;e3el|| 6 T!lPCT/EPOO/ 01524 WD 00/ 47754 G00001' A nmethod for inhibiting the
expreSS| on of target genes in plants The present invention relates to a

met hod for inhibiting the s exprn MWM\fmrget genes in plants and to DNA
const ruct woueadsso i npl ement tmm ant transcri pcr@nooitassor s
nostly belong to gene fam|lies contag@boi nunerous nenbers. An exanpl e how
| arge such famlies can growis the nyb-famly conprised of at |east 97
genes in Arabidopsis. Also 10 honeobox and MADS box genes are found in

mul ti pl e copi esAeaéthiodsfoninkibitiichthesekpressioresf target gemdsain plapesi es

anal yzed so far. In genetic screens for loss of function alleles only few
of these genes have been associated with a nutant phenotype. One

expl anation for nunerous silent famly menmbers may be genetic redundancy;
each gene specific contributions may be subtle or ~ s dependent on special
condi ti ons. This fradiheoRresent;inentioge Friatesnte|ainethed ofdheinbibitingo e

provi des a Jpj8Lsig\at }*Q%Sqéy%s;m glﬁ’éggé 3hdb %r@ﬂ%ohélﬁ?é@ tskd %S ﬁnﬁiﬁﬁlefn?r el

to oppOse a runctiona I'n reverse genetic approac
t r ansf or matthismethodl ants, to alter the structure and/or the function of

whol e plants, it may desi r t K t e si,.on g .20 This
may be effected by alé?%i’ti ﬁ%n&?&;lht&n ?fﬁglogiqm?%ﬁ% égfoﬁﬁetgeﬁgﬁ?tz%ﬁﬁe%r of
the tr anSﬁrd:cmtfamrn@I ndrﬁertooﬁ mfmbersomnre)tamnlpgmow l;argecsn)qsn fafmilied:oarr\] tghﬂﬂs

pur pose the a tlse chnol o a escr or exa , f he pat ent
o 603- 674) aed SRS ORRTSBHC OE At Resh ifo Hebenl ATPBIRRE Ry 50 be
used. ot haﬁoﬁa@éb&mrﬁal RIATS haX' §EASE Gré Follf@ ih nmwt?rep cBpiesr &8mprising
transcriptional activators 2s encoding proteins that bind to one or nore

conponent s ¥verglesubfamilies i ll Piant seeres analzedsafaialp gengtictseegens for
conpet i ti Vggxs 'o?*fuuﬁ’dtfoneéﬁl%fe‘éséhl wfoft ESE geABE Db KLECAsS gsdddidted With 4 EP 0

475 584). suppressi on syst e use expreSS|on of
speci fi ¢ gematant RhenotypeROBe, emmtlonl-fomumerwsasﬂerttéamﬂwInmghleersrreqm| re an

Fransor pt1 BhaTelesARddmE; SesH 4ot bt s fliuBhs fhay, 5 vt
domai ns) tod@értdsnt be spatxalsenmhsmqﬂfb:sdeadtnonsqﬁsrteritlgmlebyn pigot asl |ozharsm th the
gene sequence, or to

Lo Epoal 6 16930rBes poiies i ShafnglinyRoBRir pigidly, BEEARE fhese ae or

activator dinesden toaspposé la\:f&htytlona hnalyéusmgoahlrms@@ehémsspmhm are wel |
known by one skilled in the art he case o redundancé‘e@@ﬂ enes and/ or

functions, other rel e{{‘etaes“adﬁf&rg‘at'ﬁﬁrpfaﬂ"?@seéo ef fhs struciu r the

technol ogi eﬁmcﬁ&‘i‘%?ﬁ)ho@?laﬁf&?fﬁﬁﬁy 88 stnth@ b8 th‘éeé)&)reﬁ?o@of IQ_ the
observed phenoty IS W e Instead of nutant as expected urtherrmre

t hese 20echnTQEégayr’aﬁ@ffeﬁf@d|by@I@nne|¢ltber thl@wegyﬁege obthetgﬁ@ed@ﬁlépﬁpﬁmea on of
new funct | Ofndefifddiid) UfactdP it EohLRP %8S irkhseripfi rp&kh? theesent

i nventi on now propose an alternative to approa(?h for bI oc
expressi on amtlay@meﬁecmnqjogmtas desaribedeior examplefsothe chqgaieahﬂrﬂ@ &

bresent s o bt adYieh 2882 e dgy TRiBGGhGls WS, LAMABRIGY pdl LN AR o

previous tec ogi es
example been proposed to use in vitro altered transcrlptlonal actwators

25 encoding proteins that bind to one or more components of the transcription
complex in such a way that they competitively inhibit expression of target gene
or genes in plants (EP 0 475 584). Co-suppression system may also be used to
block expression of specific genes (Flavell R.B., 1994).

However these technologies require an accurate knowledge of

30 the structure of the gene or of the transcriptional factor (namely of the DNA
binding and transactivator domains) to allow the antisense sequence to
specifically hybridize with the gene sequence, or to allow the mutation to only
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dom nant approach with high penetrance. This nethod is independent from any
DNA sequence honol ogy with the targeted gene, which is crucial for

anti sense 15 and cosuppressi on approaches, and noreover circunmvents the

pr obl em ofwo esrmsdancy i n genes and/ or functions. The net RGWESHO/A1BE

i nvention involves the use of a chinmeri¢ DNA construct conprising at |east
one repressor sequence in transcriptional fusion wth at | east one

pl ant - speci fic sequence that codes for a protein or fragnment 20 thereof

t hat bi nd t affétAsomet pedpesiigs witthe prodeinc(DMAI bindipigt loeradiiyator ndiomagin) o DNA
itself or by interacting with a DNA-binding protein ; said repressor
sequence be q‘f‘@%ﬁ\ée?%[bl y linked to elenents allow ng the transcription of

sai d fused sequences.Offee linitationgobiess Pesthbds afke wel kaswnrmeaose skitlediuence
that 2s origipates from pl antfrﬁ? has been nodi f&ed %gr, sho t? fémcti on
in plants, Intead:Riherpse BT FREUNGARRAN BeNRSARAUCHIUNCHONS, (e felate
transcrd pti ganéd, (s altdred0ytihese iargBdt fethfdibgies, Sohdeal HerEkpressivh op a

DNA- bi ndi ng protein. It is understood that thé repressor sequence of said
chi meri ¢ DN taigel gene. pheefashity theoebsefved pbapelype ds ydidcdupe dnstead of odes

for a SeCOn%&éﬁgs@&%'ﬁidﬁﬁ@gﬁ)@éagﬁg@&é% W%Re‘fﬁ@'?s%lépt%'&new

i nteraction coul sal d repressor sequence
i s at | east gehes,rogpheedsterminatien of néwifirctions difidull, aometimes linnpossible. (eng) .

WD 001 47754 3 PCT/ EPQQ/ 01524 Th duct, of the Dx il il
| ocus was shown to be %986\9&%0{3“%% %E@bﬁyﬁét&%n?ﬁfpﬁ&'ﬁe%ﬁ%ﬂ%ﬁfg&ﬁ%osgp %)
early gnbryappiaehJor(Blocking tHe tpredSiGddf gdritd in plantd wmishngBisithe @bbaé ni ng

transcription factor that 1s requjred for, cell _fate eci fication through
bt dovel op AAHISRINtS ENa) ISRt BiNsH ARE08%pdNe DRTRRLE! e fyeRtan

Drosophi | a ylsghguihes FPHRY Prietidus 3etHBRGIES TR thabthis e a8rflftAer @skcriggd)agene
was replaced by its Fushi tarazu (Ftz) counterpart, and expression of the

chimeri c gedeminant appraaghnyithiaigh pengkeangs: dhistepthopris ildepaadentiftom aphe
sequence SPEINA s&dience’hdnhSlody with e eflgeReb ekl #hichds ChitialibPradtisense |

transcriptional eng repressor functionto r ta.rget genes to resulting in
phenoctpi esaol gasyppassions appieaches: and anereover cireumyants dherogblem @iohn et

al., 1995). ﬂ”@ h Fé]& i shown to be an active repressor in

Dr osophi | i ar% 0 ﬁné){ ﬁ1a ! f%@&jafgﬂ&?ﬁﬁur ed animal cells (Han & Manl ey,
1993). In 1996) Conl otheemedihod st treningpptiarainkolves \Wig ube i@ diithetic MNAg
domain of a transeription activator is fused to the. e i .essor
dorai n to agon St goRiprBa I8 Me [Sbrsiif Seblenet s CRMRrbiond HLEF o1 i on
fact ors (Cowmlitbhratdeastl onel plaG)-spdttific sequeineb| that cadesf for mBEprotain loasrdgeentcar ri ed

out until ngw in plants, i rder to.obtajn transgeni c plants w

nor i Lol e niterner BREADRypONARE BiaspRaes et PEER e BLAPEB o TNA  or
"I epressi onitgeNet by terattind witP@RALihdIng peiéin;ed gene (eng)" neans a
fragnent of the Drosophiia engraiied gene or of a derivative sequence
thereof, said fragnentai@ ofBPFeSSORgSeAUENEE cbeing e oRYFRN ditked 0 SlRroRnis a

ol ypept i de ai\gliflthé s pitian'dl Sa@egEdbeduehRas i Ption machinery and

transcription activators. ragnent advant ageously conprises a
m ni mal repression sebhgrtieanclantspesifica sequensey pmeansca ose@®nces thlies

