of the GCG codon coding for 

the NB2-terminal alanine of the mature portion of maize 

BPSPS (.American Patent USP 4,971,908). Similarly, an 

extension of 288 bp downstream of the AAT codon coding 

for the COOR-terminal asparagine of the mature portion 

25 of maize BPSPS (.American Patent USP 4,971,908) is 

observed. These two portions could correspond, in the 

case of the NB2-terminal extension to a portion of the 

sequence of a transit peptide for plastid localization, 
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and, in the case of the COOR-terminal extension, to the 

untranslated 3' region of the cDHA. 

Zn order to obtain a cDHA coding for the 

mature portion of the maize BPSPS cDHA, as described in 

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

out: 

a) Ram.oval of the untranslated 3' region: 

construction of pBPA-llL-712: 

The clone pRPA-ML-711 was cut with the 

10 restriction enzyme AseZ, and the ends resulting from. 

this cleavage were rendered blunt by treatment with the 

Xlenow fragment of DH.A polymerase Z according to the 

protocol described in CPMB. A cleavage with the 

restriction enzyme Saczz was then performed. The DH.A 

15 resulting from. these operations was separated by 

electrophoresis on 1% LG'l'A/'l'BE agarose gel (ref. CPMB). 

The gel fragment containing the 0.4-kbp 

"AseZ-blunt ends/Saczzn insert was excised from. the gel 

and purified according to the protocol described in 

20 section 5 above. The DRA of the clone pRPA-ML-711 was 

cut with the restriction enzyme BindZZZ [lacuna] 

located in the polylinker of the cloning vector pUC19, 

and the ends resulting from. this cleavage were rendered 

blunt by treatment with the Xlenow fragment of DHA 

25 polymerase z. A cleavage with the restriction enzyme 

SacZZ was then performed. '1'he DHA resulting from. these 

manipulations was separated by electrophoresis on 0.7% 

LG'l'A/'l'BE agarose gel (ref. CPMB). 
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'l'he gel fragment containing the approximate1y 

3.7-kbp Bind.ZZZ-blunt ends/Saczz insert was excised 

from the gel and purified according to the protocol 

described in section 5 above. 

'l'he two inserts were ligated, and 2 µl of the 

ligation mixture were used to transform B. coli DH10B 

as described above in section 5. 

'l'he plasmid DNA content of different clones 

was analysed according to the procedure described for 

10 pRPA-ML-711. One of the plasmid clones selected 

contains an approximately 1.45-kbp BcoRZ-BindZZZ 

insert. 'l'he 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 

15 that the 3'-te:rminal end possesses the following 

sequence: 

0 5'- ••• AA'l"l'AAGC'l'C'l'AGAG'l'CGACC'l'GCAGGCA'l'GCAAGC'l''l'-3' 0 • 

'l'he underlined sequence corresponds to the 

codon of the COOR-terminal amino acid asparagine, the 

20 next codon corresponding to the translation stop codon. 

The nucleotides downstream correspond to sequence 

elements of the pOC19 polylinker. This clone comprising 

the pRPA-ML-711 sequence up to the translation 

termination site of mature maize BPSPS and followed by 

25 sequences of the pUC 19 polylinker up to the HindZZZ 

site was designated pRPA-llL-712. 

b) llodification of the 5' end of pRPA-llL-712: 

construction of pRPA-llL-715: 
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'l'he clone pRPA-ML-712 was cut with the 

restriction enzymes Pstz and BindZZZ. 'l'he DR.A resulting 

from these manipulations was separated by 

electrophoresis on 0.8% LG'l'A/'l'BB agarose gel (ref. 

5 CPMB). The gel fragment containing the 1.3-kbp Pstz­

BcoRZ insert was excised from the gel and purified 

according to the protocol described in section 5 above. 

'l'his insert was ligated in the presence of an 

equimolecular amount of each of the two partially 

10 complementary oligonucleotides of sequence: 

Oligo 1: 5'-GAGCCGAGC'l'CCA'l'GGCCGGCGCCGAGGAG.A'l'CG'l'GC'l'GCA-3' 

Oligo 2: 5'-GCACGA'l'C'l'CC'l'CGGCGCCGGCCA'l'GGAGC'l'CGGC'l'C-3' 

as well as in the presence of plasmid pUC19 DR.A 

digested with the restriction enzymes BamBZ and 

15 BindZZZ. 

'l'WO µl of the ligation mixture were used to 

transform B. coli DHlOB as described above in section 

5. After analysis of the plasmid DHA content of 

different clones according to the procedure described 

20 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 DR.A sequence 

in this region is the following: sequence of the pUC19 

25 polylinker from the BcoRZ to the BamBZ sites, followed 

by the sequence of the oligonucleotides used in the 

cloning, followed by the remainder of the sequence 

present in pRPA-ML-712. 'l'his clone was designated pBPA-
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llL-713. This clone possesses a methionine ATG codon 

included in an Beaz site upstream of the m-terminal 

alanine codon of mature BPSP synthase. Furthermore, the 

alanine and glycine codons of the N-terminal end have 

5 been preserved, but modified on the third variable 

base: initial GCGGGT gives modified GCCGGC. 

'1'he clone pRPA-llL-713 was cut with the 

restriction enzyme Hindzzz, and the ends of this 

cleavage were rendered blunt by treatment with the 

10 Klenow fragment of DNA polymerase z. A cleavage with 

restriction enzyme Saez was then performed. The DNA 

resulting from these manipulations was separated by 

electrophoresis on 0.8% LGTA/TBB agarose gel (ref. 

CPMB). The gel fragment containing the 1.3-kbp 

15 °BindZZZ-blunt ends/Saczn 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 Xbaz, and the ends of this cleavage were 

20 rendered blunt by treatment with the Klenow fragment of 

DNA polymerase z. A cleavage with the restriction 

enzyme Saez was then performed. Two µl of the ligation 

mixture were used to transform B. coli DBlOB as 

described above in section 5. After analysis of the 

25 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 
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terminal ends of the selected clone reveals that the 

ma sequence is the following: sequence of the pUC19 

polyliDker from. the BcoR:C to Sac:C sites, followed by 

the sequeDCe of the oligonucleotides used in the 

5 cloning from. which the 4 bp GA'l'CC of the 

oligonucleotide 1 described above have been deleted, 

followed by the remaiDd.er of the sequence p~esent in 

pRPA-ML-712 up to the Bind:C:C:C site and sequence of the 

pUC19 polyliDker from. Xba:C to·BiDd.:C:C:C. 'this clone was 

10 designated pRPA-ML-715. 

