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PCT/ GB97/ 02996 ' HERBI Cl DE_RESI
PLANTS WO 9820144 The present invention relates to recor?&Tﬁ% -
t echnol ogy, and in particular to the production of transgenic plants

whi ch exhibit substantial resistance orlsubstantial s .tolerance to.

her bi ci des when conpared with non transgenl c like pl ant s.

Pl ants which are substantially "tolerant" to a herbicide when they are
subjected to it ' provrgg@l@wmsqg@q-pwmmr ch is shifted to the
ri ght when conpared with t provi y simlarly subj ected non
tolerant |ike- pI ant.s. Such dose/response curves have . "dose" plotted on

the x-axis and ' percent age kill", "herbicidal effect” etc. plotted on the
y- 10 = axis. Thelpeesent invertiansrelgtes torepmmbinantdyNAreshnologye apd ihpartieplagioer ant

%Fﬁhp;ﬁ‘ef“éregé‘qt”r catapanzoniniplis SHER pRhiBe SERaARIaP bl e Bk ibanel 201 |
any, 5o g%r%h&tdr%’ér biGideS Wieh ebinpafed Witlh8én trisigenic IMeglartsibj ected to the

her b concentrations and, rates which aré typically enpl oyed by
.t he agr ochenipaits odichure sybstamtially “tdietaht”te @dwrbicide iwéhehithéydare Bhbgnc’rsd whitch
.are. reS|stant to a herbicide are also.tolerant, of . the 15 er, i de. The-
‘terms " pesvide adose/tgappnse supeavhich 1 shifted tBéLEHEQ"tWh%‘U"%PmF pathAhet and/ or

resi st ant I

nccor df RPYited W SptiBy RBleFEh Bt“@faﬁ?eﬁlgé pllings? Mo $35¢ Rdppnse curves bave
conpri s "‘Hgseag:rlotted on ﬂh@ gSdxiardd Fpekcenepe i’y rfﬁa@idiweffecr’sac Plttedion thepabl e
of conferrin on a ant or tissue r|S|ng It resi st ance or

t ol ananmfus}( cmeranmanm wibh mqm marrrd!eablg@eéh@ Rasfiolamant d’ckédﬂimjz i grder 9econd
i £ht haproduce agven K6 tqaferf ¢ Pt fichant PUARRRANG R RREP G ShENIAEE .
protein 2&%@ pgqmgh hytic, cmo%im drRiﬁéf\lh’ilo&\m&ﬁWd@ormé Berbicide

synt het a athlone S transferase (GS (i) that
the pol yap Usﬂ&ﬁﬁa@tﬁls%d&atﬁQWhmMme tygcallyl gmplegcd)bus ﬂ!eragmhhngxeall pemmumta! to

di smut ase (SOD). and ut at hj one S transf er éif nd I,) that
the pol ykiliwesds indhe @G@s Rgp%hl SFRpresistant ) g her tﬁme eé@ﬁ?g €and
phos ph' tbhrBIIfiC.lt ﬂ'&agﬁ—%l"fe%s?ﬂ?; S PEG ek dre 1o be cogstg:;dtaﬁ ;{dferantpe[nﬁf'(ﬁ'r red

he regli ons conprise _
|0OI ynuc':@g&%ﬂ@ ﬁﬂﬁnmnmefﬂ@mémsamwarol of a plant operable

pronot er an term nator. Such pronoters and term nators are well

known to the lé;' &,Egr i aﬁ?@{én‘f"idv'ennon theré’ﬁ%ﬂ%dé&%‘ﬁo?ﬁﬁﬁfé&hﬂg c&zﬁpﬁ%xgéatca W

particul ar sui tabl e pronoters i'nclude 30 the

or FW prl@z@h%@c regiofl eh&ﬁhﬁg alfirstqpotein eapdblewif zenfetring ot 4 plapt, amtisses,
Preferably, the pronoters are constitutive. This avoids any need for
ext er nal cmnpnMg ityresistance or tolerance to gfrefdierhicida. and a second region encoding a

PCT/ GB97/ 029
rear® ¢ rEoRHeopinHkeise SepARls of RONerTg apsistincs o g sesong hepbicide, With B -
Cor r espaydiigs gfﬁg %%1ynuc1eoud£>5k9esemeﬁ¢ddt atﬂ@noh@f&‘em shEnpridngblpacs-genes
may al s ein i'n"a plant -
enol-pyruvyl-3-phosphoshikimate synthetase (EPSPS) and a glutathione S transferase (GST);

(u) that the polynucleotide does not comprise only regions encoding superoxide dismutase
(SOD) and glutathione S transferase (GST); and (iif) that the polynucleotide does not
25 comprise only regions encoding GST and phosphinothricin acetyl transferase (PAT).

In a preferred embodiment of the invention the regions comprised by the
polynucleotide are each under expression control of a plant operable promoter and
terminator. Such promoters and terminators are well known to the ékﬂled man who will
choose them according to his particular needs. For example, suitable promoters include

30 the 35S CaMV or FMV promoters, and the arabidopsis and ma.tze ubiquitin promoters.
Preferably, the promoters are constitutive. This avoids any need for external induction and



transformati on vector under the control of an inducible pronoter, to give

I nduci bl e her bi ci de resistance in the transgenic plants. Such

pr onot er %vb?&z&diﬁ? the chemcally- 5 i nduci bl e known GSTRCNGBYT02O6L bY
whi ch resistance nmay be switched on by application of a suitable

i nducer (such as a chem cal safener). ldgpcertain circunstances, the ability
to - . express or to increase herbicide resistance only when required may
be advant ageous. For exanpl e, during rotation of crops, individuals

of the first ¢rop species may qrowthe . = . follown ear, i he,field :
Lo be. cumsshatiheplaa is RepBeraty faleaat Rl er sxsistant iR raghepREsPRaging BeriFids, g 1 o
dest roy rl 'ﬁ?jr i ' "y . Tanpl ants. :
Indu'ctiom‘g%q%lﬁéﬁgﬁgﬁél ee%fsa%léqg: ngiﬁgghteg‘bgggr(&%?gﬁg %1 5 when her bi ci de
I esi st ang@ansfrmaionive@dr (idea the cdntrplisilan inducible pfodtictergigive Bidueibleof a '
herbi cide) may also be netabolically nore efficient in sone |

ci r cunst hebicidexesistaaceinghe transgenip planisc Sych promaters dnclysdsitheehemieally-onl y when
required, e o OUIt i nducj bl e_pronot.ers further .include the, . _

[ ot o indnaibie kRsoTL P8 TS Agter by pichTebiSatoeiihy B Toatched SR By eBFIaEn ot or
system rgal P4l t ' ncéle ne,
coppor ke SabRRANCc fh of ECRRPAlsalely; Itferél chroumstanc R TRIRP RN
ecdysone expresyuras incheaselkarbicideassistandertiniy wher reqairediaty be advaptageadsi dor No.

PCT/ G3B96/ 01195, . - and the so-galled A c _pronoter, as described in

| nt er nat iexampleduringtrotation pEerPps Mndigduals of the gy syopispscies gy growthe = | 5

particul arly .preferred . ' ' ' I . one he

Fagi ons ToloviRE e in B RIS Bk Tlvele ditFa kBB LR pedtl, ' £ BEDIERY b4 "

- Pre- qger gehr® degrdy thbdaindRdudd and still sksegfiblONRdhetedrhplahB g Iiuetiod O i des f or
resi stance to a post energence herbicide. Wilst the skill ed man does

not need harbikddé resisiance gene grpressien ondy wdhen herbinida resistencpdin cesjuirey (thatris,just

energence" _i's ant appl.ied hefore th erm patj ng seed.energes above the
soi | gsurg’ﬁ@é‘?aﬁ cg@n%@%c@% ﬁlﬁ‘fgﬁg’le@?f’ﬁ?aﬁ‘yézv& H‘?t%%%e t he ground.
Post enmergenc : ' : | | | S above the
surface 0 'H%?mg%k%ig&eesfﬁgsﬁ%r@% gglri]écse e?’g%l%?ggﬁ%y be

sel ect ed Shitable idtaciteoppmotersiusthenigclate the tetracyclifierintncibieiprometet) eheiac i de,
bromaci |, flupoxam picloram fluorochlorjdone, tetrazolinones '

i ncl udi ndastedal repressor/eRarator Bisterb Hieselucpcarticaid neerpiorgogethemwih j n '
EP- A-612,,735 ul catrione . DO | t | r anot her
11 ai ne vttt suse 8od elicyiif & bR Sropidhers biororefiaad difnd

i ni dazol icB@Bne tebé62bPaetBEBd ihThidAiatiGnal PaR6i Applitaien Nol PREIGES6/01198xazol e,
acetanilide, WO 98/ 20144

PCT/ GB97/20@ g@ao-called Alc promoter, as described in International Patent Publication No. - 3-

oxadi a'zolrygogg)i(f:,’ﬂmsphosul fonate herbicides described in EP-A-5 11, 826,
triazi none, ‘sul fonani |l i de, am de, oxyacetam des such as fl uthi am de,

) 2, AR 188 By R 14812

cycl ohexaompfisét bif thedolypeptide provides for resistance to a pre-emergence herbicide and at »
2- (2- Chl gr o- 4- net hanesul phonyl benzoyl ) - cycl ohexane- , 3-di one, )
2- (2- 2 Nil¢asbong ofitheiragions|REPGASA 198 FEstRiance &3/ PesiereRgante berncide Whilst the

Lo ! OB i s B e S BRI grbrd B IR A RBRRRM a9 PR DS,

any CONpRHReendd o nfeafif épplied before the germinating seed emerges above the soil surface, ie

25 before any plant material is visible above the ground. Post emergence means applied after

the seedling is visible above the surface of the soil.

The pre-emergence herbicide méy be selected ﬁ'orh the group consisting ofa
dinitroaniline herbicide, bromacil, flupoxam, pi'cioram, fluorochloridone, tetrazolinones
inciuding N-carbamoyltetrazolinones such as those described in EP-A-612,735, sulcatrione,

30 norflurazone, RP201772, at_razine or another triazine, ifniﬁothiadoiole, diflufenicon, sulfonyl

- urea, imidazolinone, thiocarbamate, triazine, uracil, urea, triketone, isoxazole, acetanilide,



I nhibiting a 4-hydroxyphenyl pyruvate (or pyruvic acid) dioxygenase (HPPD).
Wthin the 10 context of the present invention the terns 4-h'droxa/ henyl_
pyruvate W 982Medi c aci d) di oxygenase (4-HPPD) -and p?@ﬁp&w 2;9F)Fb1‘ayl |
pyruvate (or pyruvic acid) di oxygenase (- OHPP) are synonynous.

The post-energence herbicide may be selected fromthe. group consisting of
gl yphosat e and salts thereof, glufosinate, diphenyl ether,. asulam

bent azon, hial aphos, bromacil, 15, 6 sethoxydi angot her. cyc| ohexanedi one,
di canmba, o%egiagplefbe WPWB@%HWH@FFBR?%@@E‘B?@P%P‘,‘ 11,846 529089 or anot her

e oy SUSISNRL SAAA Bl A o] BUBCHBAE A ip R

hal osul fpegiRideSkikAn9TBS 6Rketone herbibided ttltde 3-(RRRirbANYifluckdHRBPIBEAzdyBEZ DX,
met osul am pyrithrobac. ri-nsul furon, -~ bensul furon; ntosul Turon, '

f onesaf esycldhenamegl $ehiémn, Kl H9201, ET751, carfentrazone, 20 ZA1296, . |
| G A0O051, RP201772, flurochloridone, norflurazon, paraquat, diquat,
bromgxyni | .angl(2-ChlorbefieaizmesulpitiyibentbA)cycloheiae 13 divaspi nat i ons of
t hese herbicides to which the pol ynucl eoti de of the invention is

oac? 0 which the | € | Ve
capable o C%-Sf-ﬁfﬂﬁ%—i—ﬁféﬂ%@f\gﬁgélﬁlb%%gwl( ??lo%%a&%-laf‘-mon% e

invention are resistant or to odat e anhd ‘di phenyl et her
or acetanal i de_type rbicides; (i, hosat e and/.or gl uf osi nate and -
ani |1 de- and! of SEYRATOPYHARE YK RePaty 4 uEene Ry ety rattatleoting

‘gl yphosat e and/ or gl uf osi nate;‘kéqi V) gllfyp,h,osgte and/ or gl ufosinate and

tri ket orkes theavaidance of doybleby ciriketanedistbicide” iy meant any eompennst capablefi nat e

~and a PDS i nhi bijor . fsuc t oungs..of  for - -l .depi ct ed
Dol ovy . mnig’s dyarophi P (OF pFRERCMA G R P: Wiif B0
pol yjpucl @ptdxd 8f fR)pré@nbRivesi@fithetéms 4-hydrol$ plé ffate ®F ppaivid agdy phosat e
oxi do-r educt ase (QSX)n 5-enol - pyruvyl - 3?' 30?pphlglsl%ﬁoshi k(li’mg?g1 sy?u h%t ase
( EPSPS) , diptygephser(¢tHPPD) andip-diyvtoxtyrphesylepyaueaté X Pyruvic acid) dioxygenase (p-
SUBSTI T EET (RULE 26) WD 98/ 20144
L SN T ) !
hydr oxyphenyl pyruvate di oxgge.nase (HPPD), glutathione S transferase (GST),
cytochrome ~ The pustemergenes herbiomiegnanbssalepsed fromad)e erpup consistingof glyphesats e

ALS) , hygi . i d dihydr,c ' h ,
ol y nii B RS, iR siph ) PREF abBAs, Sinlioot, IMRBRBCGRRRCE, oroyn |
ni trjsl as@ihoRPBtn ordRoiRE BfcisiRKahsHiaRe dchgﬁ  fobdinB! MEHe%im OpheRoxy Bﬁplecfrﬁé, gene

obtal nable from Al cal i genes eutrophus, mut ageni sed or’ otherw s
modi f i eduizaidfap bsansitherlaeylexy-ghenoxypiopanoalt; piclerent, fuoruietroh satmaing or fndtherene

i s, ARG S IR B, LTS R S RO, BASPEH yro may
giG?Ogg.iﬁ%Hic@(rﬂ.ﬁé %w’ﬁﬁg?n’a Itl%ﬁ%@%%@ﬂ@%@%&@gﬁg“;ﬁb

conpri sebehbulfidon, Iiigbo@ﬁliﬁdroﬁ,&bﬁie'sifdﬁ,i fhursglgtofes, KIE920p ST 151 pcdrfemtragdhegr € known
to result in enhanced resistance to gl yphosate (and agriculturally
ey Rerfragp

accet addl289, I A0S RF301 772, fwrpeiiprido pasAguat, diquatabromaxyni and
th [ Thr » P Al .. it . di to 174, 178,
175 "o e, Periarly praits oRpBRuBRt AR AMARI IR\ 10" o Lo
as foll Wucleotide of the invehtion is tapable 8f édrﬁ'eriiﬁ% resistance (d’rit& whidH the Hﬁts‘of%é’
(rii) y 173 - Ala (iv) Aa 264 - Thr

invention are resistant or tolerant) are: (i) glyphosate and diphenyl ether or acetanalide type

h)

herbicides: (ii) glyphosate and/or glufosinate and anilide and/or triazolinone type herbicides;

25  (iii) triketones and glyphosate and/or glufosinate; (iv) glyphosate and/or glufosinate and
triketones and anilide type herbicides; (v) glyphosate and/or glufosinate and a PDS inhibitor
(such as the compounds of formulas I-III depicted below)..

The proteins encoded by the said region$ of the polynucleotide may be selected from
- the group consisting of glyphosate oxido-reductase (GOX), 5-enol-pyruvyl-3-
30 _p_hbsphoshikimate synthetase (EPSPS), phosphinothricin acetyl transferase (PAT),

'SUBSTITUTE SHEET (RULE 26)



wherein (i) Thr 174 occurs within a sequence conprising contiguously Ala
-@y-Thr- | Ala-Met; (ii) Pro 178 occurs wthin a sequence co 5 si ng.
cont i guews banoyes - Arg- Pro-Leu- 20 Thr; (iii) Gy 173 occRSVGRIH %Eda
sequence conprising contiguously Asn- Al a- G y-Thr-Al g; and (iv) Ala 264
occurs wi thin a sequence conprising cohti guously Pro-Leu-Al a-Leu-Gy.
Additionally, the termnal Ay residue within the sequence notif :

G u- Ar g- Pro- AAL- AA2- Leu-'Val - AA3- AAA4- Leu- AAS- AAG- AA7-Qd y- |nareg|on

of -the @E@B&Bﬁ@ 55§mvate {69 deRSRRHPTY), gmtattﬁsehe SRARSeREe @esw shidie € 0

232 in e repl aced by either an Asp o Asn resi due.

~I'n one oAt RCOXN cztrbexsﬂmdey(mﬂﬂ)eoﬁnaﬂcdactaﬂeesynﬁgsm(mleﬂjcpmbm;@rphwuﬂm
enzyne has t he sequence depicted in SEQ.ID Nos.. | or- 3, or
al t er nawidase (Protoxd. by drapieroRts SInghase,PORYANMRE transpogiRrAteinse sHPsrRadet o

ol ne ditia i S SRatiae BN, piySenk SAERRE ROS) Fhfoleedl ¢\ ¢
0.3 St ng %%ﬁe% {aibRe Roth{AEdkenad é phﬂ.ﬂtai\dﬁhxnﬂ%&as%%&@&e?ﬂsu

hybrldlse e sequence deplicted in or 3
respectmuydifigd variants of the sm‘d@r@l@hﬁﬂmproduct of the said tfdA gene is a dioxygenase

PCT/ GB97/ 02996 . i;l

When t hehickés cappblieiof %mﬁl%PE"é’(ﬁ’?%??&E%xyé’rc@‘?H’éuﬂcE 232 ARdedhe ‘F%T‘?%B‘&‘} & acid

[y, f th
 const B0 UGN cSRUSHEFpOR S SN G IR Mt el 3 B Cat, L0
I D No. Hu&foHeR469900Rlefftivel gmﬁE@ ddditionally No ma3 beemumaes)aswmmpmed

t oget her and are denatured si rrultaneousl%% the TMvalues of the 5
s egleencarsina meidpubstintionsyat wertainpositions i are&emtm@sult wmr@ap@@freﬁlaﬂamgﬁ t he

hybridi sa nis formed u rreI tiv, ringe W th
ei ther % H%@ﬁte nd; MH#W&%‘@WE% Its ere(btﬁe#g gﬁt‘%gﬁgﬁ% ted
Thus ei fp&re rh\ﬁamlh\ée SSERNGEresondif 1B8171) ¥78, 173 first
bound tﬂ(i)at&g s%ﬁ%@?&%ﬁgﬁ?ﬁ rl sa ion is e?fect ed fgrﬁoa sl%fem fied period of
time atand 264 with fEpect & thecERSP odepietedincBEQID 86 [%aleftad asfollo@sst rengt h
citrate buffered saline containing 0.1% 10 SDS followed by rinsing of the

suppoert at tfik saﬁ@l@wﬂé‘?ature but with 0.1 strength citrate buffered
sal | ne. V\heré)t he Q’K d&atl on involves a fragnent of the inventive
ybr

A‘

seglrence sation condltl ons may be less stringent, as wll
be obvi ous t@gii} hegaki?d edidaran. When t he pol ynucl eoti de
conpri ses an HPPD gene capabl e of conferring resistance to triketone

her bi ci des, ()V)antAitea2@r1'§hr transfor med therewith may be subjected to a

triketone 15 herbj.cj eﬂnd VIS I sel ected on .the hasis .of,a_ )1_ g
di fference b¥hGHEEMI T#éf Sequeé’ﬁacﬂlgﬁnflpéﬁg? yrﬁ?eﬁ?aﬁ when
subj ect g fQ,. gﬁgf‘l%afﬁ &%{ﬁ' v@itﬂﬁ a stQkEhck BSmPASing contlglfohﬁ'S*Sl\f‘IQtLWPinL@ﬁ—' al

may becone ani ay white when subjected t0 the selection procedure,
wheg@easThi) €ii) Gy $ 73 beoetls withiar 4 sdquemoe dmaqmsmgmmngudwiy Aan—éda-ﬁlyﬂhg-rﬁelen or
may remain

% een, |ikewi se, when subj.ected.to t] el _ect
pr ocedudng (ighla 264 occurs V%@%PFF@P“%?Y%BP%{‘?& CRftiguAps bgF‘i/ﬁEE‘lpéﬁ‘tlleH ]é'f t he
i nventi ggd{{ ﬁﬁﬂﬁﬁ ghe[t%m#;ﬁf égfsre"sﬁ% Qthin the e@xﬁ%‘%@ IYdif OGR4 Cgtebe -anaRke. of

provi di tance or ce to 1nse

desi CCaLé@VaﬁMﬁAAMB@&-A&ﬁM—M%GEy-\in aatgibm Lt BRSPS ehagmpr ot ei ns
‘encoded by such regions are known to the skilled man-and_ inc|ude the

del ta ecmitesporiding mlmmmng @osmgns h%l EnEiZinSRQ ID No. 9mpay beogplagedbei ns
from vi rg_;ses for n%"? The pol ynucl eoti de nmay conpri se
seqéiencEieran 4sp ox SES ‘tfuous with the said regi ons, which sequences

encode (i) a IPER Gt driiso dibf beithe paiRARtISotRIe, ih%rregbh @Hcdd'iﬁ‘% the AR khBfne has
products of e regions to plastids such as chl oropla m t ochondr1i a,
other othgab@lenesdepicted in SBQAM Nog! 1l onvilok attemmtuﬁedy xs(don)plmentanyao ohawdiich

transl ati onal enhanci ng sequences. Suita
when incubated at a temperature of between 60 and 65°Cin 0.3 strength citrate buffered

_ saline containing 0.1% SDS followed by nns_mg at the same temperature with 0.3 strength
30 citrate buffered saline containing 0.1% SDS still hybridises with the sequence depicted in
. SEQID No. 1 or 3 respectively.



‘targeting sequences encode chloroplast transit peptides; particul arI y in

the case that the 30 herbicide resistance conferring regi (J; teI Yoo
down- st r¥Q®#8@e144t | s an EPSPS or GOX enzyme. Transl alr%g‘ﬁ xpre‘SS| on
of the protein encoding sequences cont aLSned within the

98/ 20144 ]
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pol ynucl eoti de may be relatively enhanced by incl uding known non
transl at abl € Whai stetestemdlinventive sequeacssi angdetddaemmukdﬁhe niicléibacilai d protein

- encoding regions. The skilled nan js ver, mliar th s
R enhanlzl ?@nsrg@uew@stestmq‘le,qm ﬁ&f%@lﬁhﬁé\{ 'flyl‘bl@"ﬂéhlp\lég I&E’éﬁ?ﬁ@ Sf%’rﬁ’cgﬁQ ID as
onega, d one n lia,
Promt naodreanncd” Ty o i dhe % %*?ées@qﬁgr%?%u%ﬁéeaﬁp%eﬁfgmg?qﬁé s,
such as {haf silieddds) J@%ﬁé@to@%ﬁx’ér yhd A8 denatured sithulteoliSly o@e 'T’M%ﬁmes Bﬁtﬂeng
regard to t'he ‘expression of nucleotide sequences in planta, to fy
t he sequrhtaresmequtfemblynwithind 6 ef eash otheabMore praferablyrthe hgbmdisatmnaace to

- herbicides. Accordingly the |nvent|on al so,_j n¢cludes a pol ynucl eoti de as
- i ndi cat eneriopned) un@mrela ively signgsnt ¢ap ditiamss vith ejther; EECSFTNVF%‘{%SHV‘?QC?S

motifs andfor {BLLUIL oS, GIPHEE oS i A or IEPRNEH seflonl MreREBAPT o

ssron-o

pol ynucl gat E(gﬁld'ta a%uﬁﬂ)&f‘ hnd’hﬁérﬂﬁsaii‘éh&é effédted for asbstifiad peied 6f fimbavi ng a
substantially simlar activi télfunctl on to that obt ai ned by

expr essitempefaturk ef betweein 60 @dd 657G iny Betrength citrate huffered saling epatainingital %hi ch

the protein encod] of the nodi d ol ynucl egt i de ar .
endoencti?d foered eriptk pEgesHBRot H R ESHA HETBHFN B YB01 O hatFRgh ciete
conpr i sgg, el 5 Wik t 8f the V¥ sERIHBE nd he
protein enco%d]énaglgnréegl oﬁgtﬁmﬁdﬁﬁ&?ﬁ]wi@mdl | edngJI ynuc 1e0ts|9cg.{§ and [ike
protein lgflﬁﬁibaﬁﬂn eeglitions raaylbe kss sisingentpad wilhbelobwidis to the skilled hnsai d pl ant
and encodi ng substantially the same protein is |ess than about 70%

The inventi OWﬁ&ﬁK@é lélﬁ%c@niéﬁﬁéﬁnHPPDr e%b'&ﬂpiﬁl'@oﬁé&r@crﬁﬂ yésahmet i de.
The invention stil urther provides plants onprise at least two

nucl eot i @earik&onskerbizides splentomatierigl tpansfmmd thexpwiih mayfbe(xubjeetqdl tng tnbetpset ance
to at |east, two herbigi een r egener, at ed

d
mat el5i al W&? and yially s¢ ?%%%PB%WSWWW Fieren "378( thstrag °6‘Pe ect or

of the i W8 13shn-

i ncl ude %‘ %Sf %@Hﬁa@é@%@ga ?@gg@ﬁﬁrﬁngﬁégﬁﬂc d,&gr a(t:t erium nedi at ed

~ transf Orﬁ'ﬁsfcﬁﬂxed matenalliﬂié}’t IsebaRtantisaysiitehénsubjainéd orthe kaledtivntprecqdues ence
of pol yethyl ene glycols); sonication of 25 | ant tissues. cells or

pr ot opl awh@reastha tmafpumd:mnmabmw bpmzn@mhyﬁ 5& lageritera, gregng ppmay remain

i nsertion of nucI eot |4j§)thn ot ent I ant mat eri al (opt ionally -
enpl oyi rgeEhd! ew’ e, %ngqt? o 53{95 °W°§?< t echni que) ;

el ecyy opor ati eruﬂﬂa' etnli'(?odliﬂlgﬁt of?ﬂ@pél&ﬁﬁkﬁé&fm the mventidﬁfﬁeﬁx'dlﬂ,‘@a BiréHet Segion

i nclude small grain cereals, seed crops, fibre plants, fruit,

veget abl egpding a promhaa:apabiemf pm\aémgahejphanewsh TéRIStaTice ir mlblympfr tefipsectsy such

pl ants include soybean, cotton, CGO, ar beet

canol a, dssieation aid/eRfupgalbactaripl °f 8%&1 eChpRS, | PTP@EQSLFE’@A‘?@?)&?CE regions
wheat , pZ%r Qpﬁ% (55 ége ashcﬂﬁ'&%ﬂﬁ? m&ﬁ%i%thé’@%}azeéﬁ%xﬁf fiony BJc?ﬁzﬁ%uQ@lﬁﬁszs antpar

cane,
PCT/ GBI 74402886 roteins from viruses, for example.

25 . The polynucleotide may comprise sequences 5' of and contiguous with the said

regions, which sequences encode (i) a peptide which is capable of targeting the translation
products of the regions to plastids such as chloropla_éts, mitochondria, other organelles or
- plant cell walls; and/or (ii) non-translated translatiohal enhancing sequences. Suitable
targeting sequences encode chloroplast transit peptides, parti‘cﬁlarly in the case that the
30 herbicide resistance conferring region immediately down-stream of it is an EPSPS or GOX

enzyme. Translational expression of the protein encoding sequences contained within the



-7 - rice, pine, poplar, apple, grape, citrus or nut plants and the
progeny, seeds and parts of such - pl ant s. The invention_ -
'stiTl fustdnesizopsovi des plant material which conprises nucBGHGBRI3996 _ '
sequences conprising regions encoding gl |east two proteins capable of
conferring upon the 5 rmaterial resistance to at |east two herbicides,

with the provisos that the material that the mat eri al does not contain
a pol ynucl eoti de which encodes a fusion ein conprising only a

t
5- enol. PRlynusicatide maxbpredasivieky erhaaced Mt weﬁ@gqg knavapry Ha@rslaaglleatyaaﬁlmiewé S

| f o i) .khat i terial d '
bot ynuEHBBERECRIPER Sorhibt Sl Bl h WefREE atons iR SRlcARB B,
di smut g@ﬂg&m s@dtfleratitinl BhqeRce, WhithSheluas ehel THAR)-defivéd Seqhibiitles khowd 0

mat er i oes not: contain a pol ynucl eoti de which-conprises only regions-
encodi agorfiéde, andlomega ppinesgweld asiother sequendes|detivabis,fisreasitial f26i) the aegiorsi v) |

. that when.the plant fromwhich the . - material is derjved _js sugar beet,
L heb he? Rt YHEL Fat FRREINGTICOBNg FEHECt A 49 e QfaHEd Obpregrbtch vinkh (
‘conpriges. . are.no | el. P : . JRL S - tarial, my be
¢ egenchanmabs EARE b N R to e sltidssion of myeleotids seadpEed BAihA) P 70
-known k@difh%@éég?&t@.ﬁs BRebding koWl BictsiheehpableasticoRfbrifg rdshitari®eeri al , at .

- | east one ~ e regions encodes a protein caquT’e of conferring '
‘1 esi st berbieides. dcpomlingly thpsinventiopadso includpsa polyindelcotidriasaindicagtediabowe but t he
regi ons_ encodes. a protei.n_capabl e..of pravidjng.resistance ta a post -
ener geWé{?gt‘§lﬁl§’%Ffaé"15g‘P ﬁ@%ﬁ%ﬁﬂ&ﬁ‘@w@&ﬁ@@&a% 15 AB8ARY Htci des have
be 1S hdek ol b [ mul tiple :
el cTomeve G AR prARRUe codip afclee 38 il bxthestiof BF AL E o Bicd ™ & (or
parts pdlgneadégtidedna plan yixjdesubstanfialihsimilar proteindmving aosubstahiiaidy siplikant

.conprising a polynucleotide encoding a first protein capabl e of
conf er aqtivify/ffungtion a thatiobtaingd bxexpressiongfdhe ypmpdified pobmucisotide iniech

i a_ . . | eot i de. el ' t.ei o] f :
cont er pnopde B I R eE G i 1 e e R LB ARGt  part
of t heeRiRREAGA! Wit khe SFopls8ithadf et abligiRe p@Erd%QFeBﬁQé 86mpHsesMitSt ance
conferring genes are (i) an HPPD gene and an EPSPS or “GOX gene; (ii) -an
HPRD preferpdredoms) the degTeeafiidentity ibetwegn dSTpngtsie cogndlingregRERSVIGOHX theene; (i v)

EPSPS/, GOX ea .2 PAT . (1 . HPPD , GO
Epsps Hefied AR racisatde HElify piplei cheodiy i sndestaniny SUmRPARS, Epsps
gene, g:%\'s%igﬂaeﬁgg{lﬁ%Htgtgﬂrgg?\?os%ﬁaﬁ@ﬁ{e%ranﬁ%?gém is lessaRgl{ gf,om@wene; (vii) ),

the tf ain rom.Al cal i genes eutrophus and an 30 EPSPS and/ or

_ \%)ng/n%ﬂ 4 ;I' in%r_]eg i6n ﬁE‘Bgr Ciifes la@e@‘tgg Ecgr'n&qsﬁgﬁ{le _s%ﬁd %Jo ()afrsn?clggn ei. n.at ons
PCT/ GB97/ 02996, . . . - - o -8

may have onéheinvpiien gill frdeRBrayidss plaseHBichcoppgise at lspstawaayclegtige ox

anglf or . J t 3 ' LS, ls | an as

o1 20 <> BelS Bfoding promti caBaB'c? cBhfiridy LB b aledd blo BRRIGIARAA" 28,
of selwhichhaby bévepierited froneaiaterial whichelag been rardfdaiedswity theeeds and cr op
plants, wherein the crop plants conprise (i) a polynucleotide 5

conpr i palympclgotide 5 veetor @ﬂgﬁ invegtion. dmnstarmgtian techriqups aneevell kegyaard of
conferri on_a, pl ant Lo,... . tissue.conprisi dt, resistan or..

toler a’HE@_gF Baaxq}dlprpgihaﬁg%?latﬁgmaﬁgngtl%%agch i"ﬁ’ﬁ"’é‘?ﬁ%ﬁﬁi H@n&gmatf’;f’ %second
Pr ot e ghotdpkAttra iaRatih Toptiofly if thd fidsdiRe bf baEtylee 3IARH)N doitbtbble.

25 - plant tissues, cells or protoplasts in 2 medium comprising the polynuéleotide; micro-

insertion of the polynucleotide into totipotent plant material (optionally employing the
- known silicon carbide "whiskers" technique), electroporation and the like. The transformed
inventive plants include small grain cereals, oil seed crops, fibre plants, fnnt, vegetables,
-p'lantation crops and trees. Particularly preferred such plants include soybean, cotton,
- 30 .- tobacco, sugarbeet, oilseed rape, canola, flax, sunflower, potato, tomato, alfalfa, lettuce, maize,

wheat, sorghum, rye, bananas, barley, oat, turf grass, forage grass, sugar cane, pea, field bean,

SUBSTITUTE SHEET (RULE 26)



provisos (i) that the polynucl eoti de does not encode a fusion protein
conprising only a 5- enol - pyruvyl - 3- phosphoshi ki mat e sy. %@%ﬁﬁﬁ -
(EPSPS) W@ 9828144t at hi one S transferase (GST); 10 ~(ii) thaf -

pol ynucl eoti de does not .conprise only regions encodi ng super oxi de di snmut ase
(SOD) and glutathione S transferase (GST);” (iii) that the pol ynucl eetide
-does not conpri se only regions encoding GST and phosphi nothricin
acetyl transferase (PAT); and (iv), that when the crop plant is sugar
beet, t herideppine giopéars appie; prapescitves draiue plntseanddhé progemyg sepds asd parts ofishicich it
conprises are not solely EPSPS and PAT; -or (i'i) a polynucleotide conprising
at. 15 - | epleats.a first region encoding a first protein capable of conferring
on a plant, or tissue conprising it, resistance or-tolerance to a
first herbi ci dEhe mventionpstilyfuntheeprovities ptamp massriad which comprisepnukcleiegicizin
encodi ng a second protein |ikew se capable of copferring resistance to a
second. heYeAVENCELCOMPRFNg F@lwmg&g ef f‘eaftﬁmo H?H'Eslfﬁcﬂa%hrj% pEeAnfersing pen tag

encode a fusi.on . ) Of, €l [ . .
5- enol’- pyPBEHR. S5 RBE p{?oatst %agtl m&%%&%&% )éh%f:’ﬁglﬁgf that the m ajﬁn?lgﬂ“uttﬂé? hi one
-S transf epa88al(dees hot £dritdin bhpdlyhlidedtitleywihich eAtddés a dasion PRteif @ORpHSIBg @Rlya
regi ons encodi ng super oxi de di snutase (SOD) and gl utathione S .
t r ansf er as-enql@8Tvyl{3-phosphéshikimate synthetase|(FREES rand aigluththione Sttrapsierase se

hi not hri.cin. ace ransI erase

. | i ¢ di GST h tyl. t
OB S S et e matal feRon BOwRR A belgnikledtikinhich comptife bpivcegipns

resi stanc . rdi’s%ﬁa% r i ' 1 not
solely Eéﬁg&gﬁ(ﬁuﬁ&%ﬁ?he met ggb%ﬁg%%%??l?ﬁé@appf#%%{ on fgﬁfﬁgfﬁeel d of
at | epst el ddebenct @bntaiied polghuatdeotide valtich oomptises only fegidns@nesding GSqoaridr ol
the weeds without substantially affecti ng(the crop plants. The herbicide

r esi st ancrhosphinethricinpcgtyh trgnsfeipse @A)k sad (ivdribatsphandhe plsot framcwhishithre s

B o SR i o R Rk o AP S AR e
conpri si r;gp@,g%&gq}é’ A6t sty BesPs ahd PAT.9l yphosate and a triketone 30

her bi cide I n anount sufficient to cont rol the weeds w t hout
substanti al | y dFiecmaterigl mhy be regenenated iptoemoxphologicallfy motrhelr fexiie wdioteeplantsf

fgg / cngé)g ?@Qggd’ L gles k%lo%v%tio%ﬁehgk?ilgc? m%g.n ?r? a %pe%gr?'éé] gmggdiment of the matenygl? a9t {a%to c}rf'e4

EPSPS . ' |G
method Ot SRS EENRs 0B RRHIR T pte i RSl 1] B
gl uf osi natiegbicide, andf atédeoneorhe regitis enicodes a prioksin bEiablechf pgrévidivigassistandd toi ns

genes encodi ng an EPSPS and/or GOX enzyne and ,a _ -phosphinothricin
acetyl t rapest emargsnesypa herairde.cfughprotaim encadingregionsprd berhigides hagpbeatat i on

to the field of, gl yphasat e..and gl uf.osi nat.e and _atriket one,herbjcide. In a
further discus ,_ ﬂ?ﬁeﬁ@‘eaﬁllfeﬁé"%b\“’ﬂgﬁ°°§w§e ﬁ‘!agm t(‘,péﬁ_ﬁ%rl%}%degrgﬁlé Ehcoding an
EPSPSian deiferf tegéons rﬁﬁ&zugﬁreﬁékﬁ/iﬁ’ Elﬁ@d’& %91’@ ﬂx‘éﬁe‘&ﬂ é‘s'arhoﬁthé sfanef erase
and a gl utathione.S transferase, the met hod conprising application to
t he fi el dcrodsing ofihiirstiplanteuhiprising & polyinneleetidemencadingrai firstiprotein capableofci de *

such as acetochlor, for exanple. .In a.further epbodipent of, the nethod, the
pl ant 10 COREFTTIAE FRSistce 0 e%s:&daeﬂgc R Wit %Fgen%aﬁg WPICR CORPFISES £PSPS enzyne,

P h e 2 ; \ . f
hor bi oi dalyarelsofiE BhdilFs SBhA GRS eIk B confBtrihg Hesifaidc B! sebthd YP©
enbodi merkerbitide lfseerthé boskrinidital Pastivf thoappication)e Pesfefrbd Osthbigiations oftHebicide

product of the tfdA gene (optionally codon optim sed)-obtainable from
Al cal 25gerrgsistance canferring igemeszanel (i) An Eﬁ‘ﬁ%& enfornsrandZBS Bfhoy GOXrgeneni/anHERR