Pool t al ;. 3 i.
b oo b2 usagrginpR o laffs of hadbedn iied GPENANR) 6 ERAIGH in HfiEN% oY
sequence” i $o acaly binddo3NAvmplants ar teaptvatectravsceiption eitherdyf binding e

equence of . j i n ion, insertion, deletion
zrqgubsti t utt lt%'9§ﬁ@]®keqﬁ§t?§@gﬁ§§?ﬁ§ﬁr@q ﬁ}étt%é'lgener;c; ofI 30 the |
gﬁneti c code ﬁo :Eong l;alis mndetrstgedttrﬂatrtharemllasscllﬂlsbhdmcg‘%miq ehimd\;!\ig_tmﬁm ﬁl Iy
the sane as the Engr ai roduct. Engrailed rej]ate oai ns, i share
Lhe same 2 shaStuic Areterably 8055 tiehponlRlR Bksuticnes ek Grossolor RASEoRL e bod | n

Smth ef al DNA-BRRIIng domain, so that no undesirable interaction could occur.

In a preferred embodiment, said repressor sequence is at least
the repressor domain of the Drosophila engrailed gene (eng).



WO 001 47754 4 PCT/ EPOO/ 01524 I n anot her enbodi ment, the repressor sequence
that is used may be a sequence that codes for at |east the

Kruppel - associ at ed box-A (KRAB-A) donain of zinc finger proteins (INitzgall
et al., 1®%94h4aims at | east the RE-1s si I enci ng transcri ppcomprdoacszer ( REST)
(Thiel et al., 1998), or for at |least the BTB (for Broad-conplex Tramtrac
and Bric) domain) also known as POZ-domain (Ahnmad et al., 1998 ; Huynh 8~
Bardwel |, 1998). Chineric DNA constructs further conprising corepressor
sequences associ at edThe produtit df thepDrsephilsengreaiied (euge Iedus wasstowratsed. i 0

15985) " or o 6N BVENGR K HiEn equigion; HtgBRoNS ROV BRIk APTERORNESS 1057)
or N-Cor anpogifet 4l stsé E'fh@ i83d RYRbbdom8RontdiRingtfarReRpsiRittor thai d

repressor sequence I s fused 'to afpl antts specific sequence that encodes a
DNA- bi ndi nds gearieach fefosell fate Teredification Hueushneithdeysiepraent abMie My Pefers to

of it ndeiangriie, Ser it WaD pRHefindd b OAMROWREE > DA Blngihg © parts
e[{b?d' ][renlt hoanqnob;mam refribe rﬂ:’w_’a’lﬁiﬂ {eng) @eneowas replaced blyi itsliFughif taa@menlt e
transr | pt 1P EQUABAIE RS EEg o iR i b LAAe e e pek e

bet ween pr qirexino&eri el \indudtion| elwlseqhmeo"spemmcoﬁ tie itz hbme&domhtrer native
enbodi nment ,

pressor  sequence is seguen hat codes for a
orotel - or dretied FRFEINT HRATCRDRALERE R ERLS RBER & £ \ATaPh MRS t o o
DNA- biygdi nGeé?ulﬁﬁg? M phéﬁbc@;ﬁe@ o\‘ RN fses! Ot fuPbtidrRalides @nge&& HrBgerpY
either increase |n|t of DNAblnlng protelns to thelir tar et sites

or nediate (é@‘@mat alf.nbggt% Th%s theykag mrefeinowas shawnitabedn adivel féRfeéﬁGT are
general |y GalbRUofRng (YK @ s, %Qgé)naﬁ@%unn@deaﬁ%: LERSAHIRE MBS N the

DNA- bi ndi ng domal n contai ning protein is l'ant transcriptio or) said

transcri pt i893).dot1886n&gnion @ll Hee ?M@@P&ﬂcédt\ &digh e RINA-binding domaéi st i ng
of " 0 00147764 BRTA RO B2 ece STM SRURILATEShEH o s RERET O

t he Knotteap ass o oneo an essential gene for
devel apmentm dhel dnalysis ofi )@hophe mﬂobebraﬁsrcaianamptlsnefactors (@b8lon et aI

(" APETAI . er o S .bo rote S a ro organ
dent 1y B 190RMFO G sRbie. CaalpimatBR Y beet Babied HEHAR ok & el
st amen. AP?or@éﬂtb&iblamardﬁsgmctpvaﬁteMnmhﬁrwmelnrmam phienbtypee Pl STI LLATA (PI)
gene product. STM and AP3 encode plant transcription factors with

wel | -characterized | oss of function alleles. Both genes are not only

menbers of different A%baﬁﬁrﬁgs td)ihepb%%bnt thvehfiory, Cthéﬁbfrﬁ”rédﬁéééiﬁﬁ dBHiain
deficiencies in both genes cause enoér pic effects at djfferent

devel @Brment® thgt%’@égph'@aﬁﬂgmﬂﬂd tg%‘ev(@g aneqrs ghizagment efathecdrasgpkila n ¢ he
floral deveynpami gene or of a derivative sequence thereof, said fragment comprising a

nucleotide sequence that encodes a polypeptide interfering with the general
transcription machinery and transcriptional activators. Said fragment
advantageously comprises a minimal repression sequence coding for a
25 polypeptide of 55 residues (Poole et al., 1985, Han K. et al., 1993). The whole
engrailed gene may also be used but most preferably without its homeodomain.
"A derivative sequence" is understood as meaning a sequence
which differs from the sequence of the Drosophila engrailed gene by mutation,
insertion, deletion or substitution of one or more bases, or by the degeneracy of
30 the genetic code so long as it codes for a polypeptide which is substantially the
same as the Engrailed product.
Engrailed related domains, which share the same repression
activity, may also be used, such as those described in Smith et al. (1996).



ZnHox - nmenber of the honmeobox proteins, nore particularly ZnHox 1 a/l b
and 2a/2b, which are expressed in nmaize neristens is and proliferating
cells fromthe early enbryo to | ate reproductive organs. This expression
pattern swggearzs4a contribution to plant growth and nor pPCHEMIYI B4 -
Ms-4.1-A and Zm 41-A. These two factors are associated with male fertility.
Recent results assertain that Ms41l-A protein from Arabfdopsis is a
transcription factor belonging the famly recently described as 20 ARF1
famly for Auxin Response Factor 1 (U masov et al., 1997). M41-A anal ogues

nay al so be used,  SURNadSinbGRBodARH HE dobrBsi SEhRAGS Tratiis LGS AfaRDT dopsi 5

gene Monopt er os V\/m ch encodes a transcripfion factor atin yo axis
formati on dedasegdence thatcedes ios at Ie{asatrm wael-assqcmedepx-ﬁa Be?)