7. Obtaining of a c!BP. coding for a mutated 

maize BPSPS 

All the mutagenesis steps were carried out 

with the Pharmacia u.s.B. mutagenesis kit according to 

15 the supplier's instructions. 'l'he priDCiple of this 

mutagenesis system is ·as follows: plasmid DNA is 

denatured by heat and. reassociated in the presence of a 

molar excess of, on the one haDd. the mutagenesis o1igo­

nuc1eotide, and on the other haDd. an o1igonucleotide 

20 enabling a unique restriction enzyme site present in 

the poly1iDker to be eliminated. After the 

reassociation step, syn.thesis of the complementary 

strand. is carried out by the action of '1'4 ma 

polymerase iD the presence Of '1'4 ma ligase and gene 32 

25 protein in a suitable buffer which is supplied. The 

syn.thesis product is incubated in the presence of the 

restriction enzyme for which the site is assumed to 

have disappeared by mutagenesis. The B. 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 

5 used before. After these treatments, B. coli strain 

DH10B is used as host for the transformation. 'l'he 

plasmid DNA of the clones isolated is prepared, and the 

presence of the mutation introduced is verified by 

sequencing. 

10 A)- :modification of sites or sequ.ences 

without iD principle affecting the BPSPS-resistance 

character of maize to products which are competitive 

inhibitors of BPSP synthase activity: elimination of an 

internal Ncoz site from pRPA-ML-715. 

15 'l'he pRPA-ML-715 sequence is numbered 

arbitrarily by placing the first base of the H-terminal 

alanine codon GCC at position 1. 'l'his sequence 

possesses an Ncoz site at position 1217. The site­

modification oligonucleotide possesses the sequence: 

20 5'-CCACAGGATGGCGA'l'GGCCTTCTCC-3'. 

After sequencing according to the references 

given above, the sequence read after mutagenesis corre­

sponds to that of the oligonucleotide used. The NcoZ 

site has indeed been eliminated, and the translation 

25 into amino acids in this region preserves the initial 

sequence present in pRPA-ML-715. 

'l'his clone was designated pRPA-ML-716. 

The 1340-hp sequence of this clone is 
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presented in SBQ XD Ro. 2 and SBQ XD Ro. 3. 

B)- sequence modifications enab1ing the 

BPSPS-resistBDCe character of maize to products which 

are competitive jnhjbitors of BPSP synthase activity to 

5 be increased. 

'1'he fo1lowing oligonucleotides were used: 

a) mutation '1'hr 102 -+ Xle. 

5' -GAA'l'GC'l'GGAA'l'CGCAA'l'GCGGCCA'l''l'GACAGC-3' 

b) mutation Pro 106-+ Ser. 

10 5 ' -GAA'l'GC'l'GGAAC'l'GCAA'l'GCGG'l'CC'l''l'GACAGC-3 ' 

15 

c) mutations Gly 101-+ Ala and 'l'hr 102 -+ Xle. 

5 ' -C1l 11l'GGGGAA'l'GC'l'GCCA'l'CGCAA'l'GCGGCCA'l''l'G-3 ' 

d) mutations '1'hr 102 -+ Xle and Pro 106 -+ Ser. 

5' -GGGGAA'l'GC'l'GGAA'l'CGCAA'l'GCGG'l'CC'l'TGACAGC-3 ' 

After sequencing, the sequence read after 

mutagenesis on the three mutated fragments is identical 

to the parent pRPA-ML-716 DR.A sequence, with the 

exception of the mutagenized region which corresponds 

to that of the mutagenesis oligonucleotides used. These 

20 clones were ~esignated: pRPA-ML-717 for the mutation 

'1'hr 102 -+ Xle, pRPA-ML-718 for the mutation Pro 106-+ 

Ser, pRPA-ML-719 for the mutations Gly 101 -+ Ala and 

'1'hr 102 -+ Xle and pRPA-ML-720 for ·the mutations '1'hr 102 

-+ Xle and Pro 106-+ Ser. 
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'l'he 1340-bp sequence of pRPA-ML-720 is 

presented in SBQ ZD Ro. 4 and SBQ ZD Ho. 5. 

'l'he 1395-bp RcoZ-HindZZZ insert is the basis , 

of all the constructions used for the transformation of 

5 plants for the introduction of resistance to herbicides 

which are competitive inhibitors of BPSPS, and especi­

ally glyphosate resistance. This insert will be 

designated in the remainder of the description °the 

maize BPSPS double mutant 0 • 

10 

in vitro 

'15'!!!n!mle 2: 

Glyphosate tolerance of the different mutants 

2.a: Bztraction of BPSP synthase 

'l'he different BPSP synthase genes are 

15 introduced in the form of an HcoZ-Hind.ZZZ cassette into 

the plasmid vector p'l'rc99a (Pharmacia, ref: 27-5007-01) 

cut with Hcoz and HindZZZ. Recombinant B~ coli DHlOB 

bacteria overex:pressing the different BPSP synthases 

are sonicated in 40 ml of buff er per 10 g of pelleted 

20 cells, and washed with this same buffer (200 mM Tris­

HCl pH 7.8, 50 mM mercaptoethanol, 5 mM BD'l'A and 1 mM 

PHSI'), to which 1 g of polyvinylpyrrolidone is added. 

'l'he suspension is stirred for 15 minutes at 4°C and 

then centrifuged for 20 minutes at 27,000 g and 4°c. 

25 Ammonium sulphate is added to the supernatant 

to bring the solution to 40% saturation with respect to 

ammonium sulphate. 'l'he mixture is·centrifuged for 

20 minutes at 27,000 g and 4°c. Ammonium sulphate is 
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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 BPSP synthase present in this protein pellet 

5 is taken up in 1 ml of buffer (20 mM Tris-Bel pB 7.8 

and 50 mM mercaptoethanol). This solution is dialysed 

overnight against two litres of this same buffer at 

4°C. 

10 

2.b: BDzyme 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 pB 5.6, 1 mM phosphoenolpyruvate, 

3 mM shikimate 3-phosphate (prepared according to 

15 Knowles P.F. and Sprinson D.B. 1970. Methods in Bnzymol 

17A, 351-352 from Aerobacter aerogenes strain ATCC 

25597) and 10 mM potassium fluoride. The enzyme extract 

is added at the last moment after the addition of 

glyphosate, the final concentration of which varies 

20 from O to 20 mM. 

The activity is measured by assaying the 

phosphate liberated according to the technique of 

Tausk.y H.A. and Shorr B. 1953. J. Biol. Chem. 202, 675-

685. 

25 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 Ser106 is only 50% inhibited, 
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and the other three mutants, Zle102, Zle102/Ser106 and 

Ala101/Zle102, show little or no inhibition. 

The glyphosate concentration has to be 

multiplied by ten, that is to say 1.2 mM, in order to 

5 produce a 50% inhibition of the mutant enzyme Zle102, 

the mutants Zle102/Ser106, Ala/Zle and Ala still not 

being inhibited. 