, the h 5 i Sd |i ' he fi.eld d
ol y phos at BRAEH BPAR Benss (RO ST aprbrang S EPSHRORX Behet 67 p BpsEstyrhcene
hyt . b f ' '
ne. or ot e AT R () D B O e ™ R A TR T
gene. " ACCase gene dnd 2P AT rahd/ou BRSPS genef @iy £PDB genelantenP AR andfur ERSP&ENL i ve -
met hod, a pesticidally = ) ) _
and/or GOX gene; (vii) ), the #fdA gene obtainable from Alcaligenes eutrophus and an

30 EPSPS and/or GOX and/or PAT and/or PDS gene. In addition each of these combinations




effective anount of one or nore of an insecticide. fungicide, bacteriocidé,
nemati cide and 20 anti-viral is applied to the field eithe | 0 or..
¥l BhdrRaods”.

after apmwosesaoien to the field of one or nore her bi ci :

The present invention further provides a nethod of producing plants. which
are substantially tolerant or subsBanti al | y resistant to two er nore
her bi ci des, conprising the - steps of: 25 (i) . transform ng

plant material wth the polynucleotide or vector of the invention;
(1) sehgehiioddth héteDf HetRsbieideRenesveplatad by SOD, protox and/or ALS $en)e. _
regenerating the thus selected material i1nto norphologically normal fertile
whol e pl Sunthsplants are referred to inlthés gpipéinatsoncds plargs pfithennvemtionay optional |y be
obtai ned by a process which involves 30 transformation of a first plant
material W t hTge fHvestioAsPineiudies b stiiddoroRleeiiélg CohtAEIliag WeeBSH: a field

SUBSTI TUTE SHEET ( RULE 26) . WD 98/ 20144

PCT/ GB97¢dd@tiing weeds and crop plants, wherein the crop plants comprise (i) a polynucléptide

and transforpation of g secqnd pl ant terial, with a secqnd herbicide

oS <t aneRARE At At a Srst roE 0 SOTALIE 4 L RSP BRANT Of FAALEHaE OP ARIRTcR o
material ..jn eri.l | 8 arhinide P ' ants
o r esul Bk SpnBhthg &, sl bE i aaiinom Mitherticiac fid  fRbd Regiln tidSaiie

her bi ci dgsdcBfd proréifiSikewisecapaBlé bpeuriferying hesistinicetto anedond Ifeisicide, whh ¢ al. may

have been prior 5 transformed w th pol ynucl eotides conprising regians
‘encodi ngpromison(i) that thegiolynuglsotifle ders not encade<i fysign proteis somprising gnlvedi n, an

nsectici dal CiofL | . v n,
i or st B SisheoAte Rt Rkt GO s Mol S pnptr BT
tol e{@ﬂCﬁi) that the p lynucleotidd ABed ANRQIpPRe Shly!regioHs EARMINY Qe Ricldifinktag: Of
t he pol yhucl eoti'de” or vector of the rnvention in the production of

pl ant . t i (SQRpamigintathiome $irahsfepasa(GSTn Gii)rtHat therpolymicldotiie ddds napcampsisg i )
which are substantially tolerant oy, sybstanti all esi t to. t or nore
ot bi . ey Tegions encoting GSTrsd Pherahep Ut S rabethese Brbb) abd Gvhdbdtee of

the poly tide . k i e rhd IAQE) 1] ' of a
ner by ci aanon S Sphe R oot i Merbipide sl P oiblin{ b ALY ehd

pot ent i aivhitRibédmptass arkliit BlelycEPSES aatPAT; 6:0() apelpiuclebtdpcdniprsihgat | de
may be heterol ogously expressed in E. coli_or yeast. 15 The
i nveht i oleasstaifirst regionieagoding p fustprefeinfiapeble of eonfemngras splgntapr tissie

pol ynucl eoti de . conprising the s nge .depi gted,in SEQ.ID No. .l and

Encod! ngtPEEn e Sanee o ol fo &SRB BE Bl i eriplios supBrisfe

conferri f&oﬂ&f&’gidﬁ% t%dab&‘in? RS BEHEPrbRin lild\RseBdpablealf cORBrides resistantEfeer at ed

into nmorphologically normal fertile plants using known neans. In a

parti cul secbyd herbicide; efithrthe provisve i) tisat thegpolyiesl¢atide dber muencodesafusionhe

.pql ynucl gr%%e.lir(lj gor\rllwx_;;igigg gglgoadf-gnoal-g)yrrgwsﬁlBerhosphoshikimate synthetase (EPS'PS) and a’
20 glutathione S transferase (GST); (ii) that the polynucleotide does not comprise only regions

encoding superoxide dismutase (SOD) and ghitathiOne S transferase (GST); (iii) that the

3

polynucleotide does not comprisé only regions encoding GST and phosphinothricinacetyl
transferase (PAT); ?.nd (iv), that when the crop plant is sugé.r beet, the herbicide reSista.m;e or
tolera;nce conferring genes which it comprises are not solely EPSPS and PAT, the method

25  comprising application to the field of at least one of the said herbicides in an amount
sufficient to control the weeds without substantially affecting the crop plants. The herbicide
resistance conferring genes may be present on separate polynucleotides within the plant. Ina
preferred method the plant contains genes eﬁcoding an EPSP_'S and/or GOX enzyme and an
HPPD enzyme, the method comprising application to the field of glyphosate and a triketone

30  herbicide in an amount sufficient to ;:ontrol the weeds. without substantially affecting the -

crop plants. In a further-embodiment of the method, the plant contains genes encoding an -



20 having a substantially simlar activity to that encoded by SEQ I D No.
1, is complenentary to one whi ch when incubated at a t of
bet ween G'WQRW%ferr] Cin 0.3 strength citrate - buff erggggﬁ?}#eﬁ‘ -
containing 0.1% SDS fol |l owed by rinsing &~ the same tenperature with 0.3
strength citrate buffered saline containing 0.1% SDS still hybridises with
the sequence depicted in SEQID No. 1. 25 The invention
Wil be fEpEHEEnEBPEON0 Endynadd ephasphipotiiitin @6ty thinsfRadeptiRnéthod
~conjunction wmth the associated figures and sequence |istings. :

SEQ | D Nocondpristimg\sppdicBtisn toctha fiebdbof glyphaosatedndrginfoSinatec fros figthes embodingnt lof
encodes an enzyne (depicted.as SEQ | D No. ZE Eﬁ in t% ctivi.témgf a
p- hydr oxytB8 od, the plapt copiains,gengs gnepding. s EBSFS and/or ENAmYBROH 144

From Poo klGRBRRg Lsip 265y pnsteristehd o APED bR o sbeB RSB,  °C O G

an enzy e, enid ®dhe SieEs? difpHitatedhd pufbsigateA8d a triketafit h¥ibidid®fn @ further
p- hydr oxyphenyl pyruvic acid di oxygenase. QID Nos. 5 and 6

SE
depi ct onembadiment oft the meithidythe plantadntainggensy ancosing arPERSPS angfor GOX (see
r-eference.-to HPPD- P4 and HPPD-.REVI bel ow). whi ch, we sed to isolate SEQ
| D No 3 f¥Ewmes@ &&&%mln@ghmcefy?mgfme and SE@?‘T‘%%S§ transigrasegtne, o
al so synt ' Fordll I | ; No. 3
cequense el cpitFriRigERReldncld HERRETRHOSIP R MY Fbosinaty st WD
t r ansf or nigdrbiefde such ay aedtevhlor, fd? example. In a Sither BrYodirten lnf e mbthodthaplanci d

sequernice of an EPSPS enzyne (including chl oro%hast si gnal peptide)
f r om Het ugdnains genes encoding G'zsenpd 2 PAST apd/gr EPPER epzymerthe siethod

pol y-1inkers which are.inse i NEO cted .. . ' 0, ble the
product i 0??%1?“5&%@{3?{5‘8?%“ EOO% ?ll%g %a frlruﬁﬁtfobltgﬁ%g?{gém%ea%l@ g}og?“a{e arid/t
conferrin el CruRRérirbsiment dfthe method, He(Plag chnfidVgends EXddAIRL | C
~di agram o?y?ﬁoga% gﬁ%es(t:ﬂ(l)lnpr [ ésIJiQ"lng themsltegue“ﬁg:nee doepi (;gjeld i nn gEsQ | D No. 3,

in which theapesuspefithe ¢&d gepef(optienallyrcodonl eptimisedtobtaingbleifram Adealigenesy at
nucl eoti de 15 and end] t cl I de, 968, the s nd starfin t

nucl eot i dg4rOPHug @fhﬁ?gsgm or &B&@B? ?*Jea& SBﬁﬁchnleé‘eﬂﬁi‘Fl”ge@?%rti ng at
nucl eptid J:hg# | ' | r%lf'@ I N The

Fi gurgstal "gs\oo S 9\@%@&%@%%&%&@%géédg%n?gﬁ%éf avx\}d{%l tohgasqugbﬁcae 20 .
whi ch ar ehezbigidab ihéisitdr\of phetoefie désatypasendn additish gach efthese @nidihaiddssnay’haved
8. Figure 2 schermatically depicts_ the production of a 4-HPPD :

cont ai ni nepeIranereof pheherpisideiensetapiaced by a2 SORyprotpx /Al gFred DNA
fragment of Figure 1 is restricted with the enzymes Nco 1 and Kpnl ,
then |igated i htopativeltlyprefaridBenbodiment oftis invemtivennethodicopestiaiddllKpn | .
![: Ir gﬁ;? Ofn%f?chﬁe Wgﬁﬁ&%é;&m{féﬁkgﬁg&g&xgg f\snrll.g%\cl:\fdggbarc]:(t)evx\!iotczpd%, gémagtgcide and

20  anti-viral is gpplied to the field either prior to or after application to the field of one or more

herbicides.

The present invention further provides a method of producing plants which are
substantially tolerant or substantially resistant to two or more herbicides, comprising the

" steps of:
25 @) transforming plant material with the poivnucleotide or vector of the invention;
(i)  selecting the thus transformed material; and

(ili) regenerating the thus selecied material into morphologically normal fertile

whole plants.

The plants of the invention may optionally be obtained by a process which ixivolves

30  transformation of a first plant material with a first herbicide resistance con_ferrihg sequence,

SUBSTITUTE SHEET (RULE 26)



25 erigi heered to contain the 4-HPPD expression cassette of Figure 2.

Figure 4 shows a schematic diagram of the clone conpri si ng the SZ{%@ECG
depi ct ed W 9820144SEQ I D No. ‘1. Figure 5 schenati cal | y depi &

production of a 4-HPPD cont ai ni ng pI ant expressi on cassette in which a
PCR edited DNA fragnment of Figure 4 is-fl@stricted with the .enzymnes
Ncol and Kpnl, then ligated into a vector (pMIBl) also restricted with Ncol
and 30 Kpnl. . WO 98/ 20144 _

PCT/ GB97/ 02996 . -

Fi gure 628f nggﬂ%}?ﬁ‘tqf@aﬁefgpd[%%mc%%tg uw’tﬂll%ﬁecofn d herliuétg%{e& ISPRCE § o?&éﬁénéj in
Agr obact M;é ; egbﬁmt BRYF &2 tﬁﬁﬂtrﬂlsf&nldﬂ%ét@ﬁ&l 1ﬁﬁlq'értﬁé whbRSThlS afd BbsE and
pGST- %Edl ' - Figure 7 shows GST activity in transforned

t obacco pelijmadbe df the plais tohresuit pi'egenyaavhlch comprigesrtotigthessanl fipstypid seoonhr i g
damage to wild type plants and a foI | ow met ol achl or
treat rrenthedlﬂﬂdﬂ%l%&gﬁﬁs R]g&eéjrs or seeqpdy rgatgnplsmgy hays bsen prer

pl asm_ d pDV3: puc

i gur & 1 RSOl with polyey c*eoﬁa%ﬁtv’f&rﬁrg?wﬂ?gnﬁeﬁélﬁﬂ o OB Rl
fragment ré@stm?c@%@ﬂfeﬁﬁﬂg&j)ﬂ@dlﬁ,%n lase%ﬁbxdarmmtam @tlcﬁlﬁg&?rd)teinoa@hﬁl-irﬁaland t he
junctions are sequence to confirmthe presence of the Ubiquitin

pr onot er ;protein, and/or a Fiotgin eapable of confarping tipen a plantiimpreved desiccation tolermiegur e
13 is a map of plasmd pl GPAT; Figure 14 is a map of

pl asm dpCAT10;Thk3nvention sfiil gmttl@erlﬁowdesaheaﬁe of thb pel}’ndclp&klé drhvector of the
Figure 16 is a map of Iasmdlo f; re 17 deplcts part of the
pMW1 pl admvention in the production of plant tissues and/or morpho ogically normalfgrinewho @ 20

o100 Pkl hichar & aﬂ?%%?t’f&%?? B9 e BRVRE: b Blrpleides? e

resi st ant pI ant s. e acid equence of . 4- HPPD puyr.i f | ed
from Pseudonoﬂ@flmﬁﬂt‘%éiﬂﬂw 8’7‘3)’122‘5 the nge 8f YPW!S%‘F‘FFeOra‘?"MQ}J

carbon s g’g‘;ezc‘ﬁﬁgﬁl in @g%\'\@dutch& ok 5 hBibiGHaIFhr get E)F Fhe igh BB @E@%ﬁo screening rog

202(2):4 sequence m dun I er's

desi gned ﬁ&ténﬁaﬂ%erbﬂéﬂte@ hThe DRIA Fih iehdoding ﬁgﬂﬁtslwthd ﬁtﬂ?lmﬂldbhﬁe eyt of the

4- HPPD géne from genonic froma different bacterial strain
(Pseudommlbmbsmsedmaﬁ'rcmwyﬁ The skilled man recogni ses what
Is meant by the term"mninmally redundant priners”, the redundancy being
reprasent ed byrhedbiesntidn istil dlueher 1imiuddsqalamqmmuct&msﬂnmed wath Hpdlpmcléatiie

exanpl e of each of the respectiyv nmer respondlng to_a 5 and
3' | ocat icempringithe QGI%CWF“SP&%&}‘ @P%h aleﬁc Bk 2 djoxxeenasey figis may 5ng

4 be the only herbicide resistance conferring gene within the material. The material may be

regenerated mto morphologtcally normal fertile plants usmg known means. Ina partlcularly
preferred embodtment of the transformed tissue, the polynucleotide which encodes a protein

20  having a substantially similar activity to that encoded by SEQ ID No. 1, is complementary to -
one which when incubated at a temperature of between 60 and 65°C in 0.3 strength citrate
buffered saline containing 0.1% SDS followed by rinsing at the same temperature with 0.3
strength citrate buffered saiine containing 0.1% SDS still hybridiéés with the sequence
depicted in SEQ ID No. 1. | '

25 " The invention will be further apparent from the following description taken in

conjunction with the associated figures and sequence listings.

SEQID No. 1 shows a DNA sequence, isolated from Syrechocystis sp, which
encodes an enzyme (depicted as SEQ ID No. 2) having the activity of a p—hydroxyphenyl

- pyruvic acid dioxygenase.
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Prinmer 1 WOES20M4\o. 5) which is a 17mer is designed from Jﬁ%ﬁﬁ%@g’g of

t he sequence of ami no acids 4-9 efllt-he published protein sequence
(see above) and Priner 2 (SEQ ID No. 6), likewise a 17ner,  is-
desi gned from a know edge of residues 334 to 339. Primer 1

8 and pri e SESTRBR 3b0ys p N Kiknadice, Jsotheet ol Predddelins Spea77 g 7O
CTTL T/ O Gk oG dleSHidesG:2 1790 2090 asioaria eatyrblidpictd £sSEQAMINGSs )havity thes

prepared using standard protocols and nixed with 100 prnol of each priner.
The ni xt aetdvitysof a p-hydR@Rphenyl pymuwit dcdbdiogygenape.usi ng a Taq pol ymer ase and
ot her standard reagents under the .~ followi ng DNA synthesis and

di ssoci ation RYIHIMRSS5 and 8 depict one fordfahé hfininallyTedirtianbSineietic@CR n
74[err]C x 3 mm EI)'he anplified fragnent conprises a region
cont ag ni Egn&rzc(xdereferfenwndHEPB-Md HPBD-REV1 b&ﬁmﬁtwmgh wetowseditp dsalath SES)
end of the _codi ng region of the 4HPPD gene. The PCR product 15 is blunt
end cl oné@Nﬁ%ﬂ?@ﬂlﬁﬂ?@F@@ébEW%ctor pGEMBZ-f (+) usi ng standard |
procedures. *  Partial sequencing confirms that the_ cloned PCR
fragment is 4-SHOPIDNuscTfand 8 afthalso synthetipPCRqpuimers whichowerensed tomodify the
several discrepancies conpared. w th sequence ppblished .in Tespe of
the Pseu@&%ﬂ%%- SPANEDER SO Hpt gf&“@*ﬁ)ﬁﬁ‘?m‘?ﬁt&"&ﬂ ﬁxﬁi@l{%ﬁx&t{&ﬁfﬂﬁ@ﬁga_
HPPD geD&e%'byes negative hybridisation signals in genonc Southern blots on
pl ant " under | ow stringency hybridisation/wash conditions. A 900 bp

EcoRl / EcoRl ' : ' . | I
ol ondd pa(r:? i alsfl{g@g[g‘i%tj 9[1%‘8“’5%*’%%&%3%% %(rgg ‘%ﬁbﬁaﬁ%}% %’%‘s’%ﬂlgg’sdl%%@{gs:tr?et y
of enzym&ﬂo‘éﬂ)lﬁﬁ%iér{a? eptite) A8RFEneniANA, are hybridised with the

radi ol abe fragnent. Bcl1 restricted DNA gives a single
positive band : | ' £ ;00 i £ Rk rdsBieted
entire gene plsg:{sQ@2?\%%%@%6%29%5&%{%??%? Ig?ée Dlﬁ%Aﬁaééeglgm C DNAri S ©

restri ct efhsiiddnoRsiableahé pRidactisrefcnesacts compriging paultiple\venexympable ofel . The
regi on of digested BNA containing fragnents in the size range 2 - 3 Kb

i's cut owonfeming tesiskiice to barbicides! ut ed. The recovered DNA is cl oned
into the BanHl (which is conpatible with Bcl 1) site of pUCL8. Col ony
bl ot g5ar e pr otRigurei It showse sehéminic diagiureof the etbneZoppsisingbe sequenéesddpattediin 30

M ni preps _are made fromthese, and ¢cut with EcoR _.fo . look for the
di agnost iS¥EQUY Nep 3ptnthich three epe_rirfa@escffﬂ%@ﬁwﬂ%wﬁ% ﬂge éF%ﬁﬁnﬂfggﬁe nt when
grown over gllggﬁée i§ allrt? cﬁﬁn%ctl&‘:ﬁde 968; the sccon\ﬁ@ta?ﬁﬂggt]n‘h%leotide _212 _and ending

PCT/ GB97/Y

i Nni pr epsit nicledtide RS Al eheOsrd! staring of midlevtideQ 20 ahdasting Aenwidwride2290 in
m ni preps are negative and - do not produce the brown pignent. -The '

f or mat i o/SE} IP iNo. 3hTherFigurngaiaotshows theseestrictipn gitey qontained withinibe ssqwenefous
expression.qf a 4- HPPD .gene. ' . .Rest ri Chi al ysi hows t Qhat
the @Pondifthasepeinsered by uss of e Prpes dﬁﬁgﬁ%e‘iﬁgggqﬁﬁ\lﬁsﬂ@sﬁr géﬁﬁr of the
4- H_PPD g%@i?erfi’ﬁﬁ:aﬁ? Qeﬁﬁﬁﬂé‘ﬂf&dﬁ@%ﬂ of‘@@-l-ﬂ’!ib c@xﬁtairﬁﬁg ﬂmx@f'ﬁsion cassette in
which the PCR edited DNA fragment of Figure 1 is restricted with the enzymes Ncol and

Kpnl, then ligated into a vector (PMJB1) also restricted with Ncol and Kpnl. Figure 3isa
schematic representation showing how the plant transformation binary vector pBin 19 is

25  engineered to contain the 4-HPPD expression cassette of Figure 2.

- Figure 4 shows a schematic diagram of .t_he clone comprising the sequence depicted in
SEQ ID No. 1. Figure 5 schematically depicts the production of a 4-HPPD containing plant
. expression cassette in which a PCR edited DNA fragment of Figure 4 is- restricted wnh the
enzymes Ncol and Kpnl, then ligated into a vector (pMJB1) also restricted with Ncol and

30 Kpnl.

' SUBSTITUTE SHEET (RULE 26)



sequenced using appropriate priners and priners frompUCL 8. Such
sequenci ng proves the gene to be intact and present in both

ori ent atwoussnord h regard to the pUCL8 pol ylinker site. PCT’GB97’°299‘SDS PAGE
on bacterial cell lysates shows that a new protein is present wwth a size
of 40 kDa, which is correct for a12-HPPD. A |arge band is present in
extracts fromcells having 10 the gene inserted in a first orientation
such that the gene is expressed fromthe plac pronoter ~in the vector.

colls < gl B RetRmitarl e fontiifion i A RERE vefebRFHR 1 nough both
cl ones 9{;9915&%1 b GarfMarion and ag&iﬁemeﬂsgseéﬁm&qnw@&agl naﬁé s¢f the

active protein in both cell types. The 40 t proteinis
-present 27Bi;he sol ubl e rather than the insoluble protein fraction. The 15
clone in which the gene_is.in the sgfongﬁorlentatlon is subjected to

TR§

aut ormat ed brigure dshews §ST activigy i fans obaee qumsteééq berbipidasct ed n SEQ

“rost B cti o e B35 BRP sompiie Seded so skl PRI 850 SBSTH wanllbve o

pl ant tmﬁgﬂgﬁéagﬂeﬂm{ MooTé]ﬁaﬁﬁlgtw&gs -0l i gonucl eoti des, whi ch are depi ct ed )
in SEQ ID Nos. and 8, are pri-ner 3 (HPPDSYNL) 5'- 20 '

GFTACIBTACC/R@‘L@EAW@@CWMWAAACC 3 'and prinmer 4
HPPDSYN2 GA TATTAGICGGTGGTCAGTAC- 3' .

(Eﬁpr essi 0)3 dszﬂgl%@aaaﬂﬁiﬁm&%g% i.n transgeni c tobacco .

T PCR- . 1 and K 1,

th:n 25 Fl Iga?‘gg I it o ve@ltas %éf} ﬁ%afrﬂoé“trlfeellgﬁr Pﬁg?ﬁ(ﬁ'&% %engﬂd KBRI .

PMIBG | PCRed\BohPmaize, a meb mgﬁe@d iaslshed inled pU ﬁeCCl@l’haltﬁE juhftford @ eGudnadd/35S

pronoter; a TMV. onega enhancer and the NOS transcription termnator. A
schemat teconfisndbepresance af te WhiguiB ramotery plasmid is =~ shown in Figure

2. Al of t nani tiQ standard protocols known to the nman
2k 1 ea’i n FIREA i ap PLRRSHRIESE. . biof ogy. WD 98/ 20144
PCT/ GB97/ 02988e 13 is a map of plasmid pIGPAT; - -14-

m ni preps, of these are positive for the 900 bp band, the.other 5

m ni preps fugumégwtamepaﬁplasmldp(d‘ﬂm;t produce the br own pi gnent . The
formation (i_j th "brown t" A’P associated with t he het erol ogous
exprigssi on éﬂ ISFPPEPQ mid pCAT11; Restriction analysis shows that
the clonedg i th-about 1.2 kb 5 DNA upstream of the
4- HPPD gene g%g\g@%’a%ﬁ@nstrleggﬁ The ends of the gene are sequenced
usi ng appr Gﬁgmaﬂ%d@ittgpmoﬁﬂﬁmvmmnﬁd.om pUCL 8. Such sequenci ng proves

t he gene to be intact and present in both orientations with regard to
the pUCL 8 polylinker site. SDS- PAGE on bacterial cell lysates
shows that a new protein is preseni:?éghgjﬁ;g‘:é i ze of 40 kDa, which is
correct for a 4-4HPPD. A | arge band in extracts from<ells having

10 26 he CugMing ioﬂﬁ%d—fﬁ’?l]ﬂ géné frioBl PO ddMoRab %ﬂgﬁ?&ﬁkf&ﬂﬂih&ﬁ‘@f %%%nia into
expresse rom € plac prom)ter In the vector TS
obvi ouspla terial ay predugtion sketbne pai in whi'ch
the gene is the OppPESi t € O | on, ough both clones produced the.
brows - o B ERCAR) SRR ofF %@?Mdﬁ o § dendOuionas freresiens i 8381 h
cel l ty?ﬁo%m Lﬂ:@r kilgq]g rgp{gr@ LS. S | e
r at her an cl)nso u TSOICrc%l'E%gﬁn gggtlfr%rw %{gﬂi@l W@I’dﬂder ikrhv\ﬁ? ?#%
gene i s202(2):459-866)0 Ukiny thiv$equibrie rhinimally pduedhnt PCR ek aft ddvfnegqHance

anal ysis_to reveal the sequence depicted in SE 3. This sequence is
edi 8&d wéich to amplify a large but incomplete segment of the 4~ PPD gene from genomic DNA

from a different bacterial strain (Pseudomonas fluorescens strain 87-79). The skilled man

recognises what is meant by the term “minimally redundant primers”, the redundancy being

represented by squared brackets in the sequences depicted below.. One example of each of

the respective primers (corresponding to a 5° and 3’ location w1thm the HPPD gene) is given
30 ineachof SEQ ID Nos. 3 and 4.



i ntroduce several unique restriction sites to facilitate its assenbly into

a vector suitable for plant transformation work. The editi g

ol i gonuc| ¥ 980344 \hi ch are depicted in SEQ ID Nos. 7 BHGEBI703926
prinmer 3 (HPPDSYN1) 5'- 20 GITAGGTACCAGICTAGACTGACCATGGCCGACCAATACGAAAACC
-3 and prinmer 4 (HPPDSYN2) -13- _ .

5' TAGCGGTACCTGATCACCCGGGT TATTAGT CGGTGGTCAGTAC- 3' . Expression of the
Pseudonotras 4-HPPD gene in transgenic tobacco The PCR edited:

DNA fragment is [ SEG IO, B BRI Se : rhhen 25 1 i gat ed
into a vector (li)ﬁl\l/ﬁéBltlg tsﬁgo \rlkgést ? [ ct(ggﬁw th ﬁc!}%%sé%%qégﬁﬁ%‘kﬁbﬁ'ﬁef%e§fé"epuc19
~derived plsaqusnde ohiaminocaridsd-8 of theepublishddeproeify séqueiteO(es %dve?aMriHi&"?ga
enhancer and the NOS transcription termnator. A schematic

r epr esent {BEGIILNot 6)s likewise @i lrignep) is drsignedsfrom a knoivdedgei of fesisiuese3 M t839. of

t he DNA .mani pulatio ndasd protaocal t ' n skil |l ed
inCthe art of JRE RO BRFER sBe e S TAMNCY G uhD AT ) cormibia)
PCT/ GB37/ OPSGG and primer 2 (HPPD-REV1) has th ’ E A TPk

Bul k DRA o oy apd primen 2 (RPPD-REVL) bas the sequence £ GCT/S) TTIG/ALAAIGHL,
2x35S t o tTHT/C/G/ANEEC[T/CY &0 0Ang genomicaif DMA o Pséiddimdnas 87i79tvwan EcoRl

and t hen subj.ecied to conpl ete restriction with Hnd3. . This is to
~avoi d cut tAFFRRTSH USipg #andard prateccls el MRV Hipmgkefeach primeroMhe wintyre is

reparati . i  re fragnent,i§
'Iroec ovéred g‘%@é?‘égﬁ?ﬂﬁﬁﬁ‘g& .Qq{aG%OE’m&Q& én%er g’ﬂ% rgiﬁﬁ%&‘é’fdﬁﬁa‘e
cassette ifsliéwing DNAakyathesis ah@ disberiftidhdonditmsor pBinl 9 restricted
with Hind3 and EcoRl1 . The structure of the resulting plasmd is shown
schend®i cal | y iM°Eixgub eis. . DNA is isolated and used to
transform Agrogﬁgés#' um tunef aci ens LBA4404 ‘to 10 kananycin resistance
agai n usi ng- st MCedures. Leaf discs/slices of Nicotiana
pl unbagi ni f ol i ggv@ak Sgygeun are subj ected to Agrobacteri um nedi at ed
transformati on using standard procedures. Transformed shoots are

regenerat ed fr dihelamplifiedifragnent sdraptises alrbgion containifh® ebdordfFonk ARt £ kn@NaddS
agar cont gb&tr}’g k%na cin, Survjving rooted explants are re- rooted to

‘provide a Fo i the 3 cendsofthe coding segiomefithe JEERPID ggriea rthe, POR roduct:

-4H ' XISt i EDI T ' |
er fiisa byoipRhendhlont e RERBCg Vol SERNSY A o ebaard protedites.
Expl ants (i.e. Partladaéqueheitg ShRfitmsBaN®O tlokd ?msgm&:ﬁ!iam@m%?@cm&.' The/

e
bud) are placed I nto ﬁ/s agar (+ 3% sucrose) containing various
concent r adfwyes aning sgQeece eontrink several discrepaneiehcarnphrkd fuithrsequdiize pablished in

Unt ransforned t ghacgo explants are f bl eached_at 0.02 20 ppm. They do

not recové?’sp?%l"?g}ﬁ Irgfgf?‘g?’g?’&‘ff r %3?5’6%%’%7‘{)6“7@'% HPEtiakiragment of the 4-

parti cul agppD RRHegRiN Shy Hidlisatib Signald ! 6 bud

i s bl eached, t eenef%af on they elx'pl nt egl?gf%%%%rog%n{ngggsrgeﬂeﬂ%éﬁﬁA

About 280 uhderliew Bitidgencyt hybridisationtvash aonditiond. e4 900 bpEORIVBRR 1 4452081 is
bout 5 ) : ' - : :

(abou Xexcised from' the centre of the previously cloned partial gene to use as a probe. Southern

blots, using a variety of enzymes to restrict the genomic DNA, are hybridised with the
radiolabelled fragment. _ |
' Bcll restricted DNA gives a single posiﬁve band of approx. 2.5 kb which is sufficient
-25  to contain the entire géne plus ﬂanking fegions of untranslated DNA. Genomic DNA is
- restricted with Bc/1 and electrophoresed on a preparative agarose gel. The region of digested
DNA containing fragments in the size range 2 - 3 Kb is cut out and the DNA electro-eluted.
The recovered DNA is cloned into the BamH1 (which is compatible with Bcl '1) site of
pUClS. Colony blots are probed with the 900 bp fragment and 12 positives are isolated.
30  Minipreps are made from these, and cut with EcoR1 to look for the diagnostic 900 bp band.

~Of 12 colonies,.7 formed a brown pigment when grown overnight in LB to make the



the | evel which causes synptons on w |l d-type tobacco) with no indication of

bl eaching. 25 They root normally and are phenotypically indistinguishable: -

from unt r@8§ /86 fgd plants. A sub-set of t-he transfor neOT/CBRHEZ®| er ant
.2 ppmand a few transformants tol erate concentrations of up to

0.5 - 1 ppm Again these plants | ook nongal and root well in the

presence. of herbicide. Sone of the transforned plants can be |n|t|aIIy

bl eached when subj ected to the herbi CI de at the said higher

I i vel
g(r)]gc v rn'é(r: g;[ulg;%?esps ? %% th%ge grreopogl%%g ?oretﬁg 888 Ii:qu g yche othe1p g %Lﬁ?gﬂs\{a?e Xega%{fg &ha UP

PCT/ GB97/,029 a
t” is associated with
-16- ‘o not produce th@g%%éﬁ?g}n%tt Fhe formation of the " brown p }ggtleerllntl Fansgeni ¢

plants %ﬁeehét&%?&g%qs\ékﬁréss‘i&lﬁoﬂﬁKIHPPD gene. herbicide |soxaflutole
[ 5-cycl opropyl - 4-(2-.net hyl sul phonyl - 4-
trifl uor amet h)Rds&mmyxla)mbmahW%that ﬂRP)Q@ﬂ.GWFZ‘]WﬂSS?Jé Kbé‘l’%‘t‘@h&b@u@&ﬁbmr e

 DAr206 T mNAawsaar of e cHEPRLseR 2nd AR b Bkl i B B BRRL AR 00,

mul tipl e C | quEnREd us 1(1:3{1)% éﬁﬁ%& ﬁﬁhﬁﬂ aHd nmers from ﬁ]UCI 8 Such sequencing proves the

EXAVPLE 2 e 4 HPP gene from Synechocvstis sp into pl ant

mat eri al gapgltd BomeRE aid plf&sent 1n bouhfortehmtmns wnthaégarda to/thelpUC 18 pmymuer sne
her bi ci de resi stant pl ants. genone of Synechocyst
PCC6803 has beShS-P ne@actemai C@Hd&ﬁat%éhpms #@aa@sw proteiry i pEgsent wit P.S i%n

t to f t t t |
Cr anst or %o Wiet is oFr 3R RAERD) R 1o Bl sPlchi choralls Hinf Bl having,
prepaped s gé}%l ef'j‘ﬁ:‘réi% d Mﬁr%ﬁ&t&n such thafithe ?gii@fé féﬁseﬂqeorﬁltﬁ& plat ptosoter

prinmers sul the PCR anplification cles) of t he sequence
speci f i ednithre Hc@r IZNNGOkaam!J ingbuiotsip visible athics tiBnasao isehirined fomethecalls v

15 th f di t d.oth t
appr \(/)Mpr | ag gl&&%ﬁqﬁ%éﬁéﬁé’d osﬁer:] on%;tgtg%b %L{S?‘{ﬁ%lr ﬁﬁﬁ?ﬁ?ﬂ?d‘lﬁfﬁ?’? qu%/i ng -
l%)éell[ Q?r } é%‘%c,‘%%?fﬁuggesﬁng the prese?ﬁé of fl’legcp rotéth fh both cell types. Thedd RDR] Cx2mi n'

fragnent conprises a region
cont ai Ni RgedSinaRProin & Prezentdh thdnsbléble rather tl'xBPfhegmmdubli bmtﬁﬁ:lfrqotlontu&‘he is
bl unt end cloned in a standard housekeeplng vec

exanplse, q&@\mmhx(:lﬂhe@mgs inithe sreeRd prisatation @ss“{’l ecied o automate&ﬁﬁéﬁesaew

sequence an SIS C rons_that, t. r PPD
speci fic. ang BFe‘feﬁ'g‘thFrsﬁ‘h%ePS? ﬂepdp[gd ?’I(‘)ﬁlﬁgqq:iggb%uﬂﬁ%%ﬂ? P &aLs rtlilet 5fHHPPD
gene for %&éduce%ebéramu&ﬁ&rémhmeﬂaesgbqwhﬁteeiwseémblyamba vet'tw shitablaforon of
the "brown pignment” is associated wth the heterol ogous expresslljon of

a 4- HPPD pjamaranEfonaydoretvord. The 4diting oligonwdentides,ovhich zg:depirtedsing SHQ I
SDS- PAGE an bacterl al cell ws that they contain a new protein
havi ng th‘ﬂ rgaerr%dfé’i@mggm for the 4-HPPD gene product. In a

pref ey a?ﬁﬁ%ﬁ?’ﬂﬁ&bﬁdgflc’gggﬁ[ﬁemCWPGG@C%&C@A@TRC@)@&AR@-%”ta.nd n the

sol ub e r e protein fraction
primer 4 (HPPDSYNZ2)

S’TAGCGGTAC CTGATCACCCGGGTTATTAGTCGGTGGTCAGTAC-3 .

Expression of the Pseudomonas 4-HPPD gene in transgenic tobacco

The PCR edited DNA fragment is restricted with the enzymes Ncol and Kpnl, then
25 | ligated into a vector (pMIJB1) also restricted with Ncol and Kpnl. pMIBI is a pUC19
 derived plasmid which contains the double CaMV35S promoter; a TMV omega enhancer
and the NOS transcription terminator. A schematic representation of the resulting plasmid is |
shown in Figure 2. All of the DNA manipulations use standard protocols known to the man

skilled in the art of plant molecular biology.
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- or el se wopsmziIpdl at ed to be so present The clone is preflé(?'ﬂﬁB?ﬂ/@B!ﬁ ect ed
to aut omat ed DNA sequence-anal ysis to confirmthe absence of PCR
derived artefacts. Het er ol ogous ek$éression of the Synechogystis SP
PCC6B03 :4- HPPD gene in E. coli The PCR edited DNA fragnent is

restricted with suitable enzynes such as Ncol and = 5 Kpnl for exanple

hen 1i d
Sortes) “BiiPesR Sefioke a€pbrffoRstic 060 MEBARL HSHAH. ShidibRpt ARYeBRVe and
st andar d4@het seahce theB¥wn {ngme'hp TheformBtickb the dbidwi %lgniéhi” 19fas§6€ia&.‘audvﬁﬁ

bi ol ogy. Suitabl e host strains such as 21(DE3) "or other DE3
| ysogensthedeteoologons expeessiondf a 4-HPPBgene. expr ess quantities of HPPD enzyire

Tdenti 1y al t oRAHTFE st s R or ElooRRREE s r kD B LN BRI K0

N t th
anal yii DR BRSiepdl SFE4TRPECH %%@W?ﬁ%ﬁh@t?&?ﬁ%ﬁ%ﬁ% HPPD.

