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5-enol oyruvyl shi ki mat e- 3- phosphat e . synthase i gene coding for this
protein and transforned pl ants containing this gene
The present invention relates to a new 5

5- enol pyruvyl shi W@ B@IBosphat e synt hase Lor EPSPS) PCTVFRO6 /00 AREaY S
I ncreased tol erance wth respect to herb|C|des whi ch are conpetitive
inhibitors with Muat v Xizave-3rphosphate syntRass,

activity. This nore tolerap EPSP S nthase ossesses at 10 | east one

DO DY ARYT

"t hreoni ne by isol JePR® tFext ein and tramsformed plamtses to
a gene coding for such a proteln,, pl ant, cells transfornmed by

chi nmeric gene - constructions & " @&™® to the plants
regenerated fromthese cells and also to the plants 15 originating from
crossing using these transforned pl ant s. G yphosat e,

sul fosate or fosanetine ar ggsﬂtr m_s en1 herb|C|des of the
phosphononet hyl gl yci ne fam i r?%ey acﬁ'ess %hﬁ%?éf EMetitive

i nhi bitors ofg S-QRQEEMEﬁ&%hﬁhI B Rte-3—-
2.5.1.19) or EPSPS wt respecétﬂl t% F#OSFE%%%S% oenol pyrt#??g))

After their whikhl iaivplens Qridi%dﬂe@tboltéi‘ihﬁ S et N e

pl ant where they accurmul ate in the rapidly grow ng par
particul ar the cherbieidfied whiichdRire:tompetitdi¥eésiinhi®AFada Wathhe point of
destruction of sensitive pl ants.

respect to phosphonoenolpyruvate (PEP) of EPSPS
activity. This more tolerant EPSP synthase possesses at

10 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

15 originating from crossing using these transformed
plants.

Glyphosate, sulfosate or fosametine are
broad-spectrum systemic herbicides of the
phosphonomethylglycine family.-They acﬁ essentially as

20 competitive inhibitors of 5-enolpyruvylshikimate-3-
phosphate synthase (EC 2.5.1.19) or EPSPS with respect
to the PEP (phbsphoenolpyruvate). 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 EPSPS, the main target of these products, is an enzyne of the
pat hway of biosynthesis of aromatic am no acids, which is encoded by
one or nore nucl ear genes and synthesized in the formof a 5

cytopl asm c precHO:&7/0418H3 i nported into the plastids PCTYFRBE/D0125
accunul ates in its mature form _The tol erance of plants to
gl yphosate and to pr (?é-@@ttéfoﬁl’tﬂ?(SEPS:Lghd wajiin falmlgme«blﬂ)y:tlmabl)ect orial
i ntroduction into their genone of an ene, 0 pl ant or ba
origin, which is%??’é'%'orls an enzvmer (iIfs &£hen pasdmeyt off bilesynthesis

characteristics of i.nhi bi,tion Ry glyphosate of the product of this
gene. In vio%waFPmatdc sming: agidsy, %Fcﬁ! Mf&?&P@h 3&‘3?& ipne or .
degree of tolera t hosat e of the produgt L he genes iC
are used, it is g‘&\%aen é‘%lé%%s’f #5758 ﬂégsﬁtges"“%ﬂ'%g‘et FOxy Ofud of the
translation @f thi Smi engble i,.t to accu ated in,

subst anti al gnou%?§cgﬁa %onﬁguﬁﬁég?iggé% imported in o't Pgafﬁ&ﬁﬁ, for

xanpl e f10m US Gaietd! 1t Qocuindited®ln tde HkObodapl ant a tol erance to

a her bi ci de of the above type, especia iono-

met hyl gl ycine or gl yphosat ghebtolera®ddc 029 p18its! £ g1yphofRa oAl ¢ ant s
a gene coding for an EPSPS carryi ng at | east oné futation that nmakes

this enzyne norepraBuctscoifsthet familys isoobeaihiede by Bitabier (gl yphosate)
after localization of the enzyne in the plastid conpartment. These
t echni ques, howeistroduetipn Hato theirnpensad of ahlePsPe glahel,Nog eat er
reliability in the '
10 plant or bacterial origin, which is mutated or
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 on § 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)
ﬁfter localization of the enzyme in the plastid
compartment. These techniques, however, need to be

improved in order to obtain greater reliability in the
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pl ants under agricultural condi tions. In the present
description, "plant” is understood to nean any differentiated

mut ticel | ul ar or gani sm capabl e of photosynthesis, and "plant cell" is
5 understood toWR&7 Q%|| originating f3oma plant PCT/BRE6¢apabbe
of constituting undifferentiated tissues such as call uses or
differentiated t “&&f &hepe,plants wder) agxdcuditanaly sonditionseds.

The subject of the present f nvention is the 10Q productlon of transforned
pl ants having increased Sranent; descnintions Splamen is

phosphononet hyl g fam ner at,i of cells transf or med
by neans ew c 9ok 5% @ﬁ%?‘é’é g%erﬂ %&53" "‘F"@F

to these herblcujﬁ.g f t |on §. | so a
chimeric gene for cc‘iu}:'errl r‘i‘ able Ioefn sﬂz"%° Wase 1% "ﬁq lt %'
respect to asher RindeddtRd % EBS%Sa%% cell o 15%9.%? 'n the
direction of transcription: a pronoter re tion ran5|t
20 peptide regi and TaPABIVGE %Bn%t&%’&ﬁlﬁﬁdhmlmr%ntlatedgbi@l

tol erance enzyne and an untransl| at ed pol yadenyl ati on si gnal reg| on at
the 3' end, sucha aac calluseés Bl F1F feientinpleds Higsuelse 5ALHE agene

cont ai ns, relative to the gene fromwhich it is 25 derived, a "threonine
102 by i sol euci nembayost icxuplant parts ort lseeds.oA" (EPSPS) region.
Preferably, it conprises, in addition, in the sane region, a "proline
106 by serine" subst iThe: subjeticof thies presentninveantien 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 gehes containing a gene for tolerance
to these herbicides.
1s The subject of the invention is also a
chimeric gene for conferring on plants increased
tolerahce 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®™ substitution
in the "aroh"(EPséS) region. Preferably, it comprises,
in addition, in the same region, a "proline 106 by

serine" substitution. These substitutions can be
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be present in an EPSPS sequence of any origin, in particular of .
pl ant, bacterial, algal or fungal origin. _ _ The transit
pepti des which can be used in the S transit peptide region can be, known
per se, of plantWO 97/04303i n, for exanple d&iginating froPCTAFRS6/01125
sunf | owner, pea, tobacco or the like. The first and the second .
transit peptlde &HﬁrE@"FG@nPFbHP pPyefens: iy an EPSPSnsequence Glfemnyan, in

addi ti on, each conpri,se Qne or nor transit _peptide units according to
Eur opean Pat ent origl L840 5 P&Ft&ﬁ“EPrO°§08199§ bacterind,r allgadf oxhi s

characteristic r &g Fﬁ_er.mt the rel ease of a mature apd nati ve
protein, and espeC|§Pﬁy° Bove nut at ed EPSPS, mnth maxi num

ff th I d 1 pr.onot er
?eg:gﬁcgflPhe gthger genéh CQQBQ gePaPﬁédPB FﬁécpnﬁéﬁtPBn“ﬁﬁﬂ gp the

advant ageousky transi@”BQ tdaQ’ r Pﬁbﬂaﬁknpﬂgfgﬁﬂggg ngbgéruﬁprﬂPP%ns

fragment which is expressed naturally in planfs

actin, histone).origin, for IBeoEEBEﬁQEEﬁBeQrbﬁ@%ﬁﬁ&b?tbﬂg;ig%gk?at'On

Signal region at the 3" end of the chineric gene ma

origin, for exanpea,otcbaeter ozl thei Jike.S¢8B 23rst andl BRb Qgcbgﬁ nopal i ne
synt hase gene, or of plant origin, 25 such as that of the Arabi dopsis

t hal i ana hi st onetiidA848 peptidgcoanabeoidengitall heiminapcasg Eitﬁakent.
Application (Eur opean Application 633 317).
chimeric gene ac®bexi agntoinhadditéion, oeach comprise one or more
10 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
15 compartment.

The 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).

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,

25 such as that of the Arabidopsis thaliana histone H4A748
gene according to the European P;tent Application
(Eurcpean Application 633 317).

The chimeric gene according to the invention
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conprise, in addition to the essential portions above, at |east one
untransl ated i nternediate (linker) regi on, which can be | ocated

bet ween the di fferent transcri bed regi ons described above. This
intermediate SO r¥BGALEHIN be of any origsn, for exanpl ecr/rreey/o112s,
viral or plant origin. | sol ation of a cDNA coding for a
mai ze EPSPS: can comprise, Tin afiditiomitaitiss esseitizl poxrtions

obtai ni ng of mai EPSPS cDNA, which served as 10 substrate for the

i ntroduction of "ﬁf%“!’wc? thkeast, ape untranglatpd dntaxmeddate (Ginkex)

oper ati ons descrjbed beI e given by way of exa and
correspond to a thHorty ¥ hich rﬁsﬁféq? %Hfé"?ﬂq f"é%%[g)

avai |l abl e for V. t he es : Th| s choice has no effect
15 on the qual Natar o beé‘ir](i,\g"‘sﬁ:'t Mé#f mpis interpedipte

Came resul .5 Wb %**% ﬂfr’%ﬂ%fwe"%éi i PR Jiﬁt AtaE e or o

described in viralC¥y Padt 4 in Mol ecul ar Bi oI ogy" VoI umes 1 and
20 2, Ausubel F.M et al., publis ed by G eene Publishing Associat es
and Wl ey-Interscience (1¥gh1deisti c@ld odixf‘é

described in this work will be desi %%Ped “re q%%%]e operat | ons
relating to DNA whi clrhee @i fEadetit st e Aklidl0 1l it gyedt ocol s 25
described in this work are especially the follow ng: i gati on of DNA
fragments, treatohtaindingh df emizeDWPSPS cDNAY WIS Sexmbdl AdoNA

pol ymer ase, opreparatlon of pl asm d and of bacteriophage [err] DNA,

ei t her as substrate for the introduction of the two mutations,

are described below. All the operations described below
are givgn 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 fragmants are described in
"Current Protocols in Molecular Biology" Volumes 1 and

20 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 nﬁa
which were performed according to the protocols

25 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
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m ni preparation or as a naxi preparati on, and DNA and RNA anal yses
according to the Southern and Northern t echni ques, respectively. O her
net hods described in this work were foll owed, and only significant 5
nmodi fi cati ons orwade?704183t o t hese protocolés have been PCTARRSS/OEIRS
bel ow. Exanpl e 1: 1. Qotaining of an Arabi dopsis

t hal i ana EPSPS miniprepanationior as a maxiprepafabics, nand DNA and

ol i gonucl eot i des of resgective sequences:

5' - GCTCTGCTCATGIRME(urlygses according to the SouthermOusltNFTLRAEFRAGAAA- 3'
were synthesized fromthe sequence of an Arabi dopsis _15 t hal i ana EPSPS
gene (Kl ee H J. Eechplapesggrregpectigply. Other methods desgnibed in These

[ | ' Si t,i 152 , 1543, and. 1737 1717,
(vo ol sonuel <o LicS St wege SoubGiet B STy Sudiiisien 1’ (°
ORI LTSS, ptgscasions, O ARARLURS BoLBohMETBeCSHRSHARY ek

rom arogue~rererence: 7
c) 50 nanograms goadk8he\beihi. M Xed with 300 ng of each of the
ol i gonucl eot i des anérsuBJectegsto 25 35 anplification cycles with a
Per ki n- El mer 9600 appar atus, under the conditions of standard nedi um
for anplification which are recomended by the supplier.
WD 97/ 04103 Example 1: / PCT/ FR96/ 01125
1. Obtaining of an Arabidopsis thaliana EPSPS
fragment
10 a) Two 20-mer oligonucleotides of respective
sequences: '

57 -GCTCTGCTCATGTCTGCTCC-3’
5’ -GCCCGCCCTTGACAAAGAAA-3 '/
were synthesized from the sequence of an Arabidopsis

15 thaliana EPSPS 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 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

25 35 amplification cycles with a Perkin-Elmer 9600

apparatus, under the conditions of standard medium for

amplification which are recommended by the supplier.