Zt should be noted that the activity of the 

mutants Ala/Zle and Ala is not inhibited up to 

10 glyphosate concentrations of lOmM, and that that of the 

mutant Zle102/Ser106 ·is not reduced even if the 

glyphosate concentration is multiplied by 2, that is to 

say 20 mM. 

15 

BBJ!!Tle 3: 

Resistance of .transformecl tobacco plants 

1-1- Transformation 

The vector pRPA-RD-173 is introduced into 

Agrobacteriu.m tu.mefaciezJs strain EBA101 (Hood et al., 

1987) carrying the cosmid p'l'VK291 (:Komari et al., 

20 1986). The transformation technique is based on the 

procedure of Horsh et al. (1985). 

1-2- Regeneration 

The regeneration of PBD6 tobacco (source 

SEZ'.l'A Prance) from leaf explants is carried out on a 

25 Murashige and Skoog (MS) basal medium comprising 30 g/l 

of sucrose as well as 200 µg/ml of ka.namycin. The leaf 

explants are removed from plants cultivated in the 

greenhouse or in vitro and transformed according to the 
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leaf disc technique (Science, 1985, Vol. 227, pp. 1229-

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 

5 naphth.ylacetic acid (JI.AA) and 2 mg/l of 

benzylaminopurine (BAP) for 15 days. 'l'he shoots formed 

during this step are then developed for 10 days by 

culturing on an MS medium supplemented with 30 g/l of 

sucrose but not containing any hormone. Shoots which 

10 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. 

15 1-3- Glyphosate resistance 

'l'weJlty transformed plants were regenerated 

and transferred to the greenhouse for the construction 

of pRPA-RD-173. 'l'hese plants were treated in the 

greenhouse at the 5-leaf stage with an aqueous 

20 suspension of Round.Up corresponding to 0.8 kg of 

glyphosate active substance per hectare. 

'l'he results correspond to the observation of 

ph.ytotoxicity indices recorded 3 weeks after treatment. 

under these conditions, it is found that the plants 

25 transformed with the construction pRPA-RD-173 display 

very good tolerance, whereas the untransfo:cmed control 

plants are completely destroyed. 

'l'hese results show clearly the improvement 
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brought about by the use of a chimeric gene according 

to the invention for the same gene coding for 

glyphosate toleran.ce. 

Bx••le 4: 

5 'Rransfo:r:mation 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 

10 T.H., Wolf B.D., WU R. an.d San.dford J.C. (1987): High 

velocity microprojectiles for delivering nucleic acids 

into living cells, HA'l'tJRB Vol. 327 pp. 70-73). 

Two days after bombardment, the cells are 

tran.sf erred to the same medium containing 2 mM 

15 H-(phosphomethyl)glycine. 

After 8 weeks of selection on this medium, 

calluses which develop are selected, then ~lif ied an.d 

an.alysed by PCR, and reveal clearly the presence of the 

chimeric OTP-BPSPS gene. 

20 Cells not bombarded and grown on the same 

medium containing 2 mM H-(phosphomethyl)glycine are 

blocked by the herbicide and do not develop. 

The transformed plan.ts according to the 

invention may be used as parents for obtaining lines 

25 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 

pRPA-RD-124: Addition of a 0 nos 0 

polyadenylation signal to pRPA-ML-720 with creation of 

5 a cloning cassette containing the maize double mutant 

BPSPS gene ('l'hr 102 -+ :Ile and Pro 106 -+ Ser) • pRPA-ML-

720 is digested with Bind:I:I:I and treated with the 

Klenow fragment of B. coii DRA polymerase :I to produce 

a blunt end. A second digestion is performed with Hco:I, 

10 and the BPSPS fragment is purified. 'l'he BPSPS gene is 

then ligated with purified pRPA-RD-12 (a cloning 

cassette containing the polyadenylation signal of 

nopaline synthase) to give pRPA-RD-124. To obtain the 

useful purified vector pRPA-RD-12, it was necessary for 

15 the latter to be digested beforehand with Sal:I, treated 

with Klenow DRA polymerase and then digested a second 

time with Hco:I. 

pRPA-RD-125: Addition of an optimized transit 

peptide (OTP) to pRPA-RD-124 with creation of a cloning 

20 cassette containing the EPSPS gene targeted on the 

plasmids. pRPA-RD-7 (European Patent Application 

BP 652 286) is digested with Sph:I, treated with T4 DRA 

polymerase and then digested with Spe:I, and the OTP 

fragment is purified. This OTP fragment is cloned into 

25 pRPA-RD-124 which has previously been digested with 

Hco:I, treated with Klenow DRA polymerase to remove the 

protruding 3' portion and then digested with Spe:I. This 

clone is then sequenced in order to ensure correct 
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translational fusion between the O'l'P and the BPSPS 

gene. pRPA-RD-125 is then obtained. 

pRPA-RD-130: Addition of the B3C4 maize 

histone promoter and of adhl intron 1 sequences of 

5 pRPA-RD-123 (Patent Application BP 507 698) to pRPA-RD-

125 with creation of a cassette for expression in 

plants for the expression of the double mutant BPSPS 

gene in the tissues of monocotyledons. pRPA-RD-123 (a 

cassette containing the B3C4 maize histone promoter 

10 fused with the adhl intron 1) is digested with Ncoz and 

Saez. 'l'he DRA fragment containing the promoter derived 

from pRPA-RD-123 is then purified and ligated with 

pRPA-RD-125 which has previously been digested with 

Ncoz and Saez. 

15 pRPA-RD-159: Addition of the B4A748 

Arabidopsis histone double promoter (Patent Application 

BP 507 698) to pRPA-RD-125 with creation of a cassette 

for expression in plants for the expression of the 

•OTP-double mutant BPSPS gene• gene in the tissues of 

20 dicotyledons. pRPA-RD-132 (a cassette containing the 

B4A748 double promoter (Patent Application BP 507 698)) 

is digested with Ncoz and Saez. 'l'he purified promoter 

fragment is then cloned into [lacuna] which has been 

digested with Bcoz and Saez. 

25 pRPA-RD-173: Addition of the •B4A748 

promoter-OTP-double mutant BPSPS gene• gene of pRPA-RD-

159 to plasmid pRPA-BL-150A (European Patent 

Application 508 909) with creation of an Agrobacterium 
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twne£acieZJ.S transformation vector. pRPA-RD-159 is 

digested with Hotz and treated with Elenow polymerase. 