Het er ol oggqusn@)smsﬁ}gsappfbpﬁata préméxaad peieiess fromPUC R BiidhsedudnRhia ©006s the

transgenic pl ants -The  PCR edited DNA fragnent is restrlcted
Wi th sui geusite be mtymdsnnmn@@ batly prigptations wnhmard tpdhe B&T&rxﬁ ipolylinker sitegat ed

into a suitab Q MIB1 rat.e-a
expr essi on cag‘§§tt?‘§&%rﬁ”§l?fp keéﬁ! 3ﬁﬁ§rs%tﬁs §B’ ‘ﬁ?‘i% eé”Bfoé‘HP ‘%B‘?F%Pg Yroter
and s cdiidd -HPPEC %ﬁ e
doubl e Cé‘?\/%%m Wicfls rom)E;Itoerras4 a Tww(;lrf;a%“a\gﬁg%ncer an &%%ﬁg HﬁvaE
transeritheigene trrsemdm:ta)ﬁtst énemhtmm!.uch ) the gqnees; expiredsed fronf thte lphdpreuﬂotarng
plasmd js shown in Fl(ﬁﬂé - HPPD ex re55| on cassette
i s then ijthapesos. nNog bandhisrapviushioyisibls \Hhexgthe lysate;ig neddomithecalisnda

and EcoR} ‘ﬂ]' g tl?e @g&g{,@Q opp8ifie o?ﬁﬂ{atnbﬂ%{& bSth!c ?n%g?: yeed the hrown

schemati Ca soI

t ransf or pig betirigithe p m&i&mf&l&ead:ﬁé\ﬁ&émtlﬁbaﬁxcdn&ppwq‘hMOQ@astance
agai n usi ng stan ard procedures. Potato and tomato tissue is subjected

t 0 'Agr obrecombinant prottin isquresentinsthe ﬁﬁkﬂbledﬁﬂﬁsﬂﬁg trsq mdabl@ reetsiefiastion: The
Tr an d shopt are ener.at ed. f.rom k n eS| cal | us
Shoots 571855 Bovalt e Fase i B SRR Ariggtation & B Stpsties

-expl ant Satﬂilof‘slsr RreRal 8t schuéHce\den@teﬂtlﬁ SEED N%ng-”ﬂ“ﬁisrlse @éﬂcé E@é’&lted to
transfornmed tobacco plants. The presence of the 4-HPPD gene (using _
pr e- exi simtmduﬁ]e?eral unique restriction sites to facilitate its assembly into a vector suitable for

plant transformation work. The editing oligonucleotides, which are depicted in SEQ ID
‘Nos. 7 and 8, are primer 3 (HPPDSYN1) 5’-
20 GTTAGGTACCAGTCTAGACTGACCATGGCCGACCAATACGAAAACC -3’ and
primer 4 (HPPDSYN2) - : ' ' :
5’TAGCGGTACCTGATCACCCGGGTTATTAGTCGGTGGTCAGTAC—B’

Exgression of the Pseudomonas 4-HPPD gene in transgenic tobacco

The PCR edited DNA fragment is restricted with the enzymes Ncol and Kpn1, then
25 ligatedintoa vector (pMIJB1) also rest_riéted with Ncol and Kpnl. pMJBl isa pUC19
derived plasmid which contains the double CaMV358S promoter; a TMV oméga enhancer
and_the. NOS transcription terminator. A schematic representation of the resulting plasmid is
shown in. Figure 2. All of the DNA manipulations use standard protocols known to the man
skilled in the art of plant molecular biology. -
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primer s)wiosogyeidal i ed by PCR A substantial” number of PCR rﬁﬂ"_??l\’?ém%%ants.
are selected for further analysis. : Explants (i.e. a

| eaf plus short segnent of stem containipgy-the axillary bud) are placed
into M5 agar (+ 3% sucrose) containing various concentrations of ZA 206 (a
triketone 5 herbicide) fromO0.02 to 2 ppm Untransforned explants are -
fully bl eached_at 0.02 ppm They do not recover f.ollow n r nged
exposure to thﬁuﬂk«a‘?ﬁﬁc‘ﬁ_é@la@laﬂﬁ@e '%P | PFefsion cassettg (if, %ﬁg%,gxﬁ‘ho?g‘ﬁﬁe
shoot whi ¢ el f LON Fgw;la lrSstREEGRE é)ﬂ?ﬁh : te

expl ant eamttli:gg%e "%e}ﬁlai %’%@ge??g : res best out L’Sg‘ibéga?#ebe%’&%ﬂ\?é

t r ansf or niggtrietiemintht Ainds ATRIE i9 tolavyidcoating Al 29 EcoRDsité withinlBe 4 HPPDaseat.

whi ch causes synptons on wild-type tobacco) with no indication of

bl eachi ngFollowing pieipasative agarass gelielseiraphorgsis, tha seawirgd DMbA Ifiagment is recovered -
indi stingui shabl e fromuntransfornmed plants. A sub-set of the

t r ansfior nhelectraseliieRr ant to 0.2 ppmand a few transformants tol erate

concentrations of up to 0.5 - 1 ppm _A%?i n .these plants | ook normal and
root wel | in. tTHee4-HPPD pxpressierecassetieds phen ligateddaip therbipay vectonpBirtfed

pl ants can be i,nitially bleached e jected tq. the.herbicide at the
sai d hi gh&Fictscuth ﬂé(f‘%o"r@%"ﬁg*ﬁ o%p#‘é’g’gﬁ‘@ §§84§{B%@‘H}gepq?ﬂ’é@ id Show
pr ogr essi 4 Mhrednd “recover”. A subset of the said
her bi cideﬁéﬁé%ﬁlag%ﬁﬁﬂtr nggeni c plants are treated with the known

her bi ci de | sox ut al - r -4 (2- L -

trifluoronet hyﬁ%@?@?@ggﬁ§é‘%&§r %y?@{t@%lgﬁ%ﬂ%ﬁg%ﬁﬂgﬁ e44 P gé? st ant
to this- KhamyeinteSis@Rcdin hehg SRAd4dprekdares /BéaMsdshlisescdfMicb¥ana
indicating that the plants are cross resistant to nultiple classes of
4- HPPD i nplutmibuginifolia var Samsun are subjected to Agrobacterium-mediated transformaatigyPasing
Cl oning of the GST gene jnto. plant terial and the generation.of plants
Coot st St steadab proned R RO BN &t neenBfiied o BanshEth Whisn Bl
St ocks of g ' \coRBAMH R PBuRivili PRREd Splants ardse0d

medi um ( ﬁg%%%%ﬁgggyggk%ﬂi% g/ 1) suppl enent ed likv{)lélth 3%&?ucr-ose and 0.8%
Bact oagar rootedHo prédide dias 80 anarhpcin eexistantitrans formed tobacat plantsa SEwypraseice b
seeds for the 30 erm nation test e growp,in culture roomat _25[err]C
with 15 hiberdsHBPD| g%gh(umw@ﬁ-wsamsﬁﬁh mers) is v eé@?)/é’é‘i&zl—‘\bout ¢ plets ake
PCT/ GBQ?/%Z)%% s . ' - 19- -

t he gl ass ?é’,smtvﬁ‘e plants are transferred into conpost (John Innes conpost
number 3, '

Explants (i.e. a leaf plus short segment of stem containing the axillary bud) are placed
into MS agar (+ 3% sucrose) containing various concentrations of ZA1206 (a triketone
herbicide) from 0.02 to 2 ppm. Untransformed tobacco explants are fully bleached at 0.02
20 ppm. They do not recover following prolohged exposure to the herbicide. In these particular® .
experiment.s, only the shoot which develops from the bud is bleached, the leaf on the

explanted tissue remains green.

‘About 30 of the PCR+ve transformed plants tolerated 0.1 ppm of ZA1296 (about 5x
the level which causes symptoms on wild-type tobacco) with no indication of bleaching.
25  They root normally and are phenotypically indistinguishable from untransformed piants. A
- sub-set of the transformants was tolerant to 0.2 ppm and a few transfohnants tolerate
concentrations of up to 0.5 - 1 ppm. Again these plants look normal and root well in the
presence of herbicide. Some of the transformed plants can be initially bleached when |
subj ected to the herbicide at the said higher concentrations, but on prolonged exposure they

.30  progressively “green up” and “recover”.



M nster Brand products). Bacterial strains - Escheri chi a coli,
strain DH5. (A BCO BRL), is: F, 80dlaczZ M5, (I acZYAa U169 deoR -

recAl, dR 7([err]K , [err]K ), supE44, thi- gyrA96’
grhrgumﬁI

Agr obact unmef aci ens, strain LBA 4404, is used to transform tobacco
| eaves. - Pl asmi ds. DNA of GST-27 is inserted in the 2. 961 kb
pBl uescript Il SK (+/-) phageni d designated pUT21-3A (Jepson et al
1994). pJRIR is a 12.6 kb plasm d. The pJRLR. plasm d contains a

bacterial kananycin iesistance marker (KAN). It possesses the 2
repetitive seqghesubsetofihe 2&idlsrbicide resistnt treRiPenizrplanth erel tedated(With tHedmdenmns .
The T-DNA 10 . conta a lgana cin. resistance marker gene driven by NOS

pr onot er b erbredwpxzﬁutole[ rqwé-ﬁz@ yisulphaRtet-i s expressed under the

cont.r ol DNA | adde

oot as Hihfomeaihen S{@%’ P4 21617201 "SckBins e 1ol DR 1eRFGR! 0 °
Technol Oth@theeraaé meﬁeneﬂmewmaeaeslmtkd%&Apzymm sl haicatihg fat ﬂfen)
products are checked on an agarose gel. The Ralnbom/proteln nol ecul ar

wei ghts meplangs arebﬁoss(rmmmmu"apleclm@ﬁ &HHPPB iphihitor.ani de gels for the
Western anal yses, as is. known to the - skilled man. Chemi cals. The
active ingredients acetochlor, alachlor and nmetol achl or are produced at-
ZENECA Agrochemicals (UK), Jealott's Hll Research Station. The techni cal

i ngredi ents are fornul ated in &¥AMALBAJ used in the HPLC assay, the

rooting aésa%‘ ar}ch t gigﬁ i G W) . ‘ e
construct ' a AT I '
is di QGSI&@hPiﬁafté}"i‘alrtS%éfmQﬁk%n@'l\%m&d%%ﬁktaﬁ?gﬁﬂ?c' a) in1lx. T“ S acetate
(TA) buffer.”  Digestions are checked on a b agar ose gel. EcoRl

di gesgved fr agrihetgename off Sgzechdc)istis ap,tH&C6803 haSheenlseqRirwe ddaioaderso itroducep R
Ri (Figure,6) after filling the protruding ends with the 25 Kl enow DNA
pol ymer adwiqueestrighqnesites %%cﬂ’é?tf' g /aRsembhe INse 8 yEHHAY sitableciopplany transfgrmation

Compet ent e 198 of eSS pNA B Snelichle forf rfifed S paddifa Sty
heat shoclsd mEké&DEHth T00 Yol of greprimers smtable foreha PCROSmPRAGHIOA (TS5 Bydlés) of
Posi ti ve col onies are_checked by PCR or by hybridization

32 " dhesequense specified i SEQ I Noy 1, ypiag |aébermqst@bk DNA pabymnresy prefirebly

gecl-l-} ! 87}%%5{83% readi n%@né\gf)égﬁ&her standard reagents under appropriate DNA synthesis and

-20 - dlssocﬁtlik?nwrﬂ'ﬁﬁ)‘hs'ﬁe@@ﬁdvﬁﬁg bRingagsicaly 2[err] C for each A or T and
4[err]C for each Gor C The reaction I's perforned at the | owest Tm5

Cwith the Ta@4pCxylnBmise (Anpli-Tag DNA pol ynerase, Per ki n El mer
Cetus) accordi gg ta the manuf acturer's protocols. PCR conditions are set up
for 35 cycles C I ng: denaturation of DNA at 94[err]C for 48 seconds,
anneal ing at t owest Tmfor 1 minute and extension at 72ferr]C for
2.5 mnutes. |o1?‘to he first cycle, the reaction starts at

85[er0] C. ~  The amplified fiaghRat Edmprises hcwgm cEHiteintipohe Boding réi G \Bf ik 4- .

37[err] C_on _an overmchht shaki n% L-broth
HPPD gene: The PCR product is blunt end cloned in a standard housekeepmg vector, such

as, for example, pGEM3Z-f(+) using standard procedures.

' Automa_ted DNA sequence analysis conﬁﬁns that the cloned PCR product is 4-
HPPD specific. Some of the transformed colonies harbouring the cloned 4-HPPD gene form
25  abrown pigment when grown overnight in LB. The formation of the “brown pigment” is
associated with the heterologous expression of a 4-HPPD gene (Denoya et al 1994 J. |
Bacteriol. 176:5312-5319). |
SDS-PAGE on bacterial cell lysates shows that they contain a new protein having the -
expected molecular weight for the 4-HPPD gene.product. In a prefetred embodiment the

.30 . recombinant protein is either present in the soluble rather than the insoluble protein fraction,



and kananycin culture. DNA fromthese cell culture i's extracted and then
purified from an ul tracentrifugation at 50,000 rpmin a CsO gradient..
- 10 . TWO /20844 at i on of the insert into pJRIR is checkeRFHGBEEFAWci ng
t he regi on between t he 35S pronotenyand the GST gene, according to the
Sanger nethod, using the Sequenase (version 2.0, United States

Bi ochem-cal corporation) follow ng the manuf acturer's protocols. The

resultant plasmd, (pGST-27Bin) (Figure is introduced into

Agr obact @%¢lsmistianipulated ia be £p arqseﬁsﬁrm@nedgp ﬂiaﬁ@ Joblssied 1P puipmAIEHDNA
descri be 5 st.l.el ; CFD . sformation by _
Agr obact elqlgé}ﬁ]e anal?%% tta ‘r%éﬁfsi&g Fﬁeﬁ%@xﬁc@&f?&?gaﬁeﬁcﬁ% t obacco is

performed according to the nethod described by Bevan 1984. 3-4 weeks old
sterile H'éiérﬂ[%oﬁi eiwaﬂ of theSpriceRacysfibge U Pceys SSEIPDD geh@WNEDFS, are
used for the transtormati on. The | eaves are 1 ncubated on NBM nedi um (MS
“medi um suppl enent ooawith 1 /1, 6-benzyl am no _purine. (6-BAP).. 0.1 ny/l
napht hal ene adBgf E:%aiqlffd(d&ﬁt)ga tis resg'ﬁghq% ﬁwtqbgq.e su CRIANGm

enabl gs - the . eaf ;. of the
d eaves akéﬁ%gaép%%pg%g?%ﬁ gg/ategsdr'lgfjgtg‘[}%tc 81'% ' gs§¥n lfgég{(g‘rléeﬂ]ﬁtgﬁ k%%%%%bat ed
With- g ppraptidt€ly Fesiided ORR of el DNWCRhhipulationd deSkddatd rofbtbls Klown
plasmd wth the insert (pGST- 25 27Bin), suspension (strain LBA 4404) for
20 ni nut testhe Tiaa skilleddn the art o€ tnwolaenlan iologe. pl at es -~ contai ning the NBM
‘medium afterwards. After 2 days, explants are transferred to culture

pots cont ai ni 8gitidle hdiitraigisuch s3PhL HIDER) o ottier DE3AySsiens hidbourigd e sat | )
and - kananycin (100 ng/|). Five weeks |later, 1 shoot per |eaf disc is

t r ansf er YestPraxprass/Auantities,of HPRD; engymesudficientip tprovide s Ahedr ngejin higlothrongh )

£ ant o PRacteshi B Rkpily el gve AP /SIS L PR Bt BotRE Sl ©

t ransf er frggfrthedHRRt SFAn Ridlybe YsBE i ﬁ%@@ﬁsiaﬁ off ahfised/for kY AdalyRiSéO plantst he
other one is transferred : WO 98/ 20144 .
PCT/ GB9 7trafertned with a polynucleotide encoding 4-HPPD. -21-

- to soil for growth in the glasshouse after rooting. 42 independent
t r ansf or Hettirblogoiis ¥xpr@ssibe of the Sfathdopstiofs! ractsarSHPPINgbwd incthahspenie

gl asshouse. Leaf DNA extraction for PCR reactions. The presence of
the trankl@Bte in the putative 5 transformants is verified by PCR Leaf
sanpl es are taken from 3-4 weeks ol d plants grown in sterile

condis i ons. L&hé P@Rsadited DNAdHgntents restridtedrweitte suitable epzpmes sdahrasFleadeandnds
in 200 [err]] of extractj.on buffer (0.5% sodi um dodecyl sulfate (SDS),
250 mv N&pwl, fanexampletheq heated ipfg a wﬁbbhowse%ve&gorawh@émmhg%d for 5
m nut es . f r '
ndded by S ExirBrR A Ehsflr AR COpekS oh Shbadpriate plaopk BB MBS D |,
10 10 Miefinfor, gMIBT SUGRC D derhdrplatuiiasutath dhAROHeRBBIACAMVISE0 dry.
Then they are resuspended in 100[err]l of deionised water, 15[err]l of
whi ch i sprapwterf arTvYeomnega ¢endapesrand theomps transcriptignetetminatod. A sthamatice _
condjtions_described,by Jepson et.al ., (1991). Plants transforned with ’
GST-¥7 DRRS ?‘@‘%%?6@8#% plasmighis b 7S AACAAGGTGRCGCAGTT) | ( SEO
I D No. 10) specific to the 3' region of GST-27 region and NOS 3 .15

( CATCGCAAGACCER-4:AERT) expressiomcassette if thenagated in to ghq binamoysctos PRIRER or . 39

of the 42.bri Rl HiADSLR FRRS ALOWHARE 0B8R RREAFIIER RnbR

schematically in Figure 5.

X

DNA is isolated and uséd to transform Agrobacterium tumefaciens LBA4404 to
- 25 kanarhycin resistance again usirig standard procedures. Potato and tomato tissue is subjected
to Agrobacterium-mediated transformation using standard procedures. Transformed shoots
are regenerated from kanamycin resistant callus. Shoots are rooted on MS agar containing
kanamycin. Surviﬁng rooted explants are re-rooted to provide about 80 kanamyecin resistant
. transformed tobacco plants. ‘The presence of the 4-HPPD gene (using pre-existing EDIT

'S‘UB§T!TUTE SHEET (RULE 26)



Western bl ot anal ysis. To verify the heterol ogous expression of GST-27 in

t obacco Western blot analysis is perforned. 120 ng of leaf from3-4
weeks ol avebsizd1ss grown in 20 sterile conditions are grourRCEAGBYN03P6 C i
0.06 g of polyvinylpoly-pyrolidone (RMBR) to adsorb phenol i ¢ conpounds

and in 0.5 m of extraction buffer (1 MTri's HCl, 0.5 MEDTA | .
(et hyl enedi am ne-tetraacetate), 5 mM DTT (dithi othrertol) pH 7.8).

A TN s

supern ah;ﬂ §¢igmoved, the concentration of protein being estimted by 25
- Bradfor assay Usi ng BSA as the standard. The sarrpl es are kept at -70[err]C
until requi s of v/ V)

__'L(aemﬂ i dye%%@l?n?:%l Eoleat PI“BEE‘?‘%FC?(‘%"Z’% ste C‘?ﬂ{ﬂ" aﬁ}&}(}qﬁ%ﬁ(ﬁlﬁ%se
2% W vigsDRes @ ?g;'—% g%mégex%emgﬁg ¥?ﬁzd7?ﬂ7c§:/r{%%m€nﬂs 8?23%96@&@&&%& are

acry| ahedizids)Seoni Pl02nto @eppm.afUmrandfonned erplahinidré fAgly Bleashed at €92 bpal S are
separated 30 el ectrophoretr cally in the follow ng buffer (14.4%w v
gl yci ndheyidg apiregpar following prelosged expoparedy thﬂh@hlctd%ﬂnah@eipaansfaer red onto

gICEI'/r %Bg’% &mgsw LS. ¢ Wt?x sHooct:vr,h:c'AI-rm&evserllé'oi rpﬁ'USI negbu(:i1 is bleached, the leaf OI\I/\g 98/ 20}44

el ect r%lﬂitéaﬂgugrr@ﬁgﬁyrgeeeﬁa orad unit) in the following blotti ng buffer :
(14. 4% w v gl ycine, 3% w v Tris Base, 0.2%.w v SDS, 20%v/v methanol)

o Y oY PR ot P e RN ol PSS 2 BoR USRS,

phial othgdeved evhiicH msw dy@ripiema ohdvild-tipeasdt) iR nbind@ibaticklof BYkddiing. 5 Then
the blots are destained by 2-3 rinsés in 12 mM HO sol ution and the excess

of dyeThey root neradlveandisye pheoypiealivopdistinguisiabls fompuntemsformed plansl | Awed by
rinses_i.n _deigni sed ters re bl ocked for 1 hour with

T Tesihef SRR prenaps in SferRhito 4 PRcand = Tew Senifirmagis olegie

(POl yXyfichitkARR i a |
Then they are ngﬁgg&& grIS giD n%%?%s%%%ﬁ%%ﬁ%ag%gﬁe%ty Y!P]ABZ%V\I/V
BSA. 1presende péherblmlmnSdnteexftth@umﬁmmqwmus el bavirtifialty Ble26HeQ wichut i on of a

sheep ] - ntiserumas first antibody and with a 1:1000 dilution
%ﬁ“feda‘ﬁtthe Eﬁggpdeaﬁttbsw Bighsr concentratinrisnbuta prplomged exprsureshes wi t h

t_he h@g@mﬂbaps‘gg%ﬁmgﬁgul(ééw » Any excess of anti serumis washed

W th ed Wth 2% w v BSA. ECL (enhanced

chem | um ne cence) .det ec erfornmed using the pr col s scri bed by
Amer sham 1 E\ ngir‘ﬁeﬁrﬁ F% %F‘Fﬁf’n UENSEeHG P gﬂ’é‘? aregmglh@s PWPhe
nMenbr apeBicida IE%ﬂ%%lHtﬂﬁ&cloR{opylen@m gﬁé’x‘ An estimation of

the | evel of expression of GST ‘gene 7' s F’orrred on the LKB
2222- Otilﬂub}ctmﬁhﬂhmzd;d)ﬁsaaxezoldenRPtAoIrﬁHérZ ]( Bleli phantsare rédbstdrg te1thasal ysi s
reveal s posi ti prinmary transformants show no detectable

f
- 27}“’(5%50 taébﬁt drﬁsneed ,'Zﬂgﬂgxsg:ieag dndisatingthat e planjeare cpssch vary
from b‘aggﬁxgg%a%? E§)01h4qliPi’ \{ﬁ%‘ﬁ%t equating to 1% of total solubfe

protein as ter romsr €tted with pure mai ze GST ||
sanpl es. Sout hern bl ot anal ysi s. The pattern of integration of
transgenes is verified by

EXAMPLE 3

Clonm of the GST gene mto lant material and the generation of plants resxstant to

25  anilide and dlghenvl ether tvpe herbicides.

Plants Stocks of Nicotiana tabacum cv Samsurrr are kept on Musharige and Skoog
medium (MS medium: MS salts (4.6 g/l) supplemented with 3% sucrose and 0.8%
Bactoagar , pH 5.9). These plants, explants for the rooting assay and the seeds for the

30. germination tests are grown in culture room at 25°C with 16 hours of light. When grown in

' SUBSTITUTE SHEET (RULE 26)



25 Southern blot analysis.2.5 g of fresh tobacco | eaf taken frdm pl ant s

grown i n gl asshouse, pl aced into a plastic bag containin of .
extracti Qfobakdias (0.35 Msorbitol, 0.1 M .~ Tris HA, 0?65’%“%7’@%%&1,—.0. 02
" M sodiumneta bisulphite, pH 7.5), are crushed by passing t hrough t he
rollers of a "Pasta machine". Crushed exypacts are then centrifuged for 5
m nutes at 6000 rpm at room tenperature. "After discarding.the supernatant,
the pellet is 30 resuspended i.n 300[err]l extraction buffer and 300[err]l .
nuclei lysis buffer (2% w v CTABQ@:O"Z MTris HO, 0.05 MEDTA .2 M
Nacl, pH. the giysshaige)[the plantsafe tanstemed dripicompostddeiu Ianes compost number 3, WO
98/ 20144 _ . . S ' -
'PCT/ GB97/ Minsses Brand products). - - o 23 -
sanples placed in a 65[err]C water bath for 15 mnutes. Extracts are

cent ri f-ugBdcterial Srainsut e Escherichicaolizstoadn DFA ¢FIBEO BRA)sis: B0 B0decZ] MRS, 1
chl oroformisoanyl alcohol. 700 ;[err]l of isopropanol is added to
t he same vol une of supernatant and centrifuged fogr 10 mnutes at 13, 000 .
r pm aacmmnw&;we@& reeAlvesHAd, hidR) Tagostagh hisubEdthd thieprADGrelA k. dry.
The pellet was left overnight - 5 at 4[err]C.in 30 [err]I TE (10 M Tris HC,
1 M EPTAYgiopaEReumRamdacinsBirsia [BA 4464)fis aded-to transforn?@Bastdtledves.equi red:
Total leaf DNA is digested for 6 hours at 37[err]C with the foll ow ng
restricti Blasmids/nes DNA®f GTd2 Kisdnsarted in the2-R61-kbpBluescript® 115K (#6) nM

e ey B

gene. 8’ g bdi : i P&3isitice nfdRRR
shaki ng PpIRIES #ﬂ@@&ﬂt@&%@%@d&ﬂmﬁg i TeSisgipree mak e?ya&.ng' it??gggggk{eé the 2
neut r al i zepetityvessequences of 20bph thd right §RBCand the left (LB)Dokdea ThefIToDNA ni nut es.

Then the DNA is transferred onto an Hybond- N (Anersham) n&l on
menbr ¥he eAntainp? kanamycy) weistapes Markspgsnesitiven by NQS|promotsr The 25124t e) . DNA

i fixed ta.nenbr ' ' ' Li pkin

I(Zt rat agePf e)fréﬁl&wgg}gi s%guﬁ%gg%sl%ﬂ%%dranm%g{@se Qg{'ﬁcgg)[f @erWéﬁngmlg%'l eg ci sed
from pl asgizdnarked A Pkb BN RAGESE LD as a DNA! sizd YahReN@etiREda ROdhthNI Ng t he
GST- 27 gené by digestion with EcoRI. The probe is |abelled with.

[err] - [bebdrioresTif¢ Techmologiesyiuy) whemdigestionprndBCR(Belymetdse chidin ovastior)),
random prim_.n rotocol desqgribed by Fei nber nd Vogel st ei.n.
oot LT eiiets pre checkel o s AGarORS B4)1 (06 Reatipow Proteu o fspulss VARDLPEHE | and

ECORl 15 20(am Adel 87 bbBASyRIDAAP BEIE Ir'Theiwest as%@% - kholn¥a o
0.05 M so%ﬁ%@gﬁg deds poBReAEAd Bl R R Westoth. .5§§§£D%,l&f% %9 e
Mar vel ( dskilled mbn.powder), 200 [err]g/m "~ denaturated sal non sperm DNA
for 3-4 hours_at 65[err]C Hybrjdizations are perforned jn the

sane
buf fer buEhemicals.t ke aptivringredicatiagetochlgr alschlapandimetolgshior arerrspdused A nut es

20 m nut CEENPGH AfbliRDK, RAoRSHORpY S thetechiical hghfhetie

To verif yarefemtabdted h éhatioP 8hd G€kdih 8t IPE0 @¥sarShe a8dting labsdy B st ;
her bi ci de substratés an in vitro herbicide assay is performed using HPLC
1g of 20 eagermination test (see below). .

Plasmid construction. =~ The plasmid plJ21-3A containing the DNA gene of GST-27

is digested by the restriction enzyme EcoRI (Pharmacia) in 1 x Tris acetate (TA) buffer.
Digestions are checked on a 0.8% agarose gel. EcoRI digested fragments are ligated into the
, Sma 1 (Pharmacia) site of pJRiRi (Figure 6) after filling the protruding ends with the
25 Klenow DNA polymerase (Pharmacia). The calf-alkaline-phosphatase (C.A.P.) enzyme
prevents the sélf-ligation of pIRiRi before the ligation of the GST gene. Cdmpetent E. coli
cells (DHS ) are transformed with the plasmid by a heat shock method. They are grown on
L-agar and kanamycin plates. Positive colonies are checked by PCR or by hybridization

overnight at 42°C With labelled probes_ _(d -32P dNTP). The melting temperature (Tm) of



tissue is taken from 3-4 nonth old flowering tobacco plants growing in the
gl asshouse, and 30 ground in liquid nitrogen and 7 m of extraction buffer

(50mMM gl.ycyl glycine, 0.5mM : _ PCT/GBYBEPPG UTE -
SHEET (ROEé’%’g?‘y WO 98/ 20144 -

PCT/ GB97/ 02996 . -24 -
"EDTA, 1 nM DTT; pH 7.5). Extracts are trsferred to centrifuge tubes
contai ning 0.1g of PVPP and centrifuged at 16,500 rpmfor 30 minutes
at 4[err]. 2.5m of supernatant is-|oaded - . onto Sephadex G 25 (PD 10)

col um ( Rﬂé‘éﬁﬁ&i i8 HefRkll 18} adath 290 for 8achA 0P T 288EPO MR each GRICS Aa&chol f er
(50 MM pH7.0) containing 1 mM EDTA and 1 nM DTT. Protein 5 estimation is

per f or meds pstfdormed Bt the flowest Tat-h Ciwitk theg/ agpalyserase( Asvplivdag DN Spotyandrasear e
divided intq aliquots and kept at -70[err]C until required. HPLC assays are
per f or medegn Flmer 83@#?&?‘?’5@%0 gleé]“'i“] a%g? RIstagAls- ﬁ(glg CeRdItons a8 fFUP. d. |

fact e : g el . hor |
aeid mobitPE e flauit abiiaiipn of DNAGESAL Lk Srcoddd RMERPREPTO ! ©

conpoundyoisst i for 'l Rut nd ekdénbibn BETBC foP B3 aHindRs o o thadite!coaa] the 200 |
nm. 10 Reactions are carried out in 0.8 m HPLC vials at room

t enper at ureaetipRSaBSRERSCC) . 15-.  94% by vol une of plant extract are
added to the_sodi um phosphate huffer (pH 7) _ gl ut at hi one or
omog! ut at hi BRG RAFEIS CBI0R Aot HEhBONM 4t 1B ot e ERloheeRe Lrbroto
ppm for - e o ) tHEES ShiR& ﬁgufg ﬁg%'% | up in
t he sameaa(‘;lgtkg&gllrl op%?l?#%%slﬁlg{}tﬁadglgt rac{tsgs rep 'al)ég y ({%gsﬁsl%rl umeg%gzrg at e

buf f er. Rewehwifisgative at $0,000tparinkyCSCl gradietitt i on of the herbicide used as
substrate. Conpound reactivity is nonitored for a . maxi num-of 9-19
hour s10 Speci Fheorieatatipn of thetinseeidntgRRARhis cheeked bysequeariag the regioppetyaen JCL

6000 chr raphy da S em package (Jon chromat ogr.a . HPLC peak

ar ea %%%Sg’t#%é_"é?’bﬁﬁﬁm‘g%é’ %g%'?‘i%sa{’ﬁé""@g‘i‘ﬁﬁﬁ?g e measured for
each conuRyiihasd® (Verdibd 2.0, UnitePSieted Brothemidal S4rporaflen) oR6WingRsSt ant data are
obtai ned fromexponential fits of corrected 20° peaK area versus tine data.

These datmamsfasturedsiprotedolsi The tesaltant plagmidk(pGS Tr2TBinp (Figure 6) is introduced intdJsi ng
t he met hodol descri hed above T.activit f the transforned plants
s eteleriiy imetbcsers paF B BRI, vtk ne et Bew o SSHERG oo

consi gt eehl or oacet ani |l i des (-acetochl or, alachlor, 'metol achl or)
and algdi %%ﬁyse}a%lh%rw'(f | uor odi f en). .These chem cals are known to be
conjugated to glutathione, in particular 25 dichloroacetanilides.
Extractions are perforned in the presence of . PVPP and at |ow

t enper at Jreaf transfopmatig {grabacterign. ¢ dhe rrarsformatign e£pGRTEIBinintdi | ity

oW 1 Nl LR pertorn s Bthleg e oS BUESHe T BAA Tl 103 PrbbAchg vion

al i quot S-steﬁ'[@éiﬂﬁﬂgﬁtﬁwo WicorthEabblumt' & SAm&LAY bfodth orASNar 5 Brthe  WAS
defrosted only onCe, overnight on ice. The assay is performed within 2

week 20f olttapsformatRe. Théleavostaracibated on NBM medium (WIS 9ig/d0n 4vpplemented
PCT/ GBg?/v%%QIggg/l 6-.benzy1amino purine (6-BAP), 0.1 mg/l naphthalene acetic acid (NAA)) and

kanamycin for 1 day. This medium enables the growth of shoot from leaf. One day later, the _

edges of the leaves are cut off and leaves cut into pieces. They are then co-incubated with
 the transformed Agrobacterium cells, containing the pJRIRI plasmid with the insert (pGST-
25  27Bin), suspension (strain LBA 4404) for 20 minutes. The pieces are returned to the plates
containing the NBM medium afterwards. After 2 days, explants are transferred to culture
pots containing the NBM medium supplemented with carbenicillin (500 mg/1) and
kanamycin (100 mg/1). Five weeks later, 1 shoot per leaf disc is transferred on NBM
medium supplemented with carbenicillin (200 mg/l) ahd'kanamycin (100 mg/). After 2-3
30  weeks, shoots with roots are transferred to fresh medium. 2 cuttings from each shoot are

- transferred to separate pots. One is kept as a tissue culture stock, the other one is transferred



-25 - Concentrations of herbicide in the HPLC vials are set
according to their solubility limts. Acetochlor,

" net ol ackw@esmaae assayed at 20 ppmand fluorodifen at 2 aé@ﬁ&h%{é%g%lj'he
assay is run for 9-19 hours according to the reactivity of the herbicide.
Met ol achl or is-assayed for a |onger pepied of tine, because its half-life
" is high under these 5 conditions. Detection of the conpounds is .
performed on a UV detector at 200nm Specific ~ retention tines and

)eak area or, t he herbicide, .The T_activit s .
(F:) al cul af‘é@a’{)ﬁr ﬁ?é"t% &‘g giﬂSShP“ﬁa@qrﬁ%"tH’& Fdndepgn m%wm% e | ows
an exponﬁaﬁ%l bo ctargﬁﬁ'%f?% Itlﬁevgqassl‘.[(t;lgedecr ease of ‘the peak area of the -

assayed e I's us cal cul ation of the GST activity.
The half-1ife and the first order rate constant are also 10 cal cul at ed.

Fi ve tobacco-lines are assayed including a wld- type (negative control), 4
GST- 27 W@ﬂﬁa&ﬂﬂm pliesench o &nttaemsa:&fzpumwc gl gh
con] SigalPRTOR ermﬁ?efnbt‘qéeifﬁésam.aa%% » ESinitrd eeks S Pl oo
GST-27 | a%tﬁnlﬂohcﬁ fleﬁscﬁ&x o abdtit 50 it ARiepst o0 51%91?& ?b‘%ﬁ g&gtr20207

honogl u hi-one esu are reported In Figure

expr ess uhgf @itastion budferifd.5%esotdium dqd&egbsutfate (SDS), 250hh®f NaCk 1 60V dkis
her bi cides in wvitro. n sunmary trans(t)goenl c tobacco plants

expr ess HE S} Bmssmteélarf: ‘Efﬁﬂ'lftla%@félf%lﬁt@s at 13 Ormylﬂé’él?éiem’ﬂdglﬁ%ﬂled by

their ative Y/ S S i d st ra In
Vo angtpepoPatiiil ddaeh ok ekt VoRnR YR IR/l (e lBnBlie Sk B SRice ff ) 1
in yptraeg rmnutes,%gﬁhﬂfgtedﬁr 1058 5uted 2€ 13,000866 bid il td asy. THeh BRyake nost of the
herbi ci des of this class are known to inhibit root el ongati on.

Ther ef oresuspmdedsmd@euh@‘édemusedtwam BSulofwhich isused fonthe PCR rmmrgd’lﬁ]l?or
al achl or an olac | or. ... . j | ot ex i S set toflnd
ur T helsmtoned Bk the ceaditiens 4%??%@901@%%@5’2 {9915 Hjen preiaie Wihs | s

chosen p}ﬁ% canséer @{b 27
"I'ines G@EdéawAgIgm%%sﬁd type "t obacco zyr&e\ﬂt“ésted on ac @?Engs 6 and

17 are EIDQ&*EIIO)specxﬁbmﬂms&erdgimwﬂm-égetgtoﬁhaiNMt and the h| ghest
expresslqg %I ants based on western | ysis. Three expl ants,

cond$ st { %@GQ@M@M&E@J@&@O dﬂ)%ﬂ?é’@tcm thedNO$ Aergringion B9
onto I\/IS msu ted grom h i s observed
after 2° k “%%‘gs& ‘é‘“é‘}s ré)?]id Eélgg’ %&ﬁ@t{of the plants, an
effect of the herbicide is observable on the wild-type fromthe
concentration 1 ppm the |eaves are nore yellowi sh and smaller.