The resulting 204-bp fragnment constitutes the Ar abi dopsi s thaliana
EPSPS fragnent. . 2. Construction of a library of a cDNA from
a BMS nmi ze cell line 5 a) 5gof filtered cells are
ground in liquid nitrogen, and the total nucleic acids are extracted
accordi ng to t hewoe9o'hpodzedcri bed by Shure &t al. with PCT/RRE6Y 01250
nodi fi cati ons: - the pH of the IyS|s buf fer is adjusted
10 The reswiting, 204—bp fragment constitwees pkkei pitation with
I sopr opanol ellet is taken up in water and,

after dissol utiobrahidereig FBAQisnanE SpS fragment. Lid. After

I ncubation for 12 h at [err] the pellet from
centrifugation for 15 ¢°n3tr“°t1°n ofia %beEF%OEQg‘afuﬂke$¥?E:Fs

resol ubi li zed. The LiCl precipitation step is then

repeat ed. The régﬂ?dﬁ????eﬁebﬁl}%?° constitutes the RNA

L;agagogofg(%‘ RNA fractlo%)o? ?H%fF$$£%gL°&u§+f%§i§C°?§r8%9%|ﬁ%dlb?uld
chr omat ogr aphy 8#1@%9&90&% he totaf +é‘i8£8 Qg{g&g”a@é Qﬁéﬂé@? in

“Current Protocols In

Synthesis of dougt&esdifgies EiﬁWﬁﬁEﬁb&gdascrLbedsﬂﬁt§ﬁﬁf& &t ﬂththis

is carried out according to t he protocol e supplier of
di fferent reagenthe folloﬁfﬂdeﬂoaﬂfiéﬂtioﬁyBtheSIS penny formof a kit: the
WO 97/ 04103 PCT/ FR96/ 01125
- 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.
bf The poly(A)* RNA fraction of the RNA
fraction is obtained by chromatography on an oligo(4T)-
cellulose column as described in "Current Protocols in
Molecular Biology".
25 ¢) Synthesis of double-stranded ¢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



tcopy kit" fromthe conpany In Vitrogen. Two singl e-stranded

and partially conpl enentary ol igonucl eoti des of respective sequences:

5" -AATTCCCGSG 3" 5 5'-CCCGCGG 3" (the latter being

phosphor yl at ed) are ligated with the bl unt-ended doubl e-stranded
DNAs WO 97/94183| i gation of the &daptors resul tRCT/FRIE/ 01125

creation of Smal sites attached to the double-stranded 10 cDNAs and EcoRl
sites in cohesi vECPB¥ kAt "cfTAmckheorompany fa VdtsPged:r anded CDNAs.

d) Creation of the library; The cDNAs possessing the
artificial cohesive E?UﬂlséPFEQ‘ gtrapded EHGSPEFglPFQXted with 15
bact eri ophage [eré%@gl gNA h has beeg cut gﬁth and
dephosphor yl at ed® ary ¢ égBP BeLegkiges, g resPegﬁbHPiEFQRERFEﬁQIand
Bi ol abs. Angal i hg l'igation reaction was
encapsidated in vitro with encaps da ron~extracts, nanel y G gapack
Gol d, accordgng to the supglkL -2r t n is |ibrary was
titrated u5|ﬁg the bgctgFFﬁﬁFEB cofﬂacgggﬁkg ﬁTf’ihgllbrary t her eby

obt ai ned habphbliedtagy stored according to the instructions
of the sane supp ler, and constitutes the BVMS mai ze 25 cell suspension

CDNA |ibrary. are ligated with thecBluit-8hdbAcaBlb18BktLanabd éﬂﬁﬂﬁns'on

CDNA [ibrary with the Arabi dopsis thaliana EPSP probe he
protocol followed is that whisCligasion of the adapt6rB87t+@4498s in the
9 PCT/ FR96/ 01125 Protocol s in Ml ecul ar Biol ogy" Vol unes

1 and 2, creation of Smal sites attached to the double-stranded
| 10 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

15 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,

20 namely Gigapack Gold, according to the supplier’s
instructions; this library was titrated using the
bacterium E. coli C600hfl. The 1ibrary thereby obtained
is amplified and stored according to the instructions
of the same supplier, and constitutes the BMS maize

25 cell suspension ¢cDNA library.

3. Screening of the BMS maize cell suspension
¢DNA library with the Arabidopsis thaliana EPSP probe

The protocol followed is that of "Current



Ausubel F.M et al., published by G eene Publishing Associ ates and
Wl ey-Interscience (1989) (CPMB). Briefly, approximtely 10[err]
reconbi nant phages are 5 plated out on LB dishes at an average density of
100 phages/cn2. The lytic plaques are replicated in duplicate
on Aner sham HyboW@ 87 /84303nes. 9 h) The DN/PCRAFRISAGLIZE t he
filters by 1600kJ W treatnent (Stratagene Stratalinker). The filters
10 were prehybrPEPtegols inMoleculepsBbolegyli Vetumes| k and 2,for 2 h at
65[err] C. The Awabigggiis t hal i ana EPSPS grobe was | abelled with
[[err] Pl dCTP by P&f ¥ t ¥ ngtaRior PRPlished by Greene Bublishing

I nstructions (Phar ecific activity

i Read ki . Th
obtained is of t 2§$%§F°§? gaifgﬁfé?FfrE%%;ﬁﬁ? ?%sgfb(SFMP?agnent. Af t er
d i f . i th be | dded to th
oy br i ont 1 orBEkeflyy ShBr8liagfefy’ 165 1eombORint PRIE ae 1) our s h
! h i f h 4 -8 Cw
Rodoh, Xk 151 mBlated suf &n'LyOasEhal el 48 ayarage detls iy SP LH1C

Alignnent of thephages/&at i€ HPeise Pladlés fddd efdeﬂi&ﬁétlﬁeﬂsms from

whi ch they originate enables zones corresponding to phages

di spl ayi ng a pos@upYcaié'bhli ZRbiShanCBPPSSE N memb¥hhds! he Arabi dopsis
t hal | ana EPSPS probe to be picked 25 out fromthe dish. This step of

pl ati ng out, transfer, h) ThérDNAZRAEODiRed £6CENE' Filters PBRt £60OKYTI |
all the spots in the dish of the successively purified phages

prove 100% posi t UVetreatmént d{ StrabagerepStratabinker). The £il¥éxr$7/ 04103
10 PCT/ FR96/ 01125 i ndependent phage lysis is then picked

out in dilutft [were prehybridized in 6xS8S8C/0.1%SDS/0.25 skimmed milk

for 2 h at 65°C. The Arabidopsis thaliana EPSPS probe
was labelled with [32P]14CTP by random priming according
to the supplier’s instructions (Pharmacia Ready to Go
kit). The specific activity obtained is of thé order of

15 108 cpm per Ug of fragment. After denaturation for 5
min at 100°C, the probe is added to the
prehybridization medium and hybridizatiog is continued
for 14 hours at 55°C. The filters are fluorographed for
48 h at -80°C with Kodak XAR5 £ilm and Amersham

20 Hyperscreen RPN enhancing screens. Alignment of the
positive spots on the filter with the dishes from which
they oriﬁinate enables 2zones corresponding to the
ﬁhages displaying a positive hybridization response
with the Arabidopsis thaliana 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 plague of



medi um (Tris-d pH 7.5 10nM MgSQ{err]; 0.1M Nadl: 0.1% gel atin);

t hese phages in solution constitute the EPSP- positive clones of the
BMS nmi ze cel |l suspension. 5 - 4. Preparation and anal ysis of
t-he DNA of the EPSP cl ones of the BMS nmaize cell suspension

Approxi mat el y 5MQ[¥F494hges are added t &R0 ni oPCTIERIS6/ 0lA2SBer i a
at an O err] vaJue of 2/m and . incubated for 15 mnutes at 37[err]C
Thi s suspensi on -"r%fewde%eahﬁedwq i Jthen pickad out An @ddmentredi um

Lysis i's noted MRALRCCHRARTRA i <50 UdSdsr Coao Mty ot |yl
tirring This Grtdh) f¥hess shaddd O filidies cGHRuR she HaRon
Protocol s in Nologiu hodd IGHRE of ohd Mind Wi 1P ho11 susiflddiONCS Lo the

EPSP cl ones of the BVb nal ze cei Suspensi on. One to

two-[err]g af this DNA arq_c@réggﬁé&felaﬂg(gﬂaﬁfg e ;achm qoﬁ
LGTA/ TBE agarose gel (ref. CPMB). A fina ve_rﬂsﬁi:%tlon consolcksts I n

checking that thEpsP clon idf ashd g aRsiiddasth dhidlfles by br i di zati on
si gnal wi th the Arabi dopasis thaliana EPSPS probe. After

el ectrophoresi s, the DNA faparearimataly (5600 PhagesORre added AR @D
Hybond N nenbranes according to the protocol of Southern described in
"Current Protocceifs G6POhEl bavtearial st Birolomyy, ., Fradd |dfr2/nfl ade i di zed
with the Ar abi dopsi s thaliana EPSPS probe according to the

WD 97/ 04103 incubated for] 15 minutes atPG7IROMHiK 2Mispensioxorid tions

descri bed in section 3 above. The cl one di spl aying a hybridi zation
signal wit % he %iqj@ﬁ%d 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
15 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 lig of this DNA are cut with EcoRI
20 and separated on 0.8% LGTA/TBE agarose gel (ref. CPMB).
A final verification comsists 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
25 Amersham Hybond N membranes according to the protoéol
of Southern described in "Current Protocols in
Molecular Biology". The filter is hybridized with the

Arabidopsis thaliana EPSPS probe according to the



thal i ana EPSPS probe and contai ning the | ongest EcoRl fragnent has a
size estimated on gel as approximtely 5 1.7 kbp. : 5.
ot ai ni ng of the clone pRPA-M.-711 Ten [err]g of the phage
cl-one containing the 1.7-kbp insert are digested with EcoRl and
separated on WO 978061G¥A/ TBE agar ose gell(ref. CPVB). PORYERS6/f03apEnt
10 containing the 1.7-kbp insert is excised fromthe gel by BET
stai ning, and th@°¥¢%§ﬁ%ﬂ? ¢§5?¥§b§@dinﬁﬁ¢9ti°n 3 [abeYeagthecchoner di ng to

t he protocol of lier, Engl and Bi ol abs. The purified DNA
of the 1.7-kbp &rspf$£ th¥§r+¢§§§Eﬂaﬁisiﬂfi¥rY%FFo? e s/Arabidepsie DNA

Lo the | gation BPSTHRRE MRERF BEtbe aia “cotueipiis: che clonaper me%ifgéﬂi ar

Bi ol ogy". Two [e bove. i on m ture are used for the
transformation EEdg E@‘:an 213 qu‘%fg1 R ??%c%ﬂ'p%? S EAPREPFLRRH
transformatign ig, ?Cﬁﬂgp|lshed by el ectroporation using t he follomﬁng
conditions: the m xture of conpetent bacteria and and Iigation medi um

is introduced into an 5. COBEA i .2 cm
( Bi orad) previously cooled to Oi err]C eJﬁ OR%ym cal con Itions of 25
the el ectroporation using Pén i@ Cés OBRE AREgdPEEoRY contalﬁgﬂgaghgre 2500

volts, 25 [err]F and 200 [err]. Under these condi tions, the nean
di schar ge tinme of.7+kbpoimseseraté digestéd vwith OBSSRI Cind- Qeﬁ&i-&té&wﬂds
The bacteria are then WD 97/ 04103

PCT/ FRO6/ 01125 O. B%tbﬁﬂhllmﬂllairo#eoieIKIreﬂdlummﬁ)efThéIﬁEi f!ibﬁéntred
for 1 hour at 200 rpmon a rotary stirrer in 15-n

10 containing the 1.7-kbp insert is excised from the gel
by BET staining, and the fragment is treated with
B~agarse according to the protocol of the supplief, New
England 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 (New England Biolabs) cut with EcoRI
aécording to the ligation protocol described in
"Current Protocols in Molecular Biology". Two Ul of the
above ligation mixture are used for the transformation
of an aliquot of electrocompetent E. coli DH10B;

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 0°C. The physical conditions of

25 the electroporation using an electroporator made by
Biorad are 2500 volts, 25 UF and 200 Q). Under these

conditions, the mean discharge time of the condenser is

of the order of 4.2 milliseconds. The bacteria are then



¢orning tubes. After plating out on LB/agar nedium suppl emented with

100 [err]g/m of carbenicillin, mnipre- 5 parations of the bacterial

cl ones whi ch have grown after one night at 37[err]C is produced
according to the . protocol described in "Current Protocols in Ml ecular
Bi ol ogy". After W@ #IA04303f the DNA with BRI and PCPAFRO64NLAR5

el ectrophoresis _on 0 8@6LGHA/TBEcé$arose 10 gel (ref. CPMB), the clones
possessing a 1. Fakge S mediam (xefi .n APMBY; jand: Atiigred
consists in che %_ that the purified DNA does indeed display a
hybri di zati on s%}lﬁ WYF @t 200, 70, 58 & mehath stirren-dopdSydhe. After

Fybond N menbr ageeiing turedd Mler. Dlars e it i 3l e %’g&igﬁﬁeg n
"Cu t Prot T f ridize
T s copm R AL i % bl o A o
d bed 1.7-
D e o %%fg%ﬁ%uﬁﬁﬁ%s“ﬁﬁtﬁﬁ%a P

probe was pr eparaﬁzd:&n che Gt %@'ﬁo@&% %ﬂ%ﬂ ac g:fcﬁiw G Om t he

| ysis of the bacteria was purifi on a gradi ent "as described in

"Current Protocgrototol dékdmlwwlﬁ "SuHr e -pr%dalrd fiire QMRS
partially sequenced with a Pharmacia kit according to the

supplier's inst Bictliogy? .anttex digesticon s thee DS with EcSRIE@nand
reverse universal primers ordered fromthe - WO 97/ 04103

13 RepaRRAt/eL 15 electraphoresiznlare 0 . S L.GIANTEE agempomece
produced covers proxi mately 0.5 kbp. The derived anino acid
sequence igek He Qéglw tthe wliones posssasing e Gei7ribp \imgert

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

15 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 conditions described in section 3

20 above. The plasmid clone possessing a 1.7-kbp insert
and hybridizing with the Arabidopsis thaliana EPSPS
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 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



ami no acid residues) displays 100% identity with the 5 correspondi ng

am no sequence of mature mai ze EPSPS described in Anerican Patent USP
4,971,908). This cl one, corresponding to a 1.7-kbp EcoRl fragment of
t he EPSP DNA of the BMS nmi ze cell suspension, was desi gnat ed
PRPA-M.- 711. TheW@oRB/0@4308equence of this 130 cl one WasPCRIFRIG MEIL2S
both strands using the protocol of the Pharmacia kit and synthesi zi ng
conpl enent ary sameoFPBBﬁEEFeoFbGeEaaﬁaaihBSCueﬂcehDregpgsdteovarentat|on
every 250 bp approxi mat el The coppl et e sequence ., obtained of this
1713-bp cl one i s3pP €9§ﬁ?@§e;ﬂ 5.29) -1Fhe\derived amino acid seggence
bt ai ni ng of the, cI ysi s, of the sequence

_71
of the clone p?P the gﬁfi7fl°z gh‘eQﬁEEFSIP§°58ﬁﬁaﬂFBBH°§F“PHEerFPved
B gasegyence,
2nggsion o?cbz Eﬁgﬂgg ?%é%%g?igﬁ% §8¥‘ SQF%QIFS? ity Fﬁ the
- I nal gal merican
Patent Usp 42971 28557 Ebghlfn {’“iﬁ°p9[’&“89° gﬁ%?ﬁ%rsf"zéﬁ"sg%éénst r eam
of the AAT codongegéiiBed in Aﬁahéhﬂ EQ@shﬁeﬁﬁbna' 99%%%63 ?xxggBt he

mature portion 25 of mai ze EPSPS (Anerican Patent S
observed. These tRongpr&beBespoHlingotbeaPeNd-kbp £ESRI fragheae 8% the