'l'his fragment is then cloned into pRPA-BL-150A with 

SmaZ. 
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I ttl -:~·r ... or lN'IENTlOll: S--1 PYNVYLllh11d.Nt•·J·phqph•t.• 
q-ni:haae a&t••• CJ9M codlint flOi" cea:e p&'Oteine et plant•• 
t1•ancfo-• c=ontenant oe PM 

11111 NUM8D OF n:QUDICU; 5 

lhl CCRMSICNlllNCE ADllMIS: 
IAI ADataRE; l'nncols Chnt1en 
CBI S"!Mft: H20 Ne Mrn Baine 
ICI c:rnz lol'N' Cedex 09 
1c1 CCIUN'ftlY: rRMe 
IFJ &IP: HH3 

IYJ CDaUTlll RIAIWll.£ RRI: 
IAI ICD111C TYl£1 F1oppr dlslt. 
181 CDaU'rlll: UM IC ODllpatilth 
CCI OllMTINI IU'IDCI · te-DOl/NS-DCll 
IDI IOl"IWME: ••UnUA .. l•••• 11.0. Venian 11.25 

IYil CUDIN't Atn.J:CA'r?Cll araA: 
Ult APl'LICU'lCIN ...... : 
181 l'%LDIG Dr.ft; 
ICI CLAISl~tclN: 

1¥1111 A'f"ICWICY/NliEWt INnwa'l'ICIN: 
IAI NltiME: Chretien. rnncoi. 

(i&J ~lCIN ~ICN: 
IAI 'IELIPllCllE: (33J72•2'•2a-ff 
181 'llLEl'AX: 133172-21•28•C3 

121 INRlllMMION n:IR SEQ ID NO:l: 

U.1 SEQUENCE CIOIMCrt:RlftICI: 
IAI U11ntl: 1713 ba•• pllln 
181 TYR: nucleic acid · 
ICI STMNDEC»mll: do'*l• 
IDI TOIOLCGY: linear 

( U I M0t&CUL£ 'rYft:: cDIA 

(Y11 ORIGINAL SCIURCI:: 
IA> CllGIVQ .. : Z.a M}'8 
181 ftMIH: 81ac:k Med.can lwMt 
trl 'llllUE TYi£: c.11 ... 

IYiil DllEDV.11 IGURCZ: 
IAI 1.URNft; 1alllllcla 9C10 
181 CLCllS: pUA-IG.-'11 

CaiJ RQU£NCS lllUCIUPr?Cah lllCI ID llOd.: 

M'ICM'lTIC N:N:Nlllr .. Y. CMCIMGllC mGATPCll AA'l'fCDllCIC ODIClllClllG 10 
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Mllliw::a:AT 'tlll'ir::"oM:r'l'r. '71"ffJTOJGAT 'l'GIWJCWJCT 'lr.lm.lCNlAT rmGATrGTT !HO 

"rCCnr;ctate -rr-rN:rr'lCl':'"...A a:rt.rrorrc. 'fCM'rGOM.'I' ~" ~ 400 

'tOiAM'fC"aM: A'Mr..NlATrG A'l'QQNJCnft ftmGM. l«NJllilC,llf 're'rGP.'l'MC'r 180 

GGGllCN".A'l'T CTACA'l"l'MG ~ M"lN:NarC ca:tMMAT GCICTMGnG 840 

~"l'GC C'fCMGCXICA MC'l'A'l'TIC'l' tGGCTGG'fGC 'fGCM'l"l'M:'r ~ 900 

~ W'l'l'G'rGGc: N:l:N:l:1llf'l' 'fmlV. 'fG'l'GIWn'n GICNMGIUC HO 

'l'GGMATCP.T GGUGCGMG G?'l'H:ATCIM CCUUC!M ClliTMCJG'l"'f N:fGliW a:Ae 10ZO 

~ A"l"f'fGGGW AMCAC:C'l'CA MllelaT'fM ~ N1aW11m1C 1080 

~ "l'l'CC'ZGIMM crr»MIGW. ~ GG'ftGCllMtC Ol'UOJIMC l.200 

TMCQllGC! ~ ft'fGWMll IGICXlllK'rA CIGCWICMC JlmCDICClll 12'0 

A&M8C!GM c:irnumacr; ATClllUIClaft ~ C'MM'fGICIC WWWX.'I 1320 

c:tGh i UC'! cn"rCM:GGG ATTANn'Zft GM'ICtftM c::rnTMnG'l 'l"IG'fMCM& 1510 

'fT'fC'fA'nTC Gca'fC'i'TW 'l"f'fG'rGCRC' ~ tftc:A'ITIQ MMTGll'l'tC UiZO 

12) INl"CIDllWIOll rat SEQ ID llO:Z: 

1 l > SEQUENCE c:HMllC'fER11TlCS: 
IA> JZNlltH: UtO -.. pdni 
181 TYllE: nueleic: acid 
lCI STIWlllEllllESI: double 
lDI "ZOIOLCllY: linear 

U.U MOI.Sall.E TYl'E: c:11NA 

In I CIRIGDIN. SCIURC£: 
(A) CRGMI8C: zea •P 
181 SIMD: &lac:t Maic:an ~ 

lviil JMG:DJA'IE 9CURC£1 
lBI c:r.GllS: pUA-Ml.-TH 

lial n:NIUll:: 
CAI NNSllCft: CDI 
IBJ LCICNflClls c •• 1331 

lxil IBQUEllCE IESCUftICll: llQ ID 110121 

CCWlG GCC GGC GCC GM GM MC am c:rG CM CCX: A'lC NG 41111& A1C t1 
Ala Gly Al• Glu Glu %1• Val Leu Ca •• %1• Lp 411u Ile 

l 5 10 

~GGC~~Wc:rG~-~~~~~NC~A1C H 
hr Gly 'lhr Val Lym Leu PIO Gly ler z..,. hr Leu hr Am Al9 Ile 
U H U • 

C'fC CTA C'fC GCC GCC c:rG 'lClC GM GIG 11C1P. 11C1P. GIG GIT aT NC c:rG 10 
r.eu Leu Leu Ala Al• r.u hr Glu m.r 'Dir 'lbr Val v.1 Amp Am Leu u ff u 
c:tG~~CIM~~~~~C'fC-GCC~~~~ lH 
Leu Asn .. r Glu Amp Val Hill 'frr MR lillU 017 Al• Leu Al9 'lb&' Leu 
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rm ere 'l'CT r:rc: '"""" r,cr. r.N: MA llC'I' r..a: MA N"rA ncr rnA rrrr tJTr 2J" 
Gly W-U !hrr Val t:lu Al• A11p Lp Ala Ala l.Y"-' Arq Ala Vlll V4L V.d 

~ ~ n 
r.tX: ·rtJT tr.r t".G\ ANJ T'fC a:A G'rT r.Nl liAT GCT AAA CN; GM. <rm CM.; !~1 
Gly C:'fl> Gly 1a1 l.ys Ph• Pco Vat Glu A..-p A.I.a Ly,; Glu Glu ·1:11 Gln 

~ u ~ 

c:rc T'fC TfG GGG MT GC'l' GGA N:r Gc:A A'l'G CGG cc::A TfG N:1t. Ge:.\ GCT JJS 
Leu Phe Leu Gl y A.n Ala Gly Tbr Ala Met AS'9 Pro Leu Tbr Ala Ala 