WD 98/ 2 rn blot analysis. =~ To verify the heterologous expression of GST-27 in tobacco

PCT/ GB9

Wth th 0299&9& alysis is perfopmadh 20 mpe pkleat frae 3-4 weeksiald plagts grows in and the
Blrjg?lﬁtr:e neWeﬁe%%l\t/lf_anslsa'ljf> contrgsctjﬁpelgg ofﬁﬁﬁ%n}googypg}'rom&% ﬁt trpgrtt(gi orned

l'ines, phenotit tempowdidstahé ih@5 nlaifdrtractiontbudfer (lliVieTHis O, Olf<M EDTA
concentration 20 ppmfor line 2 and 40 ppmfor line 6. Between these

co 3 cen I:I {ethyl m@m@tﬁm@tﬂt%§ saMJEER(difigthesitolnpH 7183 An additienal 200 gh PE y
oo r oBreadigh Pitferh en a2, ThE SRnplzE SRR pnd toen copStigha for JfginBtes 1108

at 4°C. The supernatant is removed, the concentration of protein being estimated by

25  Bradford assay using BSA as the standard. The samples are kept at -70°C until required.
Samples of 5pg of protein with 33% (v/v) Laemmli dye (97.5% Laemmli buffer (62.5
mM Tris HCL, 10% w/v sucrose, 2% w/v SDS, pH 6.8), 1'.5% pyroniny and 1% - |
mercaptoethanol) are loaded on a SDS-ponact'ylamide gel (17.7% 30:0.174
acrylamide:bisacrylamide), after 2 minutes boiling. Protein extracts are separated
30 electrophoretically in the following buffer (14.4% w/v glycine, 1% wiv SDS, 3% w/v Tris
| Base). Then they are transferred onto nitro-ctﬂlulose (Hybond-C , Amersham) using an



bet ween the concentrations O and 5 ppm Regarding the lines 2 and 6, roots

are respectively produced up to-10 ppm and 20 ppm w th the decrease
of thei r wioegsgioladl or | ower _ concentration. Under thesecicri7iozees and
after 2 weeks, it is noticeable that f4e_ 10 concentration limting the
rooting is between 20 and 40 ppmfor the "best" line tested at this

stage of this experinent. A subsequent experinent is set up for a
w | d-type (control), 4 GST-27 (Ilnes , and 17). These plants

are as sﬂmbm%mpm@@mmdm) mrthafnilommg)blaamgchuf&r R Iteineg
t t t ol I t d

hor b ci T8 WA Gess ) TR %bé‘ W fosh e oferieoe concentrations

: h

agal n Osensgﬂﬁl}%rﬁkand net o J}gﬁﬂé&eag S condﬁ"?%ldt&maéﬁmggéﬁ’y

agai nst acetoc e sa i ons are use
expl antG03%6 rCRit?(ccemar@htalmyamde eenasulfonée acid) tetfasodiant sahty andViD g HOD
suppl enented with her bi ci de. The observat lons of the root gromh are

~ takén 3fheadheblatsiase destaingsidyi 2riirmgesoip 12aaM HCl solutionand theexcess of dyas for t he

pi | ot experinment the response of the explants in ea ch pot is general ly

uni f or rem6Vedioye0.6 M MNaHCO4) solutidrrifor Hild mintes fblioveal Wofinseh dvdedionisdédoot i ng or
any production - -of new | eaves in t he presence of herbicide. But the

GST- 27 M&eslﬁere%g bk FEfCho TBS-TWeRR (2439 w9 ki s0PWRgcE ! |

| eaves as wel I nes are not resi stant as ése 2

| i nes.. 5% Talean RO qlsquxytdlwmedomaﬂ netmeursate), WH 0165 Sortiiningas%% wWoBSAe test ed
rates, but 25 sone | eaves at 20 m_ Lines 6 and 17 produce roots up to

the coﬁ%‘@nﬁhea'tqr@)wa@he for Hpminutes in TE-Tweenwipplemspted wito2% wVIBSAL f ect ed by

b oo IR o EBSARBR! orf bels S WA T 2000 Blvion of Akt BRTIFRD 19, o,
limit anusarhrﬂa?ﬁ&é@%ﬁﬁbé@a%a%ﬁp@lﬂgmmndﬁml iHebP BRisaffn ad ter 3

weeks. Lines 9 and 16 do not produce any roots but very tiny |eaves at
20 and s4@nd@ntibddy, hssotiated ivdthithe horseradish iperottidase (HRP). Alng excdss of ype t obacco

Chort  ABAEumhi st et T Tosen aherlmeniet BADaYs WeBho ECLorbansed * o

her bi Cicflgmi &P
PCT/ GBS Oz%xggxescence) detection 15\6911%% éiffy the protocols described by Amersham. . 27,

r oasi ncAnydrackgrbumd iselintinared by addivonabeast2g ofithd Ménbpnesianhd fidudme 6 and
nore than 40 d[T)@ for line 17. : Treatnent of plants with
" Her bi cifationedigboyenpnstrate that transgenic plants 5  expressing GST-27

ner b i do A% ranaiohds R 1Pk of Gork ST e GRT Son N beBRASITGRTHE o, jonce

tests 2022020 UNtrésegn MY lasndBigkidRiete XPRERnatiY). EWeﬁeedﬁamx% révedB g gftheach
rate of herbicide in sand (25 %sifted loam 75 %grift, slow rel ease

ferti | P& positiegprimary transfpimanis shovenedeteatalle GSTel7 @@msmheﬁ'meal rate.
r.hi ci de and 350 r mul F 596 905.6 g/L
cy 2B onastne 31 a0 % spieasiad vk el Yeme BoBtipra detegabledp fieh levels Tueen 88)
o apehwﬂg&m%e&c{ofar EOlSbIE Brdiéin @s HERAIHAL ﬁM&rsm%xgﬁec%Eec?Jd%ﬂ?éér e e m nat e

3

in the gl asshouse and germ nation Is scor ults
for al &7 Bisammplesy t hat t he transgenic plants are resistant to the
pre-energent application of the herbicide. Simlar results are

obt ai ned for acetochlor, metolachlor and EPTC (-1:2000g/ha): i5
Post - CRRRARE B SRRafl T kB LM BB e " o O
ar gs spSaithem Blétnalysiz/ IO of fresh tbacco leaf taken from plants grown in glasshouse,
placed into a plastic bag containing 0.75 ml of extraction buffer (0.35 M sorbitol, 0.1 M
Tris HCL, 0.005 M EDTA, 0.02 M sodium meta bisulphite, pH 7.5), are crushed by passing
through the rollers of a "Pasta machine”. Crushed extracts are then centrifuged for 5

‘minutes at 6000 rpm at room temperature. After discarding the supernatant, the pelletis
30  resuspended in 300u! extraction buffer and 300p1 nuclei lysis buffer (2% w/v CTAB), 0.2
M Tris HC, 0.05 MEDTA,2M Nacl, pH.7.5). 120pl of 5% Sarkosyl is added and the

SUBSTITUTE SHEET (RULE 26)



formul ati on JF 5969 using a tracksprayer. Damage is scored 3 weeks

foll ow ng spray treatnment using size of the plants, necrosis, a;oex
condi ti on Wa98/R0d# ogy of | eaves relative to - unsprayed BERIGEIFIO2986score
of. 100 % damage neans that the plant is ki3ded by the herbicide 20 and a
score of 0% neans that the plant resenbled an untreated control... .

Post - ener-gent results for alachlor denonstrate that the transgenic

plants are resistant.to i s herbicide. . mage to w.Ld lants and -
a segr egaﬂ@éﬁ%&g%‘_nl % q#g@ e e%%fbf?fgg R %%F vk o genmhxgg% éé)frese‘%ﬁ’“_tes

foll ow ng : e At ' { & or med
wth O EU PR alAiBIOR) 2R MO Rl 0ROl P00 GFiserGpdtBl s
EXAVPLE 4 added to @heosaimegvaiime bf piipesmtmt apd caitdfuged ferl@aminntes apl 3,000 fpnt.er i al
.and the generation of . hosat e resj.stant_ plants . A sunmary

| f
the casseflhes themglietisavashed ‘git%ﬁ@%tm endisttite Alr dlan sthe peliet wasdeft pﬁemtghg 30
exampl ¢ | Sgt P PQ'WOWSZH&&» 1HahP Eﬁ%‘kﬁ%&%ﬂﬁpe%ﬁf)éa{xﬁﬁ%s' axe k’ékp)t' acs A

5363307 _
PCT/ GBI7/ 9849 fintil required. - _ _ ' _ - 28 -
Dicot Vector 1 . Vector 1 is a constitutive control plasmd containing
t he .gl yphosatTetal leaf DN iisidigesterbfoe 6(hoGkS) at BAYE avithcthe fedloatih®respictioh ehzymiesi t
(CTP) sequence 1 fromthe Rubi S'i: _ gene .of Arabi msi s driven by the
enhanced 944 andxkpab by EBer-ongral 3’6‘5@{ (20nM: Tris agetate, 20 mM mpgnesivgacetate,

the 5" NODS raf BORRGED el Phaifialfly orTRPEHR A5 URTGs LR Ripeloe ST g
t o thaoseqpgsse DNA is factiohaeédn iaro.maga&@@%e‘d, dénatfurdd sy g&ﬁl&tsggangh @5 Nico |

site at the translation start ATG and a Kpn | at the 3' end. |nternal
Sph | sit d¥a0&hd.I\¥oNa€l foe 30 minvtes andethe gek is mgutzalized by shaking in 0.5 M TrisHHange
‘in the protei epnce. The P- equence is isol d Nco | Kpn |
fr agment gég\'ilr}l%g&u% UGS Fggm%% légﬁ'i’sg?"ecqs%? ?@ﬁygewﬁ-ﬁ’qﬁg@ersgm Nco |
Kon I cut 10 pMBI, a plasm d based on BI BT 211 containing the CaWw. 35 .
pronot er #ylon mpmhraecskeeppillary bloginginckyx SSQKEM Nacli 3V MNagettoase) DA &s vi r us
transl ati onal enhancer sequence which repl aces t he tobacco etch virus
5' ‘non-tr fiRed wtRembraesisingd corhbinati s 0 V\sirata linking\SEatagénd) and Biking for

A cassette containing the enhanced CaMv35S pronoter-Orega enhancer-
CTP- GIX- 20 mmmﬂgga@@gﬁe}‘r@bes age iexeipes fsom plasmidy, nsedHor BgRackrisgment and

ligated ipto.H nd |11 EcaRl .c pJRLI .. a pBin. | ant,
t r ansf or ng?l?s(g QpFontaning me”@%%? é@ﬁ#&ﬁlgﬁ&nwﬁ%"@iﬁE%& i3labrled i s a
cclass Il EPSPS)32f used to a chl oropl ast . transit peptide fromPetunia is
synt hesi sBihACOPANIP GPUDS/ mbAsingdhe BimetzeGene kiutBomegs), raiodgrimingh an
Ncol site at the translation initiation ATG An internal Sph | site in the
20  EPSPfrotstobidscribarbyFéiliberg anid Mogelsietn. Positios &W?%paﬁdfﬁyacﬁg&ﬁbn
containing_ the sypthetic ‘CTP- EPSPS sequence is isolated as a Ncol Sac
| r agnen®f pifl-BAJeithedlad] rod EgaBBI . Thi s sequence i s placed under

CxXPLERF1 O Okl Bl 20 EINORESL oS DR AN M bbb agter i
(7 Che o209 BB i U SRS o R 00,
and GOX g_écmamr'atsd saimoh sperteDNSy for 3-4 hours at 65°C. Hybridizations are performed in the '
" same buffer but without the last ingredient. Membranes are washed for 30 minutes at 65°C
/in3 x SSC, 0.5% SDS, and twice in 1 x SSC, 0.1% SDS for 20 minutes prior to |

25 autoradiography at -70°C.

HPLC assay. To verify the GST-27 expressing plants show GST activity against
herbicide substrates an in vitro herbicide assay is performed using HPLC.  1g of leaf
tissue is taken from 3-4 month old ﬂowering tobacco plants growing in the glasshouse, and

30 ground in liquid nitrogen and 7 ml of extraction buffer (S0mM glycyl glycine, 0.5mM

SUBSTITUTE SHEET (RULE 26)



cutting dicot vector 2 with EcoRI and inserting an EcoRl - Sph'| - EcoRl

| 'i nker. The resultant vector is cut with Sph | to liberate a cassette
("B "), WobGeBrbmac! oned into an Sph | site in dicot VRCT/GBINO® {0 the
pronoter to torm pDV3puc (Figure 9). The coding regions, 30 including
promoters and term nators derived fromygctors (1) and (2) are then excised
from - pDV3puc as a Hind 11l and EcoR fragment and cloned in to pJRIi.
WD 98/ 20144 ' ' '

PCT/ GB97/ 02996

Pl asni d BOFAA mMEDTnBH-5) attmets sssmmsfermrh o coRifugs fibes sonBBiRg D ¢

“Agr obact g{,i,um . ' 1 joN ' 270
Shoot o af VPP senrifEgi R £6-700 RP1oR 3RhaRs Woi-13 sl BY ekt Bped )
materi al ontzée?ﬁadeﬁi@bs (P01 ) @olufth (Phafnhdcin)ahé eluteabwitle 8.5m! of sefiuhhe EPSPS and
GOX genes 1n the thus rooted shoots, DNA extracts are prepared from 5

.pDV3 pl aphesphate baffed (58 aaMppH PR costaining hoM EDTAverd 1 ppMEFE Protein =~~~ 3
end EPSPS gene - T AGCTT.CCCA D No. EPSPS 2

S e Contugion s performed by JpeTGIAAGE RIRBEF RIUERTA S} SEGPRIREASIORER 1 10
PCR reactd ons .o Qvi j+1f. - ' onfirm -
the - < apiR Ry ke B IPC RmErelilhed, SRS a6t BE BRI AT 11T
cul ture SxrABHSSA0DSLIRRERE(25h * 4.6 mini.d/Enamdhauren Hielirom) gsitg €5:35M and

0. 05mMM gl yphosate. Plants are scored two weeks followng transfer to

medi um c eceteriitrlerd¥crapeonsakosphorie gridiraphile|nhaseat theaterpfd 2 oml/min. DetectioBs sf ul | y

her bi ci de- Carni di a. b . c
Cai sed 18F R GoRARRAdE HEE OB Y oo Azt Aegseior (Wl 03 £y s
extragts ar @ pLEHRhRkaliIBR #E0.8RAI HPLE vidlPdtboth i@fperatast (geqs°¢pusPCR _

reactions to confirmthe presence of the vector. Western blot analysis is

per f or me@4%by volume af plai@Rtrpctsare added patke spdiant phosphate buffer (i Thet | ogous
expression of GOX and EPSPS,

| evel exphuitathione ophomeglntathionsapd 36?3' ?8 %gﬁ%rﬁ@gg"gg‘g asl(?:jﬁe”z gfgﬁ‘%g?iﬁ%%(rz in on

| ates. S I ' I 4ct Dat a
(F:) onfirm ﬁg‘?&%ﬂg?“gﬂ%g%{ ’gh %mé% sa'?%rﬁ)r?e&g%vleﬁlérg c%%%hg%ﬁ%? %?ie%?rger esistant to
gl yphos agﬁ)go&i&@ bltextabs deplavel bl sodfum phosphate buffer. Reactions are initiated by

EXAMPLE 5 Production of plants which are resistant to anilide type )
her bilsi dedditionlofjthg pexbicidesused as substrate. Comppaungrparsiydy ismomited{gdus t obacco

| i nes expressin and EPSPS are..cross- 0ol i ygous
t obacco F‘?aﬁgg“@g’ﬁ%)ést}%& &qc_ﬁ?cix_'eteﬁl\x@ngl&ea aﬁ%ﬁ% A1 & aFeﬁéaf%légg& By ﬁ‘%(r';fr&g‘ss are
sown and @F}az, A b €JoReElRbitatoBraph§). FIPLIdeaRap@edur es
“descri begbméhrgg%r | P?’H%lfﬁg?séi npgglﬁgagt sef rom GS -a£7§)west ern positive

pl ant s awerststime profites; babedion I7-1 tém8 Points3Bx niasmed forteattocympanndeHalf4if¢ i nes
expressi ng_both GST-27, GOX and EPSPS. Thesc&r i neafi’;\re t hen ysed in
pr e- ermer gahpseee BEsHoRIer SHF SORSTARF H412 FEAFRILTOm BRIt IHek SSEER or

20  peak area versus time data. These data are mastered with the FIT package version 2.01.
| Using the methodology described above, the GST activity of the transformed plants is ’

assayed against different herbicide substrates. These herbicides consist of 3
dichloroacetanilides (acetochlor, alachlor, metolachlor) and a dipheny! ether (ﬂuorodifen).
These chemicals are known to be cdnjugated to glﬁtathione, in particular .

25  dichloroacetanilides. Extractions are performed in the presence of PVPP and at low
temperéture to limit denaturation of proteins. Studies on GST stability show that maize
GST activity is reduced by 73% in crude extracts when stored at -20°C. Therefore it was
decided to divide extracts in aliquots. They were kept at -70°C until requiréd. Each sample
was defrosted only once, overnight on ice. The assay is performed within 2 weeks following

30 the extraction.



WD 98/ 20144 S _ '

PCT/ GB97/ 02996 ' - > -
and- EPTCW&8#2Mddient |y, the plants can be sprayed in a posfggggggen?6 manner
W th formul at ed gl yphosate. 5

EXAMPLE 6 Production of plants whigh.-are resistant to both: anidide and
gl yphosat e type her bi ci des by a process not invol ving

cross-pol lination The vector pDV3puc is cut with EcoRl, phenol
chloroformextracted and ... precipi té\te . Adelta EcoRl-_H ndl]ll- EcoR

l-i nker MKOL&oBerntraansioicisEiiaeiaihe sy (‘3&@'? BFLRECOrding o thergokiility 7o[err] C

200 00! ik BB, TRyt f 2 AL RSBl

anneal ed T hKer hen Tigated |

recombi -ng\lrk.s TRE 8ss3¢ iGRndor 9410 hoeRdctabiakte theabadgiony of detelficide.  MKOL3.
Plasm d Is isolated frompositively hybridising colonies.- Restriction

di gest i oMetalachlodiisdssayed for e dongenpsiod afftinte; begause itchalf-iferis hightinderth&e CaW
pronoter 15 . driying.ex ssi on of, Orega- CTP2- PRS- NOS_and the 35S Caw
b oot or RGeSO AL She SRR IXFELGEIE PP 2 B ORESor 2 A00RM Sepeiin. | <
cl oned i < i Wrdd Yok (ﬁg@ RQ’&E ated with
CpP. Rec%r%l:ﬁr?g%%ﬁ}sérﬁgﬁg%%g%gg%%wng aﬁ%g%ﬁma&mpro g. Xér esul t ant
vect or péNéulited o Biethasis of 7311 time points. Edzymyatizmonjugaticii 11698 4 8€Sonential
analysis The resultant plasmd is transforned i nto Tobacco via

Agr-obact dearease earvegl erlecreasspf the perki ageaef thoassaysddwsrhicide is used frdhe d

arc. pr opaEHRRRHAECN T Al Tre Ml s B e ot ord S oy i iy
reacjg ongadflate@nfirmthe presence in the |leaf of the protein encoding.

regi ons of the vector. The primers are as .indicated above (SEQ I D Nos.
12 and 13) . Five tobacto lines dre assayed inghudingarwild-typedhegative contmod); ¢ @83527 finesmar y

B S R IR AN U T TR
A" b T AR iAo BeTENBIAES OO 77 1

pe*cont ySISsTis
per f or reGSTR At 7PisRAlassdyed fondoniiigation of acetochlor to/hdrhspliaihidre! Resuls
expressi on of- GOX and EPSPS and GST-27, using the nethods descri bed

ear | 1%r . arpiepssted imEiguey tanddhowiSEE-3Texpressingrplagtsiexhipitagtivituiegainst ays with 30
acet OChlg'gOpﬁéega%@ié)erthg@g{d%f%aﬁ | or and EPTC. Subsequently, the plants can

be spray &t manner with formul ated gl yphosat e.

WO 98/ 201441 symmary: transgenic tobacco plants express the GST-27 protein and these plants
PCT/ GB97/ 02996 T . - “31 -
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20  Invivo analysis - Rooting assay.  The GST-27 lines have significant activity in vitro

against at 1e_a§t 3 chloroacetanilides. Moreover, most of the herbicides of this class are
known to inhibit root elongation. Therefore, it is decided to set up a rooting test on
acetochlor, alachlor and metolachlor. | ) _
A pilot expériment is set 1’1p to find out the most effective concentrations. A range of 7
25 concentrations is chosen: 0, 1, 5, 10, 20, 40 and 100 ppm. Two transformed lines (GST-27
lines 6 and 17) and a wild-type tobacco are tested on alachlor. Lines 6 and 17 are chosen
because they represent the lowest and the highest expressing plants, based on western blot
analysis. 'I:hrée é}'cplants, consisting of a leaf attached to a piece of shoot, are transferred
onto MS medium supplemented with the herbicide. Root growth is observed after 2 weeks
30 (Figure 8).' On the general aspect of the plants, an effect of the herbicide is observable on

the wild-type from the concentration 1 ppm, the leaves are more yellowish and smaller.



expressi ng both gl yphosate resistance genes and GST. The top half of the
tabl e shows the rates at which the pre-em herbicides are applied and
"‘their cowo 9@ethd4st ate i n the absence of post-em her BICIIGRIT02996 _
application. The lower half of the top table gives the danage 5 i ncur r ed
after a glyphosate treatnent of 800g/hgg.The | ower table shows.the
replicate scores for danmage inflicted on the plants not subjected to
a pre-emtreatnent as a result of t he post-em gl yphosate treatnent.

Al'l replicates of the vvlldt%a pl ants score simlarl wher eas the
transger@1 the iceanss af the eencen t¥°&’§=t thesepiffeptsare &Uﬁ%tefaﬁnﬂéé‘P Bymberef neWpul at i on

the posicaBERAcH) BR 10 Bl R TR APydc RORRENER 1o R st ion "y | °

HERBI Cl f35pebRie/th/EbHsformed lines, the effect of the herbicide is observable from the 21
DAT Post treatment Pre treatment % Phyt ot oxi-city
Chemi catoncemteation 20 ppﬁhﬁ)n'imaP. and 4Rppm forilige 6:BqyBkh tidse cohtahtiations, the None

No
AC 2»[ e h]eayes seem ggxaller and t@:lr number sgghﬂy reduceg, but they still are green. Secondly,

IXSE) ol ac&gg‘yﬂd typé BQ)(Sluces sogxe roots up & 5 ppm, but thBlr leng’ﬁxe lecreases dr'ng‘IB&C Qil)(? d

cl%PTC between the concentrations %Hﬁéﬁptn Regardn@ﬂi@ lines @and 6, roots af® respectwely

5000 0 _
Bayer F}ZEdBMBJP tg (30 ppm ang 20 ppm, Wl.dl the decrease of the1r length for lower
Igt r7§zol e ion. 6@%«%& conditions ad aﬁer2weé’lg R?at i 5%37, g]'al\l&ne 50 0 R

S\I " hI Ocon%@xq’crﬁoh limiting the Wtﬁigqﬁ BJ:tWeen 20 aﬁ@@O ppm folthe "best" luQ tested at this

“Di et hestmafﬂnsEﬁpenment 0 0 - : Cycl oate
5000 (08 0 5000 0
0 _ A subsequent experiment is set up ﬁ?ffe‘?’ﬂ‘il‘@eém%“ GST-27 Gmes 5,6,129 :
Tetrazo ( e '
treat neﬁr*da'm SThese B@g :«tlyed onac %81?11101& g.}achl&?%ﬁf metoB%:e or at ﬁhe followxﬁ)é b -
C. rated: 0, 10, 20341)@@%&& ¢he di8fdchlor and mbfhehlor mentiond herbicide, and 0, 20,0
0 : 100 ‘"0 0 95 90 90 90

75 15 40300 ppmafar slaghlop Ehesceenseritationson chesen|bgeavisann BPLC the plants
show the lowest activity against acetochlor and metolachlor. The same conditions are used:
3 explants per concentration and per line transferred onto MS medium supplemented with
herbicide. The observations of the root growth are taken 3 weeks after the beginning of the -
 assay. # | ' | |
20 As for the pilot experiment the response of the explants in each pot is generally
uniform. On écetoc_hlor, the wild-type explants do not show any rooting or any production :
of new leaves in the presence of herbicide. But the GST-27 lines 6 and 17 produce few |
roots at 10 and 20 ppm and small leaves as well. The lines 5 and 12 are no_t as resistant as
these 2 lines. On alachlor, the wild-type does not produce any root for the tésted rates, but-
25  some leaves at 20 ppm. Lines 6 and 17 produce roots up to the concentration of 40 ppm,
" which roots appear not to be affected by the herbicide. The number of roots seems lower |
vﬁﬂx increasing concentrations of herbicide. For these lines, the rooting concentration limit
is between 40 and 100 ppm under theséponditions and after 3 weeks. Lines 9 and 16 do not
produce_ any roots but very tiny leaves at 20 and 40 ppm of the herbicide. On fnetolachlor,
30 . the wild-type tobacco produces very few tiny roots at 10 and 20 ppm. Lines 6 and 17

- produce short roots, but not as many as are produced on alachlor. For this herbicide, the
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EXAMPLE 7 wo-9srzofasoducti on of nmaize which is resi stant t o gleormaBYI@L6aNd
ani | i de type herbicides. A nonocot yl edonous (nai ze, wheat)

transformation vector containing GST-27,,%_ " conferring resistance to
pr e- emer gence herbi ci des, and phosphlnot%r|C|n acetyl transferase
(PAT), conferring resistance to the post energence her bi ci de glufosinate is

generated as fol |l ows: 1. Di gest pUBlL (a pUC based vector
cont ai ni nrcgtmg: eongghtrationdimil u&bfaﬁwmno?rﬂﬁnér‘m ppm fogthe ling ¢ and more then 40 ppm wi t h

Hond 111 he gap produced by the digestion is inserted a 10

H ndll1- Af?é lf‘e ndl 'l linker (5" AGCTTGTACACCGGTGIACA 3" (SEQ.ID No. 15)).

The result reconbinant vector is desi gnated as pUB2. Step 2: The
GST-27 cDNA is excised fromplJ21-3A using Kpn' I and BanfH and cl oned

i nto BanHrremelipof plants witHerbicider m pUSRo demonstrate that Haespedic pléntkpnl - Pac
| =Kpnl "linker (5 CGGACAATTAATTGTCOGGIAG.3' 15 (SEQ ID No. 16)) is self
anneal®d expaessing/GRT-2A confpresistagee ﬁ9ths§>1?1é° freatmeplpre- and post-emerg@eep 4: The

NCS t | at t f | E98 (F 12
and bFlrJnth%'h'& %I%ﬂégpe%nﬁgiﬁh%g&%hﬁgggrgnf or :nO[)n IE)JBS T§1eI glrJ|r 2nt a% I on of
the NOS érﬂ'ix?é’ﬁ&&eﬂti‘ar@ \YBHoinSed Y Yowing Soptxiffdy SGEéeQE' 9%%% ERpW th

EcoRl and BarrHI unctions are sequencesd to conf 13 e correct
i*nsert i onratef oftheebivide lmmd(fﬁl%t mﬁc,d loam, 75 boguficsiow release fernhser) Bbmp 5. The

Sf“%é;ii Pt R B B o Rl ok o
| A i
Pl CPATo (P 5560 (o3 D Alehaittl 9534 2. BAbeBERATHELRG st o' ©

hybri di saTwe¢h %)Tai’e &iplied eRieed hiPs udinges traékspfmyaUS&eds%Ee leﬁ/éo ghiadfapinget s are

detected by colony hybridisation with an EcoRl cDNA insert from
pl J21- 3A. lreshowssiand m@rbnsusem%%w 3iwesksnNgesults fasglachlor Faw thagithet i on to

f CA
B A A s bt
cassette febalfd RELDaikid fiisREbEEOf, %&&a&m&%ﬁlbplm [12000gha). PCATI 1 is 30

transforned into wheat and mai zé using known whi Skers and particle
‘bonbatdiment Post-enicegsmae testyyare Gahned:e,lktlhy sawing 2fbseeds perdine and ger herlsicide rate

bi al oph t t I | } WD 98/ 20144
plc-|a-/ %Egg/srél%ggg)%lstnk?t%r ?Egzllyas to}gjaccszcga p ants ((f tm hL}gh) are sprayed with alachlor in 532

ont ot o ri B B SO6F it BApASEE Dalih s s0BieR's WERMIOAIE Sty
fol | ow ngumnez&r@ngE@ dffthd\slants Jizcrosid, apex condmbﬁ,&ﬁ@@hmlugj' Wlehﬁbs@@lﬁﬁ%m t he

presence in the calli of the GST-27 gene.
unsprayed co;m‘ol A score of 100 % damage means that the plant is killed by the herblclde

20  and a score of 0% means that the plant resembled an untreated control. Post-emergent
~ results for alachlor demonstrate that the trensgenic _planis are resistant to this herbicide.
Damage to wild type plants and a segregating GST-27 line, is recorded graphically in
_ Figure 9 following metolachlor treatment at 1400 g/ha. Similar studies are performed with
~ acetochlor at 2000 g/ha giving similar results.
25
EXAMPLE 4
Cloning of glvphosate resistance genes into plant material and the generation of
glyphosate resistant plants

A summary of the cassettes and specific plant transformation constructs used in this
30 - example is shown in the Figures of European Patent Application No. EP A1 536330.



5' CCAACAAGGTGGCGCAGTTCA3' (SEQ ID No. 33) 5 '
5' CATCGCAAGACCGGCAACAE' (SEQ ID No. 34). - The calli which contain the
GST- 27 e'xw eisﬁog& cassette are transferred to plant regenempgr®yro29e media
and mai ze rﬂ are recovered. The transformed mai ze plants are confirned
- by Western blots of total protein extracts fromleaves - to
constitutively express the GST gene at -28- high levels. Such pl'ants are
cross pollinated with an elite maize inbred line and seed is 10 recovered.
To confirm enhanced tol erance of the plants - to the herbicide acetochlor the

sai d St pl an | 2 SOd et Wi ' 2,000
and 6, 0P BEEREEEE [ OTVEdl Nissopstilip bortol pRaRTbnBRlg B0 REIRRE 2 o
ger m nat eyidide Fé;m/go‘(}x) fusetbep sheéhleroplast teansit (BEPpsequence 3 draah- theHubiste o
"resultant seedlings is assessed for danmage caused the chem cal and conpared

to tgeoe obduitbidapsisdriver by thegnhenced 888 1CGaMY prameter. tThereonsinict cantaits sown
der i depti cal iti 15 ., The " i c" dl. .

e e ek G St e P RSB iRy AR s e

her bi 61 dN@8ferfhifiltée. RGO Attt i€ Wfhirhkstselt td ddcBraidd 1o/ sdlfibiRE®:

wher eas non-transgenic seedl 1 ngs grown I n SOl contal ns

her bi ci delisclosed) én WG003 70 fwittethe additiel ofiarnNeg 1 site at tisithmislation sthrt daTGge.
‘Seedl i ngs which survive the first herbicide treatnent are allowed to grow

for a furandeXpd ai#ies3’ spd.slaternal dpf i siesand\rolisifg are daleted duming synthesiswigh

Scti ve | resapas bR seqiRlEC THe i 00 Sk i PRI Al Aot
(gxpressiﬁ@%tmmté@sd@mﬂnﬂokmmom eetnidaeihtoveh IprilEcsl ock M et
a

: (The EMBO Journal 6(9): 2513-2518 (1987)) are either conpletely
r esi s0antpMBlglaplassiid bassd oppIBT 211 gontaingig:the B39 promater with dupdichted bi ci de

T 5 IR PARR 0 e ARV B
EXAVPLE §pe tobacc'gre?cﬁﬂﬁf'ds%“n&{-u%s?ﬂééleﬁd@,%d%iﬂétﬁ@%ﬁh %!N@Q t@&:ﬁp&t@ﬁ I stant

to both glvphosate and glufosinate I's exanple

denonst r at e Alkesspitochntdining tief enhhnoed CaMiV35S promaotersDmegadnhtmcep-of TP-EB0X-

gl uf osi nate and gl yphaosate. Thi ltiple herbicide resistance results from
the crosdYofgpegyenge is isolated as a Hind/{lj BegRIfyagment and ligated into Hind II1 EcoRI cut

PCT/ GR97/ 96_n: . . -34 - :
fi rs'tq'?pl Jﬁ%‘%\’/\ngﬁi wa%asg%glra}ntetrr%rﬁsiﬁoggra%%n}/%c?%é resistant to glufosinate with a
second pl ant which has been engi neered to be resistant to gl yphosate.
- Production of a d ufosinate resistance construct pPG 5 P& is a
Bin 19 bdicot Vectori2. der i ThaiCP4-JER S (wlieh mAaTlass HERMIH) dised tora chlomplast

o oot o hokl iR S BARTE St MBrd b e PR O " 1
sequence omé&%ag N3P si@&t%eTmslatﬁon HRRMRIAADE. '&Qf’/ﬁxtehﬂ%)gi sifRhigee

junctions and stop codons in all three reading framnes. presence

of t t hmlaoi rERSPS ipsitenced tnthmp[chmge?? puftciﬁlsaque:lcegglxcﬂagmmdbﬁairﬁng ﬂplsynﬁmlt'y:hdog; .
no c ) -prokaryotes. Q contains a,cassette carrying the
CaM/ pr orfotEEPSPS seangnce i isolatsc asalled) Sas{ tepmensand igaed into gMIBIA KBs o rmmp
of pPGB. canper k ] ors 1-3 are
pr oduced sg%uelnﬁ%xl @é#ggﬁg%eg\?&eﬁ? '55?@%()285% énlﬁ%&dl%ﬁ@é%‘&t\%c d\ggé Monocot
vect or 1 tertifatl Wil bsl Opsdph Fapingt edidipdshiShe S ofaheiproteR?enchbBinE P& iSns £/t h

driven by the maize El)?(_)llj)ilUbi uibitin lpl)irom)t er and enhanced by the naize
isolated as an Eco. ind I11 fragment which is cloned into pJRIi to give dicot vector 2.

25
Dicot Vector3. . A control vector with both EPSPS and GOX genes is constructed by
cutting dicot vector 2 with EcoRI and inserting an EcoRI - Sph I - EcoRI linker. The
resultant vector is cut with Sph I to liberate a cassette ("B"), which is cloned into an Sph I
site in dicot vector 1, 5' to the promoter to form pDV3puc (Figure 9). The coding regions,
30 including promoters and terminators derived from vectors (1) and (2) are then excised from

pDV3puc as a Hipd Il and EcoRI ﬁ'agiﬁent and c_lqned in to pJRIi .



pol yubiquitin intron 1, in a pUC derived plasmd. It also contains a

cassette conferring t ol erance .t o phosphi not hricin.

Pl asm d Iwoldagoey@act or pU B 1 is di gested wi th Kpnl and a Kde/GMdz%pnl
i nker I nserted, (sequence 5" CARglTG CGG CCG CAA ATG GIA C 3 - SEQ
ID NO 17). An 20 EcoRl -Notl-EcoR [linKer (5 AAT TCA TTT GCG GCC GCA AAT
G 3 (SEQID No.18) is inserted into the EcoRl site of DV 1-pUC. The
resulting plasmd is cut with Ncol and the 5' overhang filled using

DNA Pol y rrer%las;mﬂ pR \Giisvhe bisgneyretor piR 1i s Mduaed:m tobace grobacteniingest ed
W th Notl a t1 -blunt isol This fra ntainin
the -CT Pf"e a&ﬂa “ﬂf%fkgg%ﬂng?f UFY %ﬁg&t’%‘a afqﬂcglogﬁg&f{b‘falﬂf di ges'? ed
m)dl fie i &te TTG CAG
%8%?&%6 % %k‘éﬁnedl}mt%n% q‘*s,mlurllgée(?fdeg into t he I asm dto :
gl ve resfitid FRSRS ﬂ&fmo}dgenes mthethus rootEtKelmmstNA extactiae ftepiedd frdmaoRl :
linker (5 AAT TCA TTT GOG GCC AAT G 3' (SEQID No. 20)) is
i nsest edD'VA glams@née@aiorseémwé’%ﬁwﬂmfellemmﬂy one is i sol at ed

whi ch does E?g in the |inker nentioned above, thus allowing this
cl oni ng 30 §?‘? Bg)g"%e resulting plasmd is digested with Ncol and the

5 _overhangATCRIrACTAGENCCCA (30 ITNAY9) Epkpspow fragment. The |inear
vector is then cut with Notl and the resul tlng WO 98/ 20144

PCT/ GB97/ OﬂeﬁdGOXgene _ - -35 - . :
fragment i s cI oned .nto ct a scri bed i medi ately above(pUB
1 nodi fi ed)AA T@é{é&ﬁéﬁ‘ﬁﬁd&ﬁQﬁh&W%éct abl e mar ker

cassgtte, hi not hricin
acetsl;?/’l tran er;ééa?el&%ﬁﬁgﬁdggnw and. N l? encsé?gp IS eXC| Sgﬁﬂﬂ%ﬂ: from
pl El 08 . mtmhanyefwmmatamabnae@en&s pBVqusBché‘&ﬂiude explihtOaré erafisfeged t e 2.

.Diagnostic 5 restriction analysis is used to confirmthat the PAT

casset t do MSmiediachntaining.0.81 inéﬂt@dlo&ﬁw glyphosate. Plamtparesosred toayvrsks .

hos ©°° Wohdving Mabiipr B hefR Settaniifh i oshlec RS ind 'Wﬁg&ﬂf "ang
|'i gat ed ghEde@sii® dn BetbickdSéekdifin gmedxa, afe%nﬂlyé@d UGRE Bhti-deradibey (Fi 0.

17). 10 Tobacco transformation Pl asm ds or d| cot %ransformatlon are
t r arts$f erin eabbitpagainst prirfiebGOeand BPSRSvef aci ens LBA4404 using the freeze thaw

fﬁéﬂ??a%%@bﬁﬁ S e S A sz ”('1384)
S
oot n HEtPEAEEARRE AR HE 0048, TN el AP Al B

gr own uredet PCRijositive l)iD\Bmpladatdwenfy the legerolbgos e:q&'éssimﬁ csomf arfd E¥SRS e
named as 35S- PAT |i nes. Mai_ze transformati on Mai ze

t r ansf orsmeitbpmethogds dpsmbed eerénehg High leygl exnressors are sejfrpodlinatedandaeedod as

1SR SR B olel 2 YouBIb ARGl 8 BB Rl o
per f or Wm@&ﬁﬁnxﬁgﬂﬁ@f@n{slmwﬂks Rvitho@E IV Icdrishasters sisi tsnd

mai ze cal li is extracted by nmeans known to the skilled man. The J
pri mary glyphosate is to be found in Example 8.