Ar abi dopsi s TJ j I g £ d ve S 97). 2s
The plants C{o?'iérlﬁ (5 %é%l dvv?%ﬁ pY&gwsn@kzy %Idni?é) Oe{ﬁ?% vaezrl?tlfon
C(r)mrrp(rjl si ng sHigndind/trafhderiptiondfactor &RESE)((JEMI&.SJ ﬁl p19%)mal' Eorsﬂwadt the Em‘Bone
enbodi nent onstruct. of the invention na rther
conpr | se.  (cioadecrmple dianlies and BiatiomAb. R BROM ARIPRZ S 8Bnai n o
a steroid Qghmeetraecqggg)r Huymgm%mq&gg@el ng in frame with the fusion
construct consisting of at |east one represSor sequence in transcriptional

fusion with at | east Chitaefig altNA p&onsirdcts e fudhere comPrisinae sCareRresseir ot ei n
or WD 00lahfafc X g%ddf% éﬂﬁrsgéldf IBR%Q%BF s%{}ﬁérf‘def ated8ls0%tido Sed.

transcription et ng to Itse or by Interacting wth a
DNA- biladi n(f\l'pom dhe coremreseqry cefhvetetaett me mayatitez ¥AFoh (Griedmancet akri ¢

protein, ‘ﬂﬁlluﬁc e ruct is
dependent on thegrét]%pog i Cat on o%ps?ﬁé Qwvﬁogﬁgﬁgﬁ%gt’gﬂg‘aﬁg”&l
t her eof . ThHé-CxrandiSMRar(hoped apd Bardwelt, HQQB) s used may be for exarrpl e the

gl ycocorticoid receptor (GR). In that case, dexanmethasone nay be used to
i nduce the nucl ear translocation of the chinmeric protein. Optionally, we

can use the am no acirlof€@nibvaihentssid, repfessorSeduiticeds fused © PpRIngi N,
function to pronote trans ort of tha%oteln to the nug:lei_l‘g‘ are_known in
) e

the arlf andPecliciseangpcs ittat eapodesca, bindingprgtein domains)The tefm PRy essi on

domai n of kiRl PreRIH bemamgréfel< b %r\ﬁhénermteirstrﬁ%batams $idhEHNAR
el ements allowng its expression. Such elements may nore is gqartl cularly

conprise a Rslﬁ@ﬁstdé%m%lﬂcb%tﬂ'%%%'ltﬁpf an'ngeme@ﬂmﬁ theie abiiboin RGO t he

pronoter thgyal S used is a constitutive pronoter. fn another enbodiment,
the pronoter that is used is a tissue specific promoter or a
devel oprent al | y r egulmadeigrretwnahodimant aplanhisansceptiovfastari enalDNAss of

f t t t ti .
[ unct s Wil Yaliiefe hirsh, SCLaGX AP INASH R, Wil Blnghilge ' o
pronot er. Tiretginl Aacemplets |txanscrﬁpiionctmtcbe|supzecﬂem’ay bsed,oas euarqsleeve;she 2s

35S pol yA t. at or__of cau f ower saic as disclosed in
Franck et dp{erzzcggga)be %Bﬂp °l"§8rw Flegtqutlontq{grtan%Mr}ﬁtggponds to the non
coding 3' regl on of manlaltarr&mébmdﬁlﬁeﬂ'tl, the mstoﬁ%emmaetfesewm
t umef aci ens |ckeé eg?dal . 1982), %’%né"@ (ﬁreferredtﬁgrom)ters t hat can
be used, or?e v tgat gpdes Jorg E‘%’)P feqithatadivates tanscoptiong
pronoter, oy edmmaee@tam-&mng%rb{e% ZuehCaOS itfanstNRion” eBdersth CaW as
descri bed |n Kay et al. (1987) WD 00/ 47754 7 PCTI EPOO/ 01524

proteins may either i mcrease "the affinity of DNA-binding proteins to their target

sites or mediate signalling to the transcriptional initiation complex and are

generally called coactivators.

30 In the preferred embodiment wherein the DNA-binding domain
containing protein is a plant transcription factor, said transcription factor may
preferably be selected from the group consisting of :



- rice actin pronoter followed by the rice actin intron (PARI AR) i ncl uded
in ptasmd pActl-F4 as described in M Elroy et al. (1991); - the
constitutive pronoter EF-l1a of the gene encoding for plant elongation
factor degbly rbpﬁg in WO 901 02172 or in Axelos et al. (198P¢imEpooro1f2hi meric
super pronot er P (N et al., 1995) conastituted by the fusion of a triple
repeat of the transcriptional activity elenent fromthe pronoter of the
gene of Agrobacterium tumefaci ens octopin syntase, the transcriptional

activating element of t h%mq@ﬁtn@hsiehﬂe&?{‘%éﬁ\bepéﬂt% KBty BR{sdCI ens
mannopi n synt hase ; and 10 - ubi quitin prono

er from sunf "W&BI net et
al .) 1991) of fipmassenain REigins, sykich deam §§“&!\“FF Geﬂﬁcfﬁbtdér@bp @ner onot er
of radish e is expression specifically in seeds,
as describgfd%bﬁgpl gny- t??‘sdagwegﬁt.e%?m%) ; - HWAG pronoter {Hi gh
Mol ecul ar Wi ght @ ut eni fHPI (ARBBALAY)( metebesoof the BADS texoproteins,t he
prom)ter o] P~ Rei et al.
(1900)% =1 | SRR S BS7BF BRhebandty B nBfiork 6%y SRedhyarsl v Bhbmeli e, =3
PGEAG pr;)mptetsn§ mmrsmmhdm bcotéinemdxngwgdtmgor’aw hrmglodl mn?*sGawgh thenes IGEAl
and GEAG t he I ns in Arabidopsis thaliana ubier et a
1993) ; ﬁg%ﬁ%@bg?'??&og%'ter (Riggs et al., 1989). as specific
pronot er s \@1ing Bné rAP’:S?eﬁédHeeﬁléhpﬁahéerﬁbﬁ actbra'witH WBll-chhtétzedosdiorr €
i nvolved in the control fertility Anmong the pronpters of interest one

may cit e t ﬁ@@pasaﬂlie@&c@&& genes amn%wbmma@wﬁw&ienhclme;zofmgmg t he
A6 @&'ﬂig @ﬂwoot;' 3
desE; |? Frgﬂ%@%@ﬁégg{é‘s \6\9‘ 8& fllnzﬁoatﬁ?%grés-sgéé% iqc desc(r)| bed

in WO 97| zrdﬁ‘f&tenw\d\e\(ﬁlppmqntal stcagbe. earbini tmen\eagstattverphasteyorsmhgriatq in WD

001 47754 96£%+§Fg%é%é§%g% a dehi scence-zone specific pronmoter such as the

one descri s ¢) inducible pronoters - a pronoter
i nduci bl e in stress condiZmblog, -f oterabemdfe theahombobdx pmteids,0rmore

i nteraction th en Kuhl er et al 87), WD 94/ 2179 . and -
an et hanol P PM'&%&&&@ ggg? . which, gre é’i@f%?gd mawalqeomensj)efrﬁe PRla
promoyer lfafﬁdcprbllféréﬂhgsééllscmmQh@@aﬂyféiﬁb@ls&m?éte rebfoducthi® oftfkihs. Thize DNA

construct of the invention is advantageously inserted in a vector, e.g. a

plasnid, f&XPRSSIANPaliesn EUGQRSts A.CoRYIDLNiAR t9 Blant growth and moreheeenssisn of

plant cells may be effectQg AYAt4RNIFEETAIOTHARE fHROMRINE Hre dssbBiated
protoplasts) in particular after incubating those protoplasts in a solution

of pol yet hyithegalec dertiiEGRecaAnt Hesuliesessestaiy Bt Mehi-Acprotaiy frome+) as
glegg r 'bgeg . ITA)? a‘gﬁgzs% atranschipfion facldlSbdibming M Binhif reBbnt) 804cribal!as MY
20 ARF1 famlly for Auxin Response Factor 1 (Ulmasov et al.,, 1997). Ms41-A
analogues may also be used, such as those described in WO 97/23618 or the
Arabidopsis gene Monopteros which encodes a transcription factor mediating
embryo axis formation and vascular development (Hardtke et al., 1898), and
the Arabidopsis gene ETTIN involved in fioral development (Sessions, 1997).
25 The plants transformed with a chimeric DNA construct of the

invention comprising such Ms-41-A factor are expected to be male sterile.