15 100 105 110 

GTT N:r GC'l GC'l GGT GM MT GCA N:r TAC GTG C'r'r MT GGl'o GIA ~ JU 
Val Th.r All Ala Gly Gly Amt Ala Th.r Tyr Val Leu A.p Gly Val •n 

115 lZO 125 

Na ATG MIG GM 11&1' CCC Aft G8C MC TTG GTT GTC GM TfG MG CM CJl 
Ai9 Net Ai9 Glu Aq tn Ile Glr -· Leu Yal Val Gly Leu Lym Gln 

130 135 lCO 

C"Z'T GGT GCA GA'I GTr M"l' T8'f T'fC en GGC 1CI Giie 'fGC cc::A c::cr mT C71 · 
Leu Gly Ala A8p Val Asp ey. the Leu Gly ~ Asp c,. •zo tzo Val us 150 155 

an GTC Na Gia A'IC GM G11G c:rA c::cr GGT GGC MG 8ft: MG C'f8 'fC'f 121 
Aq Val Amt Gly :tle Gly Gly Leu tN Gly Gly Lym Ya1 lop Leu .. r 

HO 115 llO 

Gl'iC 'fCC A'fC Mc: Mn CM UC TTG Nn. GCC T"l'G C'IG ATG GC'l' GC'l' CC1' 5l5 
Gly le.r Ile Ser Ser Gln Tyl' Leu ler Ala Leu Leu Net Ala Ala •zo 
115 llO 115 190 

TrG GC'l' en GGG MT G'fG GM Aft GM A'IC Aft GA.T AM T"l'A A'IC 'fCC 623 
Leu Ala Leu Gly Asp Val Glu Ile Glu Ile Ile Asp Lys Leu Ile ler 

lH 200 205 

Aft CCG TAC GTC GM A1G M:r. ftG Na ftG A'fG GM Cm T'n' Gift 8'IG '71 
Ile Pro Tyr Val Glu Net Thr Leu Al'9 Leu Net Glu Al'9 the lily Val 

210 215 Z20 

AAA GCA GM ~ KT MT Mc:. TGG UC Na 'l'TC TM: Aft MG GM GGT 119 
Lys Ala Glu His Ser Asp ler Tzp Asp A1'9 lhe Ty.r %le LJS Gly Gly 

225 230 235 

c:M AM TAC Na 'fCC c::cr AM M"l GCIC TA"l' Gft GM GGT MT GCC ~ 161 
Gln LY8 Tyr LY8 Ser Pn Lp IWn Ala Tyr Val Glu Gly Asp Ala Ser 2co · zcs 2so 
Mc: GCA Mc: TM T'fC T"l'G GCT GG"l' Ger GCllt. AT"l' N:t GllM GGG N:r 8'IG 815 
Ser Ala Ser Tyr Pbe Leu Al• Gly Ala Ala Il• Tbr Gly Gly Thr Val 
255 260 2U 210 

N:t GTG GM GGT TGT GGC N:J: N:X: Nil TrG CM GGT MT GTG MG T'n' 86:1 
'!hr Val Glu Gly Cys Gly 'lbr Tbr Ser Leu G1n Gly JWp Val Lp lb• 

215 ZIO Zl5 

GCT CIM GTA C'fG GM A'IG A'IG GM GCG Mii GT"l' ~ TGG N:c CIM 1Cf 911 
Ala Glu Yal Leu Gl11 MR Met Gl7 Ala LJS Val '!hr 'fzP '!hr Glu '!hr 

ZtO 215 JOO .. 

MC ft.A N:I ITT N:I GGC ~ cm cm GM CCA. TIT - MS MA CRC 151 
8er Val '!hr Val '!hr Gly Pzo Pnt Al"f Glu Pn Iba G17 Al9 .Lp Ht• 

JOI 310 315 

C'fC MG GCG AT"l' MT GTC NI:: AS Mt: MG A'JG c::cr MT GTC GCC A'fG 1001 
Leu LJS Ala lle Asp Val "8rll MR "8rll Lp Met tnt Allp Yal Ala Met. 

320 325 IJO 

N:r en GCT 8'IG ITT GCIC C'fC 'l'ft ace MT llllC cm M:r. GCC A'IC .NM 1051 
Tbr Leu Al• Val Vel Ala Leu Ille Ala "8p 817 •n 'lbr Ala Zl• Al9 
JJ5 JCO 3'5 350 

UC G'IG GC'r 'fCC TGG ~ GTA Mii Ml KC GM MG A1G CT Gm MC 1103 
Asp Val Ala Ser 'fzp A,. ¥111 LJS lllu '!hr Qu Al'9 Met Yal Ala Ile 

355 JIO · H5 

CllG~CIM~N:cMG~GM~'fC'fCTGM~GGGCICll~ ~ As9 'lllr Glu Leu 'lbr z.,. Leu Gly Ala .. I' Val Giu Glu Gl)' Pnt "-P 
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J'JU .. J80 

TN: TtlC ATC ATC Cl CT. c:cr. GN.i ND CrG NI: GTG M:r. r.c:r, A'fC C'"ollC 119' 
Tyr Cy.; U11 ll• Ttlr PN Pr11 GL11 Lys Lliu Alm V.1 l T!lr Ala U• Asp 

JH'• l'JO J'tO, 

N;"; TAC C'"JIC •W: CAC N'A ATtJ GCC AT'J OC:C TrC TO: Cr:' IJCC r,c: 'ftTr 1:11 
·rt.r ·ryr A.!:p A.Ip H\~ A1'9 Met. Ala Mvr. Ala \11\w Su S...1.1 AL11 Ala Cys 

400 40& 410 

IJCC GAG G'l'C CCC GTC /!Cl: MC CllG GM: CCf GGG TGC N:I: CGG NG N:I: 1295 
Ala Gl11 Val Pro Val '1'hr Il• Al9 Asp .riv Gly Cys Tbr Ac9 Lys Tbr 
415 420 425 ,30 

~CCC~~~~~~~~~~~~ ~ 
Ph• fro A8p 'l'yl' llh• Asp Val Ion hr Tbr lhe Val L'8 Mn 

435 440 

'l'AA 1340 

121 Dll'OAMA'l'ICll l'CR RO ID ll0:3: 

CU S£QUlllCE awuu::n:ul'l'ICI: 
CA) LENilnllr U4 alllnD aclU 
CBI ftft: aalno add 
CDI 'l'OICILOIY: linear 

1111 ~U: '!YIE: pmtein 

ld.J IEQUDICE DUCRJ:ftJ:Cll: SEQ ID ll0:3: 