EXAMPLE 5

25 Production of plants which are resistant to anilide tvpe herbicides and glyphosate

Heterozygous and homozygous tobacco lines expressing GOX and EPSPS are cross-
pollinated onto homozygous tobacco lines expressing GST-27.. The seed generated in this
cross are sown and leaf material taken for westem analysis, using the procedures described
earlier. Protein extracts from GST-27 westem positive plants are then screened with the

30 GOX/EPSPS axitibody to select lines expressing both GST-27, GOX and EPSPS. These

lines are then used in pre-emergent herbicide sprays with acetochlor, alachlor, metoloachior

" SUBSTITUTE SHEET (RULE 26)



25 transformants are anal ysed using the foll owi ng ol i gonucl eoti des: -

pDV1 - TW1 + GOX1, - G0OX3 + nosl pDV2 TW1 -
+EPSPS1, wo 98120144 EPSPS1 +nosl pDV3 EPSPS3 POB@®7/029% _pPGS
35S + BARJAP2R 30 pMWi T OX 4 + GOX5 EPSP$4 +
EPSPS5 35S + BARJAP2R’ The sequencgg. of the oligonucleotides are: -
WD 98/ 20144 . PCT/ GB97/ 02996
-36 - TW1 5' . CTCGAGTATTTTTACAACAATTACCAAC (SEQ I D No. 21)
GOXI : 5" AATCAAGGTAACCT TGAATCCA SEQ I D No. 22) GOX3

5' ACCACGRAJERIGT Belregayutiyy the Rlaptscpbagprayes)in a postergergent manneg with -
GCATTA TAATTATTACATGCTT. (SEQ | D No.. . 24) 5 . EPSPS1 5'
GTGATA%\*%QCM GAC (SEQ ID No. 25) EPSPS3

5' TACCTTGCGTGGACCAAAGACTCC (SEQ ID No. 26)  EPSPS4 ,

5' ATGGCTTCCGCTCAAGTGAAGTCC (SEQ I D No. 27) EPSPS5 5'
CGAGACCCATAACGAGGAAGCTCA (SEQ | D %@% GoX4

'5' ATTGOGTGATTTCGATCCTAACTT ( SEQ | K60 coxs

g %TG&';TT ﬁ@f‘ WhicH aFeesiotdi? to BBth amhd§§§d lyphosate tvpe

5' GTCTCAH&GIMMI&:‘Q@&:HMOIVI&;ross-pomilatwne pl ant s are selected for -

further analysis. Sel ection gﬁi p osa e A Kkill curve is

const ruct ed éi"e‘é?b@mwcﬂ%’é&‘} ‘1}901"’@% exteactnd agidy phosat e

containip 3 em segnent -6mm | ong |
and carrgﬁgﬁgﬁgte#eéf&g#g eco nt oﬂﬁéﬁ Em con al ni %g a range of - gl yphosate

| SOP{PPYS'AA TEACGTRAGCITCOST3 FESEQTDVN0 34 S he 8 e V0 Codrid dooRd t8rodAach
concentration. The results are scored after two weeks and are shown in

Tabl e 2.tempetatwrFablbwing it t¢ self-annegle e apnogled linker intheniligated ymte FcoBhcuto |

(C); yphosal ISVB;S)&P "t Iivae%g%n 2 gﬁtls %%%Wn% _9%%% fl?tgﬁgclé gﬁéonucleotide

{)?8;?‘ - SCMKQL& Plasmid DNA %ii%oll%teg ®m positively hybridisin6 f:%lgg}jgs.NRe%'Q%x? In any

~ 0.055  digestion with HindIIl rel@ask a 5.4 kb fragment containing the 35S CaMV promoter

s driving expression of Omega-CTP2- EPSPS- NOS and the 3558 CaMV promoter driving
expression of Omega-CTP1-GOX-NOS. This fragment is cloned in to pGST-27 Bin cut

with Hindlll and dephosphorylated with CIP. Recombinants are selected using an insert

probe. The resultant vector pDV6-Bin (Figure 10) is verified by appropriate sequence
analysis The resultant plasmid is transformed into Tobacco via Agrobacterium using

20  known techniques. 270 Shoots are recovered following transformation, 80 of which are
rooted. Leaf DNA extracts are prepared from each primary transformant and are used in
PCR reactions to confirm the presence in the leaf of the protein encoding regions of the
vector. The primers are as indicated above (SEQ ID Nos. 12 aﬁd 13). To confirm the
functionality of the trans-genes, primary transformants from pDV6-Bin are assessed on 0,

25  0.0lmM an 0.05mM glyphosate and -IOppm and 40ppm alachlor in tissue culture medium..

' A number of transgenic grow successfully on both media under cdnditions in which the
wild type controls fail to. Western blot analysis is performed on each PCR positive ﬁlant to
verify the heterologous expression of GOX and EPSPS and GST-27, using the methods

- described earlier. These 1ine§ are then used in pré-emergent herbicide sprays with
30 acetochlor, alachlor, metoloachlor and EPTC. Subsequently, the plants can be sprayed in a

' post-emergent manner with formulated glyphosate



WD 98/ 20144
PCT/ GB97/ 02996 _

Primary twoenskersaants of pDV 1,2 and 3 ar

cont ai ni

ng 0.01

descri bed above.

pDV1 pDV2.
50 UPAYE fBEIoW Bi98s
PAT  Regenerating calli

The results are shown 1l -
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per oxi dase conj uBat e) Wikt tSeHost T otoopo—gt+yt+om— i ncubation with the
menbr anej was for|1l holc descti bed above.
Detection i s performela®@ng t hel* el shhm EC %dedectiop kit A range of
protein fexpressi pn | e{Rimathegpraid obB8r vied 9 n | heO®pDY1l and|{2 |ines based on the
- Western results. | Expr fysioad | evejsgomf QOX pndoEPHPS-1njthe PDV3 showed
little variation EPTC “Weoste) 2044 0 -
PCT/ GB97) 02996 = . -38 -
in the amunt of | GOX JaBeaﬁFéesms > bu(LZLwro Y ation in the anmount
of EPSPS Il nes Jﬂ_rfﬂz lingn Tal 2 genes ar® sdlecte for further
" anal ysi s| Glyphosate !‘4-.800 NoRfi 7o cal i ar o#324ha 83 i n¥4%e| sane way, -cal ||
expressijng GOX ahd E chjop 50r dgedbrat ed®i nfo _whol e plants and | eaf
mat eri al| aR®9sel agajMetdashlorexpr B8%ilon Bf both génes. |5 Phosphinothricin
acetyl tlransferape acpyaghlery assajp® IPAT® ackivPtylis-nehsured using ’
[err] C ljabel | ed pcet y|Dingthrnamige [S8bell | M acet Yl d¢roup |s transferred to the
. Cycloate 5000 0 -0 - B
EPTC 5000 0 0 -
. ' [Bayer FOE 5043 |50 0 0
Tetrazolinone 200 0
Post Pre
treatment treatment
Chemical | Rate || Chemical a b c d
Glyphosate| 800 None 75 0 0 0
100y O 0 95
190 9 | 9 75

FOE 5043 is an oxyacetamide known as fluthiamide.



phosphi not hri ci n(PPT) substrate by the PAT in the | eaf extracts. Acetyl ated
PPT and [err]C . . mgrate at different rates on a TLC plate, and can be
vi sual i segol¥raulor adi ography. Leaf : extracti on buffer PCHGBITRPEI
using 10X T[err]Eferr] buffer (TE)-50mM M Tris.HCQ pH7.5, 4nm 10 O0.5M _
EDTA and 46m dd water. Leupeptin is negle-up.at a rate of 15mg/m in 1X TE

Stock . PMSF is made up in nethanol to 30ng/m . BSA stock solution:is
made ‘at 30nmg/ M in TE, and DIT at 1M PPT is used as 1nM solution in
TE. [err]C Acetyl CoA was 58. 1nCi /ol . (Amersham . The extraction.

buffer is made by conbining 4315[err]l dd water, 500[err]l |OX TE,
50[err}l leupeprin stock, 25[err]l ) -0Cck, 100[err]l BSA stock and
GRMNREET )

10p[err]l DITT stock (final vol une Leaf sanpl es are harvested
i nt o Eppppgtiiction P AfaiwhieR isFdsizearithe glufesimste ant iapilideHppe herbicidasp! es
(three préces) are ground In 100[err]l extraction buffer using an electric
gri nder in dandnocotyledopons (nize, wansfermation vesterepatniting G8Im2hut es and

50 | ved { fresh tub ic . Sampl es are stored.at -70C
it 13 s eonRRRRA e i TP R Bero 1Ak PRPRRBHF BaoEo Brstane

in the ey{ACkS ; bttkirh@Berics hEFbfRAd Sidlfddihatl i bilbrae A UMES Of
| abel | ed_é%:@t‘ %@Kﬁﬁ&%ﬁ%&ﬁ&g%&ol urregedgf 1mM PP@ so?ﬁﬁt ilog. To-a -25[err]g
. total |egfllowwsotein sanple (-2[err]g/[err]l): is added 2[err]|l substrate
solution, the mxture is incubated atf 37C for30", then repoved to ice

to stop theStemkt i HigeshpUBiie rUGrbagedsyscior containmg: the magzsubiquutin progetge| TLC

plate (Si T-6470) . o1 i QLA | S 40, a 3:2
T of i BLPRBHGIEs hxich ARASC B8 GELATRARATN, SgRRon T HRthadh 7
W apped  HindiIasde IGHHHTMiARs (2ACCTIGTACACCSTEGTXCR B (BEQID Non 159 | 26
pimary transformants are assessed for PAT activity using this nmethod of
anal ysi sThareshlere¢toinbinant yrictozds drsigniated appUBRe result of this anal ysis.

' \é\g-? &Sg}ggw The GST-27 cDNA is excised from pIJ21-3A using Kpn I and BamH] gnd

gg&el ﬁh@%ﬁe@ﬁw Bldhi¥n 834 Rpnl cut PUBZ to form pUBS3. PAT activity |
1, 9,411, 12, 18tep13:22 AKprlaPa1-Bnldimke( 5" CGGACAATTAATTGTCCGETAGS®
5,7, 10, 15, 19, 20 , Low

6,2, 8 (SEQIPaile) ieseifannealed and qloped intodipnbsyt BB 3ia formplB4 or nant s

showing ar e,.of -PA CLi Vg .
pai nti ng of S%’I e-ﬁgﬁ%@gmﬁ?&kﬁ%%@ﬁeaggggﬂEgﬁh&ﬁ%ﬂéﬁ%ﬁgggﬁowmr ked
| eaves apg Blahtin@@loMel fntd ELIR Yt PUBAtS it plOBS5.0Thé brfertidtivnlof sig) WOSON
(1509/1) in water. Scoring is perforned after 48 hr and one week and | eaf

sanpl es terminatocémpUBS is cantirmed by sestrictivadigsstonswishEcoRbandBamwkls A | eaf

*

Dl o | NG uncti gt spp sequincesd fopphifth Me BAREMRLHion of the TS TBARM: PNt 1ne
' A 4 :
48hr ek 48hr 1 week - Hi gh 24,1, 14
20 co . )
mfj%]nggﬁnged Undamaged Undanaged :

Undamaged

Step5:  The ubiquitin GST-27 NOS cassette present in pUBS is removed from it by
digestion with Age I and Pacl and is cloned in the ampicillin minus vector pIGPAT (Figure
13) which contains the PAT gene under the control of the 358-CaMV promoter. :
: Reco.miainants are defected by colony hybridisation with an EcoRI cDNA insert from pli21-
25 3A. Recombinants are detected by colony hybridisaﬁon with an EcoRl cDNA insert from
plJ21-3A. Recombinants are orientated with Neco 1 restriction digestion to form pCAT10
(Figure 14).
Step 6: The 35S-PAT-NOS cassette is removed by digestion w1th Ascl and the Ascl
ubiquitin-PAT-NOS cassette from pPUN 14 inserted to form pCAT11 (Fig 15). pCAT11 is
- 30 transformed into wheat and maize using known whiskers and particle bombardment

technology. The cells are then transferred into bialophos-_cohtaining media toselect callué



Low - 6,10 Undamaged ~ Dead Dead Dead

Wid type ' Dead o Dead : Dead Dead
Her bi ci dewgmﬂest - Qufosinate (Challenge or Basta)PCRGEH®% _
response curve is established for the effect of Chal | enge on wild
type tobacco. Five plants are used in e38h treatnent, the scoring is 15
perfornmed after 14 days. Follow ng construction of the kill curve, selected
35SPAT lines are subj ected to spray tests using Chal I'enge at the sane

I e

gg{l_/zgég‘; /hargb%%e are then subjected to PCR using the following primers (SEQ ID Nos. 28 a_nd 34

Tabl e 6: rdspedtively) @ cmfomyﬂteqmsemexﬁmq;aihnﬁﬁx; GSB2% gemarant s - Basta.
rate’ WIld type 35SPAT#12 \ Ydamage Ydanmge
Yglamage SW Cééi%ﬁﬁ (SEQIDN0033) 4009/ ha 40

0 . . 900g/ ha 80
0 5 %%TCG@&QR@Q@GQ%%A% 6a llqgh3e4 for. the ef fect of

gl yphosatyge emiiWihieh EXMRENHROGSTRT efbtedsibl Bassbtte dre BRasEOra! @Vl régentrationie
culture i s sub-cultured by taking stem segnents and growing in - fresh

medi um t eegimandanaize plants\ergregonesed. THbe ermpdonaize pl anﬁsmn&iuncdurbyfor one
nmont h bef fer .to . 3inc n John, Inn

e i ¢ Misshn BlsTep LA et Seiscts BoR Ties Diolibinliy shess GRCRIanR 3l ey
are all OYRf ibgel& Sl rm&fé&ecgass@guﬁaeaxﬁmaﬁ@na%%mhneéf;q g After
sprayi ng erifg 15 ‘on e saucers I.e. no water owed to

t ouchot heechPerell Ry Esnfirar ermamddolmnc&nhe phantsas titkdiesbitidd ayetochior tR8saldy s
after treatnment. Table 7 shows the nean percentage danmage (three reps

per tr eaiseassiaye plantgd imv@léomlﬁ%kpbaﬁh?a% applicd bg Rs100md 8,000 gramgpgy hectare

fotes © O HRdeHfil, The teqt pledRbwel REBRAE B ol ol A RIS bt B°
I%/r ihg;at o samplg. ??f 1 feCuiitaYiP€eedlings is ad¥@ssed for dathage cﬁ@b@ﬂié&h&&ﬁobﬁand cbtpared to

the seedlings (if any) which result from non-transgenic seed sown under identical conditions. -
| 15  The "transgenic" seedlings and non-transgenic control seedlings grown in soil treated with the
herbicide and a corresponding safener exhibit little, if any damage, whereas non-msgenjc
seedlings gfown in soil which contains herbicide in the absence of safener show very |
substantial damage. Seedlings which survive the first herbicide treatment are allowed to grov;r
for a further 20 days or so, and then sprayed with a commercial mix of glufosinate at various
20 concentranonl; ranging from about 0.1 to 1% active ingredient. The seedhngs whmh contain
the PAT gene (expression of which is determined by the method described by De Block M.et al »
(The EMBO Journal 6(9): 2513-2518 (1987)) are either completely resistant to glufosiriate or
are relatively tolerant of the herbicide - depending upon the concenuatlon applied - when
compared with seedlings which do not contain the said gene
25
EXAMPLE 8
Production of plants (mono and dicots) which are resistant to both gl hosate and
This example demonstrate the production of plants which are resistant to both

30 glufosinate and glyphosate. This multiple herbicide resistance results from the crossing of a



(USA) 2 4809/| glyphosate- 200 (K30512) 90 3.

| sopropyl am ne 400 99 4 (a.e. 360g/1)" 800

100 Wo 982644 \W010017 1200 100 PCT/GBY7/02996 _
1600 - 100 WO 98/ 20144 '

PCT/ GB97/ 02996 i -34- - o -41 -

Fol | owi ng construction of the glyphosate kill curve, a nunber of pDVl, 2 and
3 lines . are spray tested with appropriate rates of glyphosate. Table 8
shows the n

i ar ¢ s aic R geh crgiifeered fo Ho324h b3 %@5%%‘%3*29‘0 @%v%bﬁﬁ?wﬁfcﬂ
transf or nhastteeeh eegmeaiedvtd e @bigrhbreglgphosate. 1 - 5
6 7 Rate g/ha 12.33 37 100 300 1000 3000 9000
Wl dtype 2. 3 20 80 93 -

2?2{3#11 Product!gn of a Glufﬁmate(%egggance Qg%struct p%’k ' 7?6 80 #19

g 5 8 . pP@G is a Bin i@based ve&8r denved from pBEH9RIPAT, and con{aéns a casset%

4 260ntaxmng'tRe 358 CaMV proxioter drlvmg the GUS gene Inser(éd betweethe promotﬁ'

30 - 63 #36

0 " and GYS$ is the second intron of the ST-§,S1 gene. 'la'us sequenog is 189bp, gas an A/T 72
#43 i content of 80_%, Eygwa? sphc&guanlons ax}% stgp cod%}os ifd all three rea%g%frames. The 44 .
0 ‘ resence oBthe intron Prevents expi@ssion of GUS in#4Fobacterium as splicing does no®

0 8p 11 grze pie #60 4 P cglg ® 0

0 10 1@;cur in prekaryotes. It also cpgtmins a cassette carrying the 355 €aMV prorboter driving

12 ' Seed each primary transformant
(pPGS,. pliiffresﬁ’ﬁgf i%dﬁg?geﬁb\gjéa{sé/%{o&sl BIIPI%E}?LO% Domestos for twenty

m nut es. GiypHose\telistan¥Psiifitnidls sterile 10 water, 100 seed of each selfed
primary transformant 1s plated onto 0.5XV5 (2. 39/1I\/Ssalts 1.5%

sucr ose, Dieewmsdeﬁgae,prq:ﬂﬂcsdﬁsnwbamdabmnemﬁxagplémng/I kananyci n.
Seedl i ngs are scored after th ei f growth at. 26[err] C underl _ 6hr
~ light/8 nMoageet vectords <MpnegalYertprilns & plasmid peptpigingrboth CIR1COXAMATRD

have & nokBspS FBROGRG 1YEE teahpol)ibiliBitiATEmRler Wi cREGRed b B maize

polyubiquitin intron 1, in a pUC derived plasmid. It also contains a cassette conferring

tolerance to phosphinothricin. :
Plasmid 1: The vector pUBl is digested with Kpnl and a Kpn1-Not1-Kpn1 linker
inserted, (sequence 5’ CAT TTG CGG CCG CAA ATG GTA C3 - SEQIDNO. 17) An
20 EcoRl-Notl-EcoRl linker (5> AAT TCA TTT GCG GCC GCA AAT G 3’ (SEQ 1D No. 18)
is inserted into the EcoR1 site of DV1-pUC. The resulting plasmid is cut with Ncol and the .
5’ overhang filled using DNA Polymei'ase 1 Klenow fragment. The linear vector is then
digested with Not1 and a Not1-blunt fragment isolated. This fragment, containing the CTP1-
GOX and NOS sequences is ligated into Smal-Notl digested modified pUBI.
.25 A Hind111-Not1-Hind111 linker (sequence 5 AGC TTGCAGCGGCCGCTGCAY
(SEQ ID No. 19)) is inserted into the plasmid to give resulting plasmid 1. |
Plasmid 2: An EcoR1-Not1-EcoR1 linker (5* AAT TCA TTT GCG GCC GCA
AATG 3’ (SEQ ID No. 20)) is inserted into the EcoR1 site of DV2-pUC (another clone is
isolafed which does not contain the linker mentioned above, thus allowing this cloning
30  strategy).The resulting plasmid is digested wifh Ncol and the 5’ overhang filled using DNA

Polymerase 1 Klenow fragment. The linear vector is then cut with Notl and the resulting



WD 98/ 20144 ]

PCT/ GB97/.02996 ' — S
#12, 20, ‘ﬁ?%’égﬂ‘égat ed in the desired ratio. I'n the case OFCH%B% 6I-1' nes,
# 14, 19. 21, 31, 34, 43 and 45 segregaégd in the desired ratio.

Generation of honbzygous |lines Fromthe&-segregation tests 10. unbl eached
seedlings, 5 (heterozygotes or honpbzygotes) are transferred to fresh

medi umin tubs and grown on for two-three weeks. After this tinme they
are tranghkgieadisiciontt ilio the SenPesttorias ddicribeti Smintediately abbwdEUBN dnodified)s tar €
retested on Kmcontaining 0.5XMS to identify honbzygous: |ines. '

Cr ossi ng geterateipdasond 2 The PAliseleeiabla marken eassettsm camprisigg 35§ CaMByromaterpDV3 -

ie 10 pl ' X, EPSPS and SPS ti.vel

cross. pofiihdriger PosPHTR S ASHEL SHBAE e HeA 1 ETae SR hes ErRatcnas PP gene.
% 4 2 T L el om N I . . _

t Ihgemal e Oln}lgﬁ lﬂéﬁ a_hﬁ %R{&iﬁgwg&@g?ﬂtlrl zlirﬁgagﬁ?lfg&gor nt@kgga‘gﬁgtgee%er agllld?]%ﬁc ZISI i

are t gst eshtritionGRalysistiguiddeto ebnfims thab thedPAT rchirette alag itethie @ardt Srithfon as the
Al cA-@OXI, and internal oligo's for GOX and EPSPS. Western analysis is
al so per CAPRHP S eassetlecR +ve cal Ii to select those expressing GOX and

by PR The. The capff ohEHER leBotPudilinh BoroRs sid BiteB. CTPT sP0R anfadge: Lot
Lobacco RRGSRN is excisémm%?ﬁﬁgtdqr% fﬁ&leﬁ@érﬁ&&i.aﬁﬂ -lig_ﬂeh iﬁ%@fggaﬁéﬁseﬁe 2

honozygous for both genes. "Seed rom each crossing an rom each
par ent htogive guinecotvestonrl, phV1 @ag. Hteri al harvested from a nunber of
plants for analysis. Protein extracts are anal ysed by western bl otting

and fhen by PAT activity measurements as described previously. Levels of 25
expr essi- €0 S YA re f e simlar to
each ot hg?b\%&fohl n ﬁapmﬁg;%ar 'f!fl gﬁﬁggf%f&olgas& tga)’nlaﬁu{xga{xﬁrg%g n})aﬁstt&%rgﬁ rklégrmzygot e
parent . HePohtchtibn AintefaciisdBA4404 using thefrerahac: mBbbd bf Holt&to et alql 9T8)OW h

etc. Her bi cide treatnents. Three broad experinments are designed: -
30 Nicotigng 3shauegns veDYamegrpisWansigmmed using a leaf disg nggloddescribedp Bevan
cf pDV2- P,

PCT/-GB9 7?%@%%84). Shoots arevr\gge%%{'a%gd.l élrf1 medium containing 100mg/l kanamycin. After rooting
15  and selection plants are transferred to the glass house and grown under 16hr light 8hr dark

regime. Transformants of pPG6 are named as 3SS-PAT lines.

Maize transformation Maize transformation is performed using the particle
bombardment method as described by Klein et al (1988). Selection of thé transformed

20 material is cﬁ 1mg/l bialophos.

PLANT ANALYSIS | |

PCR This analysis is performed on all tobacco lines Which rooted in tissue culture and

maize calli. DNA is extracted by means known to the skilled man. The primary o
+25  transformants are analysed using the following oligonucleotides:-

pDV1 TMV1 + GOX1, : GOX3 + nosl
pDV2 TMV1 + EPSPS1, EPSPS1 + nosl
pDV3 - EPSPS3 + GOX3
| pPG6 35S + BARJIAP2R
30 pMVl1 - GOX 4+ GOX5 o EPSPS4 + EPSPS5 35S+ BARJAP2R

The sequences of the oligonucleotides are:-



3.35S-PAT cf pDv3 cf pDV3- PAT 35S-PAT lines are treated with
glufosinate at a range of concentrations and the rates at which

parti cul awomsgoptas of damage occurred identified,  at diffePEAICBIR%qai nt 5.
DV lines are . treated with glyphosate at a range of concentrations and
the danmage rate identified. DV-PAT - 5-3¢rnes are then treated with

m xtures: of the two herbicides at different ratios and the | evel of

damage assessed. Each of the populations are treated at the 5-6 |eaf stage
(5 reps pRIV1 t 5eETUGASTATTTTTACRRAICK ATTA CCARENBEGEID Wot 2DK 35S PAT,
DV1,2 and 3 and DV-PAT lines expressing 10 good |evels of each protein and
showi ng GOXi her bi 61 AATCAAGHEAACHTT @GAATEEA (REQIPMNGA2)  of fungal

i 26 pr OGORY . TheSACEACRAC STTRIERCTOT G BHR: o # mry

transfor ts is uge QI"? Rl I 4y he best
_ expresmﬁ%qI i nes. hI%SdI S ‘ﬁ%ne&h‘ S“ﬁ%?n anﬁgélésbgﬁ expr ssion levels
of GOX, EPSPSI and by@@AaAoG/AGwTTCAcwcmmmﬁas (SEQIDINGG53bove. |
Simlar experinents are perforned to deternm ne herbicide tol erance to

gl yphosaERSBEY gl upoTACLETGELTREACENALEAGTGL(SERQ IDNoa26)ous
- conbi nat EXAMPLE 9 20 . .

Product i g§§§$4pl anésAFS?%FHFC:‘%CB%%‘?@&‘F{T%?é%%ﬂllpgl"?r&% ci des eg
fl UOfOC“tpSp one, a%ﬁmﬁmﬂhﬁ@@me@cem@a%mg« Iiggy uf eni can and

_ gl yphosat e t oene desaturase (PDS) ibitors eg
fI urochl GOXiWne and’ ATTTGOGAGATETEGATHCIAACTT (SEQ H2Noi 29):Ies whi ch bl ock
carot enoi d bi osynthesis and &ﬁve rise to bleachin ﬁanptom) ogy. 25 The

PDS 4eneGRR 1) i s SPORACATERGS M AGAGEGIEr Il ANQyREEn

hyt t i
Pobacto. tahd t omat & T TG CATralEArACA K GERRR N A0558° s oot o1
and a chBaRPR &' FTOTCRATGTRATCHRITA ASEQMDNe3 Bt ~al., 1993).

Honozygous seed of |ine ET4-208 tobacco plant which over-expresses the crtl
gene ar ePGRtﬂrer]ﬂmhtaaraekCtadrﬁtfllrﬂieaméyamnt ai ning the same construct. 30

Her bi ci d toleranc r S nds of faor l1).and . (L.l see
bel ow) ag ection o S&pi'(?sa r angggﬂf‘&‘“&m W‘F‘E‘% r%&%ﬁé‘bé’ S%Bﬁccf’éét 1AYe S<(51
gc_?_} % 97?‘6@8%@11 gf&pﬁoszﬁe ESntafnint Bedium. This is done by Wsering 24l _sezelgl'lm?nt ~6mm
three sefuig andicayping aHeafnodeimolv8 mexilﬁmu:nnﬂahﬁ@a i'angé‘iszg%ﬁmtc{ apart from

corrpound I which is a com‘rer;:tl formul ati on) and spgayed onto t,lhe _
units i nisoReopylamine §?}?°§9€Fm§’cs Bejy/five stem segmentsareiyseq at cach sereesation. Ths. 20

A1 1 caltnultf B¥3edel Ehel 0ATORA b sl ST RTBIER CR2C, (i Th Al cases

.5 giving 87-100% phytotoxicity. The transgenic tomatoes are highly tolerant
of all of the PDS, i nhibitors tested, at least to 1 kg/ha of .conpounds
1l aB® |rrablarszuﬂqbcme@fzbmhasmown@dumtqbacco (see Table 9). Sinilar

results Wﬁoﬁﬂgﬁeg;oagbn?nMLn%}g&% of explant \
0 . Good stem growth, 4-5 new leaves,
roots~5cm

0.005 _ - No growth in any organ
0011 | | -
0.0275 : “
0.055 T “

0.1 “




Tabl e 9: Phytotoxity at 27 PAT Tomat o Chem cal Rate

(g/ha) WIld type Transgenic Conmpound - - 37 -
111 WO\ 95/20144 3 3 . ' 333 P%(%B%IOZMG -0
1000 100 3.3 -37- 3000 - Conpound 37
m - 111 . 8.3 . 0 _ . - 333
56.7 ' 0 1000 . 100 10

3000 iy eubficled by 38wi Qdi taining®.01
1000 Egrr?ry transformants gf pDV1,2 ardoReu4elc y 3%00 ng on m TmOO containing® 9

9000 ‘and 0.08GnM glyphosatt i$6propylamine salt 85\d8sctibbdabova The rdsolisisre shewn it ant
l'ine conprising the EPSPS and GOX genes - see Exanple 4) is cross '
pol | i nat 88blédt 0o honpzygous ET4-208 and vice versa in the usual way.

~Seed s collected and used in herbicide trials simlar to those described
above. The tobacco seed is sown in‘rows in small units the day before

treat E'Emrabﬁ%@éblea{aa%ﬁms&ewwia@t Rfleslih tiskile Y5969 (apart from Racer

ich was a conmerci a ornul ati on) and spraved onto the units in the

track s%r ayer at 200pDWVia. The tlgdV2Zs assesjsgdVat 13, 2D and 27 DAT.

Seedl i nds that dre tolerant Ito hleaching herhicides hre transferred
aft er t heestedrom hesl s¢$9nent i nt o |f29%esh - MI® 98/ 20144 |
PCT/ GB9 H-82996- ' 45 John I nnes 111
conpost !Fﬂ“’_ﬁ“‘lﬂ?ﬁss. APter two wdeids they are Qbj ected tp gl yphosat e

Her bi ci ' —500armd—800 g/ a. —Scortng. 15 perforned 14 and 28 DAT.
The resultant plants are resistant to both classes of herbicide, and the
resi st anGelection GAPAT ed Regenerting ehlliaie tateden Img/Coinjuphos. of Fornula |:

Western analysis ~ Over expression of GOX and EPSPS proteins and antibody generation

are performed by means known to the skilled man. Tobacco primary transformants are

10  analysed as follows. ~100mg PVPP is added to the bottom of an Eppendorf tube. Leaf -~
‘material (four leaf discs obtained by using the tube lid as cutter) are harvested onto ice. 0.5ml

. extraction buffer (50mM Tris Hcl pH 7.8, ImM EDTA sodium sait, 3mM DTT) and 2pl o

100mM PMSF is added. The samples are ground in a cold room using an electric grinder. -
Grinding is continued for 10s, unground materi.al pushed back into the tube and grinding

15 continued for another 10-15s until the sample is homogeneous. Tubes are centrifuged for 15°
in the cold room, supernatants removed to fresh tubes and frozen at -70C until required.
Protein conceptrations are determined using the known Bradford method. 25pg protein are
fractionated by SDS PAGE and blotted overnight at 40mA onto a Hybond-N membrane.
The filter is removed from the blotting apparatus and placed in 100ml 1X Tris-Saline 5%_

20 Marvel and shaken at RT for 45’ The filter is washed by shaking at RT in 1X Tris -Saline
.0.1% Tween 20- first wash 5 ’, second wash 20°. The primary antibody is used at 1:10000
 dilution in 1X Tris-Saline 0.02% Tween 20. The membrane is incubated with the primary

antibody at RT 2 hours or over night at 4C. The membrane is washed in 1X T-S 0.1% Tween
at RT for 10’ then for lhour. The second-'antibody (anti rabbit IgG peroxidase conjugate) is

25  used at 1:10000 dilution, incubation wﬁh the membrane Was for 1 hour at RT. Washing is as

described above. Detection is performed using the Amersham ECL detection kit.
A range of protein expression levels are observed in the pDV1 and 2 lines based on the

Western results. Expression levels of GOX and EPSPS in the PDV3 showed little variation

© e 7SUBSTITUTE SHEET (RULE 26)



Compound of Formula I1: [err] - WD 98/20144

PCT/ GB97102996 ' - -46 -

EXAMPLE 18vo 98/201%ener ation of plants tolerant to. tri ket oneseCRGBYZ2P6 des -
and gl yphosate 5 pDV6 #71G and pDV3-3849J are cross pollinated onto a
honozygous tri ketone tolerant |ine and vi ce versa as descri bed
earlier. :Seed are collected and used in herbicide trials as descri bed

be' ow. ng%g gﬂum t f%fqﬁ%gﬁggegg&%ci w%bfse@é@éﬂ?&ﬁn%@a&m%&ms n rows

re treatnent ome units are treated with

acet ochl Gihed r@shxg)botﬁgeﬁesareselwtédwfﬁmﬁhéma(ﬁm g/ ha) and others-with
ZA1296 (100 and 300 g/ha). Assessment is at 21 10 DAT. The scores are given

bel ow for t helwzmmla@rs@sslmd ingheisamepway.calli gmrss;tmG@X gnd EPSPS are -
\é\é:od aTy pr%genepgf,&i gxtg ev%ole V6/ A 5) Eaf r%\%/a e/rﬁg 6mgvsed again lépggﬁ:fsbqn ofebo(ﬂ? ggne)s
40 4 ' " Phosphiniit 3 hricin acetyl trar%ferase activity asgays %‘?%Méﬁfy is measure:dqp g

80
90 “C 1abe119d5 acetyl CoA. Thé lhbelled acetyl groﬁp is transferred to the- 300

100 Seedl ings surviving the
300 g/ haphosplamﬁncm@?mmta by g Pade the lenf @cly) Agetaiated PPT gad i fosat o
and de mrgfgrgtgta’ce di elreenrt%a gse ona TtLIa Slate and can be visualised by autoradlographv Leaf
_ extraction buffer is prepared using 10X T,E, buffer (TE)-50m! 1M Tris.HC] pH7.5, 4ml
10 0.5M EDTA and 46ml dd water. Leupeptin is made up at a rate of 15mg/ml in 1X TE. Stock
- PMSF is made up in methanol to 30mg/ml. BSA stock solution is made at 30n,_ng/ml in '_I'E,
and DTT at IM. PPT is used as 1mM solution in TE. MC Acetyl CoA was 58.1mCi/mmol
- (Amersham). The extraction buffer is made by combining 4315p1 dd water, 500ul 10X TE,
50l leupeprin stock, 251 PMSF stock, 100u1 BSA stock and 10ul DTT stock (final volume

15 50001.1.1). Leaf samples are harvested into Eppendorf tubes on ice using the lid as cutter. The -

samples (three pieces) are ground in 100pl extraction buffer using an electric grinder in cold
room. The samples are centrifuged for 10minutes and 5 Opl removed to a fresh tube on ice.
Samples are stored at -70C until use. Bra_dford. analysis is used to.-'q'uantify the protein present
in the extracts. The substrate solution is prepared by mixing 5 volumes of labelled Acetyl

20 CoA with 3 velumes of ImM PPT solution. To a ~25ug total leaf protein sample (~2ug/ul)
is added 2yl substrate solution, the mixture is incubatéd at 37C for30”, then removed to ice
to stop the reaction. A sample of 6ul is spotted onto a silica gel TLC plate (Sigma T-6770). ’
Ascending chromatography is performed in a 3:2 mix of isopropanol and 25% ammonia
solution, for 3 hour. Plates are wrapped m plastic film and exposed o/n to Kodak XAR-5

25 film. All 26 primary transformants are assessed for PAT activity using this method of

analysis. Table 4 below gives details of the result of this analysis.
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SUBSTI TUTE SHEET (RULE 26) WD 98/ 20144

PCT/ GBI, @%@{%ﬁq . | L - $CTIGBY02996 _ -
SEQUENCE LI & (1) GENERAL 4g\FORMATION: 5 (i)
APPLI CANT: . (A) NAME: Zeneca Ltd (B) STREET:
15 Stanhope Gat (© CdTY: London 10 (B
COUNTRY: Engl and (F) POSTAL CODE (ZIP): WY 6LN
(G TELEPHONE: 0171-304 5000 . (ii) TITLE OF I NVENTI ON: Her bi ci de
resi stanie Bk’?ﬁl ascti%z data (iii) NUMBER OF SEQUENCES: 32
| PAT activity T " pPG6 lime _
High 1,9,11,12,14,21,22,24,25,27,28,30,32
Medium _ - : 5,7,10,15,19,20
Tow T _ 6.2.8

" Herbicide leaf painting 35S-PAT primary transformants showing a range of PAT
5 activity and control plants are tested by painting of Challenge onto individual leaves. Both
 surfaces of marked leaves are painted with a 1% and 0.2% solution of the stock solution
(150g/i) in water. Scoring is performed after 48 hr and one week and leaf samples are taken
. for PAT assay.Table 5 shows the results of leaf painting. |

10  Table 5:Leaf paint apalysis - .
Expression | Plant line 0.2% 02% % | 1%

48hr 1 week 48hr "1 week
High 241,14 Undamaged Unciamaged Undamaged | Undamaged
Low 6,10 Undamaged Dead Dead Dead
Wild type Dead Dead Dead Dead
#
Herbicide spray test

Glufosinate (Challenge or Basta). A dose response curve is established for the 'effe_.ct of
Challenge on wild type tobacco. Five plants are used in each treatment, the scoring is

15  performed after 14 days. Following construction of the ki'l curve, selected 35SPAT lines are
subjected to spray tests using Challenge, at the same rates of application. Table 6 shows this

data, for two lines, #12 and 27. Transgenic plants showed no damage at these rates.
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(iv) COVPUTER READABLE FORM (A) MEDI UM TYPE: Fl oppy disk 20
(B) COVPUTER | BM PC conpatible . . (C) OPERATING SYSTEM = _
PC- DOS/ Mw®e§20144 (D) SOFTWARE: . Pat ent | n Rel eaRCHEBY P2 si on
#1.30 (EPO) 25 (2) I|NFORMATION FORYEQ ID NO 1: (i)
SEQUENCE CHARACTERI STICS: - (A LENGTH:- 1020 base pairs

(B) TYPE: nucleic acid 30 - (C) STRANDEDNESS: unknown

(D) TOPOLOGY: unknown - (ii) MOLECULE TYPE: DNA 35 (rii)
HYPOTHETI CAL: NO (1v) ANTI-SENSE: NO ' (vi) ORI G NAL
SOURCE: T4ble 6: Results of spryNestRGMN SfinaSymasfoments s sp. PCC6803

(i x) FEAILRE: . (A NANELKEY: CDS : (B)

LOCAT| (Masta ragp (| Widd ppe - 35SPATHIY sé@@éﬂ&‘?blzlbm PTION. SEQ ID NO 1:

ATG GAA—HGC-GAC-HAT—CH—GAT—FHHAFASCH—GAG—GAT TAT CAG TCA CGCT 48
50 Mef G u Phe Aéamﬁ‘ge Leé’dﬁngg?_eu {ﬁ%e Asp Asp Tyr G n Ser Al a 1
5 0 15 . CAT CGI' TGI' TAT CAA CGTI CAA
TGG ZQQ%hi\CT T3CQC GTA AAT AAA ATT 9¢ Hs Arg Cys Tyr A n Arg
An. Tr 4m)g/h5>he 140 Cys VaD Asn Lys I0e 55 ' ' 20 '

25 30 ATT ACT GAC CAA GA ATT ACT GGC ATC TAC CAA

' CAG GGH600ghaTA {cHor 0. 144 'IOIeThrAspGInGIyIIeThrGIyIIeTyr-
dn d dn Leu 40

45 60 9&)% Aél,ﬁTT TCG QBCA TCG GAR TCT AGT JTTG AGT AGA TAT GCC GAC TAT

- 192 Teoteu e Ser ATa Ser G U Ser. oerteu Ser Arg Tyr ‘Ala Asp Tyr

50 - 55 60

SUBSTI TUIKG11DdReTs Rabiské@)for the effect of glyphosate on wild type tobacco. Wild type

s  tobacco growing in tissue culture is sub-cultured by taking stem segments and growing in

fresh medium to generate 20 new plants, These are grown in tissue culture for one month

before transfer to 3inch pots in John Innes No 3 compost. They are initially covered in fleece

to protect them. After uncbvering they are allowed to acﬁlimaﬁse for four days before being

sprayed. After spraying watering is only into the saucers i.e. no water is allowed to touch the
10 leaves for five days. Scoring was done 8 days and 28 days after treatment. Table 7 shows the

mean percentage damage (three reps per treatment) at a range of application concentrations.