In one embodiment, the chimeric DNA construct of the invention

may further comprise a sequence that encodes at least the hormone-binding

30 domain of a steroid hormone receptor, said sequence being in frame with the
fusion construct consisting of at least one repressor sequence in transcriptional

fusion with at least one plant-specific sequence that codes for a protein or



20 el ectroporation as described in Frommet al. (1988). A gene gun may al so
be used allowing the projection of netal particles coated with a DNA
construct of the invention, whereby genes are delivered into cell nucleus
(Sanford eto@le77541988}. Anot her nethod for transform ng pCHBPOO®ES2MS | S
cytoplasmic or 2s nuclear micro-injecti%n. In a preferred enmbodi nent) plant
cells are transfornmed with a DNA construct of the invention, by neans of a .
host cell infecting said plant cells. A further subject of the present

i nventi on ifeagnhert tkereofthat attivatesinardseriptioh eithdr by bihding to DNANEsetfordtyr uct as

previously .descri bed, A ageously.. the 30 above host cell is
Agr ~obact erMGRGUTGHILS @@55@'%@@%- particular in the methods of Bevan

et al. (1984) and Anwhfsi)the Mucidar eakiadionwhthid chiggeiderotein) tiaid theul ar as
used in the nmethod of Jouanin et al. ( WO 00/ 47754 PCT/ EPO0/ 01524

. . (1987) . 9
Plant cel | RrPawaf B fhei bangiation &fesaif ilusm SONEHUDy I [AERENEIN AR thee _
Agr obagt er i “E,mé\uc%aﬁ]&g]rﬂa E,ghﬁan@f)r 8 I?%ﬁé@th@l‘ﬁ&f.”osom| circular plasmd

t hat i nduces 'tunors using a arg_system For that purpose,
two vectors are constfhecstergid harmenre seceptersihat is,used may badomerampleegi on i s

removed by tﬂgl(gwoggnﬁéﬁﬁ%éeé% (%E?_ Jﬁitﬂgﬁcaigdfjéﬂrbﬁth%&?é ayaodTHééﬁe{oagene

bei ng i nser etween ers to allow the selectron in plant
cel I s. The intilne theaniclear trahslobatidn ofthg chimerenproteim hel per Ti plasm d which

is anodified plasm hat,. has ng T- | onger byt still contains the
Virul ence genes vir OppBRbage A8 'ieRihe: SR o ' seumncet MR IR F 2 i o
i's iogal ntiﬁi:lncdd imabwtemmmmu:p prdieo dtartulamepbréionwpriomm ]gdmrgrmwﬁes ?)NA
t ransgenic ant or, parts there sai nt being transformed with a
Const et TERREWRD SiR A8 ARG 1S G i SRUZAIEORAI INESTy t 1 anst or mbd
with a DNA construct of the invention. Such transgenic plants exhibit

heritabl e phenotypes. is The term"deriving" refers to plants of the
fol | owi ng gener at i ondhedspresgigndomaia qidhe Rrosanhila angraisdigans. (enakist er m

"parts” of ecf;féi&l?lﬁgipi(ﬁd B @Létgzerftéfa%win@ aiﬁaélidréé’éi $8eH ERMfhts Ml thore Seeds,

roots or c . ave n genetl transtor med. e preferred plants
t hat ase uspaftti¢ularly cemprise aprorooterrand ipolyadenylatiensiopale. sel ected from t he

group consi sting of i.d j | j.an i i Al . Rr assi ca,
wheat, tomato and fl w@?‘é %’E@#"E’Hf a)’ irh%sér,orﬁcdetl%rﬁg}alttg%?ﬁg%{g prcég‘)’et'r% I‘Il%nventi on
t hus provi desnwteret hod for obtaining a transgenic plant) wherein a DNA

and said cell 15 cul MghencarbBdiant: B Rmote. e 1hEd coe hedpe™
transgeni ¢ gperific. prdnsotep i & i develdpmentalie negulaiedg prorndtet. e Thisaallows @am a
pl ant 2%6| | ggn%it}%%lal ioggoay}uggtio%geth% irrl\a\lyet(ile idrésfrgcf f%F te'xample to design new
plant varieties.
in still other embodiments, the promoter that is used is an
inducible promoter.
The polyadenylation that can be used may be for exampie the
25 358 polyA terminator of cauliffower mosaic virus (CaMV), as disclosed in
Franck et al. (1980) and NOS polyA terminator, that corresponds to the non
coding 3' region of nopalin synthase of Ti plasmid of Agrobacterium
tumefaciens (Depicker et al., 1982).
Among the preferred promoters that can be used, one can cite for
30 example :
a) constitutive promoters :
- 35S promoter, or advantageously the double 35S

constitutive promoter of CaMV as described in Kay et al. (1987) ;



30 A chineric DNA construct of the invention may be used for inhibiting the
expression of a target gene in the genone of a plant, the transcription of
whi ch invol ves a DNA-binding protein donain as previously defined. WO

00/ 47754 wo ob@F5EPO0/ 01524 | nhi biting the expression of BCT/BP@®IS2dene in

t he genone of a plant may be desired if many purposes. Many transcription
factors known by the man skilled in the art play a role in the control of
met abol i ¢ pat hways (starch, lipids, amno acids...) or are involved in the
pl ant devel opnent, or i n riceeagiihgprometerciotiowed ibyythe aigeaadtimgiatron RPARexanpl e,

bl ocki ng a ne 0se expressihon 4s._necessary for_pol | ot her
orrmt | o VHRRCIHEE T BieSHAT BAE 4 R BREHTHRAn M ERSY 5F8), BfosBlSr bea)
produces male sterildity. tié eokbtitdtiid praeoter EF & Oflthd dunet dricotihg3 for
transcription factor also leads to nmale sterility. As another exanple)

bl ocki ng t Riangeleagation factarsiescribed iMYQLAH/0RE7har trAxeleselale€!988E conver si on
~ f t t h ; . t 75 584).
T (s 5% possibl 6 to ontimey bR LSRN UES), BRE] Rkl Ly > P
| ysi ne by the fusiomof @ diiplg repeathef itimey dranscniptionak aotivityu elePnent dfrsmrthpt | on

factor (Schm dt, et al. . 1990 i nvol yed in control of the exptession of
certain zepﬁ%nstﬂ?edchﬁ ge%%r%fhégrﬁaé:\f%ﬁqrtg}?{ﬁgﬁeﬁ MQFW pﬁylng?fe*sﬁ‘?act ors

i Invol \{Sgli natl\ngcr_iptienilrg gd;tiv@ti?grélétg_e?taoft thebbmr)tﬂl éhesitrsljas igén?bwtﬂﬁbéctéﬁ%ti n e]E
al ., ; in, , .10 i eir colour. e of other nmenbers o
Myb rel at e&’m?}é'ﬁ@EFi"ﬂﬁq "?%36{{8?%3%? ing arole in the regulation of

phenykgpropanoid and Ji gn'dbidlbimPanK&étﬁoﬁE%ﬁﬂg\ﬂéﬂéBiﬁéte’*'al.; 14948) could al so
be interesting. Sone others could be involved in cellular devel opnment and
senescence. zo The chineric construct) fusion of the repressor domain to
the plant transcri ptgf%ﬁi&ﬁ%m&@; of it) can be advantageously used to
identify essential protern-protelrn Interaction domains and interacting
protein partners in pkeed-spécific pronsafersi:c plants. zs In a preferred

enbodi ment, expression of hi neric protej.n co i Sing_the repressor
domain in fusion o pl EeRPr RIERPIEolorAdish HCiatin SBnR elpwihg cbe,

dom nant pbﬁﬁfé@@i@h-spﬁ)ﬁiﬂbhlﬂy iAeeells 0ds @ésdribed Wbﬂ@np@lﬂ'ﬁé;epél. PI'QQ!Z) » Sequences
encodi ng the transcriptian w tor and the repression in fusiqn to the

ir
repressor domain in tran peater ('@SbeMP‘e&P'abr eight, Gletemimsfresn be 30

i denti fi edpafigpenddrSobaibi1o@ong domai ns but al so others, like
protein-protein interaction domains, if the transcription factor is part of

muf ti - conponent conpl ex. tTaePromated ohcpaizai vapin dPrrein) ivdlwdediniRYBBher ef or e
| o o ot ; Ao o
Qo1 47754 1 PeSgl LA NCA" {0t Hifbind Mo R6IS8R inTeiBuBhor mall (.,

be usedl t oseeds:

- PGEA1 and PGEA6 promoters corresponding to the non
coding 5' region of the genes GEA1 and GEAB6, expressed in the grains in
Arabidopsis thaliana (Gaubier et al., 1993) ; and

- p-phaseolin promoter (Riggs et al., 1889).