Ala Gly Ala Glu Cllu Ile Val Leu Gla Pro Ile L'8 Glu ne Ser Gly 
1 s 10 15 

'1'hr Val Lym Le11 Pro Gly Ser L'8 hr Lau Ser Amt A1:V ll• Leu Leu 
20 25 30 

Leu Ala Ala Leu Ser Glu Gly '1'111' '1'hr Val Yal Asp Am Leu Leu .\ma 
35 '° 45 

Ser Glu A8p Val Hl• Tyr Met Leu Gly Al• L8U Arv '!hr Lau Gly Leu 
50 55 &O 

Su val Glll Al• - Lys Ala Al• Lys Arv Al• Val Val V.l Gly Cys 
es 10 15 ao 

Gly Gly Lym the Pro Val Slu Mp Ala t.ys Glu Glu Yal Gln Leu llhe 
es 10 t5 

£eu Glr Asn Ala Gly '1'hr Al• Net AEV Pro Leu '1'hr Ala Ala Val '1'hr 
100 105 110 

Ala Ala Gly Gly An Ala Tbr Tyr Val Leu Allp Gly Val Pro AE9 Met 
115 120 1U 

AE9 Glu Arv Pro Ile Gly A8p 1.-1 Val V.l Sly Leu Lys Sln r..u Gly 
uo 1u ua 

Ala Mp Val Asp CJ9 1lhe Leu Gly 'l'IV Amp C,. Pn rn Val AE9 V.1 
US 150 115 HO 

Am Gly lle Gly Gly Leu Piv Qly Gly LJs val L'9 Leu ler Gly .. r 
115 110 115 

Ile l•I' a.,. Gla Tyr Leu le.r Al• Leu IAu Met Ala Ala tn Leu Ala 
180 111 HO 

Lau Gly Asp Val &lu Ile 111u 11• Ile Amp Lym IAu Ile fer Ile tm 
115 200 Z05 

Tyr Val &lu Net th.r Leu AE9 i.u MR Glu Aqi the Gly val LJ8 Ala 
210 215 ZIO 

~~~-~~-~~~~~~~~~ zzs 230 ZJ5 zco 
!yr Lys ler ·- I.ya ~ Ala • Yal G1'& Gly Asp ~ SH .. r Ala 

z.s ·. 250 2H 
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.>:.•r Tvr ...._. •- 1u.1 lily Al:w A.la U• Ttlr t:ly GLy Thr Vet Thr Val 
:..a t~S Z10 

•H•• 1;iy Cy.: ra•1 Tiu "rhr Svr 1Nu GLn Gly Allp Y;sl Ly:: 1lhe Ala Gl .. 
:! :... zoo '?·J~ 

·;,~ t.&··· 1;1.~ Mttt M•t Gly Al• "'"' Val Thr ·rrp "l'hC' '.ii.:.l ThC' Svr Va. 
:·u; :'s JOO 

?ru· 'lllL Thr :a·1 Pro Pro Ara Glu Pro Ph9 Gly ~ Lys His Leu C.ys 
JO~ 310 315 . 320 

Al.a 11• Allp Ya.l Asn Met A.In Lys tc.t Pco A9p Val Ala Mwt '!hr 1.-.i 
.125 330 33$ 

Ala Val Val Ala Leu ftl• Ala - Gly Pco 'ftu" Ala %1• Acv A9p Val 
lfG 345 J50 

Ala Ser Trp ~ Yal Lya Glu '!hr Glu Ac9 Miit Val Ala lle Ac9 'lhz 
355 310 315 

Glu Leu '!hr l.ys i..u Gly Ala ler Val Gl11 Glu Gly P.n> A9p '!yr C,. 
310 315 310 

Il• Il• TIV Pro Pco Glu Lys Leu A8n Val '!hr Ala Il•. Asp '!hr "ryr 
385 3ICI 395 COO 

Asp Asp H1s ~ Miit Ala Met Ala ftle Ser:&.\& Ala Ala C,S Ala Glu 
COS 410 . C15 

Val Pro Val Th.r ll• AZ9 Asp ·- Gly Cys Thr -'EV Lya '!hr - P.n> 
C20 C2$ 430 

A8p Ty~ Ph• A9p Val Leu Ser Thi' Iba Val LJW Asn 
435 C40 

IZI IN~TION FCR SIQ ID NO:t: 

Iii SEQUENCE CHMN:n:RlSTICI: 
r1u LEMnHs 1340 ... pd.rs 
fBJ ftfE: nucleic: acid 
(CJ ftMNISDllESS: dDUble 
IDI "fOIOLOIY: linear 

111 I M0tECULE ftfl:: c:lllP. 

1v11 CIUGINM. IOURCZ: 
IAI CllMN191: lea •JS 
f8J STRAINS Blac:t NelCic:an lwet 

tvUJ .DIMEDIATE SOURCE: 
181 CLONE: pUA-NL-120 

11&1 l'ENfURE: 
IAI IUltE/ICEY: CDI 
tBJ ~ON: 6 •• 1~ 

llCi.I IEQUENCE llEICUftlCIU IEQ lD NO:C: 

CCA'l'G GCC GGC GCC GM GM A'IC 85 C'IG CM CCC: MC Niii GM A'1C 
Ala tlly Ala Glu Glu Ile Val Leu Gln •so Ue I.JS GlU lle 

1 5 10 

'ICC GGC N:C enc NII cm cm Giii TC: Mii Tm en 'ICC NC Clll 1t1C 
hr Gly 'ftlr Val Lys I.- •n Gl7 ler L,. 1U L9u .. r AD Ac9 ne 
u n n n 

,, 

ere C'rA ere GCC GCC C'l8 'ICC GM - Ma ~ G'IG ftt MT NC CfG 1'3 
Leu Leu Leu Al• .Ala 1.-a .. ,. Glu Gl:r 'lbr '!hr Val Val Allp AD Leu 

35 •O 41 

C'(G NI: Nn GM GA'! enc CN: TAC ,.. ere .. CICIC ftG Ml N:t en 111 
Z..U Amit Ser Glu Allp Val Hi• ~ Net Leu 817 Ala i..a A.cg 'ftlr i.u 

H U • 

GGT ere 'fCT enc GM CICG UC AM 8C'l ace AM JIM er ftA cm G'l"r 219 
Gly Leu Ser Val Glu Ala Aep Lya Ala Ala Lf11 Aq Ah Val Val Yal 

'5 10 . ,. 
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111x: -rrrr '1r1T rt("oA AN; -rrc CIC" fft'I' rwi r.A'f r.cr AM r..M; GAA tnr; CNJ 28"1 
'a·r C'f"..J rnv chy t.v•~ l'htt Pr.t Val Glo,, Aalp Ala r.y-.: Glu Glu v"L Gln 

~ ~ q 

(!T: 1"f': '?Tf• <llll; MT c;c:r r.rtA A'TC fiCA A~; o;r; T-::: 'l"r'l M:A r;r.A r.i:r Jl5 
~ .. ·~ Ph¥ lAm ;;i y l\.·ro Al.1 IJlV u .. A~• Mwt Acqi he- Lcou 'l'l\C' Al.'\ Al" 

,., . lt10 l;J'i 110 

r;n N:t r.C'T tlC'f r;GT GGA MT GCA N:f TAC GTG C'r"l' GA'f Gl'".m\ ~'TA CCA l8J 
v .. 1 'l'hC' Ala Ala Gly Gly Allln Al• Tnr: Tyr Val Leu Asp Gly Val Pro· 

ll'i 1:0 1%5 

MA A'fG AGG GAG NiA CICIC A.TT GGC UC TfG GTr G'fC GGA TTG AM CIG 431 
Al9 Met Arv Glu Arv Pro Ile Gly"8p Leu Val Val.~ly Leu Lys Gln 

130 135 140 

en GG'T GCA GA'f GTr GAT 'IG"l TZC c:rr GGC N::t UC 'IGC CC'A ccr cm 419 
Leu Gly Ala Asp Val Allp C,.. 9'e Leu Gly Thr A8p C,. •ro P.i::o Val 

145 150 155 