NH2-t erm nal extension to a portion of the sequence of a transit
peptide for pl asEPSPI DNAl bfathenBMS maize cellV§uSpéfsionR, was 14
PCT/ FRO6/ 01125 and, in the case of the COOH-term nal extension, to the

untransl ated 3' dggignabédthBPLEﬂhr711. The campletelaeQﬂdﬁéetefObhﬁsn a
cDNA codlng for t he
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
15 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 seqguence
20 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 dowﬁstream of the AAT codon coding
for the COOH-terminal asparagine of the mature portion
25 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 ﬁhe

sequence of a transit peptide for plastid localization,



pat ure portion of the nmai ze EPSPS cDNA, as described in 5 USP 4,971, 908,
the foll owi ng operations were carried out : . a) Renoval
of the untranslated 3' region: construction of pRPA-M.-712:

The clone pRPA-M.-711 was cut with the 10 restriction enzyme Asel, and
the ends resul t Wy 9744103  this cl eavagddner e render ed BET/FRIGY 01125
treatnent with the Kl enow fragment of DNA pol ynerase | according to

t he pr ot o4 R FhR Fase hen QQQHnkafinath ekension, tatthetion
operati ons ves. SERipus T remiar ok e S on 19 LGTAl TBE. agar ose
'g'g,(lesel([g}c anpg/rl?zj's/ Sacl " i nIsnércfri‘/?eg %(%ﬁli%'{]{'?r n%%%g‘}éﬁf{g Hor gfhfopﬁr ikﬂoed
fhe clona prea HEORES Perefaf dE i hatsh =iy (i, UE apckbbed 1

[ acunal s, 0 S STLII8 P U | U oniind G ddaUN il VRIS ot

and the ends resulting fromthis cl eavage we
treatment with tdge Kl enow fragnent of DNA 25 polynerase |I. A cleavage
with the restriction enzyne Sachll was then perfornmed. The DNA

resulting fromthese a) v iw&ww&!ﬂ%&hﬂ% or esi s
on 0. 7% LGTA/ TBE agarose gel (ref. CPMB). 97/ 04103

15 ongthaiotiickl of pRPA-ML-712: The gel fragnment containing
t he approxi mately 3.7-kbp H ndlIl-blunt ends/Sacll insert was excised
fromthe gel and purified The @ldneg DRPA-ML-F1L oad cut witlesthe bed in
section 5 alboove'rest:riction enzyme Asel, 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
15 resulting from these operations was separated by
electrophoresis on 1% LGTA/TBE agarose gel (ref. CPMB).
The gel fragment containing the 0.4-kbp
"AgseI-blunt ends/SacII“-insert was excised from the gel
and purified according to the protocol described in
20 section 5 above. The DNA of the clone pPRPA-ML-711 was
cut with the restriction enzyme HindIIXI [lacunal]
located in the polylinker of the cloning vector pUC1l9,
and the ends resulting from this cleavage were rendered
blunt by treatment with the Klenow fragment of DNA
25 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).



5 The two inserts were ligated, and 2 [err]l of the

| igation mxture were used to transformE. coli DHLOB as descri bed

above in section 5. The plasnm d DNA content of different
¢l ones was_anal ysed according to the procedure described for 10
PRPA- M- 711. OneW@f97/843P3smi d cl ones sel et ed CONtBATAFREE/01125

approxi mately 1.
term nal ends of

45- kbp EcoRI - Hi ndl | | insert. The sequence of the
this clonthe gel fragment:eentahnisg the approwimstely

corresponds tly.to the corresponding_end of pRPA-M.-711, and
that the 3'-tern?hg%ﬁéﬁd¥ﬁ3§§5§§Q§“Fﬁe°£%¥(%&Fﬁﬁ insert ;was cexeised

"5 - .. AATTAA CCT TQEAAGCTT-S'". The
uﬁderlined sequg%%égﬁgﬁggégﬁhﬁggfﬁﬁfﬁﬁle accepdiRg oFo Hae reteeehi nal

am no acid asparagggfibggeinZQﬁﬁgggét g%ﬁgﬂgcorresponding to the

transl ati on stop codon.

nuc 8§ downstream correspond to

sequence 5 elenments ofphe sQPL I&g%grligyéé?glﬁgﬁa ﬁgﬁréfigg%f

t he pRPA- M- 711

mat ure mai ze EPSPEgatiloh ohifbere Werd Sused 6y CEEESs £

up to the Hi ndll
Mbdi fi cati on of
pRPA- ML- 715:
PCT/ FRO6/ 01125

sequence up to the translation

I site was designated pRPA-M-7/ _
asedéscribedf abolé:- Mh-gddtion 5. construction of
WO 97/ 04103 16

The Phesmid BNARFYntént 1Gf VALE Eétent t &l dhés

restriction enzymes Pstl and Hindlll. The DNA resulting fromthese
mani pul at i ons wowWascpnaliysed hyccording cbo rtipd Pprocedure (désdctiBed TEr

agar ose gelléref

15

20

25

PRPA-ML-711. One of the plasmid clones selected
contains an approximately 1.45-kbp EcoRI-HindIII
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 coiresponds 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 pUCl19 polylinker. This clone comprising
the pRPA-ML-711 sequence ﬁp to the translation
termination site of mature maize EPSPS and followed by
sequences of the pUC 19 polylinker up to the HindIII
site was designated pRPA-ML-712.

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

construction of pRPA-ML-715:

"8, Peb2 3 oifby! | nker

15

b)



5" CPMB). The gel fragnent containing the 1.3-kbp Pstl- EcoRl insert
was excised fromthe gel and purified according to the protocol
described in section 5 above. This insert was ligated in the presence
.of. an equi nol ecul ar amount of each of the two partially 10

conpl enent ary oMOg@®T/O4A®3 des of sequencelé Aigo 1:PCT/FR96/01125

5' - GAGCCGAGCTCCAT GGCCGGECCCGAGGAGATCGT GCTGCA- 3! digo 2

5' - GCACGATCTCCT MEi-712 wags oyt with the he presence
of plasmd pUC19 DNA,Z . digested with the restriction enzymes Bantl and
15 HindlI|.  Testriction enpypes,BsiI snd FindIfk. DRA, e sld td-ngs e d
to transformE. coli DHLOB_as ,descri bed above in_section 5.
After analysis %&Hﬂ%m]’a\b&%ﬁ%m sepa.rat(ﬂilpérr ent clones

according to the

prqcedyre describ 2 in._section 5 e of the
cl ones possessi r“’gle m%refﬂﬁr o4l ?Sftsgf 3‘%‘?’%& AgrESRe \ﬂaeg' r(«'ﬁe ‘ned for
subsequent al T e - L2l _ _he
~sel ected cl %e )rb;!@@gl 's%%w%%ﬁtealqlwﬂhﬁ s %gi%]% s the
following: sequ Pfiddift’ Walkd excisdd ! 2ildnl e 'delMadd ;Jf{ﬂ@iég; the

BanHl sites, followed by the sequence of the oligonlcleotides used in
the cl oni Rhed i\ Bhd ot Esc¥ibd® i3 BEIION 5 abd¥elsent
in pRPA-M.-712. This clone was designated pRPA- WO 97/ 04103

17 MERASEdi]l Ams ligdded Kh thHe pradsEice G adses a

met hi oni ne ATG codon . I ncluded in an Ncol site upstream of the

N-t er m nal exfeimoieaidon adount! ok d2lk3P of) rthendawvo partisxdiyr e, t he

al ani ne and gl yci ne codons of the N-term nal end have 5 been preserved,
but nodi fi kP on edmplenentary ioldgonucleotides of sequence:

Oligo 1: 5’-GAGCCGAGCTCCATGGCCGGCGCCGAGGAGATCGTGCTGCA-3’
Oligo 2: 5/-GCACGATCTCCTCGGCGCCGGCCATGGAGCTCGGCTC-3”
as well as in the presence of plasmid pUCl9 DNA
digested with the restriction enzymes BamHI and
15 HindIII.
Two Ul of the 1igation'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
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 DNA sequence
in this region is the following: sequence of the pUC1l9
25 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 sequence

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



_base: initial GCGGT gives nodified GCCGGC. The cl one

‘PRPA- ML- 713 was cut with the restriction enzynme Hindlll, and the ends
of this cl eavage were rendered blunt by treatnment with the 10 Kl enow
fragment of DNA polynerase |I. A cleavage with restriction enzyne Sacl
was t hen perf or M. S7AAINA resul ti ngd? rom t hese NnaBCRIFRO6S0I1IASS
separ ated by el ectrophoresis on 0.8% LGTA/ TBE agar ose gel (ref.

CPMB) . The gel et '@b‘#ﬂéﬂrﬂm RW%?*tﬂ)mim&wmﬂGtﬂ n

ends/ Sacl " inser} was_excjsed fromthe and purified accaording to
the protocol desiGided in an Neqligike Hl%g@"ﬂﬁ Ehe Nterplnat gat ed in

t he : presen of plasmd este vmth restriction
enzyme Xbal, an IS t%ﬁ%ﬁxﬁe&/\é‘@ - PHRRRARRGHm thY,
“treat nent vvithtpﬁ i QW.; lﬁl\{ﬁ |[re‘?5?1§3 age
wWith the restric |on£§ ﬂ{/ﬂhﬂ{% dons en performne ll'wo'Qerr
‘the ligatio £ Biae I ‘Fﬂ{ﬁ
- descri bed atr)sove l|’en sect I on ‘After @jf{/{sél’ad; 0 ‘%1; t%d asm dla%NA

content of diff esead: Giﬂ@.&ﬁ%é&é&'ﬁggi&s mod;fi?dmre descri bed

~above in section 5, one of the ™ cl ones possessing an approxi mately

1. 3-kbp insert was rmaléw&éqnmmtwﬁla&w%tmﬁéequence of
t he WO 97/ 04103 PCT/ FRO6/ 01125
term nal ends ofrésteriction cshzyme cHisdEEL S Mtth&leends ofDNhiequence i s
the follow ng: sequence of the pUCL9 pol yl i nker fromthe EcoRl to Sacl

sites, followed ¢dleavage twareapndexed blunt dy dgoreatment dekthisthe in. the 5
cIonlng fromwhich the 4 bp GATCC of the
10 Klenow fragment of DNA polymerase I. A cleavage with
restriction enzyme SacI 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
15 "HindITII-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 pUC1l9 DNA digested with restriction
enzyme XbaI, and the ends of this cleavage were
20 rendered blunt by treatment with the Klenow fragment of
DNA polymerase I. A cleavage with the restriction
enzyme Sacl was then performed. Two Ul of the ligation
mixture were used to transform E. coli DH10B as
described abova'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 segquence of the



oligonucleotide 1 described above have been del et ed, foll owed by the
remai nder of the sequence present in pPRPA- ML- 712 up to the Hindll
site and sequence of the pUC19 polylinker fromXbal to Hindlll. This
cl-one was 10 designated pRPA- M.-715. 7. Obtaining of a
cDNA codi ng for wo raR%A04k03 mai ze EPSPS18 PCR/FROI6401125
nmut agenesi s steps were carried out with the Pharmacia U S E

mut agenesi s kit taxmwinglhends qﬂsthm@ﬂmeércbnmstemls)mtrmhe
principle of this mut agenesi s systemis as foll plasm d DNA is
denat ured by hed?%rﬁ?%ci%t@!ﬁlﬂﬂtm%m%ﬁ°%° the RUGEY excess

of, on the one hand the nuta enesi s oli nucl eoti de,_ and, Qn the
ot her hand an ol® eﬁ%ﬂﬁk kP Samk qﬁ?é"?%'st#‘?]@t‘?‘fﬁii % yne

site present in oI ker be t ed. ter the
| reassgci ati on st"lé,lbe %W ?sg%ftr}ﬁledttfﬂﬁﬁ "ﬁe?ﬁy% Aé T HRP i s carried
;out by the é&éﬂ gﬂLqu #F# ence of T4 DNA

|l i gase and gene e|n |n a SUIt Tch is supplied. The

synthesis produly i g SR Ell 1 & ﬂ&% been dERJELA! i O

enzynme for which site Is assune ave di sappeare

nmut agenesi s. Thegdzi1&wdd By 'éhd rema:l.nder of W& 4&diérce present in 19
PCT/ FR96/ 01125 possessing, in particular, the nutS nutation is used as

host for the tra RbasMEL7D2 W €& thMindf1LrsES VIR sequérié il the
medium the total plasmd DNA is prepared and I ncubated in the

presence of the pucly ipsélyhinicsy Erom Xbarded cHindTIZ (THis helboné rvess NENL S,
E. coli strain DH10B is used as host for the transformation. The
10 designated pRPA-ML-715.
7. Obtaining of a cDNA coding for a mutated
maize EPSPS
All the mutagenesis steps were carried out
with the Pharmacia U.S.E. mutagenesis kit according to
15 the supplier’s instructions. The principle of this
mutagenesis system is as follows: plasmid DNA is
denatured by heat and reessociated in the presence of a
molar excess of, on the one hand the mutagenesis oligo-
nucleotide, and.on the other hand an oligonucleotide
20 enabling a unigque restriction enzyme site present in
the polyvlinker 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
25 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



.prasm d DNA of the clones isolated is prepared, and the presence of
the mutation introduced is verified by sequencing. 10 A) -
nodi fication of sites or sequences wi thout in principle affecting the
-EPSPS-r esi st ance character of maize to products which are conpetitive
I nhi bitors of EROP9ZYQ#NA3e activity: elinll®ation of an PCT/FR9€/03125(col
site frompRPA-M.-715. 15 The pRPA-M.- 715 sequence i s nunbered
arbitrarily by pessesginge fipr particulsr,t fhenmugsSympusation isgugefnascodon
GCC at position_ 1. This sequence ossesses .an _Ncol site at position

_2317. The site- host f°#b&PPiEEPP&#°6FP§§HBCP@0FP&E P e dLexT gEoWEB ence:
. ' - CA T T TCTCC-3' ., . Af t
sequenci ng accoiﬁ ﬁgﬁpﬁsfﬁ? HFErEﬁge§°t‘ECbi5FF%ﬁ DB a8 prerax %%9 read

The Neol age”???f%%?@ AR SHeL BB, 1B SHS ZRACEREUAAA SRR, 25
prosent in Srpaufied, plirbretIadel ERERL L rbitnellcH. Un cord BEBGACC

PRPA-M.- 716.  pmi1oB is usegbIBehﬁéépr& TR ¢ HaG sHormeS onl.Odhel S

VIO 97/ 04103 PCT/ TRO6/ 01125 presented in
SEQ ID No. 2 ang1asMidPDNA oF the clones isolaBked I@0pRepardd)i andaithens
enabl i ng t he EPSPS- r esi st ance character of mmize to products which

are conpetitive presiebice0’cf theFhutatidndntrdduced \is verified by eased.
The fol | ow ng oligonucteotides wer e used:
sequencing.