25 s specific promoters which drive expression in particular plant
tissues which are involved in the control of fertility :

Among the promoters of interest one may cite
the Brassicaceae A3 or A9 promoter described in WO 92 11379, the A6
promoter described in WO 83 02197, or TA29, TA26, TA13 promoters

30 described in WO 89 10396 ;

- the Ms41-A anther-specific promoter described in WO

97/23618, which may also be used in male sterility systems ;



produce phenocopies of |loss of function nutants in genes involved in
transcriptional control, by reversing the biological function from
activation to s repression and by providing chineric fusion proteins in
excess oven dolagisgndogenous function. Phenocopy is an artPEI/ERE@NIS24
(transgenic) situation nimcking a nutd&nt phenotype. The term phenocopy is
used by Smth et al. (1996), referring to the original description of John .
et al. (1995), describing a Ftz loss of io function phenotype m m cked by
the Eng Ftz chineri c- pr otaeidehisteacgizone cspecificapswdotey such aspthessnen of the
chimeric fusio 0ot el l.LAWs to associate a biological function to a

gi ven tran?@??@?ﬁgﬂlﬁgg?gpbgr gene involved in transcriptional control. A
chinmeric DNA construct of the invention nmay nore particularly is be used in
a nethod for determning the function of a transcription factor in plants,
conprising the steps of i) fusing a sequence encoding said transcription

factorgto a repressog mg]ﬁﬁrbﬁwft&’sm a DNA construct as previously
defined; ii) transformng plant celTs with said DNA construct; 20 iii)

cul turing the plants-obt a8 peametepindunible insstesssroanditions, for gxampleskeati ng a
phenocopy | - | I : Si ofy@genes
controll ed%bga(sgw é%é g‘ﬂs@?élr% ﬂﬁﬁ‘?‘é‘%%‘lrﬂ."beﬁ% (gﬁﬁlﬁtﬁ%@x%ﬁbgggz'r 8\(,: of the
i nventi on &4/2083) hanghr oducti on 2s of a cDNA library, said library being

useful to isolate new genes ntr.oll ed b t ClL.ipti [ tivator as
above described. The pr es%’h?ﬁ‘%ﬁélé'ﬁﬁ\"Bﬁ'%%ﬂé‘%ﬁ{ééﬁ@%&@g' Z%t ﬁ@ for

i dentijf yi ng new genes i n thbaPRta promoies induicibie bytsafieylief adid forvéxamplag
transgenic Bl ants transformed with a chineric DNA 30 construct of the

i nvention §i§'6§%9ﬁé)ri ng the RNA popul ation fromsaid transgenic plants

wi th the RNA popul ation of a plant that has not been transforned wth a
chimeric DNA construct of the invention, by anplifying (for exanple by

Pol ymerase WO 001 4The PNATopstnet of e inyentigmisraduaatagesksly dnsertediiner ent i al
di spl ay appdr\;%ﬁﬂ, 6? %'Haﬁhid??ogusé?r???anﬁ B8 R HSfofnsatiorssed by expr ession of
(e construct, | ed as

t he chi ner enti enes Inactive in said transgenic
pl ant 35but active i nThadramstormatiomof piant cells maynbe efacted hyetiangfeming

hi i X i [Wa]e ) d shoul d
Gonot ypt caths SRV (ekibrdin trefopldttE I beflcufr GRE: MeiBithd AR pAGRELET SN0
have not baéema solatierd of petyetiidénaglydol (REGE ibithe poessincacaf divalentecationsnt i on

are transgepni g plants.transforne i bl ank vector. to In a preferred
enbodi nment )e(‘a?héaﬁ#ﬁ%@%ﬁ"ﬁ'&@ﬁ@??%t@ﬁew genes in plants conprises the
steps of i) obtaini nghér saasfermatian aft plant aceisomayd aldd thea effectselr iby DNA
construct c ri sing a sequence.that encode | east the hornonebi ndi ng
domai #0 of é?%né‘%@PBfQ}%ﬁ'cﬁsfﬁ%&r'BegébFEﬂmfﬁﬁngr(? rising an inducible is
promoter; ii) submtii géhegull rhapaide e Cusedaaliowihg the projeedn 6 mataimeans  of
a steroid hornmone or anal ogues . thereof andl or pronoter inducer, whereby a
particles coated with a DNA construct of the invention, whereby genes are
delivered into cell nucleus (Sanford et al., 1988).
Another method for transforming plant cells is cytoplasmic or
25 nuclear micro-injection.
In a preferred embodiment, plant cells are transformed with a
DNA construct of the invention, by means of a host cell infecting said plant
cells. A further subject of the present invention is thus a host cell transformed
with a chimeric DNA construct as previously described. Advantageously, the
30 above host cell is Agrobacterium tumefaciens, as used in particular in the
methods of Bevan et al. (1984) and An (1986), or Agrobacterium rhizogenes, in

particular as used in the method of Jouanin et al. (1987).



phenocopy is created due to the | oss of expression of target genes; iii)
conparing the RNA popul ations fromsaid transgenic plants 20 before and
shortly after induction, by anplifying (for exanple by Polynerase Chain
Reacti on wootvarisf f erential display approach (Liang et al pCT/EB®B)528he RNAs
repressed by expression of the chi meri ¢ DNA construct, identified as genes
active before but inactive after induction. In a preferred enbodi nent, a
differential display approach 2s associated with the AFLP techni que

descri bed by Vos et Riant ¢elbpd)sfamatica iPQRefBeably effégted dy transferriogithei s used.

nduti bl o AgEPBRE T EitherBfiohR T HBICHCE: A1 e RS FRianiel QtoBiaP oo ., et

genes cont that irmrcbstumerst(ﬁ'e)ms@bymlngrmbméqpsystemat any tine during the
pl ant so devel opnent creation of phenocopies, b S ofga chineric

DNA construct of thqu n @hPPEPr?SEr Qg%ﬁp%'ﬁ\?é%ﬁonﬂméegemé’ﬁ?a these\\p
00/ 47%54 ~gedtery, MO TLONAZEgIBASE FeMRVES b@rdelétﬂfrﬂbi(ce%@ Wé?' ﬂhbvﬁbﬁt%naqaﬁt ic

redundancy I n contrast t o nut agenesi s ap roaches E ne machi nes where

knock out sbodets, riymarkemgens Reipggnsertes batwagrethe wvmbn imadew the
situationsg eré%&hﬁgﬁﬁgﬁggép&eog@% 'p%lrtﬁéP%FE@Pﬁ%rypggétﬂﬁpfsﬁtﬂenﬁare ot or

redundant situat ortant fTor ‘specles
not truly plagmid whiah. ig.a mhdified plasmeid 1Imatrfmpm:ﬂ'+m%aneﬁlb&bsiﬂhcmﬂams Br assi ca

Fedandant 88 Qo ofet uf FeBEsty Pt dhae WA orl TR B 20 ca by
t he ctu rrer'mairnain"edirmAMamndm rret hod ~o independent from DNA sequence
crfecta to singie or MORGERbINEIITR AR BOMEHE ROEBCoP oo aLEAss
simlari tyiherédersaiavmym%eﬁﬂg ﬁdngfarraea Ivfithl £ JNG% SORstRICR Ptk [MRENMSH, fgpr m and
conpete with all kinds of interactions and functions related to the

transcri pt AemviRg&opt amﬁwm@ltyﬁraméormw%arDNAtconﬁb@ctroiﬂae@yenmru i onal

protein do BebAi€ Hﬁ?@@ih A Fﬁ%rbgﬁg that partly or fully
conpensat e lc:)"r?%taﬁ é’? ) g slh?iF\g ﬁt’aBlee e product (reduced by antisense or
cosuppr essi on) t her efhg terghilariinge refess te plants ofi the fallowinghpererationspr essor
pr ot ei n. 29¢ J}@ﬂg§%nﬁeﬁ Iqt}r]'g férﬁl%u' ts obtained in gene nmachi nes, where

t

many addi tron genone frequently interfere with the
concl usi ve associ at |'Ehe tﬁrnn“nalrte'hof ;rpasgenuaplants:réfemnr pegticulanto. leabes,

phenocopy roac t ransf tion between
speci es) e?BR *fﬁe8 ‘Ar°8 @?éﬁﬁ%%ﬁg’fyﬁn@f b’r}gqnsggﬂl?gfmeen grass crops
(rice, mal ze, hwheat Trkmprayﬁe@mngfrtmrmeruseg fbequhierbnnatmemw(rjﬂ%f?fet ween
speci es. t hi ossible to defect, s arities. an i fferences
ot wedh or BEEPEr Sglstet togu e Aoy Sonsingo of ARRERPHE | BRIFHR 85 t i n
several spesi®Reo, rﬁB&ehBﬁbsRﬁn%éaﬂ%nél%Qar%fl@Vél'sQPEldﬁim@@sé)fcamaﬁyopl es in
so primary transformants distinguishes this method from I ower frequency

anti sense and cosupressi on approaches, where a few individual progeny are

sel ected . WO 00l ﬁﬂéﬂgr rﬁ gft’ %Zﬂro‘rt&sbslrﬂ\é’ch%ﬂafﬂ?l&‘iaﬁ% figures

illustrate the inventio Imting Its scope In any way.
transgenic plant, wherein a DNA construct of the invention is transferred and

25 expressed in a plant cell and said cell is cultured under conditions for
regenerating a whole transgenic plant.
The conditions for regenerating a whole plant from a plant cell are
well-known by one skilled in the art.