Table 7: dose response curve of wild type tobacco treated with glyphosate at the rates

indicated. #

Trt. || Compound Rate |Adjuvant| Nicotiana
g/ha wild type ’

No -

T | Roundup Ultra | 100 | Frigate | 73

(USA) |

3 [480g/1 glyphosate-| 200 |(K30512)] 90

3 isopropylamine | 400 - - 99

4 (a.e. 360g/1) 800 100

5| LDIW010017 | 1200 100

g | 600 | 100
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-48 - CTC CAG AAA CAT CCC CCC GGC GTA GGI' GAA GIC CGCT TGG CAG GTIG
GCC WQa820144 |eu G n Lys His Pro Pro Ay Val dy du %T’GRPH”???) an
val - Al a 65 70  -41- 75 80
5 AAT TGG CAA AAA ATT CAG CAT CAA TTA TCA GAA TTA CAG ATA GAA ACC

288 Asn Trp G@nLyslle dn Hs An Leu Ser Au Leu dn Ile @u Thr

85 90 . 95 10 ACA CCA GIT ATT CAT CCT CTG

ACT AAA GCA GAA GGA TTA ACT TTT TTG 336 " Thr_Pro Val lle His Pro
Leu Thr Fgliowing cGhstn@tipniof themiyphmetq_l@u curve, a number of pDV1,20amd 3 lines _
105

o GTT @efpwm@%ppmpﬁag 1853 OF g1y PhogAta: TAnE § Shaws e el fop EDY3, the,
Tvr Pro v . e 120
5 o F W&B ; Lr%m%&"ﬁae&?*‘&? %‘?sf %BPY3A Ace Acc ATC cAc caT

432 5 Asn Gln Asn Lys Thr Leu HIS @y Val Ay Leu Thr .Thr Ile Asp H s 20

130 ° 135 140 " GTG GTG CTA AAC ATT GCC
GCC GAT Wctﬁomsme@tpmmmsformams tneed with ghytphosate Leu Asn 1l e
Ala Ala , e 145. 150
155 | 160225[ 3 AT dAA AG GTG TCG GTG CAG CAG
AGT TTT aa s ' S.W. : rp Ser Val An
(IEI n Ser ‘%-I33A{‘n37 100 0 1000, 170 -

75 30 [ C—CAT—FCT OST—CFo—TAT s A0 O S —AG. GCC AAT GGG
576 P r y L;%FTM §gr €l :%SAI awLeu Ala Ser{Ala Asn Ay
180 DV3#11 . 1po . 0 933 TPA IGIgoCAA TTT AAC CTC
AAT TGT (BB AE AAT ARC AGT ch CAA ATT 624 35 Lys Val dn Phe Asn
Leu AsniCys #dd Thr Apn AsniSel7 Segr @n || d3 33 7695 _
200 205 CAANCT TTT L ITA GtC AATIAAC.CAN GGG GCT GGT
ATT CAA|CAT 88§ ccT - 6720 | @h Thr Phe|Led Alla A8n hsn His Ay Ala
Gy Il e i et—Ar-a—40 245 ' '

220 T T hoG act APT Ao o At Glo & [ox 8c1h oae aan AGG
720 PhE BT 110 T[T _Ser (11§ T Agg Intgvall 794 i sygeuj Arg Gu Arg
| B - 0 | 6 | 6 | 30 | 6 |

Be| - : 0 | 0 | 0 | 0 0

#7 - - 0 0 9 24 72

#4430 - | - 0 0 0 6 73

F77] - - 0 40 | 45 | 78 | 85

sl - . 0 0 3 5 70

#4470 - - 5 0 0 11 72 | ;

#60] - - 0 0 0 19 63

0 5 0

#6401 - . 12 63

Segregation hnalys_is. Seed from each primary transformant (pPG6, pDV1, pDV2 and
- pDV3 is sterilised in 10% Domestos for twenty minutes. After several washes in sterile
10  water, 100 seed of each selfed primary transformant is plated onto 0.5XMS (2.3g/1 MS salts,
1.5% sucrose, 0.8% Bactoagar, pH 5.9)medium containing 100mg/1 kanamycm Seedlings
are scored after three weeks growth at 26°C under16hr light/8 hr dark. Lines segregatingina

ratio of 3:1 are assumed to have single transgene insertions. In the case of the pPG®6 lines,
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225 230 - 235 240 45 - GcC
GTA AAT TTT TTA AAA ATC CCC ACT GGC TAT TAT CAA CAG CAA AGA 768
Ay Val Aspdghgidecu Lys Ile Pro Thr Gy Tyr Tyr Gn Gn G BCRGEI7/02996 _
245 250 -4255 50 AAC AGT AGC TAT TTT AAT
TAT GCA AGT TTG GAT TGG GAT ACC TTA CAG : 816 Asn Ser Ser Tyr Phe
Asn Tyr Ala Ser -Leu Asp Trp Asp Thr Leu G n 260

ACh aos AT sppmeiid i gl 65 g M e i P Ty Mg e,

Asn Thr z6HiWs5Gebrefhted kfthe desired ratio. 275

285 CTG CTA"CAA ATT TTT AGT CAG CCT TGC TAT GGA GTA GGC ACT CTA TTT
912 Leu Leu -G n IIe Phe Ser G n Pro QIS Tyr Gy Val @y Thr Leu Phe 60
290 GG GAA ATT ATT GAA CGC

G3C cac Gesradion afhomamveers sy CRioreste segregationrsts 10 unbleached;seedlings,e. @ u
Ar 9 % &g (ﬁ" tgroéjr(gotég & %ﬁoz@g&eg@'e ga}ﬂstgrgd @ ¥esh medilth i in mgiﬁg!‘wwnsﬁgég '

315

( RULE - 2&iyo-three weeks. Aftéihi83imidhéy are transferred to JT No 3 compost in 31 pots to
PCT/ GB97/ 02996 9p

AAC TTT floAveriBETS TS afe/(Etesizd WMQMDGWSAOMMOMJ@ lines. .1008
Asn Phe G n Ala Leu Tyr Gu Ala Val Gu Thr LeuGuLys A@n Leu
325 330 335 GAA GIG CCA TAA

(l ?)ZOSEQ(JE.IQ&?IMQ&’éF E‘E&Pg‘ﬁ CgH om%%}gdﬂéﬁ%ﬁ%{g%b 6&&9 92%#) am no aci ds

(B) 18YPhplantsexpesaitigdGOX5 EPSPS and GOX/ERYPSTEdek c¥spectivenesre cross pollinated
onto a homozygous pPG6 line expressing the PAT gene, line # 27. The pollination is also

performed using the pPG6 line as the male line.

Analysis of transgenic corn lines Regenerating calli are tested by PCR using .the oligos
15 described above ie 35S-AlcR, AlcA-GOX1, and internal oligo’s for GOX and EPSPS. .

Western analysis is also performed on the PCR +ve calli to select those expressing GOX and

EPSPS. Those calli are regenerated and the resuitiﬁg plants are re-analysed by PCR. The

plants are then backcrossed arid selfed.

20. Analysis of tpbacco progeny - ‘ S | -
GOX, EPSPS and PAT expression. All progeny are hdmoz’y’gous for both genes. Seed
from each crossir_1g and seed frorn_each parent homozygote is sown and leaf material
- harvested from a number of plants for analysis. Protein extracts are analysed by western
blotting and then by PAT activity measurements as described previously. Levels of
25  expression of GOX and EPSPS and PAT actmty are found to be similar to each other within
a pamcular cross and to those of the homozygote parent The plants are scored for

appearance, height, vigour of growth etc.
Herbicide treatments. Three broad experiments are designed:-

30 1.35S-PAT cfpDV1 cf pDV1-PAT
| 2.358-PAT cf pDV2 cf pDV2-PAT
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(ii) MOLECULE TYPE: protein (xi) SEQUENCE DESCRI PTION: SEQ I D NO.

2.
Cys
20

Il e

40

Arg
Leu
70
H s
90
Ay
110
Leu
dn
- 135
Adn
160
165
Tyr
185
Asn
205
60
Thr

230

20
Tyr
Thr

Tyr
An

Adn

Leu

540

Asn

Al a
50

Ser
Asn

Ser

15

20

25

30

Met G u Phe Asp Tyr Leu H's Leu Tyr Val Asp Asp Tyr A n Ser A a
WO 98/20144 10 15 PCT/GB97/p32996 Ar g ~
Gn Arg dn Trp Ay Phe Thr Cys49al Asn Lys lle

25 30 - 25 “Ile Thr Asp A n Ay
GIyIIeTyrGInGInGIyGInIIeLeu ' . 35 )

IJAef" lle Ser Ala Ser A u Ser Ser Leu Ser

Ao AJFSTRATSPDVS el i3S s G0
5¥S.PAT hﬁ)ésoa.rg 'h%at@d YwittPglufdsinatd at a\@hge%iaco%&nﬁiﬂ%ngﬁgd gieir;tses laic \gh%'ﬁn
patictar d&rﬂed.ﬁﬂdaﬁhage loceurfdd idéitified, at different time points. DV lig§ are
tmgteqbn@th@mphosgte at a range or} cogcr:e%ﬁg{glom! :!med Ele %agrage Ir_aetcleJ 1Th f ﬁex SDél I?A'fsl !
lines are %hen niefgedq'vﬁh 'xahsigmygsl of'i'hé %gerﬁ?mdés at d-lﬁ‘é’rexﬁ rgngls"izl%i%g 1evel OEA;s E -
B¥BadddssbRed. m&h%me\ﬁdpuﬁmnbm thédtedTdtithe 55 1e§m%es (5fpsper 130
Val Val Leu Asn Ile Ala Ala Asp n Phe Thr
Seatrtent). Tr p - 145 : _ 150 . 155 |

Tyr G@n An Val Phe Gy Trp Ser Val An dn Ser Phe Thr Val Asn
170 175 Thr Pro H's Ser Ay Leu

Relistiute 1 fadllggerratiatk® Asglésib T,DY12 gnd 3 gnd DV-PAP ﬁn%ilexplge sing

e Asn Leu

p6dd eotlsOf dadh ?‘otem and showing godd ﬁcrbxcxde tolerances are expded to a number
A n Thr Phe Leu Ala Asn Asn Hs Ay Ala Ay Ile @n H's Val Al a
ofi fungal pathogens and the leyel »f infection scored and conpared. Phe Ser Thr

Ile Thr Arg Thr Val Ala H's Leu Arg Qu Arg 225

Analysis of maize %%ggeny. The seed resulting ggfnq the crossing of the primary
transformants is used to generate plants from which to select the best expressing lines. This is
done by western analysis of expression levels of GOX, EPSPS and by PAT activity
experiments as described above. Similar experiments are performed to determine herbicide

tolérance to glyphosate and glufosinate, either applied singly or in various combinations.

EXAMPLE 9

Production of plants telerant to pre-emergent bleaching herbicides eg

ﬂuorochlorfg;)ne, norflurazon, fluridone, flurtamone and diflufenican and t«; _

glyphosate. ' | ' »
Phytoene desaturase (PDS) inhibitors eg ﬂurochlondone and norflurazon are a group

of herbicides which block carotenoid biosynthesis and give rise to bleaching symptomology.

Tiie PDS gene (crtl) is cloned from E_rwir;ia uredovora,‘ a non-green phytopathogenic |

bacterial rot, and over-expressed in transgenic tobacco (and tomato)using a plasmid

containing the CaMV 35S promoter and a chloroplast transit peptide (pYPIET4) (Misawa et

al., 1993). Homozygous seed of line ET4-208 tobacco plant which over-expresses the crt] - |

gene are obtained as are tomato plants containing the same construct.

Herbicide tolerance trials Compounds of formulas (I), (II) and (III) (see below) are

tested. Transgenic and wild type tomato seed (cv Ailsa Craig) is sown in 3" pots of JIP 3,
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- 50 - ' dy Val AsnPheLeuLysIIeProThrGIyTyr Tyr An dAn dAn
Ar g WO 98/20144 245 | 250 PCT/GBY7/02865 -
Asn Ser Ser Tyr Phe Asn Tyr Ala Ser Leu £6p Trp Asp Thr Leu Gn 5 '
260 265 270 Cys Leu Gu IIe Leu Leu
Asp Asp dn Asp Asn Thr Ay GQu Arg Leu 275

280 285 10 . Leu Leu G n Ile Phe Ser Gn Pro Cys Tyr_ Gy

Val dy theeesesdspgepot. Each compmmd is ‘formulated in 4% JF5869 (apart from compound I 300

-;Ig-rlg Gu i hexcl'|1 gsea c%rffmeﬁ%l gnulat%on) '8d spraayléx g&t@ Lﬁgﬁrrﬁ?s in- tﬁg ﬁ:‘agﬁ@réq{ a}l\?g& Leu
Tyr. Au

330 AR, Yk 13t 5 a-ggéssb@ w 13,90 'a}iﬁ 2@'1314\1:‘{ ys after u'ea(.un)enPNl':Tgsxl'\t/:A ae &%%IE%’??CSEQ

| D NO 3:responses from all(ﬁe)atﬁ&@ﬁh\l(ﬁ \ﬁl&ﬁﬁ@fﬁﬁhﬁ]’h@ﬂi the hxghest rate m all caged)

LENGTH: 2582 base pairs TYPE: nucleic

(O SPRAGDEREBE ml@rtetomlty The transgemc(tgpatpepa_edmlﬂy M’lﬁ@é}ﬁ of allof the PDYj j ) .

AL UL iR e 4 ST 0 koMo

‘Pseudonprge T4bi098: SSiﬁﬁfa.r results are obtdined f Eﬁfﬁﬁﬁxc tobacco. (A) NAME KEY:
CDS 40 (B) LOCATION: 1217 ..2290 (xi) SEQUENCE
DESCRI PTION: SEQ I D NO 3:- ATTAGT CGAA GAATATGCCC ATCCTGTCGC CTGTCGAGCA
ACTGCTAA-EGbW %totoxﬁy at27 PAT60 43
. Tomato
Chemical |Rate (g/ha)| Wild type | Transgenic
Compound 37 33
B | :
111 133 33
333 20 0
1000 100 33
o 3000 0
Compound 37 0 '
I
111 8.3 0
333 56.7 0
1000 - 100 10
T 3000 e 33
Compound I 333 0 0 ,
1000 233 0
3000 100 0 )
9000 100 0

10 .
DV3 # 43B ( a glyphosate resistant line comprising the EPSPS and GOX genes - see
Example 4) is cross pollinated onto homozygous ET4-208 and vice versa in the usual way.
Seed is collected and used in herbicide trials similar to those described above. The tobacco
seed is sown in rows in small units the day before treatment. Each compound is formulated
15 - in4% JF5969 (apart from Racer which was a commercial formulation) and sprayed onto the
units in the track sprayer at 200 Vha. The test is assessed at 13, 20 and 27 DAT. Seedlings
that are tolerant to bleaching herbicides are transferred after the final assessment into fresh -
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CTGATCGCCT CACCTACCTG AAGCTGGOOG CTGTGACCAT GATTTGGGGT GGCACTTTTG 120
TCGOOGGAQE TTACCTGACC AATCAAGTCG ACCOGCTGCT GGBOCGCCAGC CTGUGETTTA 180
50 TOCTCXRERRIMETGEOGCTG CTGCTGTTTA TGCTGTGTGC ACGCATCCOGEYEF @%&@%&

240 CACGTCOCOG GCAACTGCTG CATCTGGOE5 TGCTGEGGTT TTTCGGGATC TTTTTCTACA
300 ~ ACCTGTGTTT TTTCTACGGC CTGCAGTACA TCAACGCCTC GOGOGCTTCG. TTGATCGTGG
360 55 CGTTGAATCC GGOGGTGATC GGOCTGRCTT CCTGGTGGTT GTTCAAAGAG |

oocAcodrin et Bhpest in 5 R SRRy SR HUBRIERSe U,

GTACCT CHefbi §édlde 500 @l @M . Scorin grformed Gﬂﬁﬁ ] @KT @ET:@EM
ATTTACTCGI TGITTTCCCG CGCATT CAAAGULT

AACGGT CALI(T: mommﬁ W@W@Wﬁ& inherited ﬁﬁ()Mendehan

WD 98/ 0144 PCT/ GB97/ 02996-

- 51 - ~manmner CCGCGCTCGC CGGGCGCTTC ACGCTTGCAG GGCTTGGCAG CCTGCACCTG
GGTTG TGAGCCTGIT GTATTTGEEC GIGCTCGEECT CCGCGECTGEC

TATT!A% | ! 780 5 GCATCCGGECG TATCGGCGCG ACCCGCGCAG
GCGTGTT ‘840 CGGTGATCTG CGEECGCGECTG

CTGCTTGECG AACAGCTAAC GT TACCCATG GCCCTCEECG 900 10 GCGCGGTIGAT

CCTGITGGGC ATCTATCTGI GCAACAAACC LT GCGCAG CCCAGCGCAA 960 -

TAGCGATTTG ATGAGAGTGC .GGACAAATA ACCCTG TGTAGAATCG ATTTACGCAT 1020

ACAAGAATAT GGACTTGCGC TCACECAAL CTO0GECO C AGAGACTGAT GT AATCATGA 1080
&TC C’

GTAAT T ACTGCTTGCT ACTTACAAGA
1200 20 . ATGATGAGGT GCCGAA ATG GCC TAC GAA AAC CCA ATG GCC CTG
1249 Met Al a A8p GInTyr Gu Asn Pro Met Ay Leu

Compound of Fonnula II:

¢
L -

10 . o—
Compound of Formula IIT:

y o
; : E o |
Fo N @ ' ’
. ) N/ _ _
. H l
7 OF |
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1 5 10 ATG GCC TTT GAA TTT ATT GAA TTC
GCA TCG CCG ACT CCG G ACC CTG 1297 25 Met Ay Phe Qu Phe Ile Qu
Phe Al a Swo$midhr-Pro Ay Thr Leu 15 PCT/GB97/02996 _ -

20 _ 25 GAG CCG ATGgITC GAG ATC ATG GGC TTC ACC AAA GIC

GCG ACC CAC CCC . 1345 Gu Prolle Phe Gu Ile Met Ay Phe Thr Lys
Val Ala Thr Hs Arg 30 30 35

40 TCC AAG AAT GIG CAC CTG TAC CGC CAG GGC GAG ATC AAC CTG ATC CTC
1393 . . Ser Lys Asn Val His Leu Tyr Arg Gn Gy GQu Ile Asn Leu Ile Leu
45 .50 EXAM 3@ = AAC AAC CAG CCC GAC AGC

CTG GCC Qésferafién Ifﬂa%tm@nm@acetamhdk#éﬁd glzpb%@ﬂteAsn Adn Pro ASp .

Ser Leu Ala Ser Tyr Phe Ala Ala Qu H's Qy

¢ $ccPRYS £11040 pDV3 #19] glgthoss %@&%er @%@ng %n%%%ﬁ&ﬁéﬁé

VaI Lys afdRiceeversad 48 debétitid@arlier. Seed are collected and usedid herbicide trials as

90 TAC AAC CGC GCG TTG GAA CTG GGC GCC CAG CCG ATT CAT ATC. GAA ACC
1537 45 deFgribeddelonw. gTh¢ tobaenp seeds ohszined from the OV6/BPED) tross-ire sowa ixcrowsTinr
95 CTC AAC CTG

coc SEpl ugile g iy Befors irestpent Some units sre grsgted Witk oetashlpr (s EAEY SPBE Ash
Eié PO oAb aldcfiok YSodl ) el oFhats Sith 24 £204100 and 300 gk Bscmentis 2l

ACC 106CG DR THelsdofés are given belddv for the DA T esseSsmerntand ké;ﬂ’es%ﬁpph’)’tgtoRMyG y Qu

Ay Ser Ser Ile Tyr Asp : 125 _
135 55 ATC GAC TTC GTG TAC CTC GAA GG GTC GACQGC C CCG GIA GGC GCG
1681 |1 e Asp |Phe Val Tyr WiddTgpe (A Widltyps p| BVS/HABERDP DWGHPEDY | Al a
140 | Chemical [ Raté{g/ha) Rep.a RépB Repa . Rk'§5 60 GGC
gTC ﬁA&:Acabb@ldr e CTG ACC§7C AFC q TAT CCCg3C O L 729

ey S Bt A s et H—Hs—AS ey A6 a6}
160 |Alchlor 00T T80 13 ard oo e T‘?SG E AAC
TTC TAGZAI39%aA dTG 6 Aag TTAO®GT 95 7710 0 wWo b8/20144
PCT/ GB97/ 02996 300 100 100 0 -5p- 0

Seedlings surviving the 300 g/ha treatment 6f ZA1296 are sprayed with 800 g/ha of
glyphosate and demonstrate tolerance to this.
15
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Met Al a Tyr Trp Ala Asn Phe Tyr Qu Lys Leu Phe Asn Phe Arg Gu

175 180 185 GCA CGC TAC TTC GAT ATC
AAG GGC (WO 9572@44CC GGC CTT ACG TCC AAG 1825 5 Al aPGEUEBO299Re- Asp
lle Lys Ay Qu Tyr Thr Ay Leu Thr Ser .l4ys 190

195 . 200 GCC ATG AGT GOC CCG GAC GGC ATG ATG CGC ATC
CCG CTG AAC GAG GAA 1873 Ala Met Ser Ala Pro Asp Gy Mt I|le Arg
Ile Pro Leu Asn u Gu 10 ZOSWN

215 TCG TCC AAG GGC GCC GCGC CA 4% CTG ATG CAG TTC AAC
1921 Ser Ser Lys GIyAIaGIyGInIIeGIuGIuPheLeuNEtGInPheAsn
220 . - 225 . 230 ' 235 15 GGC
GAG GGC ATC) RBERAIC ISFORGITONTC CTC ACC GAA GAC CTG GIC AAG 1969

Ay Aa dy IIe Gln His Val Ala Phe Leu Thr Gu Asp Leu Val Lys

240 a2 250 20 ACC TGG GAT GCG TTG AAG
AAG ATC GGC ATG CGF 'gé mtéﬁﬁb&cgate_ 2017 Thr Trp Asp Ala Leu
Lys Lys Ile Ay M )Af;gTP Q,oh@an hr Ala Pro ‘255

260 10 (E)26BUNTRY: ExgFafdC ACC TAC TAC GAA ATG CTC GAA GGC CGC

CTG CCA AAC CAC GOF) POSTAIDQ@RE XZIPpPy GTlAsgiaNl'hr Tyr Tyr Gu Met Leu Qu Ay
Arg Leu Pro Asn Hi %G)GT§LEP“°NE 0171-3047§0 275

B s ST A PR PR ET TS e o X T

285 (iii) NUMBEROGF SEQUENCES: 32 295 TCG ATC GAG GGC GAC AAG
CGCCTGCTGCTGCAGATCTTCTCGGAAACC 2161 Ser Ile Gu Ay Asp
Lys Arg Leu L@ LWPGI‘-‘F.R mEéDW@ Thr 300 305
1310 ‘[;‘%TYPE CCG GTG TTC TTC GAA TTC ATC CAG
OGC ARA GaC GAC GA(LE) gezRaT §9iYSTEMLq;¢_ S GLyofro Val Phe Phe Gu Phe Ile
An Arg Lys Gy As)ASPFTWARE: PatentIn Release #328) Version #1.30 (EPOB25

330 40 GGG TTT GGC GAG GGC AAC TTC AAG GCG CTG TTC GAG TCG ATC GAG CGC

2257 nPhe Lys Ala Leu Phe Gu Ser Ile Gu Arg
335 » @Y fBSalnt ﬂom‘ Cotto 1" w61'Y.: 345 GAC CAG GTA CGT CGC GGT .
' GTA CTG ACC AGE) GAouEAA ARG ERAMARAAAA 2310 45 Asp Gn Val Arg Arg
* Gy Val Leu Thr Thm)ABENGTH: 1020 base Paflrs 355 AGCCCGGECGA

GAAGGITTTC AGCCGGGET TTYPEFAGT@AEET @IMCGITTTA AGCTTTGCGC 2370 50

TGACENCCA AATGTT PRANDPEDNESS g PEMSWITACCA TCACGGCCAG CCAGATCGGEG 2430
(D) TOPOLOGY: unknown ) .

(ii) MOLECULE TYPE: DNA
35 . (iii) '"HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(vi) «ORIGINAL SOURCE: | -
40 : (A) ORGANISM: Synechocystis sp. PCCé6803 :

{ix) FEATURE: o ' s
" {A) NAME/KEY: CDS :
» (B) LOCATION:1..1020
5 :

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:.

ATG GAA TTC GAC TAT CTT CAT TTA TAC GTT GAC GAT TAT CAG TCA GCT 48
" 50 Met Glu Phe Asp Tyr Leu His Leu Tyr Val Asp Asp Tyr Gln Ser Ala
1 5 10 15

CAT CGT TGT TAT CRA CGT CAA TGG GGT TTC ACT TGC GTA AAT AAA ATT 96
His Arg Cys Tyr Gln Arg Gln Trp Gly Phe Thr Cys Val Asn Lys Ile
55 20 . 25 30

ATT ACT GAC CAA GGA ATT ACT GGC ATC TAC CAR CAG GGG CAA ATA CTT 144
Ile Thr Asp Gln Gly Ile Thr Gly Ile Tyr Gln Gln Gly Gln Ile lLeu
35 40 _ 45
60 : '
CTG CTA ATT TCG GCA TCG GAA TCT AGT TTG AGT AGA TAT GCC GAC TAT - 192
Leu ng Ile Ser Ala Ser Glu Ser Ser Leu Ser Arg Tyr Ala Asp Tyr
: . 55 - 60

_SUBSTITUTE SHEET (RULE 26)



ATATACGTCA GCCATTGCCC GCCCTTGATG CCTTCGCCCA ACAACAAGEC CACAAAGAGC 2490
AGTAATACCG GCTCCACATA GCTGAGCAAC CCGAACAGEC TAAAGGCCAA TAAACGCECTG 2550

55 - -f[ @ AGCTCACCAG CGCTGAAGCA CT _ . PCTIGB97/02996 _
2582 ORMATI ON FOR SEQ I D NO. 60 _ (1) SEQUENCE
CHARACTERI STI CS: (A) LEN 358 .am no aci ds . i
(B) TYPE: am no acid ' (D) TCPCJ_OGY. | i near WO
98/ 20144 PCT/ GB97/ 02996
- 53- | I\/O_ECULE TY oé ﬁéAé S ENCE

CCg. CCC GGC G G
I\D/E,[SCCR;I PTI @@ Hl% Pro P o Gly’\é& é?g d%%pgﬁ ’ic‘fy}rlrg] h % Met é Leu
15 Gu Phe Al a Ser Pro Thr Pro Gy Thr Leu Qu Pro Ile Phe Qu
20 AAT TGG CAA ARK® ATT CAG CAT CAA TTA 3R GAX TTA| CAGATAGEAR Rie Thr 1388 Val
“Ala Thr Hsn Arp @eu‘Ly_ysIlAsﬁlr\/gp.s Hplp Leu Ser Glu Leu Ghn Ile Glu Thr . 40
45 Leu Tyr Arg G n 88y Au lle Asn 8 11e Leu Asn AstP G n Pro Asp

50 KRR &Ra con PRL akRUrA dreer Tyrsfhe
0 cCcT CTG GGA actYr T 3
AI a A% C% Ig fé ?;Isqcilgeﬁro (giﬁr @g’ Ala Glu @y Leu Thr Phe Leu 70
t Al aibhe Arg Val Lys Aap Ser G n dn A a

Tyr Asn Arg Al a Leu 20 . . 90
05 . GFIF 6@ GGy GAT £T6 PAPLHT|AGE Pﬁ% %TeC@ EIPNECTIFTRERS (BR Q u LA
100 15 Leu Trp Gly Agpyal His His S;g I OPr%é/ A%;g &g LbLmza Ile Lys
GIyIIeGIyGIy]ﬂlsaProLeuTyr LeuIIe_ 115 ' '
120 AAT CAG AAT AARTca TTG ARP A¥gGcPhescd yrlaccChoc Sec & chre Tyr #%p
Ile ASp Phéh ¢ah ASW Lys Thr Leu His Gly Val Gly Leu Thr Thr Ile Asp His
130 135 140
'GTG GTG CTA AAC ATT GCC GCC GAT CAA TTT ACC CAG GCT TCC CAA TGG 480
Val Val Leu Asn Ile Ala Ala Asp Gln Phe Thr Gln Ala Ser Gln Trp
145 150 : 185 _ 160
25 )
TAT CAA CAG GTG TTT GGC TGG TCG GTG CAG CAG AGT TTT ACT GTC AAT 528
Tyr Gln Gln Val Phe Gly Trp Ser Val Gln Gln Ser Phe Thr Val Asn :
165 - 170 175
30 ACG CCC CAT TCT GGT CTG TAT AGC GARA GCC CTG GCC AGt.GCC AAT GGG 576
: Thr Pro His Ser Gly Leu Tyr Ser Glu Ala Leu Ala Ser Ala Asn Gly
180 185 190
AAA GTC CAA TTT AAC CTC AAT TGT CCC ACC AAT AAC AGT TCC CAA ATT 624
35 Lys Val Gln Phe Asn Leu Asn Cys Pro Thr Asn Asn Ser Ser Gln Ile
. 195 : 200 . 205 .
CAA ACT TTT TTA GCC AAT AAC CAT GGG GCT GGT ATT CAA CAT GTC GCT 672
Gln Thr Phe Leu Ala Asn Asn His Gly Ala Gly Ile Gln His Val RAla '
40 210 # 215 220 _ -
TTT TCC ACT ACG AGT ATT ACG CGA ACT GTG GCT CAT CTG CGG GAA AGG 720
Phe Ser Thr Thr Ser Ile Thr Arg Thr Val Ala His Leu Arg Glu Arg g
225 230 ) 235 . 240
45 . -
GGC GTA AAT TTT TTA ARA ATC CCC ACT GGC TAT TAT CAR CAG CAA AGA 768
Gly Val Asn Phe Leu Lys Ile Pro Thr Gly Tyr Tyr Gln Gln Gln Arg
. 245 250 - 255 .
50 AAC AGT AGC TAT TTT AAT TAT GCA AGT TTG GAT TGG GAT ACC TTA CAG 816
"Asn Ser Ser Tyr Phe Asn Tyr Ala Ser Leu Asp 'Trp Asp Thr Leu Gln
260 , 265 270
TGC CTA GAA ATT TTG CTG GAT GAT CAA GAT AAT ACG GGG GAG CGA TTA 864
55 Cys Leu Glu Ile Leu Leu Asp Asp Gln Asp Asn Thr Gly Glu Arg Leu
275 280 285
CTG CTA CAA ATT TTT AGT CAG CCT TGC TAT GGA GTA GGC ACT CTA TTT 912
Leu Leu Gln Ile Phe Ser Gln Pro Cys Tyr Gly Val Gly Thr Leu Phe .
60 290 : 285 300 :
" TGG GAR ATT ATT GAR CGC CGC CAC CGG GCR RAA GGA TTT GGT CAA GGA 960
Trp Glu Ile Ile Glu Arg Arg His Arg Ala Lys Gly Phe Gly Gln Gly

305 310 ) 315 _ . 320

' SUBSTITUTE SHEET (RULE 26)



130 . 135 140 30 Leu Gu Gy Val Asp Arg
| 150

Asn Pro Val Gy Ala Qy Leu Lys Val Ile . . 145
155 WO 98/20144 160 Asp His Leu Thr His Asn Val PAG¥/GBS702996/ -Arg
Met Ala Tyr Trp Ala 35 : é ' - 170
175 . Asn Phe Tyr GQu Lys Leu Phe AshdPhe Arg Gu Ala Arg Tyr Phe Asp
180 185 190 40 Ile Lys Gy Qu Tyr Thr
Gy Leu Thr Ser Lys Ala Met Ser Ala Pro - 195
200 205 AspGIyI\/EtIIeArgIIeProLeuAsnGluGlu
Ser Ser C;)gc G.l‘ QRPqGCT CTC TAD A GCG GTG GAG ACT TTA|GAA AAA CAG TTA 008 45
dy &g ‘é“uﬂbhéelgeﬁyﬁv&“é% [t %?n'”@' }ea ﬁht;hyﬂg‘% 225
230 40 Hi s Val a Phe Leu Thr
Qu Asp Ledn ¥ak dapstdhr Trp Asp Ala Leu-50 ' 245 1020
250 Glu Val Pro 255 Lys Lys Ile Gy Met Arg Phe Met Thr Ala Pro
Pro Asp Thr Tyr Tyr 260 265
270 55 du_Met. Leu Gu GE\{ ArgN(I)_eLé.Pro Asn Hs Ay Gu Pro Val Asp A n
275 10 (2) INFORMATIGWFOR SEQ ID 285 Leu Gn Ala Arg Ay Ile
Leu Leu Asp G y(Sekpg®inck! SuddndrERDETAES: 290 295
300 60 - Lys %\r gabCLENGEH: 1338 &hihd Leidhe Ser Gu Thr Leu Met Qy Pro Val
305 (B) 3YPE: amino acid 315 : 320 Phe
Phe d%uphe 1le .d riDAr BPEOLOGY :Glyngdh Asp Gly Phe Ay Qu dy VO
~9§£120.14'14 (ii) MOLECULE TYPE: Ig;gteln 330 PCT/ GBI/ 029963;}5
A i) SEQUENCE DESCR ON: SE? ID NO: 2:
Asn Phe Lys 'a Led Phe u Ser u Arg Asp Gn Val Arg Arg
340 20 Met Glu Phe ASElFyr Leu His Leu Tyx Va35§sp Asp Tyr Gln Ser Ala
: 1 5 15
His Arg Cys Tyr Gln Arg Gln Trp Gly Phe Thr Cys Val Asn Lys Ile
20 - 25 30
25 . . :
Ile Thr Asp Gln Gly Ile Thr Gly Ile Tyr Gln Gln Gly Gln Ile Leu
: 35 40 45
Leu Leu Ile.Ser Ala Ser Glu Ser Ser Leu Ser Arg Tyr Ala Asp Tyr
30 50 55 : 60 _
Leu Gln Lys His Pro Pro Gly Val Gly Glu Val Ala Trp Gln Val Alé
65 70 75 . 80
-35 Asn Trp Gln Lys Ile Gln His Gln Leu Ser Glu Leu Gln Ile Glu Thr
85 _ 20 85
Thr Pro Val Ile His Pro Leu Thr Lys Ala Glu Gly Leu Thr Phe Leu
; 100 : 105 110 .
40 ¢ | |
Leu Trp Gly Asp Val His His Ser Ile Tyr Pro Val Arg Ser Glu Leu
115 120 125 \
Asn Gln Asn Lys Thr Leu His Gly Val Gly Leu Thr Thr Ile Asp His
45 130 ' 135 T 140
Val Val Leu Asn Ile Ala Ala Asp Gin Pﬁe Thr Gln Ala Ser Gln Trp
© 145 150 o 155 - _ 160
. 50 Tyr Gln Gln Val Phe Gly Trp Ser Val Gln Gln Ser Phe Thr Val Asn
165 170 175
Thr Pro His Ser Glj Leu Tyr Ser Glu Ala Leu Ala Ser Ala Asn Gly
180 : : 185 . 190
55 '
Lys Val Gln Phe Asn Leu Asn Cys Pro Thr Asn Asn Ser Ser Gln Ile
195 : 200 205 .
Gln Thr Phe Leu Ala Asn Asn His Gly Ala Gly Ile Gln His Val Ala

60 210 215 220

Phe Ser Thr Thr Ser Ile Thr Arg Thr Val Ala His Leu Arg Glu Arg
. 225 ) 230 235 ’ 240



5

Ay Val

SEQ ID NO 5: 10

LENGTH

(O ST:RA%%%&Z@ .

(ii) MOLECULE TYPE: ot her

a

/[desc = "prinmer"

NO

(xi) SEQURN
(2

HERCRIdRL! £
| NFORVATI Opdi -

irs.
single 15

(2)
(i ) SEQUENCE CHARACTERI STI CS:
(B) TYPE: nucleic acj
(D TOPOLOGY: unkn

20

CHARACTER| STICS: 35 . .
(B) TYPE: Asncted §eHC'IiY(§ Phe Asn Tyr Ala
(D) TOPOLOGY: unknowf® 40

(A) DESCR

(iv) ANTI
ORGANI SM

pri mer

50

Leu Thr Thr Asp

nucl ei ¢ aci d
(iii) HYPOTHETI CAL: NO
(vi) ORIGA NAL SOURCE: 25

OgEQﬂeDPNQ The' Glf’q‘yr Tm%}, )3 g&%

355

-50- -

GB97/02996 -

(A) DESCRIPTI ON:
(iv) “ANTI - SENSE:
(A) ORGANI SM pri nmer

(A LENGTH 17 base pairs

(i)

2600t
cgg l\@ ciy/ ﬂ%sﬁeu Lémﬁﬁaﬁﬁl& Rsp Aggﬁk)lfzas

S ARANDEDNES Thrsheyiean -
ECULE TYPE: ot48r

oty RATHEY Ak

nuclelc acid
NO 45

(A)

(xi) SEQUENCE DESCRI PTI ON: _SEQ ID NO 6:
- GCTTTGRAA GETTIROCEDh Ile Phe Ser Gln Pro Cys Tyr Gly Val Gly Thr Leu Phe

60
120

| NFORMATI ON FOR

(A

180 -

240
300
360

420

480
540

600

17 55 (2) INEORVATION FOR SE33ID NO 7: 300 (i) SEQUENCE
C|_|ARACTER| %'cﬁ% Ile Ilé Glu Arg Arg His Arg Ala Lys: Gly Phe Gly Gln Gly
: 305 - 310 315 320
15
' Asn Phe Gln Ala Leu Tyr Glu Ala Val Glu Thr Leu Glu Lys Gln Leu
' 325 330 335
Glu Val Pro
20
{2) INFORMATION FOR SEQ ID NO: 3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2582 base pairs
25 (B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
30 :
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
35 (vi} ORIGINAL SOURCE:
(A) ORGANISM: Pseudomonas fluorescens
(ix) FEATURE:
-+ {R) NAME/KEY: CDS -
40 (B) LOCATION:1217..22590 °
(xi) SEQUENCE DESCRIPTION: SEQ ID Nb: 3:
- ' ATTAGTCGAA GAATATGCCC ATCCTGTCGC CTGTCGAGCA ACTGCTAATG CARCCTCCGT
45
CTGATCGCCT CACCTACCTG AAGCTGGCCG CTGTGACCAT GATTTGGGGT GGCACTTTTG
TCGCCGGACG TTACCTGACC AATCAAGTCG ACCCGCTGCT GGCCGCCAGC CTGCGGTTTA
. 50 TCCTGGCCAG CCTGGCGCTG CTGCTGTTITA TGCTGTGTGC ACGCATCCCG CTGGCGCGGC
CACGTCCCCG GCRACTGCTG CATCTGGCGG TGCTGGGGTT TTTCGGGATC TTTTTCTACA
ACCTGTGTTT TTTCTACGGC CTGCAGTACA TCAACGCCTC GCGCGCTTCG TTGATCGTGG
55
CGTTGARTCC GGCGGTGATC GGCCTGGCTT CCTGGTGGTT GTTCARAGAG CGCCTCGGCA
CTGCCAGGGT . GCTGGGTATC GCGTTGTGCC TGGCCGGCGC TGCGACGGTG ATCGTCAGTC
60' 'GCAACCCGCA GTTGCTGCAA GGTGCATCGA GTACCTGGCA GGGCGACCTG CTGGTGTTCG
GCTGTGTGCT GGGGTGGGGG ATTTACTCGT TGTTTTCCCG CGCATTGAAT CAAAGCCTGG
TGCTGGGCAC CCTGATGCTG ACGGCTGTCA

GGCCGTTGCA

AACGGTCACC

TGGTCAGTGC

660



(A) LENGTH 46 base pairs (B) TYPE: nucleic acid 60
(C) STRANDEDNESS: single (D) TOPOLOGY: unknown
EQhbBskyRE: ot her nucleic acid (A DESTrEBITI0zN6-

(i) ML
/ desc =.
PCT/ GB97

prinmer’ WD 98/ 20144 _
/02996 -51- . 55.

(iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO 5 (vi)

ORI G NAL

SOURCE: (A) ORGANI SM primer 10 (xi )

SEQUENCE DESCRI PTION: SEQ ID NO _ 7: TAGGTACC AGICTAGACT GACCAT
GACCAATACG CABAAEERCGC CGGGCGCTTC ACGCTTGCAG GG@@TGGCAG CEEFCACREORTRFATH TEOR SE%:CD

NO 8: *

L ENGTH: ig T6AGECTIRIT rg'EAT)TTéEégJE%CgéWEE@%?C&TgG%% rarraceare( A

(O STRAND%GC%‘ PRPRGRECG ACCCGCGCAG GUGRETTROCEEBCTGHAK MTBOTGACGE

(i) ML
/desc =

ECULE TYPE: other nucleic acid C&q@g G%Eg%gs;%a\l: -
|-S E:

" PIGGEBREATCTESCGGCGCGETG (CFCFRASCEEIRCRARETARJOSTTACC

780

840

(X| ) SE&JEI@@ES:%@& FL4 NAEG%EOS%‘E@QT ceancanace cobfieEREURMcdlhl ™Y 560

15

20

25

30

35

40 -

45

50

55

60

TAGGGATTTG ATGAGAGTGC GGACAAAIAC TGTTACGCTG TGTAGAATCG ATTTACGCAT
ACAAGAATAT GGACTTGCGC TCACGCAAGC CTCGGCCGTC AGAGACTGAT GTAATCATGA
AGCTACTCGG CTCCCCCCTG ATCTTTGGTG ACTTCCTCGC GCGCAGCGTG CGGGGTCTCT
CGTGéGCGCC ACCCTGCRAC CTCATCCTTG CCTGTAATTG ACTGCTTGCT ACTTACAAGA

ATGATGAGGT GCCGAA ATG GCC GAC CAA TAC GAA AAC CCA ATG GGC CTG
Met Ala Asp Gln Tyr Glu Asn Pro Met Gly Leu
1 5 10

ATG GGC TTT GAA TTT ATT GAA TTC GCA TCG CCG ACT CCG GGC ACC CTG
Met Gly Phe Glu Phe Ile Glu Phe Ala Ser Pro Thr Pro Gly Thr Leu
15 _ 20 25

GAG CCG ATC TTC GAG ATC ATG GGC TTC ACC AAA GTC GCG ACC CAC CGC
Glu Pro Ile Phe Glu Ile Met Gly Phe Thr Lys Val Ala Thr His Arg
30 35 40

TCC AAG AAT GTG CAC CTG TAC CGC CAG. GGC GAG ATC AAC CTG ATC CTC
Ser Lys Asn Val His Leu Tyr Arg Gln Gly Glu Ile Asn Leu Ile Leu
45 . 50 _ 55

AAC BAC CAG CCC GAC AGC CTG GCC TCG TAC TTC GCC GCC GAA CAC GGC
Asn Asn Gln Pro Asp Ser Leu Ala Ser Tyr Phe Ala Ala Glu His Gly
60 65 70 _ 75

CCT TCG'éTG TGC GGC ATG GCG TTC CGG GTC AAA GAC TCG CAG: CAG GCT~
Pro Ser Val Cys Gly Met Ala Phe Arg Val Lys Asp Ser Gln Gln Ala
- 80 - _ 85 - 80

TAC AAC CGC GCG TTG GAA CTG GGC GCC CAG CCG ATT CAT ATC GAAR RACC
Tyr Asn Arg Ala Leu Glu Leu Gly Ala Gln Pro Ile His Ile Glu Thr
95 . 100 105

GGC CCG ATG GAA CTC AAC CTG CCG GCC ATC ARG GGC ATC GGC-GGT GCG
"Gly Pro Met Glu Leu Asn Leu Pro Ala Ile Lys Gly Ile Gly Gly Ala
110 115 120

CCG CTG TAC CTG ATC GAC CGC TTC GGT GAAR GGC AGC TCG ATA TAT GAC
Pro Leu Tyr Leu Ile Asp Arg Phe Gly Glu Gly Ser Ser Ile Tyr Asp
125 130 _ 135

ATC GAC TTC GTG TAC CTC GARA GGT GTC GAC CGC AAC CCG GTA GGC GCG
Ile Asp Phe Val Tyr Leu Glu Gly Val Asp Arg Asn Pro Val Gly Ala
140 _ 145 150 155

GGC CTC AAG GTC ATC GAC CAC CTG ACC CAC AAC GTG TAT CGC GGC CGC
Gly Leu Lys Val Ile Asp His Leu Thr His Asn Val Tyr Arg Gly Arg
160 165 170"

ATG GCC TAC, TGG GCC AAC TTC TAC GAG AAA CTG TTC AAC TTC CGT GAA

1020
1080
1140
1200
1249
1297
1345
1393
1441
1489
1537
1585
1633
1681

1728

1777



35 TAGCGGTACC TGATCACCCG GGTTATTAGI CGGTGGT CAG TAC

43 " (2) I NFORVATION FOR SEQ I D NO 9: (it SEQUENCE
CHARACTERI STI CS: 40 : ' (A) LENGTH: 516 ami no aci ds _ -
(B) TYPE: W89144i d (D) TOPOLOGY: |inear i’CT’G“"’""’("‘Fi)
MOLECULE TYPE: protein 45 (xi) SEQUENCE DESCRIPTION. SEQ ID NO 9:
I\/btAIaGInIIeAsnAsnIVEtAIaGnGIyIIeGInThr Leu Asn Pro 1

5 15 50 Asn Ser Ash Phe His Lys Pro
Adn Val Pro L er . Ser, Pheg L

25 b?t Xfa 'ﬁ_;g)mc:'a Asnvﬁﬁ\e gﬁe u L arL u Ph >;&Ssnl_l?he Erg GA]é:n Ser Al a

Asn Ser Met Leu VaI
45 55 doauchy TACYETCAGRT Janc AMe GBheGIMatI'AGRCCLSZGC Pire Kcyzs'r@erAABhe Ar gs23 e

50 5 Ala Arg Tyr B Asp Ile Lys Gly Glu Tgp Thr Gl}SéquA:I?la: Ser Lysl Ala Thr
Ala dnLys Pro 3P Gu Ile val Léd®An 60 200 70

75 GCC, ATG aer e cce cacPble a8 ANS c%é'ﬂcl Ecotrc At ERE fal Lys bpy
Pro Ay Sq{lal-Mét Ala Pro Asp Gly Met Ile A le Pro Leu Asn Glu G1¥0 .
95 10 20D 98/ 20144 210 . 215 .

PCT/ GB97/ 02996 - - 56- Leu

Ser Asn Ar%f6| TeC PG GG GCe PR ﬁA%ﬁCL‘é% Ga¢ TICUCTS BWTGHGAGTHEC AAC 1921

er Ser Lys. Ala Gly Gln Ile Glu Phe Le t\Bdn
100 oF G5 225, F19 aoo CSVAFT\ER B8 M8n Leu Leu
Ser  Seys Aszp Asp Ile H's Tyr t Leu Gy 5 115
120 GGC GAG GGC Hithbcag cacAbte lees tucs cTbradeesaienclens brs Al G uibby
Asp Ser AlGdyAsmu Glp Ile Gln His]18&l Ala Phe Leu Thr Gly2Sp Leu Val Lys 140
10 Arg Ala Val Val Gu28y Cys Ay Gy B4k Phe Pro Val GB§CLys Gu
20 ACC TGG GAT GCG TTG AAG AAG ATC GGC ATG CGC TTC ATG ACC GCG CCG 2017
Thr Trp Asp Ala Leu Lys Lys Ile Gly Met Arg Phe Met Thr Ala Pro
255 260 265
CCG GAC ACC TAC TAC GAA ATG CTC GAA GGC CGC CTG CCA AAC CAC GGC 2065
25 Pro Asp Thr Tyr Tyr Glu Met Leu Glu Gly Arg Leu Pro Asn His Gly
270 - 275 280 _
GAG CCG GTG GAC CAA CTG CAG GCG CGC GGT ATT TTG CTG GAC GGC TCC 2113
_ Glu Pro Val Asp Gln Leu Gln Ala Arg Gly Ile Leu Leu Asp Gly Ser
30 285 _ 290 : 295
TCG ATC GAG GGC GAC AAG CGC CTG CTG CTG CAG ATC TTC TCG GAA ACC 2161
Ser Ile Glu Gly Asp Lys Arg Leu Leu Leu Gln Ile Phe Ser Glu Thr
300 305 310 315
35 :
" CTG ATG GGC CCG GTG TTC TTC GARA TTC ATC CAG CGC AAA GGC GAC GAT 2209
Leu Met Gly Pro Val Phe Phe Glu Phe Ile Gln Arg Lys Gly Asp Asp
o " 320 : 325 330
3 : -
40 GGG TTT GGC GAG GGC AAC TTC AAG GCG CTG TTC GAG TCG ATC GAG CGC 2257
Gly Phe Gly Glu Gly Asn Phe Lys Ala Leu Phe Glu Ser Ile Glu Arg

- 335 _ 340 : 345 s
GAC CAG GTA CGT CGC GGT GTA CTG ACC ACC GAC TAAGCGTCAG CABCAAAAAA _ 2310
45 Asp Gln Val Arg Arg Gly Val Leu Thr Thr Asp
350 355
AGCCCGGCGA GAAGGTTTTC AGCCGGGCTT TTTAGTGCCT GCACGTTTTA AGCTTTGCGC 2370
. 50 TGACGCACCA AATGTTTGAA GCCTTCATACIACCAGCACCA TCACGGCCAG CCAGATCGGG 2430
ATATACGTCA GCCATTGCCC GCCCTTGATG CCTTCGCCCA ACAARCAAGGC CACAAAGAGC 2490

AGTAATACCG GCTCCACATA GCTGAGCRAC CCGAACAGGC TARAGGCCAA TAARCGGCTG 2550

55 :
' GCGATGATGT AGCTCACCAG CGCTGAAGCA CT : 2582
{2) INFORMATION FOR SEQ ID NO: 4:
60 (i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 358 amino acids
(B) TYPE: amino acid
~ (D) TOPOLOGY: linear .



145
Lys

165
Val
185
Pro
205
210
Arg
235
Adn
255
260
Val

280
Ser

Phe
310
Ser -
330

350
355
Ser
380
385
Pro
405

425

: R 150 . 155 ' 160 . Ser
Gu Qu lle dn Leu Phe Leu Ay Asn Ala Ay Thr. Ala Met

wo 98120144 170 175 15 Arg Pro rex/aBa7/o20% Al a
Thr vVal Ala Gy @y Asn Ser Arg Tyr 180
' _ 190 Val Leu Asp'é3y" Val Pro Arg Met Arg-Qu-Arg
Ile Ser Asp Leu 20 195 200

Val Asp Gy Leu Lys Gn Leu Ay Ala Gu Val Asp Cys Phe Leu Gy
(ii) MOLELLE TYPE: protein 220 25 Thr Lys Cys Pro Pro Val

|l e Val Sefxi}ySEQYENCE] RESCRLPTIOY: (FER 1D NOzo4: 230
: ' - 240 | .1 Ley .Ser r lle Ser Ser
1 @20ryr c1uRdh bYS WA %g% %y Ik 8¢
Tyr5Le&ei'h;} SaPgP GLn Tyr GluAsh PEG ML Gy Leu et Gly Fre %j‘;zd%t? - |
30 . Leu Leu Met Ala Ala Pro Leu Ala Leu Ay Asp Val ulle dulle
Ile Glu Phe 283 Ser Pro Thr Pro Gly2THr Leu GId @rdslel PBe lmm |l e Ser
Pro Tyr Val Gu M2 Thr Leu Lys Le#335 275 30 :
: 2%5 IVey GAT el Ehe’ dy II% Ser Val GJu Hi s Ser
0 1 t Phe Thr L al a Th is Arg ys Asn Val H .
sertdTr FLASIFEAFYY 280 0 aichets al His 300 40
Phe Val Arg Ay dy G@n Lys Tyr Lys Ser Pro Ay Lys Al a Phe 305
Leu Tyr Arg 3% Gly Glu Ile Asn Leu 324 Leu AsnVabn @uh ©ky 2P Al a Ser
Al asSe_r Tyrso0Phe Leu Ala Gy W a Al a 60 325.
1 _
Thr Asﬁe§eIreq_éaa_BS?:a?: #?r Phe 1¥l.aaI A-]I.-Qgsdg XisGG\inEhgo Isleg \ngggglelg udy Os
6 .

- @n"dy Asp Val Lys7E>he Ala du Vval Eéu G u Lys I\/bt_Gs)?Ala G u 50

. Met Ala Phe A¥g0val Lys Asp Ser Gln 865 ala TyxVakn ¥g AL LBRr G u Asn
Val0Thr Val Lys Gy P® Pro Arg Ser 90 370 95 375

5 S YA gGJI._r}/Si’ryl isleL(l?lgs Airl 3€|%ua Tlh!reGlAf/S%rc\)/abldetAa{]u NBL Asn LK/Z,[

Glu Leu Glyﬁ%@
Asp Val Ala Met r Leu Al a Val VallosAI a Leu Tyr A an,&s_p
25 Asn Leu Pro4h@ Ile Lys Gly Ile Gly4dby @Qa pro Gey MiOndbrridla lle Arg

Val Ala Ser TapsArg Val Lys Qd a20hr 125 420
430
- Asp Arg Phe Gly Glu Gly Ser Ser Ile Tyr Asp Ile Asp Phe Val Tyr
130 135 140

30 '
Leu Glu Gly Val Asp Arg Asn Pro Val Gly Ala Gly Leu Lys Val Ile
145 150 . 155 ) 160
Asp His Leu Thr His Asn Val Tyr Arg Gly Arg Met Ala Tyr Trp Ala

35 - 165 170 - 175
Asn Phe Tyr Glu Lys Leu Phe Asn Phe Arg -Glu Ala Arg Tyr Phe Asp

180 . 185 190
40 Ile Lys éﬁy Glu Tyr Thr Gly Léu Thr Ser Lys Ala Met Ser Ala Pro
195 200 205 :
Asp Gly Met Ile Arg Ile Pro Leu Asn Glu Glu Ser Ser Lys Gly Ala ’
210 . 215 220

45 -
Gly Gln Ile Glu Glu Phe Leu Met Gln Phe Asn Gly Glu Gly Ile Gln
225 : 230 : _ 235 - 240
His Val Ala Phe Leu Thr Glu Asp Leu Val Lys Thr Trp Asp Ala Len

. 50 245 . 250 255

Lys Lys Ile Gly Met Arg Phe Met Thr Ala Pro Pro Asp Thr Tyr Tyr
260 _ 265 270

55 Glu Met Leu Glu Gly Arg Leu Pro Asn His Gly Glu Pro Val Asp Gln
275 280 285

Leu Gln Ala Arg Gly Ile Leu Leu Asp Gly Ser Ser Ile Glu Gly Asp

290 295 300
60 : '
Lys Arg Leu Leu Leu Gln Ile Phe Ser Glu Thr Leu Met Gly Pro Val
305 . 310 315 320

Phe Phe Glu.Phe Ile Gln Arg Lys Gly Asp Asp Gly Phe Gly Glu Gly



Gu Arg Met Ile Ala Ile Cys Thr Ju Leu Arg Lys Leu Gy Ala Thr
WO 98/0144 S PCT/ GB97/ 02996

-57- - 435 | 440 PCT/GBY#0196 -

Val d u‘?ﬁ"lfs'é”%/“mo Asp Tyr Cys Ile Ile Thr Pro Pro Gu Lys Leu

450 _ 55 . - 54460 5. Asn Val Thr Asp Ile
~Asp Thr- Tyr Asp Asp His Arg Met Ala Met Al a 465 470
475 480 Phe Ser Leu Ala Ala Cys Ala Asp Val Pro Va
‘Thr Ile Asn Asp Pro 1@2s ' 330485 335 490

495 Gy Cys Thr Arg Lys Thr Phe Pro Asn Tyr Phe Asp Val Leu A n Gn
500 Asn Phe Lys Algpfeu Phe Glu Ser Ile Glu iyg Asp GlyrVageprqy PWrgH s S
515 (2) | NFORMRTI ON FOR SEQ I B%Ro 10: 20 350 ()" SEQUENCE
GﬂARA&TE@lﬁT%;s:Leu Thr thr asp (A LENGTH 17 base pairs

(B) TYPE: nucleizgsaci d : (C) STRANDEDNESS: - si ngl e o
(D) TOPOLOGY: unknown 25 - (i1) MOLECULE TYPE: other nucleic acid
(A [iESCRBPTImRMATIQ}Jeg@R SEQED M " 5: (iii) HYPOTHETI CAL: NO 30
(iv) *ANTI - SENSE: ' : ' I G NAL SOURCE: (A
ORGANI SM pri fer S Egggsggmg?ﬁgg}; UENCE DESCRI PTION: SEQ ID NO 10:
AACAAGGTGG  CGCAGIH) TYPE: nucleic acid -

17 (C) STRANDEDNESS: single.

15 (D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "primer"

20 _ (iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
25 (B) ORGANISM: primer
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:
30 TATGAGAATC CTATGGG _ 17
{2) INFORMATION FOR SEQ ID NO: 6:
(i) SEQUENCE CHARACTERISTICS:
35 . (AR) LENGTH: 17 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

40 (ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "primer"

(iii) HYPOTHETICAL: NO
45 (iv) ANTI-SENSE: NO

{(vi) ORIGINAL SOURCE:
} . (A) ORGANISM: primer

. 50 .
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

GCTTTGAAR GTTTCCCTC . . 17.
55 (2) INFORMATION FOR SEQ ID NO: 7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 46 base pairs
(B) TYPE: nucleic acid
60 . (C) STRANDEDNESS: single
' - (D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "primer"



40

CHARACTERI STI CS:
(B) TYPE:
(D) TOPOLOYSY

(2)

I NFORVATI ON FOR SEQ ID NO 11:
_ : (A) LENGTH: 20
nucl eic acid

(A) DESCRIPTION:  /desc = "primer"” 50 -55-
(iv) ANTI-SENSE: NO 55 (vi) ORIG NAL SOURCE:

ORGANI SM  pri ner

CATCGCAAGA CCGGCAACAG

20

(iii Y“%&%’rﬁé&"ﬁu NO

PCT/ GB97/ 02996-
| NFORVATI QﬂvF@BE&ENSB N® 12

(2)

~ CHARACTER! STI CS:
(B) TYPE:

5
nucl @iE QRIGENAL SOURCE:

(i) SEQUENCE

base pairs

(C) STRANDEDNESS: s
hown (ii) MOLECULE TYPE: ot her

| NQLS 702996, -

nucl el c aci

d

(ii11) HYPOTHETI CAL: NO
(A)

-58-

(i) SEQUENCE

(iv) AMNTI- SENSki) BQUENCE DESCRIPTION: SEQ ID NO: 7:

15
20
25

30
35
40
45

- 50
55

60

GTTAGGTACC AGTCTAGACT GACCATGGCC GACCAATACG
(2) INFORMATION FOR SEQ ID NO: 8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 43 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: other nucleic acid

AARACC

(A) DESCRIPTION: /desc = "primer"

(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
(R) ORGANISM: primer

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:

TAGCGGTACC TGATCACCCG GGTTATTAGT CGGTGGTCAG

(2) INFORMATION FOR SEQ ID NO: 9:
(i SEQUENCE CHARACTERISTICS:
(A) LENGTH: 516 amino acids
(B} TYPE: amino acid
(D) TOPOLOGY: linear

{idi) MOLECULE TYPE: protein

TAC

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

Met Ala Gln Ile Asn Asn Met Ala Gln Gly Ile
1 : 5 - 10

Asn Ser Asn Phe His Lys Pro Gln Val Pro Lys
20 25

Val. Phe Gly Ser Lys'Lys Leu Lys Asn Ser Ala
35 40

Leu Lys Lys Asp.Ser Ile Phe Met Gln Lys Phe
50 55

-‘Ser Ala Ser Val Ala Thr Ala Gln Lys Pro Ser
65 70 _ : 75

Pro Ile Lys Glu Ile Ser Gly Thr Val Lys Leu
o 85 : 90

Gln Thr Leu
Ser Sef Serx
30

Asn Ser Met
- 45

Cys Ser Phe
60

Glu Ile Val

Pro Gly Ser

(A) LENGTH: 19 base pairs
| (C) STRANDEDNESS:
(D) TOPOLOGY: unkno °R°'_‘ﬁ5”s” pn‘(‘n) MOLECULE TYPE: ot her
(A) DESCRI PTI ON: / desc “primer' '

single

Asn Pro
15

Phe Leu
Leu Val
Arg Ile
Leu Gln

80

Lys Ser
95

(xi) SEQUENCE DESCRI PTI ON: SEQ ID NO 11: 60

nucl eic acid
(1i1) HYPOTHETI CAL: NO

15

46

43



(vi) ORI Gl NAL SOURCE: - (A) ORGANISM primer 20

(xi) SEQUENCE DESCRI PTION: SEQ ID NO 12: GATCGCTACT AGCT TCCCA
19 25 (2) | NFORVATI C]\l FOR SEQ I D NO 13: (1) (gJENCE
CHARACTERWSTISCS144 (A) LENGTH: 22 base pai rsPCT/G 7/02996
(B) TYPE: nucleic acid 30 (©56:'RANDEDNESS: si ngl e

(D) TOPOLOGY: unknown (i i) I\/[J_ECULE TYPE: other nucleic acid
(A) DESCRI PTI C]\l /desc = "primer" (iii) HYPOTHETI CAL: NO

ANTI - SE 40 NAL SQU
SQ\C/S)ANI SRR ’F ASR A%S Tie L"(‘kﬁ'j’“ gﬁ\icé‘l ECE%N th("jhfti”ﬁcz 13 45

AATCAAGGTA ACCT TGAA:\'?ZO CA

22 () vhNEIRVAI @euFCd SEQSeD N@ A!sé I1e58is - Tyr Mey IL)auS(EQJENCE
CHARACTERI STI CS: 115 ' o (A)ZOLENGTH 18 bas&2pairs
(B) TYPE: nucl eic acid STRANDEDNESS: . si_ngl e

(D) TOPOLASe LgpnGwihGSeu Gly Leu H(lrsl Yallvﬁ]:EC,‘UL“EA BT BhéFP A eic acid

" 135

(A) DESCRI PTI. /desc = "pri (i S HYPOTHETI CAL: ‘NO 60
(iv) A p?z%\lﬁEa WP val Glu Gly Cys Gly Gly Leu Phe Pro Val Gly Lys Glu
. 150 - 155 160
Ser Lys Glu Glu Ile Gln Leu Phe Leu Gly Asn Ala Gly Thr Ala Met
165 ' 170 ' 175
15 . : : '
Arg Pro Leu Thr Rla Ala Val Thr Val Ala Gly Gly Asn Ser Arg Tyr
180 185 o 190
Val Leu Asp Gly Val Pro Arg Met Arg Glu Arg Pro Ile Ser Asp Leu
20 195 200 205
Val Asp Gly Leu Lys Gln Leu Gly Ala Glu Val Asp Cys Phe Leu Gly
210 215 _ 220 '
25 Thr Lys Cys Pro Pro Val Arg Ile Val Ser Lys Gly Gly Leu Pro Gly
225 230 235 . - 240
Gly Lys Val Lys Leu Ser Gly Ser Ile Ser Ser Gln Tyr Leu Thr Ala
245 - 250 255
30 '
Leu Leu Met Ala Ala Pro Leu Ala Leu Gly Asp Val Glu Ile Glu Ile
260 265 270
Ile Asp Lys Leu Ile Ser Val Pro Tyr Val Glu Met Thr Leu Lys Leu
35 275 280 285
Mét Glu Arg Phe Gly Ile Ser Val Glu His Ser Ser Ser Trp Asp Arg
' 2590 295 300
& ' ) . -
40 Phe Phe Val Arg Gly Gly Gln Lys Tyr Lys Ser Pro Gly Lys Ala Phe
305 310 315 _ 320
Val Glu Gly Asp Ala Ser Ser Ala Ser Tyr Phe Leu Ala Gly Ala Ala
325 330 335
45 : '
Val Thr Gly Gly Thr Ile Thr Val Glu Gly Cys Gly Thr Asn Ser Leu
340 . 345 - 350
Gln Gly Asp Val Lys Phe Ala Glu Val Leu Glu Lys Met Gly Ala Glu
. 50 355 360 365

Val Thr Trp Thr Glu Asn Ser Val Thr Val Lys Gly Pro Pro Arg Ser
370 375 . 380

55 Ser Ser Gly Arg Lys His Leu Arg Ala Ile Asp Val Asn Met Asn Lys
385 390 395 400

Met Pro Asp Val Ala Met Thr Leu Ala Val Val Ala Leu Tyr Ala Asp
405 : 410 : 415
60
Gly Pro Thr Ala Ile Arg Asp Val Ala Ser Trp Arg Val Lys Glu Thr
: 420 425 . 430

Glu Arg Met ‘Ile Ala Ile Cys Thr Glu Leu A;élLys Leu Gly Ala Thr



WD 98/ 20144 : ' | PCT/ GB97/ 02996-

- 59 - _ (vi) ORI G NAL SOURCE: . . (A ORGANI SM
pri mer 5 (xi) SEQUENCE DESCRI PTI C]\l SEQ ID NO 14: -
AATTACGGAAWGESI2POEGT PCT/GB97/02996 ~
18. 10 (2) | NFORMVATI ON FOR SEQ ID NO. . 5. (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH. 20 base pairs ) .

(B) TYPE: nucleic acid 15 "(C) STRANDEDNESS: si'ngle

(D TOPOLOGY: unkn ' 42 MOLECULE TYPE: other nucl eic acid

(A) DESCRI PTI ON: desc = "priner’ %0 (||?5 HYPOTHETI CAL: NO
(1 v) ANTI- SENSE1uNQu 629 Pro asp @yk)cyaRiré: Nle $LUBEE: pro clu Lys Leu (A
ORGANI SM  pri maso (xi4p5s SEQUENCE DESCRI46®! ON: SEQ'I D NO 15: 30
AGCTTGTACA CCGGIGTACA ;
20 (39n Wmfccj‘-mwﬁmlpoﬁ@ss@@rlbq\lesp PFeP HEE Arg Met A(-¢)MGSEAJJENCE
CHARACTERI Shtcs: - (A) LENGTH: 4% hase pairs

(B) TYPE: n | )b 3 - Sh ,
(D) TOD(a_OGl!:(iﬁJ Eﬁﬁn%\%nghao ﬁ‘é? Cys Ala ?sl)l vg%ﬁc@éﬁ%ﬁ ofﬁqrgsnu‘?ﬁ eic acid -

(&) DESCRIPTION: - /desc = "primer"
Gly Cys Thr Arg Lys Thr Phe Pro Asn Tyr Phe Asp Val Leu Gln Gln
500 505 510

15 Tyr Ser Lys His
: 515

(2) INFORMATION FOR SEQ ID NO: 10:

20 (i) SEQUENCE CHARACTERISTICS:
. (A) LENGTH: 17 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

25 .
(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "primer"
(iii) HYPOTHETICAL: NO
30 _
{iv) ANTI-SENSE: NO
{vi) ORIGINAL SOURCE:
(A) ORGANISM: primer
35

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:
AACAAGGTEG  CGCAGTT : o 17

40 (2) INFORMATION FOR SEQ ID NO: 11: ,

{i) SEQUENCE CHARACTERISTICS: .
() LENGTH: 20 base pairs
. {B) TYPE: nucleic acid
45 , . (C) STRANDEDNESS: single
(D} TOPOLOGY: unknown

(ii) MOLECULE TYPE: other nucleic acid
' (A) DESCRIPTION: /desc = "primer"”
50

~{iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
55 (vi) ORIGINAL SOURCE:
(A) ORGANISM: primer
60 {xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:

CATCGCAAGA CCGGCAACAG . ) : ) 20



(iii) HYPOTHETI CAL: NO 45 (iv) ANTI-SENSE: NO ©(vi)

ORI G NAL SOURCE: . (A) ORGANI SM pri me'ra\ SXTTGTCCGGT ,(A)C(ZI )
SEQUENCE DESCRI PTI ON: -SEQ | D NO 16: - CGGACAATT. -
22QU55 wo ?%ﬂlﬁNFmMATlQou\l FOR SEQ ID NO 17: . (ROT/GBRINARGE
CHARACTERI STI CS: (A) LENGTkg .22 base pairs 60

(B) TYPE: nucleic acid (C) " STRANDEDNESS: single °

WD 98/ 20144 _ © PCT/ GB97/ 02996 -

- 60- ' (D) TOPOLOGY: unknown ' (ii) NCLECULE TYPE
ot her nucleic acid _ (A) DESCRI PTI ON: /desc - "primer” 5
(iii) HYPOTHETNEARMATNON FOR sEQ 1p(k¢:) 1ANTI-SENSE: NO 10 (vi) ORIG NAL
SOURCE: (A) ORGANI SM pri ner (xi) SEQUENCE

DESCRI PSTI ON: SED |SEHQUENEE gﬁARPEE‘ERISTIC@:ATTTGC(XBC CGCAAATGGT  AC
a
2 0 (2) | oISt ke g 1o

(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

10 (ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "primer"”

(iii) HYPOTHETICAL: NO
15 (iv) ANTI-SENSE: NO

{(vi) ORIGINAL SOURCE:
(A) ORGANISM: primer

20
(xi) SEQUENCE DESCRIPTION:. SEQ ID NO: 12:

GATCGCTACT AGCTTCCCA _ 19

25 (2) INFORMATION FOR SEQ ID NO: 13:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 22 base pairs
(B) TYPE: nucleic acid
30 (C) STRANDEDNESS: single -
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: other nucleic acid
{(A) DESCRIPTION: /desc = "primer"
35
(iii) HYPOTHETICAL: NO

o
(iv) ANTI-SENSE: NO

40 {vi) ORIGINAL SOURCE: _ .
(A) ORGANISM: primer ' . :

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:
45
AATCAAGGTA ACCTTGAATC CA ' ’ 22

(2) INFORMATION FOR SEQ ID NO: 14:

50 (1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

s (D) TOPOLOGY: unknown

5 .

(ii) MOLECULE TYPE: other nucleic acid

(A) DESCRIPTION: /desc = "primer"

(iii) HYPOTHETICAL: NO
60 . ' :
" (iv) ANTI-SENSE: NO



20 (i) SEQUENCE CHARACTERI STI CS: | (A) LENGTH 22 base

-pairs (B) TYPE: nucleic acid. (O
STRANDEDN®®®8/201440] € - (D TOPOLOGY: unknown %T,GB97,02995.(| i)
I\/O_ECULE TYPE: other nucleic acid (A) DESCRI PTI ON: / desc

"pri mer” (iii) HYPOTHETI CAL: NO % (iV) ANTI-SENSE: NO
(vi) ORIG NAL SOURCE: . _ (A) ORGANI SM prinmer 35 (xi)
SEQUENCE DESCRI PTION: SEQ I D NO 18: AATTCATTTG CGGCCGCAAA TG
22 40 (2)_ | NFORMATI. ON FOR SEQ I D NO 19: (i) SEQUENCE
CHARACTERI ST €%t} ORIGINAL SOURCE: (A)_ LENGTH. 20 base pairs 45
(B) TYPE: nucleic 48] PREPNISM: primes = () STRANDEDNESS: single .

(D TOROLOGY: unknown (i) MOLECULE TYPE: other nucleic acid 50
(A) DESCRI PTI Q) SEQUENCE DESORTPTEON: SEQ ID No: (ighi) HYPOTHETI CAL: NO R
(iv) ANTI-SENSE: NO 55 (vi) ORI G NAL SOURCE: (A

ORGANI SM  ABTTREFCAA eféFTTCCGT (XI) SEQUENCE DESCRI PTI ON:  SEQ I D NO 190 18

AGCTTGCAGC GGCCGCTGCA |
20 WO 98/ 20144 |
-pCT/ G387/ J2)9FVEORMATION FOR SEQ ID NO: 15: - 61-

(i) SEQUENCE CHARACTERISTICS
(R) LENGTH: 20 base pairs
- ~ (B) TYPE: nucleic acid
15 ' (C) STRANDEDNESS: single
: (D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "primer"
20
. {iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

- 25 (vi) ORIGINAL SOURCE:
(A7) ORGANISM: primer

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15:
30

AGCTTGTACA CCGGTGTACA ' . , 20

(2) INFORMATION FOR SEQ ID NO: 16:

_35 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 base palrs
# (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
" {D) TOPOLOGY: unknown
. 3
(ii) MOLECULE TYPE: other nucleic acid
. _ (A) DESCRIPTION: /desc = "primer"

(iii) HYPOTHETICAL: NO
45 L
(iv) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
(A) ORGANISM: primer
50

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16:

CGGACAATTA ATTGTCCGGT AC o 22

55 '
(2) INFORMATION FOR SEQ ID NO: 17:

(i) SEQUENCE CHARACTERISTICS:
. (R) LENGTH: 22 base pairs
60 (B) TYPE: nucleic acid
{C) STRANDEDNESS: single



(2) | NFORMATI ON FOR SEQ I D NO. 20: . (i) SEQUENCE

CHARACTERI STICS: 5 ' (A) LENGTH. 22 base pairs -

(B) TYPE: _nucleic acid- (C) STRANDEDNESS: singl _

(D) ToPOLHRB2Mdhown 10 (ii) MOLECULE TYPE: ot her XerEpYz,

(A) DESCRI PTI ON: [desc = "primer" - -60-- (iii) HYPOTHETICAL: NO 15

(i v) ANTI-SENSE: NO (vi) ORI G NAL SOURCE: (A
ORGANI SM  prinmer 20 (xi) SEQUENCE DESCRI PTION: SEQ ID NO 20:
AATTCATTTG CGGCC(I?Q\\QISA L 22
25 (2) | NFORMATI ’F@éﬁé‘é’é"r N8P 1 . (i) SEQUENCE

CHARACTERI STI C:i) MOLECULE TYPE: oth®r hfNelélacdd base pairs
(B) TYPE: nucleic am)dDBSCRIPTION: /descGr 'HERAMPEDNESS: single

(D) TOP&LOGY: unknown (ii) MOLECULE TYPE: other nucleic acid
(A) DESCRI PTI GNii) EYRGIEETICALS ¥Qpr " 35 (iii) HYPOTHETI CAL: NO
(iv) ANTI-SENS 4 (vi) ORIG NAL SOURCE: (A)
ORGANI SM pr i "’[\Q’TI Hense: Ui ) SEQUENCE DESCRI PTION: SEQ 1D NO. 21: 45
CTCGAGEATT TTjaﬁiAéﬁi%ﬁNAﬂ7§@3E3¢¥3 :
28 (2) | NFORVAST| ORGARIRMSEQihEX NO. 22
(xi) SEQUENCE DESCRIPTION: SEQ ID'NO: 17:
15

CATTTGCGGC CGCABATGGT AC '_ o 22

{2) INFORMATION FOR SEQ ID NO: 18:

20 (i) SEQUENCE CHARACTERISTICS:

. (2) LENGTH: 22 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

25
(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "primer"
(iii) HYPOTHETICAL: NO
30
{iv) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: primer
35
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: :
& : _ -
AATTCATITG CGGCCGCARA TG - 22
40 | |

(2) INFORMATION FOR SEQ ID NO: 19: ' _ - }

" {i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
45 (B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

: (1i) MOLECULE TYPE: other nucleic acid .
50 (A) DESCRIPTION: /desc = "primer"

{iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

55
' (vi) ORIGINAL SOURCE:
(A} ORGANISM: primer
60 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19:

AGCTTGCAGC - GGCCGCTGCA _ . ' . 20



(i) SEQUENCE CHARACTER! STI CS:

50 , (A) LENGTH: 22 base
pairs . (B) TYPE: nucleic acid _ (O
STRANDEDNGSS: 980! € . (D) TOPOLOGY: unknown 5BCT/GBS702996(i i)
MOLECULE TYPE: other nucleic acid . (A DESCRI PTI ON: / desc
“primer" (iii) HYPOTHETI CAL: NO-&0 - (1v) ANTI-SENSE: NO
WO 98/ 20144 PCT/ GB97/ 02996 -
-62- (vi) ORI G NAL SOURCE: (A) " ORGANI SM pri-mer
5 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 22: AATCAAGGTA
ACCTTGAATC (2CAINFORMATION FOR SEQ ID NO: 20: 22 : (2)
| NFORVATI ON F E - (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: ZSRB’S g%‘% E?C*ﬁ;\gfg%ggfggfrs (B) TYPE nucleic acid
(i) IVL‘]_ECULE TYPE (cgt Isemunmhms: athdle (A) DESCRI PTI O\l
/desc = "primer" 20p) TOPOKAGYE )urtfP@THETI CAL: NO (1v) ANTI - SENSE:
NO - (vi) ORIG NAL SOURCE: 25 _ | . (A) ORGANI SM pri mer
10 (ii) MOLECULE TYPE: other nucleic acid ,
a (A) DESCRIPTION: /desc = "primer"
(iii) HYPOTHETICAL: NO
15 | (iv) ANTI-SENSE: NO
| (vi) ORIGINAL SOURCE:
(R) ORGANISM: primer
20 )
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20:
AATTCATTTG CGGCCGCAAR TG 22
25 (2) INFORMATION FOR SEQ ID NO: 21:
(i) SEQUENCE CHARACTERISTICS:
(AR) LENGTH: 2B base pairs
{(B) TYPE: nucleic acid.
30 (C) STRANDEDNESS: single
(D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: other nucleic acid
35 (A) DESCRIPTION: /desc = "primer"
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO | | )
40 (vi) ORIGINAL SOURCE:
{A) ORGANISM: primer
5 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21:
4 .
CTCGAGTATT TTTACAACAA TTACCAAC 28
(2) INFORMATION FOR SEQ ID NO: 22:
50 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: unknown
55
(ii) MOLECULE TYPE: other nucleic acid
{A) DESCRIPTION: /desc = "primer"
.  (iii) HYPOTHETICAL: NO
0

{iv) ANTI-SENSE: NO



(xi) SEQUENCE DESCRI PTION: SEQ ID NO 23: 30 ACCACCAACG GIGITCTTGC

TGITGA _ : 26 "~ (2) | NFORMATI ON
FOR SEQ (i) SEQUENCE CHARACTERI STI -
(A) CENGHQ B o pairs (B) TYPE: nucl i ECTho7I0299

(C) STRANDEDNESS: single _ -g2D) TOPOLOGY:  unknown 40

(i) I\/Q_ECULE TYPE: other nucleic acid "~ " (A) DESCRI PTI ON:
/desc = "primer" (iii) HYPOTHETICAL : NO 45 (V)

ANTI - SENSE k. ORI G NAL' SOURCE: (A) ORGANI SM
pri mer th) Oy OREAN e DESCR PTI O SEQ IDNO 24

GCATTACATG TTAATTATTA CAT

27 55  (2) | NFORMATI ON FOR SEQ ID NO 25: (i) SEQUENCE -
CHARASTERI STIx33: SEQUENCE DESCRIPTIONA)SEQERRSTHP: 28: base pairs

(B) TYPE: ' ' (C) STRANDEDNESS: si.ngle

(D) TOPO! Aé%wal% na"(:d‘:q‘“g‘g”‘Tc A WD 98/20144 | | 22
PCT/ GB97/ 02996 - ' : -63 -

(ii) MOLEGULINEPRMETION: FRR SFQCTRNO: a8d: d : ' ~ (A) DESCRI PTI ON:

/desd?® “pri "B seouence crarbbirrsEYEITHETI CAL: NO:

"{A) LENGTH: 26 base pairs _ . -
(B) TYPE: nucleic acid - :
(C) STRANDEDNESS: single

15 {D}) TOPOLOGY: unknown

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "primer"

20 (iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
: (vi) ORIGINAL SOURCE:
25 (A) ORGANISM: primer
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23:.