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

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

20 5/ -CCACAGGATGGCGATGGCCTTCTCC-3" .

After sequencing according to the references
given above, the sequence read after mutagenesis corre-
sponds to that of the oligonucleotide used. The Ncol
site has indeed been eliminated, and the translation

25 into amino acids in this region preserves the initial
sequence present in pRPA-ML-715.

This clone was designated pRPA-ML-716.

The 1340-bp sequence of this clone is



.a) nutation Thr 102 -> Ile. 5'

" - GATGCTGGAATCGCAATGCGGCCATTGACAGE- 3! b) mutation Pro 106 -> Ser. 10
5' - GAATGCTGGAACTGCAATGCGGTCCTTGACAGC 3¢ c) nutations Ay 101 -> Ala
.and Thr 102 -> Il e. 5' - CTTGGEGAATGCTGCCATCGCAATGCGECCATTG 3!

d) nutations ThWO187/041PBe and Pro 106 ->28er : PCPB/FR96/01125

- GEGGAATGCCTGGAATCGCAATGCGGTCCTTGACAGC 3! After

sequenci ng, theP¥egenked iBa§EQs By No. 2 aﬁét §§Bn§§’| Noen3the three nutated
fragnents is identical to the paren RPA-M_- 716 DNA se nce, W|th
the exception of th8) w?&&&ﬁf‘f@d“@éﬁgﬁ%%‘ﬁ EBPP&%BGngge

;“t gELt cd: pRRVREErTedstaBne’ shbzactRe o nalns f,s r@w@esuﬁﬁsﬁm e
101 > Aa and 4re Sofigeifive ipnibirodd o Epkr) svithdg SlvaRy oS )
%(22 _ '3 ll&é%%@%? "7 oser The \1/\?4(9)7{)84223uence of

PRPA- M- 720 is pr eseiphgd bﬂlgg@anowﬁgoﬁu%ﬁQOEE@eEDqu‘e used:

The 1395-bp Ncol-H ndlll insert is the basis all the constructions .
used for the tra)smatatioa Thir ﬁzpl_ﬁlm_a,for the i nt roduct i on of resistance
to herbici des which are conpetitive inhibitors of EPSPS, and especi -

ally glyphosate resi Si’aGaa TTGACAGC-3 "
b) mutation Pro 106 — Ser.

10 5/ -GAATGCTGGAACTGCAATGCGGTCCTTGACAGC-3

¢) mutations Gly 101 — Ala and Thr 102 — Ile.

57 -CTTGGGGAATGCTGCCATCGCAATGCGGCCATTG-3

d) mutations '.l'hr 102 — Ile and Pro 106 — Ser.

5’ -GGGGAATGCTGGAATCGCAATGCGGTCCTTGACAGC-3

15 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 mutagéni.zed region which corresponds
to that of the mutagenesis oligonucleotides used. These

20 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.



_designated in the remai nder of the description "the mai ze EPSPS doubl e
“mutant". 10 Exanpl e 2: A yphosate tol erance of
the different nutants in vitro 2.a: Extraction
_of EPSP synt hase The different EPSP synthase genes are 15
i ntroduced in t W@ BF/®4a03an Ncol-Hindl Il 23ssette into PCT/FRHE/PLIBH d
vector pTrc99a (Pharnacia, ref: 27-5007-01) cut with Ncol and
. H ndlI1. Reconbinant E. c&he BAs0Bbp sequencecof; PRPA-MET729siBg t he

di fferent EPSP synt hases are sonicated in 40 m_of buffer per 10 g of
pel leted 20 &nesented;in, SKQ) IR Mot i and, SEQ I Me-( 560 nM Tri s-

19 of pol yvinyl pyrrol | done L30gbe Moot Hipdity dfdeze. in £He baedy [0 "
15 mnutes at 4%? rJ]_Ci %%de congﬁ%?gr%%g};%# %@ ft: y %%a{:%%tqtonzgfooo 9

and 4[err]C. 2 ate 1s adde rhe super nat ant

to bring thg so ' 4 %«ég?ﬁrﬁ#@%' ] aln hf%gé%gldém
sul phat e. T%e n%tdl?%re& }f(sarcg:ntri uge or:"\QM of %% %tnut ees tgt , g and
4[err] C. Amoni YRiHH Y @dmpetitive inhibi@ord GFl&Psps, and especi-22
PCT/ FR96/ 01125 added to the new supernatant to bring the solution to

70% sat urati on Wiy ASKNIsdte FEFIHtaAcEl MK inBtrt willlbg ure is
centrifuged for 30 mnutes at 27,000 g and 4[err] C. The EPSP synt hase
present in this qusdigtiateée!ietthed vemditiGer GEf ithel ddscrfipuijonemthed nmV
Tris-HCO pH 7.8 and 50 nmM nercaptoethanol). This solution is dialysed
over ni ght agai nsdaitzer ERSRES: doadblieh mutaaate® Hbuf f er at

10 Example 2:
Glyphosate tolerance of the different mutants
in vitro
2.a: Extraction of EPSP synthase
The different EPSP synthase genes are
15 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
20 cells, and washed with this same buffer (200 mM Tris-
HCl pH 7.8, 50 mM mercaptoethancl, 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.
25 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



-4[err]C. 2.b: Enzyne activity 10 The activity

of each enzyne, as well as its gl yphosate resistance, is neasured in
vitro over 10 minutes at 37[err]Cin the follow ng reaction m xture:
-100 MM nal eic acid pH 5.6, 1 nM phosphoenol pyruvate, 3 MM shi ki mat e
3- phosphat e (pré‘f?arggd% ding to 15 Kna%i es P.F. and BE®/FB8A/PLE25

1970. Methods in I 17A, 351-352 from Aerobact er _aer,ogenes
strain ATCC “E}%g’% they PRy SARsFRALanhhtA "’(Ye.t%?né"é'ﬁ‘ﬁﬁ?g‘ & ract
is added at the t t. aftar .t he addi.tion of . l,yRphqgsat t he
final concent rat-)iog‘z s&%\%‘a#ciﬁ%vé’ﬁit«?s ref%ech FSmW% ﬁlﬂﬂ:e. ‘The

The activity isnﬁ‘iﬂ:?ﬂ:r Bfa_ﬁ:g,q "mff e el q F
according to the tec neﬁé'lfg)eo ¥ all?g{y BIQ. Ki an S%t(}r ri.fl":'_.tb%’fgg. . Biol.

Chem 202, 675- goc., THeS edid gt Pyl , e
w | d-type (W) acc enz?r’f’g%?ygitrhgasdeypgg%i nh?'tﬁ :égﬁ'%:tt a gI:";tfip(rilic%z'altet(;'h
concentrati @ ofid) thketViupAlid i $nlC GE BUFERY (20 nfdf Tris-HdﬂJ?il”‘W gzyne
known as Ser106 is only 50% i nhi bited, WO 97/ 0410

23 @l 50 el hedraptoethiahdlle aliiy sdlutdon!tiah d@allyed)?,

| 1102/ Ser 106 and Al al01/11e102, show little or no inhibition.

The gl yphosat e coreosviightt iagainst ttwdditres mfl ttlpls exhnie/ hufifert ldt is to
say 1.2 mM in order to 5 produce a 50% i nhibition of the nmutant enzyne

Il el02, t hed9@st ants | 1e102/ Ser106, Ala/lle and Ala still not
bei ng i nhi bited. It should be noted that the activity of
t he 2.b: Enzyme activity _

10 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

15 .Knowlés P.F. and Sprinson D.B. 1970. Methods in Enzymol
17aA, 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 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.

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 Serl06 is only 50% inhibited,



.nutants Ala/lle and Ala is not inhibited up to 10 glyphosate

“concentrations of 10nM and that that of the mut ant | 1e102/ Ser 106 i s
not reduced even if the gl yphosate concentration is multiplied by 2,
_that is to say 20 nmM Example 3: 15
Resi st ance of twan87#p4®03t obacco plants 23 HCT/FR96/01125
Transformation The vector pRPA-RD- 173 is introduced into
Agrobacteriun1tBnéfGbPeﬂEhsrrtheiknﬁbgntﬂboaleloab Ilel02/Sen306é anmdrying
the cosm d pTVK291 (Konari et 1986). The_ transformation
‘techni que i s baldal ﬁ’?ﬂ&lozr ShBWoééﬂﬁié 8F Pgriphibition(iggs)
1-2- Regeneration ener ati on, of PBD6 togacco (source
SEI TA France) from | eaf e?BPaﬂ?gpPQSEEPragﬁcﬁﬁFrﬁﬁlan 8 kRr88hi ge and

f’if??gf mNSLo? R amaR e TeSo Y kap. OeieOtg po pavep 3 Blte. in Srife Fdn <
tivat N t ' ' d

the o0 5" "BEpagop  RRRTdANIGIRlon ok 1h8 AlCaht RALERITFIATEZ,) 00 10
eaf disc technigycnhBahedCe1018375e¥2bs, 2R1n/RRe 484%A1a pritidibein (hree

successi ve steps: the conpri ses e I nduction of shoots on a
nediun1supp|enegngQWﬁhhlblted30 g/l of sucrose containing 0.05 ng/l of 5
napht hyl acetic acid (NAA) and 2 ng/l| of benzyl am nopurine (BAP) for 15
days. The shoots fornmed It sHouldgbehnotedcphatethbeacdeviktgpot the 10

days by culturing on an M5 nedi um suppl enented with 30 g/l of
' mutants Ala/Ile and Ala is not inhibited up to
10 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:
15 hesistance of transformed tobacco plants
1-1- Transformation
The vector pRPA-RD-173 is introduced into
Agrobacterium tumefaciens strain EHA10l (Hood et al.,
1987) carrying the cosmid pTVK291l (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
SEITA France) from 1éaf explants is carried out on a
25 Murashige and Skoog (MS) basal medium comprising 30 g/l
of sucrose as well as 200 ug/ml of kanamycin. The leaf
explants are removed from plants cultivated in the

greenhouse or in vitro and transformed according to the



. sucrose but not containing any hornone. Shoots which 10 have devel oped
“are then renoved and cultured on an MS rooting medi um having half the
content of salts, vitam ns and sugar. and not contai ni ng any hornone.

_After approxinmately 15 days, the rooted shoots are transferred to
soil. 15 WO 97/04103 d yphosate resikét ance PCT/FR96/9332by
transforned plants were regenerated and transferred to the greenhouse

for the constrd@afoflisc technigue, (Sgiense,THESS /pVHi-s 2ddre PR-c <in the
dor r espondi ng 04 HIp 4, thres sudanamlTs: RHPRRY (NHe SHREt Ao are.

focor dod 3 veoltie, Argmqtien i dhootd '\ dinedqipm SKiHausad Yeuel °70
very good tof et/ f MR Colleddaady WNS wifls W PROA 0D TS CLoP Y

conpletely éjeStﬂﬁiﬁﬂayla%ié:?/aocj.d (mﬁheéﬁ rzag&/tlszogf]ow clearly the

i mpr ovenent 103

PCT/ FRO6/ 01125 penzyiinitiurala! (Bab) o5 Hayis CHE 'dHodta Ecaded di Ng
to the invention for the sane gene coding for gl yphosat e tol erance.

Exanple 4. 5 guring this/'stiep eréithsh dereXdped ifor Ao iy el | s
BMS (Bl ack Mexican Sweet) nmize cells in an exponential growth phase
are bonbarded whiltuding on axwMS mediuvw sipipldiierntHd arikkh Bhgil afhe
principle and the protocol described by Klein et al. 1987 (Klein
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
Twenty transformed plants were regenerated
and transferred to the greenhouse for the comstruction
of pRPA-RD-173. These plants were treated in the
‘greenhouse at the 5-leaf stage with an aqueous
20 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
25 transformed with thé construction pRPA-RD-173 display
very good tolerance, whereas thé untransformed control

plants are completely destroyed.

These results show clearly the improvement



10 T.M, Wlf

E.D., Wi R and Sandford J.C. (1987): High velociiy

"mcroprojectiles for delivering nucleic acids into living cells,

NATURE Vol . 327 pp. 70-73).

_cells are

Two days after bonbardnent,
transferred to the sane nediumcontaining 2 mM 15

N- ( phosphomnet hy WPg87<i04d.03 APt er 8 weeks OPCBEFRE6/0H1235
_ cal l uses whi ch_devel op are sel ected, then anplified and
anal ysed by PCRbrsughtepboutcby,the use ofc8cchdmeric,gene accoxdipg .