30 A chimeric DNA construct of the invention may be used for
inhibiting the expression of a target gene in the genome of a plant, the
transcription of which involves a DNA-binding protein domain as previously
defined.



WO 00/ 47754 15 PCT/ EP00101524 LEGENDS OF FI GURES Figure 1 represents a top
view into the shoot apical neristemof a s young w | d-type Arabi dopsis
seedling. In addition to both cotyl edons) it has devel oped four el aborated -
| eaves pl ypo do@7addi tional leaf prinordia in the center eoyepoongsihe
functional shoot apical neristem Fi-gilire 2 represents a top viewinto the
shoot apical neristem of Arabi dopsis phenocopy eng- STM of the sanme age as .
in figure 1. This io phenocopy has two horizontal cotyl edones and a single

leaf in vertical posidhilsiting thef expeédsioraof & tngét gariedalthengehsinersfiasplamtssi ng
and has presurrabléesgeen consuned cl))%/qinitiation of. the single | ea

. of. f
pri mor di ummay ber desiredaip, B2 tRUMRC so ANy, frangqription Jactars, spewp ysthenal i ana
with outernpsh skMedlis tHdIaRYMRy a'ibiel B RBIAINEDI ¥EietiloRt PR (sthEh M al

carpal. is Flaure 4 represent's a flower of Arabidopsis thali'ana phenocopy
eng- AP3. A lipidsglamine pgidshasomarerinya@ives, itther plastdevelopmentner ihthewrlamty nor nmal

| | i.ahtl ' iabt .t L nsi ' . th
Second’ and TReP o HARGEE o tarffe, blokieng 3 dink Mool flaeblrCi] Cea by
sepal oi d orremessary dsiepdlientdrancther faimatinpalg. drelMsrd-A transariptiondfastor,
t t , I sibl t . the bott .net t ' tals.
o s s Bl DS befD iR Bl B BRI B e SRR 5L °
construct . tRhe APBMArsTriptichdctorlalso eads toumialeesigrilty MASrarthernexdmm&T SZena
so The cDNA clone that 1s cl one as, descri bed thn Pool e. et al)

used i s D2
1085, Thi s RGO thesoens whichFadesiforsersryme Which catalygesthe GoBNETSioN ¢ he

engraihed cdfights @ SEBlcal Bl Wed téioditEoWeRE c6fdNees EFU4TE 884)5 | denti cal
to the data baSe entry (Genbank Access. M 10017) except for the |ack of the

3' WD 00147754 16 HCH B¥o0/rossible 4adoblaiin&Bnegenie Hiarisomiths paEchpsat t c,
ci one. D2B Qrostents 6 5ing Y | e eI Bo SREC iVBRIER. C ang GRS 2 nd
i nsert ed i riranskdpliorBfastor (Sehmidt REI.2 NEO0As invelvedoin time ngratiobi ofi the of t he
Not T AFTT &ptrgésicy}?%f %%n.%ﬁvfgngyofniel J:odk? LA bs?é" Wbt-lfélé%g rHQ’Nscription

15 factors involved in the control of anthocyanin biosynthesis in flowers (Martin et
al., 1991 ; Matin, 1997), to modify their colour. Use of other members of Myb-
related transcription factors playing a role in the regulation of phenylpropanoid
and lignin biosynthesis (Tamagnone et al., 1998) could also be interesting.
Some others could be involved in cellular development and senescence.

20

The chimeric construct, fusion of the repressor domain to the
plant transcription factor or part of it, can be advantageously used to identify
essential protein-protein interaction domains and interacting protein partners in
planta in transgenic plants.

25 In a preferred embodiment, expression of a chimeric protein
comprising the repressor domain in fusion to a plant transcription factor is
known to cause a dominant phenocopy. By the deletion of increasing parts of
plant sequences encoding the transcription factor and their repression in fusion
to the repressor domain in transgenic plants, essential protein domains can be

30 identified. These are DNA-binding domains but also others, like protein-protein
interaction domains, if the transcription factor is part of muiti-component
complex. The method according to the invention is therefore also suitable to
study protein-protein interactions in planta.



enzynme. The cDNA fragment covers the natural translation start and 298

am no aci d residues of the engrailed protein. The BanH site or a follow ng
Xbal site can be used to create translational fusions to proteins of

i nterest. wOWRiagRRst ruct obtained was pRTS2eng. The pRTS-petxmfewmissa
described in (Jberlacker et al. (1996) 1t is a derivative of pRT100
(Tbpfer et al., 1987) and contains the CaW 35S pronoter and a pol yA signal
of Cabb B. ENG STM cl oni ng strategy The sequence of the STM codi ng regi on
that is used is disclosed in Long et al, 1996 and is identical to the

dat abase entry (Genbank - Access 2344) . rog fuse the STM codi ng region to
the engrailed repr esSB® CWRENG 2eonstiaict of tae Jnvention, £AQ ke 188 19 oni ng

Sire i PRBrowifa0 pheflobdhise ohiddse b i hoHVa:%uPa\”}\ﬁé SHedeRis | AEd Nk 2

GATCTCGA adaptor into t upstream BarrH Ssite s destroyed. The STM
codi ng r egitransprigionalisoptrelmplyi lrevemmg/tmee\bml@wcalr%msmn froas @cthertionr tom

Arabi d SI t I o start
Ny el Reaeeshi dod o prbREa Bt fugieh BRI 1 SBRE! Aldrother
codi ng seqwdogeno@dncﬂlm ain a BanH site inmmediately pr eceedi ng the
natural translation codon s used subse nt | o create the
c- tgrn‘i nal GR fuIS| onéh %%cﬁ!{]ﬁﬁﬁwé‘&%u lﬁgﬁpﬁ (§ &a??ﬂe Iekgo i n of
STM was r efmytaft lp'heﬁ&tybédqmémﬂ&m p?fén@&@@;l@&iﬁed byr Shinat ep 1 PeEFE)t he

plasm d pRT~ eng-STM was, first part ted With Hndl'|, secondly to
conpl eti on ’ﬁﬁeFWQBWHP °£'Sﬂ’3éF|8§°rWé'PB qfr’@é’t‘ saabﬂ%%).fqlqacrlpwgraaﬁfaﬂp%ow th

Kl enoyg enzy Bbh%n &ﬁmm&ﬁws& tHYE ﬁ%@ﬁag}ot&ms obtai ned. ~ WO
00l 47754 PCT EPO 15 17 Exa nstruct ng- AP3 s ENG AP3 cl oni ng

strategy The sequenthGfPhﬁﬁ@CmC%ldﬁﬂdn@y theyexpressian qfih@ﬁadnerse fusion osed in

Jack et al t
Access - pPIRT A adsRalste RiiciByich Qubdionie olds fafifiinion PR o
epi tope at gene m\mlmd(mtrmsmptlmal'ébmmr otein coding region including the

t li,fi,ed b t ites.
The rosul ting cami freiment DA rstuRie Fhn AN dn P e B S eng.
Thi s genst rdecusadin aemegival foit detemiiningethg- fiRdtior of Bxwamdceipion fa&tosin uct

eng- STM STM GR_For_ fuysion of the chimeric eng-STM pol ypeptide with
the GR 20 dﬁ?fé?nccmmb%}?ﬂ %959594) a Xhol site in front of the TW S2

| eader was convert edji nt ofgingaatdeqaibhée Eheocﬁﬁgssmraﬁ%rmloheﬁu@ﬁ tyas then
inserted into pBl - (Simon et al., 1996 ; Schena et al 1991) as a BanH

fragnent . Tﬁéreéﬁt)" sequenre tr faqm a DINA carstrughas erevigusiy @ﬁftne@'f the natural STM
STOP codon fuses thej ieng- gﬁéf@ﬁ%ﬁﬁ@ﬁérﬁ%llé‘wtﬁ%ﬁ% MNALdn u&R dormai n. 25

Exampl e 4 : 4btent|on of transgeni ts A - Arabf ops s thaliana Both
const Rcts, ENG STM éihd EN(EUAPQ thwplaats obtaineddram the n@afwmd celiscand

ber | ack I
(Wber| ackerofltly et EiBLol ot 3inPaubl ofEhed Wi nd OB by o

t umef aci ensger@‘s’&bﬂ:)rdxlledhﬁsérdrteﬁnsonpﬁﬁn factooi dopsi s i mmat ure i nfl orescences
foll owed the protocol of Bechtold et al., (1993) with m nor nodifications,
as foll ows