an GTC MT Gia ATC GM GGG CTA ccr Gift GGC Na GTC Nii C'rG 'fC'1' 521 
Aft) Val Alln Gly Ile Gly Gly Leu ·- Gly Gly Lys Val Lys Leu Ser 

1'0 115 l'JO 

GGC TCIC ATC MC NIT CIG 'IAC T'ZG 1111'1 GCC ftG C'fG A'IG GC'r GC'r ccr 515 
Gly Ser ll• Ser ler Gln 'f7r Leu Ber Ala Leu Leu Net Ala Ala •.i::o 
115 110 185 . 110 

TTG GCT Cft CiGG GAT GTG GM Aft GM ATC 1tl:T GA'I MA TTA ATC 'ICC HJ 
Leu Al• Leu Gly Asp Val Glu Ile Glu Ile Ile A8p i.,. Leu Ue Ber 

195 200 205 

ATT CICIG TM: enc MA A'IG N:A ftG NP. TTG Nl'G GM arr Tft GGT .. 611 
Ile Pro 'ryr Val Glu Met '1'hl' Leu Aft) Leu Met Glu Aq the Gly Val 

z10 z15 zzo 

MA GC11. GAG CAT TC't GAT MC 'fGG Giiie NiA TfC TAC Aft .MG GGA GGT 119 
Lys Ala Glu His S•r A8p Ber Tzp Asp Ar;! fbe Tyr lle Lys Gly Gly 

zzs 230 235 

CM MA TAC Nii TCC CC'r MA M'r GCC TAT GTr U'- GG'T GA'I GCC '!CA 161 
Gln Lys Tyr Lys Ser ·- L,. A8n Ala Ty:- Val Glu Gly A8p Al• a.c 

HO 245 250 

NII: ~ NII: TAT TTC TTG GCT GG'T GCT GCA Aft N:t GM. GGG N:t GTG 815 
Ser Ala Ser Tyr ftlll Leu Ala Gly Ala Ala Il.• 'rhr Gly Gly 'rhr Val 
255 HO 265 210 

N:'l GTG MA GG'? TGT GGC N:C AC1C NIT ftG ~ Gift GAT G'1'G ~ TTT H3 
'rhr Val Glu Gly Cys Gly 'rh1' 'rhr Ser Leu Gln Gly Asp Val Lys lhe 

. Z"IS ZIO 285 

Ger MG GTA C'fG GM A'fG A'fG GGPo Gm Na Gft N:A. 'fGG N:C GM N:t 911 
Al• Glu Val Leu Glu Net Me~ Gly Ala Lys Val 'rh&' Trp 'rhr Glu 'rh1' 

ZIG ZIS 300 

NI/:: GTA N:t GTT N:r GGC ~ O:S cm· GM ~ ftT GGll Ma MA ClllC 959 
Ser Val Thi' Val 'Z'hZ' Gly Pro ·- Ar;! Glu ·- lh• Gly Ar;! Lys Hl• 

305 310 315 

~NliGClll~~GTC~~~Nli~CC'r~~~~ ~ 
Leu L,. Al• Ile A8p Val Ama JleC A9ft Lys Net ·- Asp Val Ala Mt 

320 325 330 

N:r~~GTGcn'l~~Tft~~~CCD~~~~ ~ 
'Dir Leu Ala Val Val Ala Leu Jibe Ala A8p Gl7 Pzo 'Dir Ala lle Al9 
335 3•0 145 350 

UC G'1'G ~ TCC 'JGG 111M. G"lA 1W1 US N:c GM N1S AW GIT ai::r; ~ 1103 
Asp Val Ala 8er Tzp Arg V.l LJS Glu 'lhl' G1u A19 MR Vd Ala lle 

355 HO :SO 

CGG ACG GM CfA ACC 1W1 C'fG Gia CICA 'fC'1' Gft GM GM GIG CCD UC 1151 
Al9 Thr Cllu Leu Thr Lys Leu G17 Al• a.~ Val Glu Glu Gl7 •• Asp 

no J"Js no 
TM: TGC A'1C ATC Jim CCD CCD GM AM C'IG AN! ftGI. ACS Gell ~ 8'IC 1111 
Tyr C,. Ile Ile "lb1' Pzo •• Cllu i.,. Leu A8n V.1 'lb1' Al• Ile "-P 

385 390 395 
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N:1J "flC C"'IN: llllie CAe N1G ATn cs A'ffl nee ftC = c:rr CCC CCC wr 124, 
The Tye A.Ip A..p Hld Acq Mttt Al• M•t Ala .... S•l' LIN Al• Al• Cys 

4~0 •O~ 410 

rx:,: r.,M ¢r': CC::C rnc: la:: ATC CllG GAC <='I' GliG TGC N::X: OT. NIJ la:: l?•tj 
Ai.I Ul\I V.11 Pr•.) V:il '!hr u. Af9 A;;JI Pr~ Clly Cy.s '!hr A1'7 Lys 'Thr 
4~~ 420 4!~ tlO 

TTC a.:c GAC TN: TTC GAT GTG CTG Nit: ICf 'ITC: G'fC AM MT 1JJ7 
Ph• Pro - Tyr Ph• Mp Val .Leu Ser Thr Ptl• Val Lys Mn 

us 4'0 

TM lJtO 

121 %NFCRPaJCN l'Qt SSQ J:D N0:5: 

UI SEQUENCE CllAMC'ZDISTICI: 
IAI l.Dllftll: H4 udno .... 
181 TYl'Er Ul1no add 
CDJ 'IOl'QLOllY: linear 

111 J MOl.EaltE 'l'DE: pntein 

CxU UQUINCE lll:ICR%PHCll: IEQ JD N0:5: 

Ala Gly Ala Glu Glu Ile Yal .Leu G1n ho ll• L,. G1u Il• ler Glr 
1 5 10 15 

Thr Val L,. Leu Pro Gly Ser L,. Ser Leu Ser IWll Al'g ?1• Leu Leu 
U U H 

Leu Ala "1• Leu Ser Glu Gly 'rhr 'rhr Val Val Aiip 1illn Leu Leu IWll 
J5 40 45 

Ser Glu A9p Val K1• Tyr Net i.eu Gly Ala .Leu ""9 'lhr .Leu GlJ' Leu 
50 55 10 

Ser Val Glu Ala Asp Z.,. Ala Ala Ly. A19 Al• V-1 Val Yal GlJ' C,S 
15 70 75 10 

Gly Gly L,. l'he Pro Val Glu Mp Ala i.,. Glu Glu Val G1n Leu ... 
H H H 

Leu CUy A8ft Ale Gly Il• Al• Met Ar9- Ser Leu Thr Ala Al• Val 'lhr 
100 105 110 

Ala Ala Gly Gly Asn Ala 'Dir Tyr Yal Lau Asp Gly Val P.r:o Al9 Met 
115 120 125 

Al'IJ Glu An.I tco Ile Gly Asp I.au Val Val Gl.y Leu Lya Gln Leu Gly 
130 135 140 

Ala Asp Val Asp Cys the Leu Gly 'lhr Amp C,. P.CO fm Val Al9 Val 
141 150 155 1'0 

"81'1 Gly ?l• Gly Gly Lau Pro Gly Gly i.,. Val L,. .Leu hr Gly Ser 
115 170 175 

:rl• hr Ser Gln Tyr Leu Ser Al• Leu Lau Miit Ala Al• •m .Leu Ala 
190 115 110 

Leu Gly Amp Val Glu Ile Glu De Ile Asp Lys .Leu De hr %1• P.r:o 
111 200 205 

Tyr Val Glu Met 'lhr Leu Al9 Leu Net Glu Al9 lbe 817 Yal L,. Ala 
210 215 zzo 

•1u H1a hr Aas> s.r 'Zrp Amp Al9 l'lw 'IJ&' 11• i.,. cir Gy G1n lop 
ZZ5 2H 236 240 

'l'J'l' LY9 Ser P.r:o Lym A8n Ala 'l'J'l' Val Glu lily A9p Ala .. r .. ,. Al• 
241 llO Ill 

Ser 'IJ&' the 1.-u Ala Gly Ala Ala Il• '!hr G17 4111' 'lhr Yal '!bl' Yal 
210 211 110 