30 ACCACCAACG GTGTTCTTGC TGTTGA ' : 26

(2) INFORMATION FOR SEQ ID NO: 24:

{i) SEQUENCE CHARACTERISTICS:
35 (A) LENGTH: 27 base pairs
' - (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
#(D) TOPOLOGY: unknown

40 (ii) MOLECULE TYPE: other nucleic acid _
(A) DESCRIPTION: /desc = "primer" _ . ’

{iii) RYPOTHETICAL: NO
45 {iv) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
{A) ORGANISM: primer

50 -
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24:

GCATTACATG TTAATTATTA CATGCTT B 27

55 (2) INFORMATION FOR SEQ ID NO: 25:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
(B) TYPE: nucleic acid
60 . (C) STRANDEDNESS: single
o (D) TOPOLOGY: unknown



5 (iv) ANTI-SENSE: NO (vi) ORI G NAL SOURCE:

(A) ORGANI SM . prinmer 10 (xi) SEQUENCE DESCRI PTION: SEQ ID NO 25:
GITGATACCAGwOIoBRo£44CCCT  AGCGAGAC PCT/GB97/02996 -

28 15 (2) 1 NFORMATI ON FOR SEQ I D NO. _26: (i) SEQJENCE
CHARACTERI STI CS: (A) LENGT®3-24 base pairs 20 .

(B) TYPE: ‘nucleic acid (C) STRANDEDNESS: single

(D) TOPOLOGY: unknown (ii) MOLECULE TYPE: other nucleic acid 25
(A) DESCRI PTI Oflii) MOUESULE TYPE: oeNér nucleic ac{dii) HYPOTHETI CAL: NO

(iv) ANTI - SENSE: NO(BD DESCRIPTION{ v )/deRE G NALirB@URCE: (A

ORGANI SM pri ner

e?gg_xi ), SEQUENCE DESCRI PTION: SEQ ID NO 26:
TACCTTG(;GT ME%THE@’F : -

(2) | NERMFLQIEEREQ | D NO. 2740 (i) SEQUENCE.
CHARACTERI STI (A) LENGTH: 24 base pairs
(B) TYPE: nucl evi) @BEGINAL SOURCE: (C) STRANDEDNESS: single 45
(D) TOPOLOGY: unknowd) ORGANISM P{‘-"rlﬂe)r MOLECULE TYPE: other nucleic acid
(A) DESRIPTION. /desc = “prinmer" 50 (iii) HYPOTHETI CAL: NO
(1v) ANTI- SENSI(;x:.)NQEQUENCE DESCRE¥+1oNREED WN@%CE 5 (A)
CRGANI SM  pri-mer .

GTGATACGAG TTTCACCGCT AGCGAGAC 28

- 15

(2} INFORMATION FOR SEQ ID NO: 26:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
20 (B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: other nucleic acid
.25 (A) DESCRIPTION: /desc = "primer"

(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
30 '
(vi) ORIGINAL SOURCE:
(A) ORGANISM: primer
35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26:

TACCTTGCGT GGACCARAGA CTCC . 24

- '
0 (2) INFORMATION FOR SEQ ID NO: 27:
4 -
(i) SEQUENCE CHARACTERISTICS: - ’

(A) LENGTH: 24 base pairs

{B) TYPE: nucleic acid

{C) STRANDEDNESS: single
45 (D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: other nucleic acid
(A} DESCRIPTION: /desc = "primer"™

50 {iii) HYPOTHETICAL: NO -
{iv) ANTI-SENSE: NO
{vi) ORIGINAL SOURCE:
55 {A) ORGANISM: primer
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27:

60 ATGGCTTCCG CTCAAGTGAA GTCC 24

- (2) INFORMATION FOR SEQ ID NO: 28:



(xi) SEQUENCE DESCRI PTION: SEQ ID NO 27: 60 ATGGECTTCCG CTCAAGTGAA GICC

24 - (2) I NFORVATION FOR SEQ ID NO 28: WD 98/ 20144
PCT/ GB97/ -
(i) SEQJE@%QA%ACTEH STICS: | (A) LENGTH 24 Dase hattes
(B) TYPE: nucleic acid 5 ( G 65T RANDEDNESS: S|ngle .

(D) TOPO:OGY: unknown (||) MOLECULE TYPE: other nucleic acid
(A) DESCRI PTI ON: /desc = "priner" 10 (iii) HYPOTHETI CAL: NO
(1V) ANTI-SENSE: NO. 15 - (vi) ORI G NAL SOURCE: (A

ORGANI SM pri ngi) SEQUENCE CHAKROTERSFIQUENCE DESCRI PTION: SEQ I D NO 28: 20
CGAGACCCAT  AACGAGGAACLENGTEA 24 base pairs

24 (2) | NFORMET| TR EEOR:ER |{91No 29: 25 - (i) SEQUENCE
CHARACTERI STI CS: §°§ STRANDEDNESS( A)iPERIGTH. 24 base pairs
(B) TYPE: nucleic acrd nRn (C) STRANDEDNESS: singl e

(D) TOPCLOGY: w@nkneecd® Tvre: othes mub1df BGLAE TYPE. ot her nucl eic aci d
(A) DESCRIPTION:  (aglesESCRIBTHONGES "/desc = "primer"
: 10 '
(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

15 {vi) ORIGINAL SOURCE: .
o (A) ORGANISM: primer

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:- 28:
20
CGAGACCCAT AACGAGGAAG CTCA _ o S T 24

{2) INFORMATION FOR SEQ ID NO: 29:

25 (i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 24 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

30 ’

(ii) MOLECULE TYPE: other nucleic acid

(A) DESCRIPTION: /desc = "primer"

(iii) HYPOTHETICAL: NO
35 :
(iv) ANTI-SENSE: NO

(vi) pRIGINAL SOURCE: .
{(A) ORGANISM: primer

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29:

ATTGCGTGAT TTCGATCCTA ACTT ' | ' 24

45
(2) INFORMATION FOR SEQ ID NO: 30:

. {1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
50 (B} TYPE: nucleic acid
(C}) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: other nucleic acid
55 (A) DESCRIPTION: /desc = "primer"

(iii) HYPOTHETICAL: NO

60 (iv) ANTI-SENSE: NO
| {vi) -ORIGINAL SOURCE:
. {A) ORGANISM: primer



(iii) HYPOTHETI CAL: NO 35 (iv)- ANTI-SENSE: NO (vi)

ORI G NAL SQURCE: _ (A) ORGANI SM primer 40 _ (xi)
SEQUENCE DESC?L‘F&CN SEQ I D NO 29: ATTGCGTGAT TTCGARECGRO7/06596-
24 45 ORVATI ON FOR SEQ I D NO 30: (1) SEQUENCE
CHARACTERI STI CS: (A) LENGIHs :24 base pairs 50 -
(B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D TOPOLOGY: unknown (i i) MOLECULE TYPE: other nucleic acid 55
EA))DESCRI PTION.  /desc = "priner’ (iii) HYPOTHETI CAL: NO
i V) ANTI - SENSE; i) I L 30OURCE: A
CRGANI SM. pr ?N&&%NCE DES\?\BIB%I}déIOli%aQIgM 38 | | (A
PCT/ GB97/ O%Qﬁemsfrc GATAGAGGTC TTCT : -65 : 24
(2 xi) SE ENCE DESCRI PTION: SEQ I D NGO 30: - -GAGAGATGTC GATAGAGGTC TTCT
4 5 31 : i) SEQUENCE
CARACTER }@%@%ﬁ@bﬁ%q%@d& N (i) SEQU

(A) LENGTH 24 base pairs 10
(B) TYPE: nucl e{iQ SEQUENCE CHARACTERISTICS: .
o o (A) LENGTH: 24 base pairs

10 . (B) TYPE: nucleic acid

' ' (C)  STRANDEDNESS: single

(D) TOPOLOGY: unknown

' " (ii) MOLECULE TYPE: other nuclelc acid
.- 15 o (A) DESCRIPTION: - /desc = "primer"-

(iii) HYPOTBETICAL: NO
{iv) ANTI-SENSE: NO
20
(vi) ORIGINAL SOURCE:
' (2) ORGANISM: primer
25 . (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31

GGTGEAGCAC GACACACTTG TCTA . : ' 24

’ (2) INFORMATION FOR SEQ ID NO: 32:
30
(i) SEQUENCE CHARACTERISTICS:
{2) LENGTH:18 base pairs
{B) TYPE: nucleic acid
' {(C) STRANDEDNESS: single
35 {D}) TOPOLOGY: unknown

(ii) MOLECULE TYPE: other nucleic acid -
'# (B) DESCRIPTION: /desc = "primer"

40 (1ii) HYPOTHETICAL: NO
' (iv) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
45 (A) ORGANISM: primer
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32:

50 GTCTCAATGT AATGGTTA 18



(C) STRANDEDNESS: single | (D) TOPOLOGY: unknown

(i) MOLECULE TYPE: other nucleic acid 15 (i) . ;A%r DESCRI PTI ON:

/ desc = WOIBRpI44 ' (i'ii) HYPOTHETI CAL: NO 9Z(RFPP SENSE: .
NO 20 (vi) ORI G NAL SOURCE: rimer
25 (xi) SEQUENCE DESCRI PTI ON: Slgé | D'NO 31 GGTGGAGCAC
GACACACTTG TCTA ’J ,mmuﬂ )

| NFORVATI ON FOR SEQ I D NO 32: 30 (1) SEQUE ,HHI

(A) LENGTH: 18 base pairs . - CLAIMS) TYPE: nucl el ¢ ‘aci‘d s

(C) STRANDEDNESS: single 35 (D) TOPOLOGY: unknown

(i) Nﬁl-ECULE dl HEcle&ldbGio irfpl 4t 1@t &lfirst region encoding £ ¥irsPprth 83,

/desc = "pri rrgry rjg HYPOTHETI CAgE g(aAf (rv) Iil’A\NTI - SENSE:
NO co(xfm)nm apleat, c@@sm@ommsmg it, re31stance qrAdlemcAM SRkstpri ner

EQUEN | PTI E T AATGGITA
(X' ) SEQU %E bici %ngg/sg\l 'liﬁ’ 8on encoding asecon% proteI%TI emSeT capable%Cf;T

EE’I\% VoL eBlfeing reigiancs to 8 sccond herbicide, with the proyises (0 hatshe | o1 e on

‘enc od| ng a fpbt;&hcl&bﬁdedﬁes(mpedmode affusion protein comprising only a 5-enol-pyruvyl-3-
phosphoslnklmate synthetase (EPSPS) and a glutathione S transferase (GST); (ii) that
the polynucleotide does not comprise only reg1qns encoding superoxide dismutase -
(SOD) and glutathione S transferase (GST); and (jii) that the polynucleotide does not

10 comprise only regions encoding GST and phosphinothricin acetyl transferase (PAT).

2. A polynucleotide according to claim 1, wherein each of the regions is under

expression control of a plant operable promoter and terminator.

15 3. A polynucleotide according to either of the preceding claims, wherein the first
herbicide is a post emergence herbicide and the second herbicide is a pre-emergence
herbicide.

4. A polygucleotide according to any preceding claim, wherein the proteins are selected
20 from the group consisting of glyphosate oxido-reductase, 5-enol-pyruvyl-3-
| phosx;hoshikimat_e synthetase, phosphinothricin acetyl transferase, hydroxyphenyl ,
pyruvate dioxygenase, glutathione S transferase, cytochrome P450, Acetyl-COA
carboxylase, Acetolacta’;e synthase, prbtoporphyrinbgen oxidase, dihydropteroate
synthase, polyamine traixsi:_oﬂ proteins, éupcroxide dismutase, bromoxynil nitrilase,
25 phytoene desaturase, the product of the #fZA gene obtainable from Alcaligenes
- eiztrbphus, and known mutagenised or otherwise modified variants of the said

proteins.

S A polyhucleotide according to any one of claims 1 to'4 further comﬁrising aregion
30 encoding a protein capable of providing the plant with resistance or tolerance to

msects desxccatlon and/or fungal bacterial or viral mfectlons



conferring on a plant, or tissue conprising it, resistance or tolerance to

a first . herbicide, and a second regi on encodi i [ _
protei n | MW 2t44capabl e of 5 conferring resi stawgé%ggcond
herbicide, with the provisos (i) that the_ pol ynucl eoti de does

not encode a fusion protein conprising only-a 5-éno|-pyruvy|-3- H ;
LD

phosphoshi ki mat e synt hetase (EPSPS) and a gl ut at hi onemﬂ“‘lﬁ“ﬂu‘mﬁﬂﬁ
(i) that t he pol ynucl eoti de does not co
encodi ng superoxi de di snutase : (SOD) and gl dtathibne"s* .

transferase (GST); apd (iii hat the pol ynuc] eotide does not 10 _

conpri sebonl yAr@éler'W_ge"é‘%E Gﬁg‘ﬁé}m&tﬁ' a%alpem%g%ﬁiaﬁgt ARG 3egueCes Sapkandr ase
(PAT) . . . jd ' | : w? p.n. each of
t he regions i SRR éﬂﬂ%&lwWadék%?@%?g%nggsn%rggﬁé g:) g]gég?an f“g’%’g? abl e
pronot er and gfaBlevfitageting e tradslation pradattsof hecrepione toplastidt sigh ke ei t her
of the preceding clains, erein the first , herbi ci de is a post
emer gence her thloroplastsn titoshondsiso atheneiganellegor plany cgll wallsrendlom€id) non-

her bi ci de. 4 LA, po ucl.eotide according to any preceding claim
wherein the pmséartﬁ%“ﬁ?%até‘&ale%cﬁgséquemes'fromthe group consisting of

gl yphosat e oxi do-reduct ase, 5-énol - pyruvyl - 3- . phesphoshi ki mat e
synt het ase; phosphinothricin acetyl transferase, hydroxyphenyl -

vt e oSSRl RS B FADRHRE B R QRS o

pr ot opor phyr i i3GeNitP WS Snd/ef forRitens §ilike tézions are removed, oSylahlEeferred
polyam ne transport” proteins, superoxide dismtase, bronmoxynil nitrilase,
25 10 phytadene atkassed so st expriession ofthe thusimodified polgnyelretideting plattl e from

Al cal i - h R .k . ' L ]
m)g?f : ggns Zr i vields SBPW' ]S/;qturaﬁgr Iyr%teu?ﬂa(.jvmgn g ﬂmrmt a ? gfn?i a(g ag{lgl%t// erc‘ﬁ”oﬁ (tao

pol ynucl eoti d ' : caf b ! Lising a
Pegion a0 BaPGGREARS frebfifn BPfhe tomidbiéipolyhichdl  iargRin S |
resi stance orwhithahépfseih@ncoding regions of itswrghodifie®polgaadlestivendre/ or f ungal ,

bacterial or viral infections. ) WD 98/ 20144 . i
PCT/ GB97/ 0299endogenous, with the proviso that if the thus modified polynucleotide compriggy plant

6. A pol Leoti d ' ' ' i Si NG o
cequbnoel s "HPRE S0 i it §E34R REEREHItH Heck LR i
sequences enc@denddified hileidehindike protein encodi_né regimgelgfuslyar geting

the translation products of the regions to plastids’

C

s such as
chl or opl ast s, containedwittiin the saidiplant and anesidingssubstaptialijt the shne padtei is dass/ or
(i) non-. transl ated transl ational enhanci ng sequences.

7. A pol yn@épeﬂhopﬂzo%‘ccordi ng to any preceding claim which is nodified
in that mRNA _ , '
20 8. A polynucleotide according to any one of claims 3 to 7, wherein the pre-emergence

herbicide is selected from the group consisﬁpg of a dinitroaniline herbicide,
diphenyl ether,- sulfonyl urea, phosphosulfonates, oxyacetamides, tetrazolinones and
- N-carbamoyltetrazolinones, imidazolinone, thiocarbamate, triazine, triazolo- - -
_ pyrimidines, uracil, a phenylurea, triketone, isoxazole, acetanilide, oxadiazole,

25 triazinone, sulfonanilide, amide, anilide, RP201772, flurochloridone, norflurazon,
and triazolinone type herbicide and the post-emergence herbicide is selecfed from
the group consisting of glyphoéate and salts thereof, glufosinate, asulam, bentazon,
bialaphos, bromacil, sethoxydim of another cyclohexanedione, dicamba, fosamine,
flupoxam, phenoxy propionate, quizalofop or andther aryloxy-phenoxypropanoate,

| 30 | piclo_ram, ﬂﬁdxmetron, atrazine or anofher triazine, meﬁ'ibuzin, chlorimuron,
| " chlorsulfuron, flumetsulam, halosulfuron, sulfometron, imazaquin, imazethapyr,



instability notifs and/or fortuitous splice regions are renoved, or plant
preferred 10 . codons are used so that expression of the t hus
nodifi ed wao9sroaseoti de in a plant yi el ds_subRCHEBAIRIP6 _
simlar protein having a substanti al Iy imlar activity/function to

t hat obtai ned by expression of the un i"fied pol ynucle m
organismin whi ch the protein encoding regﬁumrum m””m
unnodi fi ed pol ynucl eoti-de are endogenous, W th°tHe provise

that if the tjfabemnhiaachx)fleyssulzhs pytitheotao mrhi fimor bemsulfifon,
preferred codons, the degree of |dent|té bet ween t he protein encoding

regi ons wi t hinicosulfuron, fomesafen,fluraglycafemn Ohdel70d: w&n@mnm%%ﬁot ein
encodi ng regi ops endogenous %ont ai ned wi thin the said plant

|
-and encodi ng gionRt %?Q‘?L#fglagé’ﬁ%“‘b’p@ﬁ&nﬁ

t han about
70% 20 8. A pol ynucl eoti de according to any one of claims 3 to 7,
‘wherein the pre-energence . herbicide is selected fromthe group
consi sting of a dinitroaniline herbicide, di phenyl ether,

sul f gnylg. ur eaA poyaniltotidé accwding, toothy suretedingrelaim,t wherainothenpreemengemice
N- car banoyl t et razol i nones, i m dazolinone, {hjoc bamate triazine,
triazol o- herbicide is 53*99@ remigs gra%eprmagﬁ?f; s, wiketoges RDS |

sk et Bpos kR %Fmﬁ%o snes g, i‘rﬁ% ffefiendt HRAAR 0T,

triazolinone ge;ég@dlf%pﬁﬁrg@ EE mna@rmlﬁeaﬂdqmﬂph@sct ed
from - t he group “consi str ng of glyphosate and salts thereof,

gl uf osi nate, asulam bentazon, _ bi aI aphos, bromacil, sethoxydim
or another cycl ohexanedi one, di carrba f osam ne, f | upoxam
phenoxy ropr nat e, urzalofop | ox hen ropanoate, 30

pi cl¥ra ugﬁ'ﬁ%‘f’? nprisipg thepo g"-ﬁhﬁﬁrﬂfﬂl)y‘?%ﬂvfﬁ mﬁé%%uzi n,

chl ori rruron chl orsul furon, flunetsul am hal osul f uron,

sul fonmetron, inmazaquin, inazethapyr, WO 98/ 20144

PCT/ GB97/ 02996 - -68 -

i soxabenll.i meRiams xhiche¢osprisesa pojymucleotidecomprising atileasba firss scgion engoding 2

ni cosul furon, _f onesaf en, cofen IFQZ 1, ET75 1, c rfertrazone

| ZA1296, ‘it proteis GaRable o AOBLeFR S AR e CORRIRBE hIPSIgEe O |
f enoxapr op. mre?ancgmaﬁré&f&&au%a%&ﬁmréaﬁaéb&a ﬁﬁn%gﬁe bRy claim
wherei n the pre-energenc bicide 15" sel fro - the group

consjssting Ofcrﬁﬁﬁhglalsbtdiﬁﬁprotelin kb&mesapaﬁlh&;f conferring resistancéiotd second
t hi ocar bamates, tetrazolinones, and the pgst energence herbicide.is

sel ected frorherbigidgr with thawrovisos Hythet the leotide doasmot prrode 2 IREiPBquat  and
0 1 PRs. | il omprdid S5) S RIS SRS RIS PO ©
conpri sing atayieAgdhtathibie § tr:raﬁ%i'aﬁél (GSTR i W@atkhe polynucieotide does not comprise
- . | only regions encoding superoxide dismutase (SOD) and glutathione S transferase
20 (GST); (fii) that the polynﬁcleotide does not comprise only regions encoding GST
| and phosphinothricin acetyl transferase (PAT); and (iv), that when the plant is sugar
beet, the herbicide resistance or tolerance conferring genes which it porn;rrises are not

solely EPSPS and PAT.

25 12. Plants according to the preceding claim, wherein the first herbicide is a pre-

emergence herbicide and the second herbicide is a post emergence herbicide.

13.  Plants including parts, seeds and progeny thereof which are resistant to at least two
herbicides and which have been obtained from material which has been transformed



first protein capabt—e—of——emat—efﬁHw—eh a p| ant, or tissue conprising it,

resi stance or d a first herbicide, and a
pol ynucl ewo ss20ae0p !!!'I gﬂwi@ gL 15 - encodl’ﬂ'me'g@é%d -
protein |ikew se ca reS| stance to a second :

her bi cide, with the provisos (i) that the pol ynucl eoti de does not encode a
fusion protein conprising only a
5- enol - pyruvwﬁ@hpmbtmébﬁpﬂq: ﬁ%@@%?ﬂ%%fi@ﬂm to 9, OYﬂICVCCtOT%FﬁEfdéPg
gl ut at hi one § tranﬁfoer ase (GST); (ii) that the polynucl eotide does not

conpri se only regi ons encodi ng superoxi de di smutase (SCD) and
glutathione S transferase 20 ' . (GST); .(iii) that the polynucl eotide
does not conprise only regions encoding GST and

-D_

i R P R
sugar D .
geneg whi ch 9@335!55% s@erdQ:rB}S)st fibre dplants fruit, vepRlbles, FRRAR0ARFLHZAR trees. 25

12. Plants according to the preceding claim wherein the first herbicide
is a pre- ener gence herb|C|de and the second herbicide is a
post - energence her bi cj de. ts ing¢l.uding parts, seeds_and

progeny 8her Rlatsgrcerding %Q@Pgﬁlﬁuﬁ)l ]af%l ?‘Q&%’Fc’-’? om the group consistrgPE | des
and whi oh hays,Res o¥th YoBato! LMHER! Sidesh - Ehoian.Desnabhan3batdd

WD 98/ 20144
with the pol ysingbeatifiecleanes hfﬁtitgwheatﬁsfbk‘gm 9, b‘dnﬁxﬁﬁb&léy?o&;

vect or accordi ng to claim10. . Pl ants accor di ng
to the precedirmge giass, sugarehrs; Ped fickdbranikice; pinsppeplars amlc,rgam cityusior nu5
grain cereals, oi I seed cr i_bre veget abl es, plantation
crops and tr@lagisan dthe pro ée%ﬁgﬂpg%@@%ﬁﬁhpk@'*’-% any one of claims 11 to
14, selected fromthe group consi sting of soybean, cotton,
tobacCo, sugarbeet, oilseed rape, canola, flax, sunflower, potato,

torrato, al fal fa, Iettuce mai ze, wheat, sorghum rye, bananas, barley, oat,

turf graés, ZADmethod of selettweig eog}rdhng mgsam afield, coprpaisirg wbeﬂslmdrcmp i ce,
rus or pl anf s and the

Blr SSenS ?plsgreatangﬁg Sedrop g tquomrgse ) a polynuclaggide com%mqetst a
selectively
pl a‘rtatf , V\herglgsg éhgﬁgodmh?g?tkgrbé%ﬁ%r&égm%wa po: %1 g?)atn?’ e corrpri sing at

.least a 15 comprisingfit, rrﬁismmmolemedtmﬁestherbiéxdaraﬁa@ secomPragich Of

conferring on a plant, or tissue conprising it, resistance or
tol erance t oe@pqdm&a SWQ iPEQtgin 111%?(‘?&5?&3@@@&91' cpafprang resistance to a secamdcodi ng a
second prote abJ e tanc cond
her bi ci de, V\)‘ﬁ)’? z(?s)@itﬁngﬁ'xg &?Vﬁ’ﬁ@? §8ﬁ 1603 e&S%%‘h 1%hcode a
fusion protein comprising only a 5-enol-pyruvyl-3-phosphoshikimate synthetase (EPSPS)

20 anda g'f{nathione S transferase (GST); (ii) that the polynucleotide does not E:omprise

.only regions encoding superoxide dismutase (SOD) and glutathione S transferase :
(GST); (iii) that the polyntxcleotide does not comprise only regions encoding GST
and phosphinothricin acetyl transferase (PAT); and (iv), that when the crop plant is
sugar beet, the herbicide resistance or tolerance éonfem’ng genes which it comprises
25 are not solely EPSPS and PAT; or (ii) a polynucleotide comprising at least a first
region encoding a first protein capable of cbnfen'ing on a plant, or tissue cotnprising
it, resistance or tolerance to a first herhicide, and a polynucleotide comprising a
s:cdnd region encoding a second prt:t_ein likewise capable of conferring resistance to
a second herbicide, with the provisos (i) that the. polynucleotide does not encode a
30 fusion protein comprising bnly a-5-enol-pyruvyl-é;phosphdshikimate synthetase
(EPSPS) and a glutathione S transferase (GST); (i) that the polynucleotide does not
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protein conprising only a 5-eno m hoshi ki mat e synt het ase
(EPSPS) 20 and a gl utulmmn “ﬁ‘ma* rase (GST); (ii) that the
pol ynuclwglodgggi4does not conprise* ¢ - " S onlg r egi ONPCEAOBOTING
super oxi de di snutase (SOD) and gl utat hione S transferase

(GST); (iii) that the polynucl eotide Hbes not conprise only regions
encodi ng GST ~and phosphinothricin acetyl transferase {PAT);
and (iv), that when the crop plant is sugar beet, the

hre not - sol StopBdRly Hripnd sBbARE shRIGAL AR BBl el BERES o¢ 1 ot
a first  ransferase (GST9 Q) MRCGE baﬁmﬁcl%bﬁd%!_d&&%%d}nﬁﬁadﬁgfr%ﬁo onferring
onaplant, or tissue conpri si ng It, reslstance r ol erance to
a first herdicodingGSdnd:phusphinotirivin acktyl trangferase RAT); and (iv), that wheaaiond

regi on encodi ng a second protejn ]ikew.se capable of conferring resistance
to Crop Plans i Hger ek She hegbIcids e Stange Wrtelprance confrring:geneswhich

polynucl eot; { \ Wsion pr.atei n conprising only
a 5-enol - pyllrt g‘?@‘?@%ﬁ%@%ﬁ?@@ﬁ%%’%@%@? ) Thg%eaxgétﬂga gomanmg ap]elgpggg)to g{’ﬁd a
3\!0 ut9 g} 2622?‘1&6&‘@%5@@4& of {HeBhid herbicide’ [tpdn dridurit Shifieiknk BPLI D] HRASR! |
PCT/ GB97/ ojgi;}gbu_t substantially affecting the crop p_lants.' ) ' - 70-
conprise only regions encodi ng superoxide di snutase (SOD) and gl utathione S
transferase (GST); (iii) that the polynucl eotide does not conprise only
regi ons . encodi ng GST and phosphi nothricin acetyl transferase
(PAT) ;17and A inyethod %Brdﬂi?‘fb thB @receding claim, whereiPBe Bty Pladts UG the
her bi ci de resi stance or tol er?ﬁce cgnf erri na gengs d\%ﬁ%ﬁé c? seg%%%’%

cofpri ses ameoding andPRSPS dE2HRAS andd gend encollingeeG8T eénzymg thesmethodppl | cati on
to the one of the said herbicides in an

_ .. field of at | east h
anount suf fqoﬁl%'}ﬂn&@l’i‘&?ﬁ‘?‘btl" tﬁﬁée@@}whwmaﬂ an acetgpilide in ansymewnt i al | y
~affecting t, : ' . abstarfl . ing.to the
preceding c alc%&&ﬂgéﬁ%?%‘éwﬁsovgl%?‘%%?% coﬁagfygg‘q‘a{&gé%é%fdﬁa&g - encodi ng
an EPSPS enzynme and a gene encoding a GST enzyne, the nethod
conprising application to the field of glyphosate and an.acetanilide in an
anmount - sufficient to control the weeds w thout substantially

af f ectlbng thanedhasirosprdingto claim 16, whergin the cropplantsompeise digene ercoding m 16,

erein th I C LS codi ng..15 an .HPPD enzyne
a8 & gene AHEEP HAEAT EREAS BSaRE ARAT S3NER 5 mrihgd comprsing
appl i cat i orappHcdtion th ied fel@fof a tiikdthed adeslafdingleh af hRRhAt hiffiden@gount
sufficient to control the weeds wi thout substantially
af fecting tostrelthe weednhwithout substantiallycaffectig thetchepdplantsor di ng to cl ai m 16,
wherein the crop plants conprise a gene encodi ng 20 an PAT enzyne
and a gene encodi ng a GST enzyme, the nethod conprising . :
application to the field of glufosinate and an acetanilide, thiocarbanate,

and/ orng, A method 12! d4IRES, hihefdin SIERYHY plak! fée&ﬁ;ﬁ% { ddthg t he
weeds wi t hout subsaf antially ' affgéz?i ngs th cr(;‘lééf)‘lsgﬁ% OB s
20 an PAT enzyme and a gene encoding a GST enzyme, the method comprising

application to the field of glufosinate and an acetanilide, thiocarbamate, and/or
tetrazolinone in an amount sufficient to-control the weeds without substantially |

affecting.the crop plants.

25 20. A method according to claim 16, wherein the crop plants comprise a gene encoding
an EPSPS and/or GOX enzyme and a gene encoding an HPPD enzyme, the method
| comf.:'rising application to the field of glyphosate and a triketone in an amount

sufficient to control.the weeds without substantially affecting the crop plants.



25 20. A method according to craim 16, wherein the crop plants conprise

. a gene. | : PS and/ or GOX enzyne al codi.ng
an HPPD%?%% t“"'mé"mu""m,ﬁ +71-conprising appl i cgf?’@ﬁgﬁgﬁ?ﬁ‘g -field
- of glyphosate and & t%i Ket @nesi n*anj anmount sufficient to
control .the weeds wi thout substantially affecting the crop plants.-

WO 98{,2014 . . . PCT/, GB97/ 02996 L21.
met hot"acc rl&e%dta(?c%rflmgrﬁoféa,m\/\}% veereipthe e1op plats fomRrise 3igene eacaginge
encodi ng TXOVALE ' nd/ or GOX
enzyne, thaéplragter%mc and%g@ﬁlse cﬂogarr?)l?1 Fg?gg%gxg&rﬁtg?%g,%ggﬁﬁlﬁyg d of a
PDS i nhi bi ¢comprisin applivhtisrateethi fieido DI inhibitor and glyphosaté fr & #Aéurito

control the weeds wi thout substantially affecting the crop plants. 5

22. A metibeienide Gratralthe svessnwithoat su‘n@n@aﬂy affectingdbe ptoprplants.onpri se a
gene encodi ng an EPSPS and/ or GOX enzynme and a gene encoding a
PAT enzyme, the nethod _ - ..conprising applicationto the field of
gl yphosate and gl uf osinate in an anpunt sufficient to control

t he ds Aviphdioed j j oyl 10

pr ov\il%g t hﬁg?ﬁ t he ?ﬁ%gﬁtﬁggiaur gai%gs,g«gggxg%@gtc_wﬁp ﬁﬁBQoﬂlp‘gﬁ%{a 2 geﬁé %Ogg%

accor di ng andERSES and/6r GOBeereiyme drel £gene qrcoding aRAPeh2iBné, thefrtipdcodi Ng

a PDS enzyne and a gene, encodi ng, a PAT enzyne, the method conpri sing

appl i cat i SRMRSISIgRPPHEtiPNSE the PEld ofglyphasafe andelufosinetsiinanamawntin anount
fficientgkhn.: ' t .. tantiall ffecti
the or op SPERigat o control i Qb Wiy B GBIl e B A58 AR plened RN R ¢ e

. aoop pl antpeovisgrihat g Flarge B RGO et a PDS enzyne and a gene
encodi ng a GST enzyne, the nmethod conpri sing - application to the
field of a PDS inhibitor and an acetanilide herbicide in an anount 20
sufficient to control the weeds w thout substantially affecting the crop

pl ant,s. 5. t hod cordi ng..to any. one of ¢lains 17 to, 24,

whor & ¢ b et Rroordol R PRl 6 Shetdi e B iebly rompga ennaep B AL,
SOD or BNXPh$ensiRid i &QéBHéxfchEngAT%ﬁE%ﬂE, th€ method comprising N field of a
sul phonyl urea, paraquat or bronoxynil herbicide in an a qn? 25

suf f i ci enpplicationtte die fi¢id ofie IS inhibitortand ghsfosinbiedh lay aafoaciiffigiehti® cr op
q%ants.

A

' control the weeds without substantially affecting the crop plants.

| 2. A method according to claim 16, wherein the crop plants comprise a gene encoding
a PDS enzyme and a gene encoding a GS.T_ enzymé, the method comprising
applicatifn to the field of a PDS inhibitor and an acetanilide herbicide in an dmount
20 sufficient to control the weeds without substantially affecting the crop plants.

25. A method according to any one of claims 17 to 24, wherein the crop plants further
- contain a gene encoding ALS, SOD or BNX, the method comprising application to
the field of a sulphonyl urea, paraquat or bromoxynil herbicide in an amount

25 sufficient to control the weeds without substantially éffecting the crop plants.

26. A method according to any one of claims 16 to 25, further comprising application to
the field of a pesticidally effective amount of one or more of an insecticide, fungicide,

bacteriocide, nematicide and anti-viral.
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26. A nethod accordi ng to any to 25, further conprising
application.to e”li G ’ 'Iﬁ 0| dal ly effective anount of

one or m)@@gg;z 43 i nsecticide bact ecrapBo©ez996 _

nematicide and anti-viral. MO 98/20144 .

PCT/ GB97/ 02996 - =72- : -72 -

27. A met hod of producing plants which are substantially tolerant” or
substantial ly resistant to two or nore herbicides, conprising
t he steps of: (i) transform ng plant nateri al with the

pol ynucl eoti de of any one of clainms 1 to 5 9 or the vector of

I 10; I f d terial; d
(110" ZRgenarmethag of prodiving pgae? v Hieh SR P RER A Ol REPERBIY Ly nor ral
fertil f th I l eotid
oferalnyeone o’fes’@Iaé‘tI*?s% +r%18\I,e 85 \c/:éﬁpnsxﬁgfth ftg?sfnp in n OYNHeEe Itﬁe

duct f.plant t d/ N f I
Dl ants (1) " “Ganstoring phih meteris S i ﬁ&Iﬁ@@@ﬁxm@éﬁg@ﬁlgﬂ 'y
resistant togl Iﬁ}e%cww JggRipl des. Use of the

pol ynucl eot i de any on claine 1 to 9, or the vector of claim10, in

15 ductl n.of a herbicidal. target for the high throughput
invitro scrégnl ngf B‘It'ng ethusu'ansII%BB %W?‘%&FI bi ci des. 30. Use
according to the precedi ng claim _wherein the protein encoding regions of
t he (iii) praggneratiegt Mﬂﬁ%%k@?@%lg@%g@?&%&@@omalé li or

yeast .

whole plants.

10 28.  Use of the polynucleotide of any one of claims 1 to 9, or the vector of claim 10, in
the production of plant tissues and/or morphologically normal fertile whole plants (i)
which are substantially tolerant or substantially resistant to two or more herbicides.

29. | Use of the polynucleotide. of any one of claims 1 to 9, or the vector of claim 10, in
15 the production of a herbicidal target for the high throughput in vifro screening of

potential herbicides.
-

30.  Use according to the preceding claim, wherein the protein encoding regions of the

polynucleotide are heterologously expressed in E. coli or yeast.