Il's_not bonbarded %ﬂgmpromn on the sane

“this nedium

OTP- EPSPS gene.
nmedi um cont ai ni

rﬂftﬁ’2 %hﬂwinvemégm ?ﬁa e same geng go

her bi ci de and do ,no

according to th&

25 and hybrids having t?ﬁ Eﬂggphxpic character corresponding to

expression of the chineri

26

constructions of the

PCT/ FR%/O%H%%.; tmation and S il OF HailZd cell
p asrr£1° S tlon pRPA- RD- 1214: E\(?(}I tsi on

£0Focked by the
devel gp. The transfornmed plants
1Y£h°8a¥ﬁvgﬁﬂﬁ5ﬁnﬁ§y be used as parents for obtaining |Iines

t he

t he

i nt roduced. WO 97/ 04103

of

a "nos" pol yadeny! at igjy S(eiddk Moxidaty Yweet) Waike c@ANLAfan 5 a

cl oning cassette containing the maize doubl e nutant

EPSPS gene (Thr

102 -> lle and RagpcHintialSgyrowtiRphadde are bombardedivgad ather th Hindl ||

and treated with the Kl enow fragnent of E. coli DNA polynerase | to
pr oduce ' a ottt ioh TREARDHIBDS tacwordinge idoorvhed pairieijie andl0

and the EPSPS fragnment is purified. The EPSPS gene is

10

15

20

25

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

After 8 weeks of'selection on this medium,
calluses which develop 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.



.then ligated with purified pRPA-RD-12 (a cl oning cassette containing
“the pol yadenyl ati on signal of nopal i ne 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 Sall, treated W th

Kl enow DNA pol yWOr 82404383t hen di gested a 86cond = = tiPETIFRIGARDIZ5
pRPA- RD- 125: Addition of an optim zed transit eptide (OIP) to
PRPA-RD- 124 with creati onDepcxiptinp gt Lhe °9&§§€PF§1985t 2Enth® t he EPSPS
. gene targeted on_the, pl asm ds. pRPA-RD- 7 (European Patent Application
' EP 652 286) is WMBEWiA8 with Sphl, treated with T4 DNA pol ynerase and

t hen di ted with Spel, t P o e t i, ified. This OIP
_ frggneln?eissecl \(I)Mned [ ﬁ?o %%E%Aﬂb’lﬁ%ﬁ%ﬁgﬁggaprs gngsl Iyebeen hisgest ed
i th Ncol bt Kl to.
\;,)Mr ot rudi ng 3 pBPP'&?)?Eg%&WF%gnn gﬁggg}%mﬁwgg%??%?hﬁgﬁim\ﬁ% g’ﬁeolfs t hen
d i . .
27 et 18 O B bR peetteContatpins the LAl WiRELe mutant s o
the EPSPS §280s BRRS RELE25025—5 KR @RlEAbRed106 — Ser). pRPA-ML-

PRPA- RD-130: Addition of the H3C4A mai ze hi stone pronoter and of adhl
intron 1 sequenged 4 digestd W2th? 3ipdAranandp ktiredtedowritB theée 698) to

pRPA- RD- 125 with creation of a cassette for expression in pl ant s
for the expressKlendkw Eragthemnt ofmME.aricliPBRA polymgrase I itioe priofineces of
nonocot yl edons. pRPA-RD- 123 (a cassette containing the H3C4 mai ze
hi st one pronot em blEnt femssd Aniseiconde didiestiion dis Periformiede wisdh WeoT ,Ncol
and Sacl. The DNA fragnent containing the pronoter derived
10 and the EPSPS fragment is purified. The EPSPS 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 SalI, treated
with Klenow DNA polymerase and then digested a second
time with NcoI.
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
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 is cloned into
25 DRPA-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



from pRPA-RD-123 is then purified and |igated with pRPA- RD- 125 whi ch

" has previously been digested with Ncol and Sacl. 15
pRPA- RD- 159: Addition of the H4A748 Ar abi dopsi s hi stone doubl e
_pronoter (Patent Application EP 507 698) to pRPA-RD-125 with creation

of a cassette WO 9%/®4103yression in planBd for the exprBSE/ERISSOLHRS

" OTP-doubl e nut ant EPSP ene" gene | n the tissues of 20 di cotyl edons.
pRPA-RD- 132 (a i %:hj’“t tween tiwA?&‘é’ aoch FPe EESESer  (Pat ent

Appl i cation EP 507 698 IS .di gested.w t.h ol and Sacl. The purified
.~ pronot er %#&'@ﬁ'&?%"&n% Pa’\@[‘llé’ﬁgﬁa] whi ch has been
~digested with Ecol and Sa iy . s s JORP 173 istjon of the
. "HAA748 prormter-OT&-H?@ub R Y Eﬁéﬁ% gglg‘%egeaég@ggp A- RD-

. 159 to plasm d gRRA: J%%&Fé*rgqﬁa @Al 3 ot 909)
“With creation o agr%o%garo acterium o’ V\Dlél%f(?flég@d AL I 28
- PCT/ FR96/ 01125  grispRirasiess ﬁtﬂa%%ﬁ@ﬂiﬁiﬂi%t\i‘iﬁi ¥p SUIPAIE) ¥ed grpa-Rmuest ed

with Notl and treated with Kl enow polynerase. This fragnent is then cloned
i nto pRPA-BL- 150&5Vwith Y¥dation of a cad8dttdd44iS expression in

29 PCT/ FR96/ 01125

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 promotér '

10 fused with the adhl intron 1) is digested with NcoIlI and
SacI. The DNA fragment containing the promoter derived
from pRPA-RD-123 is then purified and ligated with
pPRPA-RD-125 which has previously been digested with
Ncol and SacI. |

15 PRPA-RD-159: Addition of the H4A748
Arabidopsis histone double'prqmoter (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

20 dicotyledons. pRPA-Rb-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 SacI.

25 PRPA-RD~173: Addition of the "H4A748
promoter-0TP-double mutant EPSPS gene" gene of pRPA-RD-

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

Application 508 909) with creation of an Agrobacterium



(i) GENERAL | NFORVATI ON ' (1)[err]: [err], N chel

"Du Rossie, Richard T Soilland, Al ain (i1) TITLE OF | NVENTI ON:
5-enol pyruvyl shiti nate-3-phosphate synt hese mutse, gene
_codant pout cette proteins at plantes transf or nes cont enant
on gene WO (974/04MMBER OF SEQUENCESS 5 ( PCR /BB 9RSRBENCE
ADDRESS: (A) ADDRESSEE: Francois Chretion (B)

STREET: 1420 sutumpefagiens fansformation veqior C\PRPATRRIIILAK 09

EE%DSSEEWE&MFrgfgCeeSted with DHSI ,\ég U%*I' o 6_ ngffc}b@lw pél\.lxzmecroavspeu.TER (B)

PG DOS/ G- Dos. T Fasmest iy char plgned daiy pRAATHLISYA pich

Ver si on#1. 25 (vi) CURRENT APPLI CATI ON DATA: (A
APPLI CATI ON NUMERRE* (B) FILING DATE: (0
CLASSI FI CATI ON: (viii) ATTORNEY/ AGENT | NFORVATI ON: (A
NAVE: Chretien, Francois (i x) TELECOVMUNI CATI ON | NFORNMATI ON: :
(A) TELEPHONE: (33)72-29-26-46 (b) TELEFAX: (33)72-29-28-4
(2) | NFORMATI ON FOR SEQ I D NO 1: (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 1713 base pairs (B) TYPE: nucleic acid

(C) STRANDEONESS: doubl e (D) TOPOLOGY: |i near (vi)
ORI G NAL SOURCE: (A) ORGANI SM Zes nays (B)
STRAI N: Bl ack Mexi can Sweet (F) -TISSUE TYPE: Callus

(vii)l MVEDI ATE SOURCE: : (A) LIBRARY: |amde gtl0

(B) CLONE: pRPA-M.-711 (xi) SEQUENCE DESCRI PTION: SEQ I D NG 1:

AATCAATTTC ACACAGGAAA CAGCTATGAC CATGATTACG AATTCGEECC CGEECGECGIG 60

ATCCGEECEEC GECAGCGECG GCGECAEGTGC AGGCGEGTGC CGAGGAGATC GIGCTGCAGC 120
CCATCAAGGA GATCTCCGEEC ACCGTCAAGC TGCCGEEGTC CAAGTCGCTT TCCAACCGGA 180
TCCTCCTACT CGCCGCCCTG TCCGAGGEGEGA CAACAGTGGT TGATAACCTG CTGAACAGTG 240
AGGATGICCA CTACATGCTC GGGGECCTTGA GGACTCTTGG TCTCTCTGIC GAAGCGGACA 300



AAGCTGOCAA AAGAGCTGTA GTTGTTGGCT GTGGTGGAAA GTTCCCAGTT
AAGAGGAAGT GCAGCTCTTC TTGGGGAATG CTGGAACTGC AATGCGGECCA
CTGITACTGC TGCTGGTGGA AATGCAACTT ACTTGCTTGA TGGAGTACCA

WO 97/ 04103
AGAGACCCAT
TCCTTGGECAC
AGGTCAAGCT
CTTTGGECTCT
TCGAAATGAC
GCGACAGATT
AAGGTGATGC
TGAGTGTGGA
TGGAGATGAT
CGCGGGAGCC
CTGATGTCGC
GAGACGTGEC

TGGCANBTYE/ B43@BCTAAT TGAAGCAACT2YGGTGCAGAT
TGACTGCCCA CCTGTTCATG TCAATGGAAT CGGAGGGCTA CCTGGTGGCA
GTCTGGCTCC ATCAGCATTC AGTACHReSGLFGECTTGCTG ATGRCTGCTC
TGGGGATGTG GAGATTGAAA TCATTGATAA ATTAATCTCC ATTCCGTACG
ATTGAGATTE ZYEsatr P TGGTGTGAA AGCAGAGCAT TCTGATAGCT
CTACATTAAG CTAGETSRAAAATAGRAGTC CCCTAAAAAT GCCTATGTTG
CTCAAGCGCA AGCTATTTci:Jnn:ﬁnEWéC TGCAATTACT GGAGGGACTG
AGGTTGTGGC A \ A TG [ GCTGAGGTAC
NGz CCAC
ATTTGGGAGG AAAcACE%CR"A@EEEnTTEﬂPTGHCAACATG AACAAGATGC
CATGACTCTT {SUTERacTTEM808T €T TTGC CGATGGOCCG ACAGCCATCA
TTCCTGGAGA GRARMEEAACGOiNs AGGATC GGTTGCGATC CGGACGGAGC

TAATCCAAGCT GGGAGCATCT GTTH{$2asaes: #rmsots Syeeian CTGCATCATC ACGCOGCOGG

AGAAGCTGAA CGTGACGECG AT GEACBACCA CAGGATGECC ATGGECCTTCT
CCCTTGCCEC CTGIGCCGAG GT CCGEGA CCCTGEGTGC ACCCGGAAGA
CCTTCCCCGA CTACTTCGAT @]WWCAA GAATTAATAA AGCGTGCGAT
ACTACCACGC AGCTTGATTG AAGK Faw@Elde\ GGAAATACAT TTCTTTTGIT

CTGTTTTTCT CTTTCACGGG ATT TAGTTGT TTGTAGCAAG
TTTCTATTTC GGATCTTAAG TTTCH(I0MENE: (Bysanay takoase HF67 Ouesey £425AGAGT GGTTC
GTTGGAATAA TAAGAATAAT A/ STRAEEIFICRBRGEBRAAAA AAAAAAAAAA AAAAAAAAAA
AAAAAAAAAA AAAAAAAAAA AA ¥ oy 1713

| NFORVATI ON FOR SEQ | D NO'9: Asstrrcarzon:

(A) LENGTH: 1340 base«vpalmwm INFORMATION:
Al NAME: Chretien, Francois

(ix] TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (33)72-29-26-46
(B) TELEFAX: (33)72-29-28-43
12) INFORMATION FOR SEQ ID MO:1:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1713 base pairs
[B) TYPE: nucleic acid
(C) STRANDEONESS: double
{D) TOPOLOGY: linear
114) MOLECULE TYPE: cDMA
{vi] ORIGINAL SQURCE:
(A} ORGANISM: Zea mays
(B) STRAIN: Black Mexican Swest
{F) TISSUE TYPE: Callus
Ivii) DMEDIATE SOURCE

(A} um:: m gtlo
(B) CIONE: pRPA-ML-T1

{x4) SEQUENCE DESCRIPTION: S£Q ID NO:l:
ARTCARTTIC ACACAGGAMA. CAGCTRIGAC CATGATTIACG AATTCGOGOS CGGGCICTIG 60
ATCOHA0G6C GGCAGCBACE GOGGCEETICE AGRCGGETGC CRAGGAGATC GTIGCIGCAGC 120
CCATCANGGA GATCTCXRGC ACCGTCANGS TGCCUAGETC CAMGTCGCTT TCCAACCGGA 180
TCCTCCTACT COCUGCTCTG TOTGAGGGGA CAACAGTIONT TGATAACCTG CTGAACAOTG 240
AGGATGTCCA CTACATGCIC GGGGOCTTGA GGACICTIGG TCICICIOIC GAAGCSGACA 300
ARGCTGOCAR AAGAGCTGTA GTTGTIGGCT GTGGTGGAM GTICCCAGIT GAGGATGCTA
NGMGNGT GCAGCICTIC TTGGGGANTG CTGGAACTOC AATGOGGCOCA TIGACAGCAG 620
CTGTTACIGE TGCTGGTGGA ARTGCAACTT ACGTGCTTGA TGUAGTACCA AGARTIGAGGS 0

GAGGATGCTA 360
TTGACAGCAG 420
AGAATGAGEG 480
30 PCT/ FR96/ 01125

GT et /¥R I 6 7 0 D1Ds

600
650
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560
1620
1680

(i) SEQUENCE CHARACTERI STI CS:

(2)



(B) TYPE: nucleic acid (C) STRANDEDNEDD: doubl e

(D) TOPOLOGY: |inear (ii) MOLECULAR TYPE: cDNA (vi) ORI G NAL
SOURCE: (A) ORGANI SM Zes nsys (B) STRAIN: Bl ack Mexi can Sweet

(vii) | MVEDI ATE SOURCE: (B) CLONE: pRPA-M.-716

" (xi) FEATURE: wo 97/04103 (A) NAVE/ KEY:30CDS (B) LOCATPOR/FRISYHI125
(xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 2: . CCATG GCG GGEC GCC GAG GAG