The chimeric DNA construct of the invention allows the production
25 of a cDNA library, said library being useful to isolate new genes controlled by
the transcriptional activator as above described.
The present invention thus encompasses a method for identifying
new genes in plants comprising the steps of ;
i) obtaining transgenic plants transformed with a chimeric DNA
30 construct of the invention ;
if) comparing the RNA population from said transgenic plants with
the RNA population of a plant that has not been transformed with a chimeric
DNA construct of the invention, by amplifying (for example by Polymerase



W O 00l 47754 ~ g PCT/ EPOO/ 01524 A single A tunefaciens colony was grown at
small scale (5 mM) in liquid YEB nedium (5 g beef extract, 5 g saccharose,
1 g yeast extract, 1 g bacto-tryptone) 2 mM MyS04 per liter) at 28 C for 48
hour s. Frwoodm7$54preculture 0.1 m each are used to i noceCaERMNIR4500 n LB
medi um (5 g yeast s extract, 10 g bact&®tryptone, 10 g NaCl per liter)

whi ch are grown with vigorous shaking for 16 hours at 28C. Bacteria are
pelleted at 500 x g and resuspended in infiltration medium (50 g

sacchar ose,CHair2 Relactiont inea djffarertial dls})layca;iﬂ'rbanh:(lihrm eﬂ'ate Mi9@3pthenRNAser e

infiltrated for %h construc%}? h Egatur.e b| do 4 HBO‘{ escences
(ecotype Cd??fr‘?ﬁ?%‘? ¥ @XRIERSIER OF dhe chupenc 883 ShnideRIYed AR 980€Sact eri al
suspensi on jhdctivefinl édidttransganidi plahtsvamuucﬂves:npfr@pm thatt hagimobideepunp f or
5 m nutes and rel eased ragl dlé@ﬁlhls step i.s repeated 3 tines.

Subsequent IfANsr@dWvitY @ chimey Acansipuctipb the IBYEN¥RAuse until naturation
and segd harvest. Segfg r%ﬁafrﬁs t&%é‘ébr'nf»ﬁn‘éd%uld%lﬁﬂﬁélbﬂly%@ﬂ@l@énﬁ@él%t ed for

BASTA (engl stm+ GR; kanarmyci n) resl stance own'on Figures 1 to 4,

t he phenot msnblﬁbd%astenrelmeh yeiis elants thaithayegneiTheem frapsigrmed witheat hose
d.
xpeeted | HiReAeD EORTTbHRThierieh it o gRIe YL WBRGORPETUHA | |

of this sirablank een‘.toorl ginates centrally not laterally the petioles of both
cotyl edons. Exceptionally shoot apical nmeristem 20 (SAM activity in

eng- STM pl ants was conpletely termnated after initiation of a single |eaf.
Gener ghly, however, muiapeefenet embodrhdne tivd metteodforidentifying neangereashi on
and with acci %(H‘ ntal tim n These traps-dom nant al terations phenocopy weak
stmalleled"® t%ﬁ‘?f@"ﬂ%t Pé[S‘FR?O‘Efced in various independent |arge-scale

experiments (< 1000 pr a”SQﬁBIn%ngra%w%Yﬁlantﬁeﬁ@ﬁsﬁbhﬂe&tvﬂth% BRfERIROPI es
are found in 75 %to 90 %of the primary transformants. Alterations may be
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an inducible system is used advantageously allows to identify direct target

genes controlled by the transcriptional factor, at any time during the plant
30 development.

The creation of phenocopies by means of a chimeric DNA
construct of the invention presents several other advantages :



al terations caused by ectopic expression of the eng-AP3 construct were ~ s
exclusively restricted to the flower. In 70% of the primary transfornmants,
petals were converted to sepals in the second floral whorl and ftlanmentous
struct ur eygdeRyaged stamens in the third whorl {conpare wctgpéoygassi N Figure
3 with transgenic plant in 4). Both hokeotic transformations are

rem ni scent of strong ap3 alleles and indicate that ectopic expression of
the chimeric eng-AP3 20 protein trans-dom nantly copies the ap3 | oss of

function phenotype. PHéndodpldie aréchardly fseRsitivenl gehati®vretilfdgdncy. In
ap3- phenocopy plants required backcrossing, but strictly segregating with

the BASTA €£eBirastdndBulagenesis @ppeoaches dika ganeamachines where knaek dutenefii t t ed
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het er odi nerespeictivelpe Alss in inahg Brassica cropscthe @enohnzt isdriplivatédirelativeotot i S
dependent gﬂ\ sti stilata. 30 In summary the ectopic expression of both

chi meric c6W@PIFBREE. eng- STM and eng-AP3, results in stable, inheritable

traps-dom nant funct ThRéadvhatage dnfedGnddnsitiatidhd isaefatéd td Wis faddithal | el es,
respectively. Excess of, WD 00l 47754 PCTI EP00101524 20 chimeric repressor

transcri pt tf PRRNGSOPY Ul SaNse@nbYf thecicbieRC Rrofainceaking e | Methpgne
produgh s | IRBUEARRRE ROHCDNA SRUGRCCHRARISSH LBl o(doRplitdisl pr oot e

bot h i meric repressors eng- SITM an n are obviously recruited by
ei t her DNAcosdpfression appyoaches t whicpr toceses mffectsi to isingle aen fewsgenesbot h to

of e resaerar G pdfEBeat ol sdlunbERIRED, BB Gdted dRipHELDCOPY

t r ansf or natrepressér pmitein, may pedforn andecompéte dvifre Al &inds pafriateractions and

Agrobacterium.. m crofibre rticl n neral lLv . nvolves t use of an
i 11 er eniRioRs defqted 1 tpe BPissfifat tiol RRBHCWIN (b \BbisaSen df HHE”: 1t o a
conpl et e pluges fuddtional prteinfdoredihs andredunddre protein fumbtiorepthvat paetyl dbus (of |
s type Il) o{ mai ze. Suih ﬁal | us i s .obtained from i@ﬂt re enbryos havi ng

t he” genot yfdgompensataiardhg lassofa-3ipglgiarpeRiotus (rRAuGEd by AntiseRse @k a

descri bed idgsisprassien) therdforel Sbild daRBYeRted! by thbi @imane repiedted ned by
successi ve prickings every two-weeks on the initiation medium Plants are

regener at ed®reteim t hese cal l us by nodi fying the 20 hornonal and osnotic
equilibriumof the cells according to the nmethod described by Vain et al,
1989. These plants are then acclimted in greenhouse where they can be
crossed or self pol | Pheneeppigs suppert resuligesisainedtin geneomashings, wbetd ng to a

stabl e int i . f dijfi i nt is
cson. “Thi s TR, Scnd lchferPrinl e GERGRe' heblEniEele bt MR
fragnent s afonchisivesassaciation af a8 phenciypetea specifié insertdh. m2. Four hours

bef ore bonmbarding, t fragnents are laid i.n the center of Petri. dish
containing a culture d!’ﬂ%@ﬁ%ﬁxi EBPrqa(?gt H%_ iarlﬁq i ﬁ‘?‘Pﬁ% h%d?’&ﬁf}e{'mgc her
cont ai ni ng iRfoPmbtiot EtWekh Ospecids, 2e.Yl dforfi OARIbidYps(sl fo f Bragsrat srope BET
dish). Ti ssbues are then bonharded, as\&r evi ousl d§$CI’I bed. The di shes are
25 etween grass crops (rice, maize, wheat, barley)y and in comparing regulatory
networks between species. By this way, it is possible to detect similarities and
differences between groups of genes regulated by the same transcription factor
within several species.
The high penetrance (80 %) and dominance of phenocopies in
30 primary transformants distinguishes this method from lower frequency
antisense and cosupression approaches, where a few individual progeny are

selected.