~~~~'lhr~~.Leu~~-~~-Ala~ 
215 2IO 215 
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Voll &Mu Glu Nut. Nor Gly Ala Lp Val Thr 'hp 'rhr tJlu '!hr Ser V•l 
t'IO 2•\ JOO 

'rhr '/'IL Thr 1a·1 PN Pro AM Glu Pro Pha Gly Arj 1.V'~ Hl• Leu L.ir.; 

JO'• JlO ll 'i J:O 

Alll l lt" A.~i:. "" ~ A:ln tt.t Mn l.ys Mt!t Pt-.l Aisp VII l Ala tt.t 'l'hr ,,..,,. 
J:~ JJO JJ5 

Ah V•l Val Al• Leu Ph9 Al• Amp Gly p~ '!hr Ala Il• Arca Mp V•l 
J40 JtS 350 

Ala Ser Trp Ai'q Val Lys Glu 'rhr Glu Arg Met Val Ala Ile Arg 'Thr 

355 JIO . >•S 

Glu Leu 'rhr l.ys Leu Gly Ala Ser Val Glu Glu Gly Pn Asp 'fyr C,. 

J70 315 310 

Ile lb 'fhr Pro Pn Glu Lys i..u A9n v.i 'rhr Ala tl• Asp 'ftU' 'Tyr 

385 390 395 400 

Asp Amp Hi• Ar9 Met Ala Met Ala lhe Ser Leu Ala Ala ey. Ala Glu 
405 •10 · •1s 

Val Pn Val Thr Ile Arg Asp Pn Gly C,. 'ftU' Arg Lp 'ftU' lhe Pn 
•ZO '25 '30 

Asp Tyr fM Amp Val i..u Ser 'lbr Iba Val LJS Amil 
•JS ••O 
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CLA:CMS 

1. DRA gene coding for a mutated 

5-enolpyru:vylshikimate-3-phosphate synthase (EPSPS), 

characterized in that it C01111>rises at least one 

5 threonine 102 ~ isoleucine substitution. 

10 

2. DRA gene according to claim 1, 

characterized in that it CODll>rises, in addition, at 

least a second mutation in the EPSPS, different from. 

the first mutation. 

3. DRA gene according to claim 2, 

characterized in that it CODll>rises, in addition, a 

mutation consisting of a substitution of praline 106 by 

serine. 

4. DRA gene according to claim 2, 

15 characterized in that it C01111>rises, in addition, a 

mutation consisting of a substitution of glycine 101 by 

alanine. 

5. DRA gene according to one of claims 1 to 

4, characterized in that it is of bacterial origin. 

20 6. DRA gene according to claim 5, 

characterized in that it originates from. a bacterium of 

the genus Salmo.nella t:l'J).h.:lmurium. 

7. DRA gene according to one of claims 1 to 

4, characterized in that it is of plant origin. 

25 8. DNA gene according to claim 7, 

characterized in that it is of maize origin. 

9. Mutated EPSPS protein, characterized in 

that it CODll>rises at least one substitution of 

111111111111111111111111111111 
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threonine 102 by isoleucine. 

10. Chimeric gene coq>rising a coding 

sequence as well as regulatory elements at positions 5' 

and 3' which are heterologous and capable of 

5 functioning in plants, characterized in that it 

coq>rises as coding sequence at least one sequence 

according to one of claims 1 to 8. 

11. Chimeric gene according to claim 9, 

characterized in that it coq>rises a plant virus 

10 promoter. 

12. Chimeric gene according to claim 10, 

characterized in that it coq>rises a plant promoter 

(e.g. a-tubulin, histone, introns, actin, etc.). 

13. Vector for the transformation of plants, 

15 characterized in that it coq>rises at least one gene 

according to one of claims 10 to 12. 

20 

14. Plant cell, characterized in that it 

coq>rises at least one gene according to one of claims 

10 to 12. 

15. Plant, characterized in that it is 

obtained by regeneration from a cell according to claim 

14. 

16. Method for the production of plants with 

improved tolerance to a herbicide having BPSP synthase 

25 as its target, characterized in that plant cells or 

protoplates are transformed with a gene according to 

one of claims 1 to 8, and in that ·the transformed cells 

are subjected to a regeneration. 
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17. Method of treatment of plants with a 

herbicide having BPSPS as its target, characterized in 

that the herbicide is applied to plants according to 

claim 15. 

5 18. Method according to claim 17, 

characterized in that glyphosate or a glyphosate 

precursor is applied. 