1

Il e Val LeuGInProIIeLsGLuII
10 TCC GGC Am%mwm*mw AR CGG ATC
95 Ser Ay Thrasxragaick yreeriserge mcyu'@e'mdsym ' ATRaCTSRRe AS'"I‘PAI’g Ile

15 20 srrrnootor Tnnatars GARITIAM TCATIGATAA ATTANTSICS Artccotacs GREC CTA CTC

Leu Leu Als Als Loy Bt Amafiihgert e lojute e o

35 4 GOGACAGATT crmrrm COAGFTCAMA ”WMA@F’W GAPYGTC CAC TAC
ATG CTC GGG GCC TTG%W&MMWMMMU As&p Val Hi's

Tyr Met Leu GyNS-k&EhAR recrcasran THigudrrt Shdidaine
31 R9/01125 GGT _CIC TCT. GIC GAA GCG

GAC AAA GCT GCC AAA ACRK CORMGASTAG SEFACTeTT ACTAeoRg v t‘g’iur Ser Val
Gu Als Asp Lys Al a TAFSRAES ATTAGHOGWACAEZFA AGSTRATTRA| TITCAAGATS AACAMGATSC 1080

70 ZBATOTCRS CATAACTCTT EiREHS [coDE G @i IREEOA Glite GAG GAT
GCT AAA GAG GAA GITG ghisraac 4féroaasa GTANGEAGA thﬁfro Val GQu
Asp Ala Lys Gu GQu CIC ITC T1G GO AAT GCL_GGA ACT GCA
ATG CGG CCA TTG ACA %‘F‘”"""‘""ﬁ%‘ 8t PR Teu B Asn Ala
Ay Thr Ala Met Ar g MPEFTPR FETPRPSONTEEAIIOT ACGACGACCA CAGGATGICT ATGGCCTTCT 1320 100
1Cb TefTeccec croTeccans GERTACESHTA CETRel NESMMMAT G8A ACT TAC
GG CTT GAT GGA GTA cplicean cBhome cracnosscn crirol ardbia kot Clalo ASN Al 2
Thr Tyr Val Leu Asp %x ¥al E; PO 5lP 1500

120
CTIGTTITICT CITTCACSGG ATTANGITIT GAGTCIGTAA CGTTAGTIGT TIGTAGCANG 1560
TTICTATTIC GGATCTTAAG TTTIGIGCACT GTAAGCCAAR TTTCATIICA AGAGTGGTIC 1620
GTTGGAATAA TAAGAATAAT AMATTIACGTT TCAGIGAAAR ARAAAAAMAA AAAAAAAAAA 1680
AAARMAAAAA AAMAAAAA, AACCOGOGAA TTC M3
{2) INFORMATION FOR SEQ ID NO:2:
{1) SEQUENCE CHARACTERISTICS:
IA? LENGTH: 1340 base pairs
(B) TYPE: nuclaic scia

{C) STRANDEDNESS: double
ID) TOROLOGY: linesr

"144) MOLECULE TYPE: cDNA

{vi) ORIGINAL SOURCE:
{A) ORGANISM: Zea mays
{8} STRAIN: Black Msxican Sweet

Ivili] DMEDIATE SOURCE:
(B} CLONE: pREA-ML-T16

{ix) FEATURE:
{A) NAME/XEY: COS
{B) LOCATION: €..1337
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

CCATG GCC GGC GCC GAG GAG ATC GTG CTG O CCC ATC AAG GAG ATC 4«
Al; Gly Als Glu Gl: Ils Val Leu Gln Pro Ile Lys Glu Ils :

TCC GGC ALK GTC AAG CIG CCB GGG TCC ARG TCG CIT ICC AAC CGG AIC 95
Ser Gly Thr Val Lys Leu Pro Gly Ser Lys Ser Leu Ser Asn Arg Ile
15 20 25 3%
CIC CTA CIC GCC GCT CIG TCC GAG GGG ACA ACA GTG GIT GAT MG C16 143
Leu Leu Leu Ala Ala lLeu Ser Glu Gly Thr The Val Val Asp Asn Lau
33 40 43
mmmwarmmmmmmmﬁcmmm 191
Leu Asn Ser Glu Asp Val His Tyr Met Leu Gly Ale Leu Arg Thr leu



AGA ATG AGG GAG AGA CCC ATT GGEC GAC TTG GIT GIC GGA TTG AAG CAG 431
"Arg Met Arg Qu Arg Pro Ile @y Asp Leu Val Val Ay Leu Lys @ n

130 133 140 CTT GGI' GCA GAT GIT GAT
~TGT TTC CTT GGEC ACT GAC TGC CCA CCT GIT 479 Leu Ay Als Asp Val
Asp Cys Phe LeuwWd 977i04183p Cys Pro Pro VaBl PCT/¥RS6/01125

150 155 CGI' GTC AAT GGA ATC GGA GGG CTA CCT @Gar
GGC AAG GIC AAG CTG TCT 527+ ArgsVal Asn GQysle Ay Ay Leu Pro
Ay Ay Lys Val Lys Lekr S 1er ore . o i 65

170 GGC TCC ATGWREVAGHs e e R e AT WL ATe T cor
CCT 575 Ay Ser ITe Ser Ser @° Tyr Leu Sét Ala Leu Leu Met Al's
Ala Pro 175 ¥ TUT G5T 65A AAG TICTCBA)GTT GAG GAT GST ARA GAG GAMSHN CAG 287

190 TTG GCT T TR AT BrEME AT AN LR RFT AP AAA TTA ATC
TCC 623 L u Gy Asp.Val Qulle Qulle lle Asp Lys Leu
Ve Ser Yo e B o et ot Sl anteer © MR

ATT CCG TAC GTC GAA AT® ACA TTG AGMOTTG ATG GAGCGI TTT GGIu@TG 671

Ile Pro Tyr Val G u Msirr &rrect &t o ganladiicdVber Gklerd g doheaaG@m/aXal a3

210 D] 5Ysl Thr Als Ala fg Gly AsmpAia 'lhz. ‘gg Val Leu mygiqnep\e CAT TCT GAT
AGC TGG GAC AGA TTC TAC ATT AAG GGA GGT 719 Lys Ala Gu Hi's

Ser Asp Ser Trp Aspzégﬂm&:lﬁm%%g@&m GICGRATIG MG CAG  -33)

1
ML THC ARG 1O “RAR® AAT GOC TAT

230

GIT GAA GGT GAT GCC TGfr ser 6&Odar a1t anr Tar Treichr de¥ Scrldk 1hd/&n 8¢ er! O LY Asn Al a
Tyr Val Gu Ay Asp Allss SxAls Asp Val Asp Cys Phe 244(Gly The Asp Cys Pro Pro Va245

250 AGC &Aé@éﬁfﬁr TTC TTG & GGT T G ATT ACT GGA GGG ACT
GIG 815 S Qe & Fgﬂt gePg e memacic TR Gy Gy
Thr Val 255 160 nearg R & 8 50 I L Ber

270 ACT GTG o GRTnd i Gmac o e AT, GAT,GTG AAG
TTT 863 Tigky aimieGien 6 % @tsu@lsgt% n...Tﬂgﬁﬁ%% n G"”?TAsp Val
Lys Phe 2 280 150 285

GCT GAG GTA CTG GAG A TS MCATTTREMNCEA @GACT 623911

Ala du Val Leu Gu IVE$ ﬁtg:%\mvé‘ fg"ana:"ﬂhflm"'l'l‘ﬁ'“ﬁgtf'Thr

290 23 AGC_GTA ACT GIT.ACT GGC
CCA CCG CGG GAG CCA %ﬁa&fﬁﬁ&ﬁiﬁ@?ﬁ% u Met gl ArgssVarycvaz Thr A1 Thr
Ay Pro Pro Arg Gu Pro Phe @9 Arg Lys HF%$ 220 305

310 | 315 Goa aas oar T TaEr ARGeERE M TreGAd aS s SAGEATG AAE AAG ATG
CCT GAT GTC GOC ATG * M= Gt Stry\ee M e M@ A% pre\Rar Tiadae fit®sn Lys Met Pro

Asp Val Ala Met 320 325 330 CTC
AAG GOG ATT GAT GTC AR the ARt sl RIAAT T §162 100
Thr Leu Ala Val Val Ala%®u Phe Ala #8p Ay Pro T Ala Ile Arg 335
340 3486c 6cA asc TAT TTC TTG Gor WePaer Goa ATr Act GGG e T TChs TGG AGA
GTA AAG GAG ACC GAG ARSATECGrT™eds M@y Ha@ds Ie ™r Gy AxPeyd Ala Ser Trp
Arg Val Lts u Thr Gu Arg“NEt Val Ala Ile - 355
360 368 vat c1a oty %w OGA A TCTGTT
GAG GAA GGG CCG GAC 1151 2 Arg Thr @ Leu Thr L3s Leu Ay Ala Ser
Val Gu Gu Gy Pro A e GIA CI6 GAG ATG ATG GGA GCG AAG GIT ACA TG ACC GAG ACT a1

Ala Glu Val Leu Glu Met Met Gly Ala Lys Val Thr Ttp Thr Glu Thr

230 295 00
AGC GTA ACT GTT ACT GGC CCA CCG CGG GAG CCA TTT GGG AGG AM CAC 958
Ser Val Thr Val Thr Gly Pro Pro Arg Glu Pro Phe Gly Arg .Lys His
308 310 ns
CIC ARG GCG ATT GAT GTC AAC ATG AAC AAG ATG CCT GAT GTC GCC ATG 1007
Leu Ly» Ala Ile Asp Val Asn Met Asn Lys Met Pro Asp Val Ala Net
320 228 33

ACT CTT GCT GTG GTT GCC CIC TTT GCC GAT GGC CCG ACA GCC ATC AGA 1088

Thr Leu Ala Val Val Als Leu Phe Als Asp Gly Pro Thr Ala Ile Arg

338 340 . 345 3s0

GAC GTG GCT 7CC 76C AGA GTA AAG GAG ACC GAG AGG ATG GT? GCG ATC 1103

Asp Val Ala Ser 7rp Arg Val Lys Glu Thr Glu Arg Met Val Ala Ile

| ass 360 . 3es
CGG ACG GAG CTA ACC ANG CTG GGA GCA TCT GTT GAG GAA GGG CCG GAC 1152
Arg Thr Glu Leu Thr Lys Leu Gly Als Ser Val Glu Glu Gly Pro Asp



WD 97/ 04103 - 32

* PCT/ FRO6/ 01125 TAC TGC ATC ATC ACG CCG CCG GAG AAG CTG AAC GIG ACG GAG

ATC GAC 1190 Tyr Gys Ile Ile Thr Pro Pro Qu Lys Leu Asn Val

Thr Ala Ile Asp 385 390 395

" ACG TAC GAC GABOCAZ/A@308TG GOC ATG GOC T38 TCC CTT GOC BER/FRY6/0112547
Thr Tyr Asp Asp His Arg Met Ala Met Ala Phe Ser Leu Ala Ala Cys

400 405 S0 $10 .. ¥8CC GAG GIC CCC GTIC ACC

ATC 0BG GAC OCT 06105 ACGOR0 S0 ACh e o AZL oo e 3 Gt VAl Pro

-~ Val Thr Ile Arg Asp tit o Pro/SL0Lyk Yés AbRIIVal The Ala tle Asp

420 425 430 " TTC CCC GAC TAC TTC
GAT GIG CTG AGC AdﬁT&@E@MA@Mﬁnmavmmr&l@ﬁkfmm Rk Pro Asp
Tyr Phe Asp Val Leu "Sefis Mir “bfits ARl NSRS e Sus trs Aln Als Oy 435
440 TAA -
21340 (2) BN SN R R T st e ™ ()
SEQUENCE CHARACTERI 3H CS: 25 (A) LENGI#¥® 444 anino acids
(B) TYPE: am no aci ¢re €cC GAC TAC TTC GAT GIG CTG AGC AETI Ig;mﬂﬁY | i nearnas
(i) MOLECULE TYPE: "Bt YP 21°nTye fhe Asp Vel Leu der "z Shp ValdpwYMBNCE DESCRI PTI ON: SEQ
| D NO 3: TQAGIyAIaGIuGIuIIeVaI LeuGInProIIeL%sGIuIIe
Ser Ay 5 10 15
Thr Val Lys Leu Pro roRo: Ser Asn Arg Ile Leu Leu
20 ;ﬁiﬁ i J,,ey Leu Ala Al a Leu Ser Au
Gy Thr Thr Val Val Asp %ﬁm 35
40 (8 %‘Asp Val H's Tyr Met Leu Ay Ala Leu
Arg Thr Leu Ay Leu o ﬁ%ﬁ‘ 55 60
Ser Val Gu Al a Asp Lys‘Al HoLBgE T Py A\l g Val Val Val Ay Cys 65
70 ' 75 ixi) SEQUENCE OESCRIPTION: SESED NO:3: Gy Ay Lys Phe Pro
Val Qu Asp Al a Lysaayﬁ.tbﬂ/al..ﬁmhﬁuaﬁ’bﬁ e Lys u Tie sec aly 85
90 $ Lou Gy A¥n Ala Ay T Als Met Arg Pro
Leu Thr Ala Ala Val -rﬂlhfn Lys Leu Pro Gly Ser Lys Ser Leu 580 @sn Arg Ile Leu Leu 105
110 Ala Ala Ay Ay Asn Ala Thr¥3Tyr Val Leuw®Asp Ay Val Pro Arg
Met Ll Ga Ala Leu Ser Glu Gly Thr ThZ Bal val Asp Asn Leu Leu Asn 125 Arg

Gu Arg Pro lle Ay Asp LB Val val &Y Leu Lys G*%h Leu Gy
) sua;unpvuuu-ryzu;;uuexyn-uummmmym

S;; Val Glu Ala Asp l.ys Alz Als Lys Arg AJ.. Val Val Val Gly cyl

Gly Gly Lys Phe Pro Vsl Glu m Ala Lys Glu Glu Val Gln Leu Phe
85 0 35

Leu Gly Asn Als Gly Ihr Ala Met Arg Pzo Leu Thr Ala Ala Val Thr
100 105 110
Ala Alz Gly Gly Asn Als Thr Tyr Val Leu Asp Gly Val Pro Arg Met
118 120 125
mg];;m Pro Ile Glymmﬁl’hl Gly Leu Lys Gln Leu Gly
140

Ala Asp Vsl Asp Cys mmelymmm Pro Pro Val Arg Yal
148 150 160

Asn Gly Ile Gly ﬁly Leu Pro Gly Gly !-y- Val Lys Leu Ser tlig Ser

Ile Ser Ser Gln Tyr Lesu Ser Als 1au Lsu Net Ala Ala Pro Lsu Ala
180 185 19

Leu Gly Asp Val Glu Ile Glu Ile Ile Asp Lys Leu Ile Ser Ile Pro
198 200 208
Tyr Val Glu Met Thr Leu Arg Leu Met Glu Arg Phe Gly Val Lys Als
210 218 220
Glu His Ser Asp Ser Trp Asp Arg Phe Tyr Ile Lys Gly Gly Gln Lys
228 230 235 240

Tyt Lys Ser Pro Lys Asn Ala Tyr Val Glu Gly Asp Als Ser Ser Ala
248 : 230 ass



Ay

Lye

Ay

Leu

Lys

Il e

Lys

Pro

Al a

Thr

Pro
Il e

Al a

135
Thr Asp Cys Pro Pro Val
140
Ser

140
Arg Val
Asn Ay Ile Gy

Al a Asp Val
145
165

Leu Ser Gy

Asp Cys Phe
150
Gy Leu Pro dy Ay Lys
170

| | W@eP704103n Tyr Leu Ser Al38 Leu Leu Met Alcor pd 60212V
190

180 185
Asp Val G Uald e Ghllieh s blyaaifRR &y SneldiY by eSS melve: Pro
200 2 7% P99 Val
Met G u ArgsRhéely @pyniYathe d¢SseALA Gin Gly Asp val Lys PRdALa Gl

Au Met Thr

215

GQu H's Ser*Asp Ser Trp #p Arg Phe T Ile Lys Ay Ay dn

225 T Lew Gla Mot Mer?OIF Ala Lys Val The ‘Tep The 510 3Rc See Va.
Ser Pro Lys Asti*Ala Tyr Val*®*du Ay Asp*® a Ser Ser Al a
200val the 517 Pro Pro Arg G1ulded pre Gly Arg Lys HidMeuQyd 04103
305 PCT/ FROG/ 8125 A&er Tyr Phe 3#u Al a
Thr Gy Gy aldhnieWad vallaen Ml asn Lys Mot Pro Asp val Ala MetGfhr Leu
270 Mudy Cys &% Thr Thr SB Leu @ n
Phe Al a G UAla vl val Ala Leu Pniad A3a Asp Gly Pro Thr Als Ile Asg Asp Val280
Val Leu Gu Met L¥ Ay Ala Ly¥%val Thr Tr3®rhr G u Thr
295 Ala Ser Trp Arg Val Lys GLB®0 Glu Arg Med i) Ala[TaeTheg 76l y Pro
Phe Ay Arg Lys A% Leu Lys *°® 305 3es 310
| 6B0Qu e Lys 1) BlylMe syl Wal LAY e tmsEv Chy's Mot
Met Thr Leu 325 330
Al a Val Va}le WA 3nd trg PRhElu/Myy Ledden W1\ThOALs wpsp/fthg T4 ¢ Ar g
3%5 ?” BSOY;;‘f Al a Ser‘rp Arg
Adu Arg Met WN%WI:%H‘MM‘”};:W“PW 3 o
365 u Leu Thr Lys Leu Gy a Ser Val
Asp Tyr COys val Pro Val zgggmm Asp Pre t‘i;r Cys mm%:g: Phe Pro
Thr Pro Pro Qu IFXS Leu Asn Val T?w Ala Ile Asp Thr Tyr
Aepotyr .A-pvuuuaumqm&z Lys Asn Asp Asp Hi s Arg

438 440
Phe Ser Leu Ala Ala Cys Ala Qu 405

!2)4111WTIDI FOR SEQ ID NO:4:

SEQUENCE CHARACTERISTICS:
{A) LENGTIH: 1340 base pairs
{8) TYPE: nucleic acid
{C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(i1) MOLECULE TYPE: cONA
fvi) ORIGINAL SOURCE:

[A) ORGANISM: 2¢2 mays
(8]} STRAIN: Black Mexican Sweset

18]

tvil) DMMEDIATE SOURCE:
IB) CLONE: pRPA-ML-720

{ix) FEATURE:
fA] NAME/KEY: COS
(B} LOCATION: 6..1337
ixi) SEQUENCE DESCRIPTION: SEQ ID NO:d:

CCATG GCC GGC GCC GAG GAG ATC GG CI6G CAG
Als Gly Als Glu Glu Ile Val leu Gln

41

4

iE
g8
o

8
31
y

5 ¥ 0
£d

&
£1 13 =11

2

]

3 ©
£8
1
i
1

143

2N

E8
5d
e8
£d

<8
]
[

19

g8 #% «F

£ 8% «FB

Eg
3 #% 8% it
9 ¥9 ¥«

3

4
£Eq B8
§8

£8 2 ¥ =84

¥l 8% ¥
ER ¥d o5
£Y o8 §8 %

E§ i3
§t
111

At 4%
28

“w
s
-

&a
e
e

Ay
Ay

Ser
Pro

Pro

Asp
Val

du

Met

240

Al a
Asp

Val
Arg

Asp

Val
Lys

du

380
385

Al a

Leu



Val Pro Val Thr Ile Arg Asp Pro Ay Cys Thr Arg Lys Thr Phe Pro

420 425 430 Asp Tyr Phe Asp Val Leu
Ser Thr Phe Val Lys Asn 435 440 (2)

_I NFORVATI ON FOR SEQ | D NG 4: (1) SEQUENCE CHARACTERI SI TI CS:

(A) LENGTH: 134@%3?4%&4055 34B) TYPE: nucl BFE/ERP6/01125

(C) STRANDEDNESS: doubl e (D) TOPOLOGY: li near (i)

. MOLECULE TYPE: CDNAmc e o ana A e &Rlat NOLaBCHRAR: rac car a1e ens 207( A)
ORGANI SM Zea nBys ¢t Sv 6ly Gly Ly: ehe BP VSTRAINe ABI b;;l(“ﬂ/@kt?“ér?"SV\eet

L]

(vii) | MVEDI ATE SOURCE: 3 CLO\IE PRPA- ML- 720

(i x) FEATURE: ors g: ‘{j;, i o) S e ‘;;; A o (B) *ocaTI ON:
' 6..1337 v X éUEN@E» SCRI PTI cm-. ST D NG 410 CCATG

- GCC GGC GCC GAG GAG.AT.G: @ﬁﬂﬁr CAGWTGEn REGAAE GAGAMATE oA coa 4eh

Ala Gy Ala Gu G uviBr ¥l Alsguy GinasRiace Ticcryk a1 Guirsh ity val Pro. 1

5 10 T3 Gac ACC GTC*AAG CTG coG B3G TCC AAG TCG CTT

TCC AAC CGG ATC m9§“ AGG GAG QGh O GAZ Ser B#3s Ser
Leu Ser Asn Arg Ile*® ™" f;:m'”g:m a{:ﬁ%?% i‘::""gr' 25

1 CTALSICLSSCL%%.A{:%%:% %ﬁ&%ﬁwg‘ﬁ‘ asp fon Leu

35 CP& AAC AGT GAG GAT GIC
GTC TAC ATGGGGGCC@H SoAGT mmccrgg-rmwagmegg@sn Ser s& u Asp
Val His Tyr Met Leu’“@ 3o A ’1‘_'" res T LB LY Gy g Vet Lys Leu ser g

&T GTA GIT GTT . SR ,.,%Cﬁ%ﬂ %%ﬁé’% Aok a Ly

Arg Ala Val Vval Val

75 WO 97 /r@m&rrmammmmmmmmm 623
PCT/ FRO6/ 01125 | Leu Mpyipu ‘r‘ég’r“,,gi',ﬂ* Befini 2SR 'GTT“’C%?;'GAT GCT AAA GAG
Gu Gu Val @n n.p:e-cy:vusmu-zmmmmmgczammayvu
210 220
AAA GCA GAG CAT TCT GAT AGC TGG GAC AGA TTC TALC AIT AAS GGA GGT 719
Lys Ala Glu His Ser Asp Ser Trzp Asp Arg Phe Tyr lle Lys Gly Gly
228 230 235
CAA AAA TAC AAG TOC CCT AARA AAT GCC TAT GTT GAA GGT GAT GCC TCA 167
Gin Lys Tyr Lys Ser Pro Lys Asn Als Tyr Val Glu Gly Asp Ala Jer
240 245 250
AGC GCA AGC TAT TTC TIG GCT GGT GCT GCA ATT ACT GGA GGG ACT GTG a1s
Ser Ala Ser Tyr Phe Lsu Ala Gly Ala Ala Ile Thr Gly Gly Thr Val
258 260 265 270
ACT GTG GAA GGT TGT GGC ACC ACC AGT TG CAG GGT GAT GTG ANG TTT 863
Thr Val Glu Gly Cys Gly Thr Thr Ser Leu Gln Gly Asp Val Lys FPhe
27% 280 28S
GCT GAG GTA CIG GAG ATG ATG GGA GOG AAG GTT ACA TGG ACC GAG ACT 911
Ala Glu Val Leu Glu Met Met Gly Ala Lys Val Thr Trp Thr Glu Thr
2% 29S8 300
AGC GTA ACT GTT ACT GGC CCA CCG CGG GAG CCA TTT GGG AGG ARA CAC 959
Secz Val Thr Val Thr Gly Pro Pro Acg Glu Pro Fne Gly Arg Lys His
308 b b [ 31s
mmmanmmmmmmmmmmed:m 1007
Lsu Lys Ala Ile Asp Val Asn Net Asn Lys Net Pro Asp Val Ala Met
320 328 330
ACT CIT GCT GIG GIT GCC CIC TIT GCT GAT GGC CCG ACA GCC ATC AGA 1085
The Leu Ala Val Val Ala Leu Phe Als Asp Gly Pro Thr Ala Ile Arg
33% 340 345 350
ﬂcmmmmmmmmmmmmmmm 1103
Asp Val Ala urrmmnxmctummummvnn.no
355 360 365
CGG ACG GAG CTA ACC ARG CTG GGA GCA ICT GIT GAG GAA GGG CCG GAC 1182
Asg Thr Glu Leu Thr Lys Lsu Gly Als Ser Val Glu Glu Gly Pro Asp .
370 375 380
mmmmmc&mmmmmmmmmw 1199
mm;:;Ilomtnlnﬂlummmﬁlg;nlthm
3%0 .



CTC TTC TTG GGG AAT GCT GGA ATC GCA ATG CGG TGC TTG ACA GCA GCT 335

+ Leu

110
AAT

* Asn

120
GIC
Val

- 140
- 479

145
. dy
. 165
CTG
Al a
185
GAT
Ile
205
671
210
AGC
| Asp
230
. GAA
 Val

250
. 815
255
.GIG
Thr

275
ATG
Met

295
TTT
Pro
315

1007

320
-CTC
Al a
345
AGG

Phe

GCA
Al's

GGA
Val

CTA

ATG
Leu

Asp

TGG
Ser

GAT

Val

Met

Phe

TTT
Leu

ATG

Leu Ay Asn Ala Ay Ile Ala Ay Gy Ala Met Arg Ser Leu Thr Ala Al.a

105 110 GIT ACT GCT GCT GGT GGA
ACT TAC GTG CTT GAT GGA GTA CCA 383 val Thr Als Ala Ay Qy
Thr Tyrwd/a97)oangsp Gy Val Pro 35 PCT/FRPS/01125

125 AGA ATG AGG GAG AGA CCC ATT GGC GAC TTG GTT

TG MG G cn b3 e e bt AP0 0 e B L2, G, 5P Lo

Gy Leu Lys Tye Aip Asp His Acg Mut Ala hut(hia Phe Ser Leu Ala Ala
CTT GGI GCA GXT GIT GAT T¥® CIT GGC AGGAC TGC CCA CCT GIT

Leu Ay Al accAsy: dalccd\age Ay archiae clcaidr Gioyrad Rdc B8 padOx8 Pr azér o Val
15gg i3lu Yal Py Val Thr Ile An!_543 Pro le Cys mTArG'Fe T GGA ATC GGA
CCT GGT GGC AAG GTC AAM CT& TCT 527 Arg Val Asn Gy Ile
Leu Pro Gy R SRS WA SRAE CREATE B 20 8% 1 290
CC ATC A@8C AGT G TAC TTG AGI GCC TTG
GCT CCT CCT  ama 575 Ay Ser Ile Ser Ser A n Tyr shgu Ser
Leu Met Ala Ala Pro 175 " 180
196 nromazzonl i st o fots: GGG GAT GIG GAG ATT GAA ATC ATT
TTA ATC TCC 628 seouencs cufieri eu Ay Asp Val u lle du lle
Lys Leu Il e Ser i (Al LENGTH: 444 .ﬁfé’--«i—% 200
ATt CCG TAC GTC GAD ATTe SR ddits AGA TTG ATG GAG CGT TTT GGT GIG
lle Pro Tyr Val G u Met Thr Leu Arg Leu Met G u Arg Phe @y Val
215 i1} MOLEQRE TIRE: peapeif AAA GCA GAG CAT TCT GAT
GAC AGA TTC TAC AXY maBE(pscOBrIoN: see yo @0:5: | ys Ala Qu H s Ser
Trp Asp Arg Phe elykialehieik)iSe @iliedtin pro Ile Lys Glu Tle sek’By :
238 CAA AAA TAC AAG TCC CCT AAR AAT GCC TAT GIT
GCC TCA m:v?xﬁﬂy-mpnd}hzwssﬁymw%mﬁiwm Asn Al a Tyr
Ay Asp Al a Ser 2 240 248
AGC GCA AGas RHNTAT @ FoF GLOETF WOThr O8N vi@kp AR Le\O 86A GGG ACT GIG
Ser Ala Ser Tyr Phe Leu Ala &' Ala Ala 11¥ Thr Ay @y Thr val
268 Glu Asp Val His Tyr Met 12§ Gly Ala Leu Arg Thr Leu Gly ¢ () ACT
GGT TGT Gac AcC Acc AcT TTG CAF car AT 6f6 AaG TTT 863
Gu Gy Cys Crgf VEnfu Ty Amdys MafGhm A 12 Ash Yaafe! BivrPhe
280 285 CCT GAG GTA CTG GAG ATG
GCG AAG GTT ABKRSEe At A8 ﬂe’r‘""" 1gm Giu 6l Va1 GAp Lt ™ Val Leu Qu
Gy Ala Lys Val Th Trp_ Thr Gu 290
36 5 R s o o e o e it B O GAG oA

AGG AAA CAC a A?358.y Gly Asn A?e;’hxégvlm Mpl Gly bll PG X?P!&Q Pro Ar g du

Gy Arg Lys H'S 118

CTC AAG COGALTMGAL SLGARS AT GiALCHAG: Qm T CTC GCC ATG
Leu Lys Al s libe p Val 1Am.'. tlAsn Lyso Pro %se\p Val Al a Met

325-mn1mmmm§3%mmrgf\gﬁrw GIG GIT GCC
GCC GAT GGEC (88 ACA GCC AR® AGA 10585 Thr L8 Al a Val Val

Phe Ala Asp Gy ey fie Bi¥ 61180 blo@1f\613 Lys Val LyS3&u Ser Gly Ser 340
350 HWAC GTG GCT ™ TGG AGA GI AAG GAG ACC GAG

GIT GCG ATC r1e sdrl€d8 Gin Tyr Leu Ser Als Leu Leu Met Als Ala Pro leu Ala
180 188 190

Leu GlyA-p Val Glu Ile Glu no Ile Asp Lys Lsu ?n; Ser Ile Pro

TYr Vel Glu Met Thr Leu Arg Leu Met Glu Arg Phe Gly Val Lys Als

210 215 220

Glu Ris Ser Asp Ser Trp Asp Arg Fw 7Tyr Ile Lys Gly Gly Gin Lye

225 230 - 238 240

Tyr Lys Ser Pro Lys Asn Als Tyr Val Glu Gly Asp Als Ser Ser Alz

245 250 233

Ser Tyr Phe Lau Als Gly Als Ala Ile Thr Gly Gly Thr Val Thr Val

260 265 270

Glu Gly Cys Gly The Thr Ser leu Gin Gly Asp Val Lys Phe Ala Glu
275 280 285



Asp Val Ala Ser Trp Arg Val Lys Gu Thr u Arg Met Val Ala lle

*355 360 365 CGG ACG GAG CTA ACC AAG
CTG GGA GCA TCT GIT GAG GAA GGG CCG GAC 1151 Arg Thr Au Leu Thr
Lys Leu dy Ala Ser Val GQu Gu Ay Pro Asp 370

375 WO BB04103 TAC TGC ATC ABB ACG CCG CCG ®@&m/£R062DE125C
GIG ACG GCG ATC GAC 1199 Tyr Cys Ile Ile Thr Pro Pro Qu Lys Leu Asn
Val Thr Ala Ile Asp _ 1 the Tep T2 Giu The Sec Val

395 W 577 0MAlpks G e Mty st e vat e vep Fdlhiu o suc va

CIT oo oo Tor 1 e M e R el e e e O e . et A
Phe Ser Leu Ala Ala Cys ' 400 5 "

410 GOG GAG Gﬁt‘bcﬁ*éﬁt’ﬁ.&dt‘m%cﬁ'd&“ﬁc‘i“&%ﬂ% SACE CGG AGG
ACC 1295 Ala Au Val Pro val Thr Ile ArgAsP Pr o qY Cys Thr
Arg Lys Thr A& val Val ::; Leu Phe Mﬂm g:g Pzo Thr Ala Ile Arg 5:

430 _ TTC CCC GAC TAC TTC GAT GIG CTG AGC ACTlTTCxGTC AAG AAT

}1327 Phe PL ZOAéps-ry;;gm;ﬁsA'ﬁ'\%'r st 259 Mt i TaMUIPE Asn

340 (2) | NFORNVAE! T LPORLSRO DSy v Glu Gly Pro Asp Tyr Cys ()
SEQUENCE CHARACTERI STI CS: *™° #P (A) IBNGTH 444 anino aci ds
(B) TYPE: amino acid Ile Ils ns ero #ro Glu Lys Ley By Bo\ile ArmBY T

(ii) MOLECULE TYPE: prdf&in (xi) SEQUENCE DESCRPTI ON: SEQ
I D NO 5: Al a Gisty AsH 18Ls (icq Mg M-I*e%mL!;gbﬁﬂ'Wb% Beys Gu lle
‘Ser Gy 1 405 ‘ 100 ¥

15 Thr Val Lysal et ¥ cohéile Sgrasp Peo SarCys abr gernmqw Meg?rP| e Leu Leu
20 25 420 300 Leu A'Y Ala Leu Ser. Qu
Ay Thr Thr Val Val AS[asf\t¥r inalask 8il B@IBer The Phe Val Lys Asn 35

40 45 9% gSer Gu A% val His Tyr Met Leu Ay A a
Leu Arg Thr Leu Ay Leu 50 55

60 Ser Val Qu Ala Asp Lys Ala Ala Lys Arg Ala Val Val Val dy Cys
65 70 75 80

Gy @y Lys Phe Pro Val Gu Asp Ala Lys Qu Gu Val dn Leu Phe

85 90 95 Leu Ay Asn Ala Ay

Ile Ala Met Arg Ser Leu Thr Ala Ala Val Thr



100 105 110 Ala Ala Ay dy Asn

"Ala Thr Tyr Val Leu Asp Gy Val Pro Arg Mt 115

120 _ 125 Arg Gu Arg Pro lle @y Asp Leu Val Val
"G.y Leu Lys @n Leu Ay 130 135

140 AIRO /T/0A103Asp Cys Phe Leu @% Thr Asp Cys POTYFRYG /63128 0
Val 145 150 155 160
Asn Ay Ile Gy Gy Leu Pro Ay Gy Lys GHAIMS Leu Ser Gy Ser

165 170 175 Ile Ser Ser A n Tyr
Leu Ser Ala Leu Leu Met Alke A Pk gone qoding for a mutated 180

185 ?;‘_190 . Leu Ay Asp Val Au lle u lle lle Asp
Lye Leu Ile Ser S1englpyruvylshikimate-3-phpsphate synthase (ERSPS),

ilog Tyé%/alctge#izweeé i-.r:i1 rtllfaeéJ ff%gcé‘xs#rivseets %éj ib‘eragsg;?;neg y Val Lésu
H s Ser Asp Ser r he I . LVS Gn Lys 225
230 5 Mﬁ:ﬂ:& foFN§ :.Q@létlgzﬁ% s&gt:ﬂdt:.%.r Lys Ser Pro Lys

“Asn Ala Tyr Val Qu GyAsi).Alamﬁgréa : : 245
- 250 255 S y&r%cg%zédte% %ad@:i/md"a Ala Ile Thr
Gy @y Thr Val dliratlerized i , A iti 5

r erized in that it colgjzz%)ens in add%*ort,ys he Ala

270 GQu @y Cs Ay Thr Thr Ser Ay Asp

-Gu least 22/ second mutation irG%he EPSPS, differem® From

WD 97/ 04103 36 PCT/ FRO6/ 01125
‘Val Leu Gu MEt tike fimst\mutatsioml Thr Trp Thr Gu Thr Ser Val

290 295 300 Thr val Thr Gy Pro
Pro Arg G Wl®Pro Phe Ay Ar3. LysDNA érnal dgoording to cBdiim 2, 310
315 320 Ala Ile Asp Val Asn Met Asn Lys Met Pro
Asp Val Al a Met charagierized in that it comprise®s in addition, a 330
335 Ala Val Val Ala Leu Phe Ala Asp Gy Pro Thr Ala Ile Arg Asp
val mutation copgisting of a substitmufion of proline 10§y

Ala Ser Trp Arg Val,Lys GQu Thr Gu Arg Met Val Ala Ile Arg Thr

355 seringg 365 du Leu Thr Lys Leu
Gy Ala Ser Val Gu Au Gy Pr p. Tvr S . 0

373 380 ¢ 7" it q?'él%"%‘?"%&?’r%"%ﬁys Leu Asn Val

Thr Al a Ilelfsp Jﬁgrga%erized in that it comprises, in additiom, a
muatation consistiné of a substitution of glycine 101 by
alanine.

5. DNA gene according to one of claims 1 to
4, characterized in that it is of bacterial origin.

20 _ 6. nhh gene according to claim 5,
characterized in that it origiﬁates from a bacterium of
the genus Salmonella typhimurium.

7. DNA gene according to one of claims 1 to
4, charaéterized 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 comprises at least one substitution of

T,




385 390 395 400
"Asp Asp H's Arg Met Ala Met Ala Phe Ser Leu Ala Ala Cys Ala Qu

405 410 415 Val Pro Val Thr

.Arg Asp Pro Ay Cys Thr NglysTm Phe Pro rﬂm

425 430 Asp Tyr 3Bhe Asp vall!llH\lliL|||Nm val
Lys Asn g7/ 34103
37 PB?PPRQGPOM’ZSW isoleucine. CLAI VB

1. DNA gene coding for a_nutat 5- enol pyryvyl shi ki mat e- 3- phosphat e
synt hase (EPSPS), cHrack d<; ﬁePﬂaF°FPrEGﬁﬁﬂi§e§°§§nﬂéast one 5

th 102- | titut DA
according Lo of 2eREERce 45 SRl me sEhlatory; plemerteon, posicichs o

ddi t t i f f t f
The tiret mutar 28R 37 it S BB sl cRuREe BF (O Caim 2.
characterized | Bunidl onli ngd fi]i'{ Shtsd, ncﬁ%g:' tc‘l:%%:.z%d in thEe ¢l On

consisting of a su stltutlon 0 prollne seri ne.

4. DNA gene agemip#ides' asClcdiding se&en@%ara%c'[l‘%ra's%e@nhns lenicle

.conprises, in addition, a mutation consisting of a substitution of

gl ycine 101 by accordnwﬁ t® one of claims 1 to 8.DNA gene according to one
of clains 1 to 4, characterized in that it is of bacterial origin.

20 6. DNA gend.acOhisierd.ct getlediatdcording toClkdada @i zed in
that it originates froma bacterium of t he genus Sal nonel | a
t yphi muri um characterized in thit dénecomprdsdisng plamtevifrusl ains 1 to
10 promoter.
12. Chimeric gene according to claim 10,
characterized in that it comprises a plant promoter
(e.g. O~tubulin, histone, introns, actin, etc.).
13. vactof for the transformation of plants,
15 characterized in that it comprises at least one gene
according to one of claims 10 to 12.
14. Plant cell, characterized in that it
comprises at least one gene according to one of claims
10 to 12.
20 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 EPSP 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.



4, characterized in that it is of plant origin. 25
gene according to claim?7, characterized in that it | ‘\‘ “
origin. 9. Mitated EPSPS protein, char z““ \ &

.that it conprises at |east one substitution of reonlhe 102
by i sol euci ne. 10. Chi neri 89gene conpr|5|ng a codi ng
sequence as well as regulatory elenents at positions 5' and 3' which

are heterol ogous and capaBie oflethod pfn&xeatmenti fppdants wikhasteri zed

in that it conpri ses_as ,codi % sequence at |east one sequence
according to ondeFPigige haying FPSPS as its target;; chagacterdzgd,dn

according to cla har,act eri zed.i,n that it corrprl S . ant virus |
10 Cpromuter. - that the nerbidide In AEmited. 8 miests AgoETRd KO0
characterized |n 1! J_Ir?[ conprises a plant pronoter (e g. a-tubulin,

hi st one, |ntrons ) etc ) 13. Vector for the

t ransf or mat igon of pl ant s, lﬁh:?:[ ::E:% I rises at | east
one gene 5° accordi ng to ‘one oqtaa?!r‘r!s nltdnty]%tlaﬁ L 14.
Pant cell, chahheieslden iiflehde glyphodiBd i6i°s Fiypidpaed'c gene

according to one of clains Pl ant,
characterized i ztéwrgotr |_-,_% app]_j_@a al ned by regeneration from a cell
according to claim 16. Method for the production
of plants with i nmpr oved tol erance to a herbicide having EPSP synt hase



25

as its target,

are transforned with a gene according to

that the transforned cells

characterized in that plant cells or

pr ot opl at es
one of claine 1 to 8, and in

are subjected to a regeneration.
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target, characteriz %‘E'” ) ﬁ%ﬂt‘m%% @Pm nts
according to cl g‘?mh - H&ﬁﬁou p[?s?t ]"Ee'fﬁgﬁh@@%h or%ﬂqy o claim
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(54) Titre: 5-ENOL PYRUVYLSHIKIMATE-3-PHOSPHATE SYNTHASE MUTEE, GENE CODANT POUR CETTE PROTEINE ET

(57) Abstract

A mutated glyphosate resistance gene of 5-enol pyruvylshikimate-3-phosphate synthase (EPSPS) including at least one substitution
of threonine 102 by isoleucine, and nseful for producing glyphosate-sesistant transformed plants, is disclosed.

(57) Abrégé

Gene de résistance au glyphosate. 1) Gine muté de résistance au glyphosate. 2) Géne EPSPS comprenant au moins une substitution
de la Thréonine 102 par I'isolencine. 3) 11 est utilisable pour I’cbtention de plantes transformées résistantes au glyphosate.