then seal ed using Scellofrais and cultivated in dark at 27C. The first
planting is effected 24 hours afterwards, then every two-weeks during three
nonths in a nmediumidentical to the initiation medium but containing a

sel ecti ve woeantr7sfhe WO 00/ 47754 2~ PCT/ EPOO/ 01524 sel ett/Epe0/0igaNnt s nay
be for exanple active ingredients of héfbi ci dal agents (Basta, Round up) or
anti biotics (hygronycin, kananycin). After three nonths or sonetines
sooner, callus that have not been inhibited by the sel ected agents,

devel op. These are usually conposed of s cells resulting fromthe division
of a cell having integ inl e one .or re copies of .gene of
interest. The fr equeﬁ'&?a%%ggb%'ﬁ@ﬁg a@@gﬁg%‘éﬁ'lﬁ?tﬁa e i*beotrf‘)’eaﬁ%" gﬂﬁ'PH per
bonmbar ded diirniting ®alscase arany wapt i fi ed, individualized, anplified and
cultivated so as to regenerate plants. in order to avoid any interference
with non transforned cells) all these steps are effected in culture nedia
that ~o contain the selective agent. The regenerated plants are acclimted
and cultivated in the greenhouse were they can be crossed or
self-pollinated. In an other enbodi nent, the transformati on of plants may
be carried out with Agrobacterium funefaci ens and i nmature enbryos, as
described by Ishida et al., (1996). is Exanple 5 : Expression of the
endogenous STM and AP3 genes One explanation for these phenocopi es m ght be
honol ogy dependent cosuppressi on nedi ated by high RNA | evel s of the
transgene. To 20 exclude this, transgenic eng- STM or eng- AP3 phenocopy

pl ants were subjected to RNA gel blot and RT-PCR anal ysis. The chineric
transcripts derived fromthe CaW 35S pronoter were easily detectable in
total or poly(A)+ RNA from pool ed seedlings or flowers (12 individual
progeny) probed with the STM or AP3 coding regions. Cenerally the high
abundance of chineric 2s transcripts interfered wth the detection of the
shorter native nmRNA in these gel blot experinments. D scrimnation was

achi eved by probing with the natural 3'UTR sequences that are lacking in
the transgenes. The result obtained for the STM 3' UTR confirnmns
transcription of the native STM gene al though at a significantly reduced

| evel . 30 This reduction is not due to absence of the STM or AP3
transcripts in individual T~ progeny, because the native transcripts could
be detected by RT-PCR experinents in each individual phenocopy plant. To
WO 00l 47754 PCT/ EP00101524 22 di stinguish the native nRNA fromthe chineric
transcript a forward prinmers |located in the protein coding region of either
the STMor the AP3 transcripts was conbined with reverse prinmers residing
in both native 3" untransl ated regions respectively or in the Cabb-B

pol yadenyl ati on signal of pRT N of s (lJberlacker et al., 1996). Single
tube RT-PCR experinments with three primer conbinations failed to detect the
endogenous transcripts because the unique forward primer achieved
saturation by excess of the chinmeric anplicons. In contrast the predicted
PCR products) 456 by STM and 466 by AP3, were easily detected wth the gene
specific prinmer pairs. W have not tried to quantify



i 0 these RT-PCR experinments because we wanted only to confirm presence of
the native transcript in each transgenic plant, but the anmount of anplicon
differs between individual phenocopy plants. The | evel of endogenous gene
transcri piso dofsrPavays significantly lower than in wld t WPOF/EPBO/0ISZUCT | ON,
however, which coincides with significdht norphol ogi cal changes in the
expressing ~s organs. In eng-AP3 transgenic flowers the appropriate organs,
petals and stanen, are |acking and converted to sepals or small carpeloid
filaments. Exanple 6 : Phenocopies rely on the incorporation of the
chimeric eng-STM pro 'lﬂhﬁggﬂggﬁéﬂé;%far conmpartment 2o Al though the
changes in size or i 2 essing organs m ght explain the
| ower transcript |evels observed in sfmand ap3 phenocopy plants we ai ned
to el aborate further evidence agai nst honol ogy based gene silencin #% The
u
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focused on one Tz Tamly with pheno ical |y, normal kananycine resistant
seedl i ngs. ﬁfi”é‘ﬁ“‘?ﬂﬁ‘nf?h%tn@?'?ﬁeme"ﬁtﬁmrdﬁ @@\?&%&ﬁénhaﬁ Prepemably peed st age

10 transge”é&sﬁﬁ%ythnﬂgla%ﬁ%f%ﬁb@g Ié!lftd?mﬁjcﬁ'dﬁlﬁ?t hasone and phot ogr aphed

daily to document t evel opnental s progress. As controls either

wi | d-type pl ants tredigure\d repressnisre finweoabwild-typet Arahidopsis- thakapawith pr ogeny
e 200 SSefHEl bleTpie Ve QI Shipr Bl 05 A3, o
contrast after dexanﬁgl_ﬂeoheemppemtsaa flowep of y-\rabldopgk dhalizma piwenmodya gets

d h l.
Ceor eaent at SUEAFET AoS5e SsPAdhsY Pash 1BnBhe rodtay. SEnebntSiina nomal
transgenic ﬁpmase sﬂght@d:heplmd%ft ai&i/ﬂgmptmmpihe@he&ﬁo th@\seu@nd afiNA gel
bl ot anal ysi s r anscrl , wWhich

nce of . the chi merl
was det ect e@‘“’gt El’f‘ﬁ?%\?el L ?t%@EBngrevﬁ gén‘;ﬁMl es

therefore %@ahelcﬁseotottﬁetcéaﬁélg@”r?eﬁadoe&ﬁhmglaa%tédmsﬁm.%awe st in
| eaf devel oprent i s appeared in strict correlation to the transcrlptlonal

actividy of atthe bottamskrtyeen tes by serAloHPSMBuCi bility in this fanily,
carrying a single T- Gsubsequent generati ons
09,5275 T Bt s o W sk gbctuen

(up to T4 now). But is con to heterozygous pl ants,
whi | e hormozygous pr odrgyred tepresents & €9g-APJweenstecln phenocopy late in

veget ati ve devel opnment. W take this as an 20 indication that the anmount of
the chinmeric eng-STMGR protein is not allowed to exceed a threshold |evel)
an assunption also conpatible with the few stm phenocopi es observed anong
primary eng- STM GR trﬁm S. Presence of the hornone in addition to
the t orary arrest activity effects growh of |eaf prinordia.
Petioles of immture | eaves hardly elongated in conparison to control
plant, the leaflets in eng-SIMGR plants c equently remai n closely
attached to the shoot—-’éﬂlgle—w QB“PE’P&FGBS Qﬂﬁgr ow h of the leaf |amna,
which is often associated with leaf curling. Mdst of these defects in |eaf
devel opnment resenbl e observations in sfm phenocopy 30 plants, where
initiated | eaves gendergatign gf pRTPeng y conpared to wild-type plants or
unaf f egt ed progeny f; C ™
transg@nl c plants |stﬂﬁe glplgékaﬁ@wﬁ%ﬂgg%f%%g%@e gmgﬁék%o'vr\'/eeeg?lg may be
a consequenetalpfl 985.eTlis tclone was obtainezhbyvirisertingea 2kbhBcoRhiragment ofgthe

engrailed cDNA in a pEMBL vector. The engrailed cDNA sequence is identical
to the data base entry (Genbank Access. M 10017) except for the lack of the 3'



WO 001 47754 24 PCT/ EP00101524 donmai n. The dexanet hasone inducibility
strongly favours the assunption that the chinmeric eng-STM protein exerts a
dom nant - negative function internally the plant cell nucleus. s Exanple 7
Expressi onyfgolse C-t ermi nal del etion pol ypeptide eng- STMp¢fgitabois4 f urt her
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C-termnal deletion polypeptide eng-STM (dHD). This deletion protein still
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- | Jberlacker et al, (1996), Mol ecul ar Breeding, 2, 293-295 - U nmasov et
al) (1997), Science, 276, 1865-1868 - Vain et al, (1989), Plant Cell Tissue
and Organ Cul ture, 18, 143-151 - Vain et al, (1989), Journal of Pl ant

Physi ol ogwo 083254 537-540 is - Vos et a%) (1995), Nucl ei cre/ERPW/ORRdear ch

23, 4407-4414 - Wtzgall et al, (1994))7 Proc. Natl. Acad. Sci. USA, 91,
4514-4518 WD 00/ 47754 2~ PCT/ EP00101524 CLAIMS 1. A chineric DNA
construct conprising at |east one s repressor sequence in transcriptional
fusion with at | east one plant-specific sequence that codes for a protein
or fragment thereof that binds to DNA or that activates transcription
either by binding to DNA itself or by interacting with a DNA-bi ndi ng
protein ; said repressor sequence being operably |linked to el enents
allowing the io transcription of said fused sequences. 2. A chineric DNA
construct accordi ng Exampla 2; Congfrarct BRIAPY repressor sequence is at | east
the repressor domain of the Drosophila engraiied gene (eng). is 3. A
chimeric DNA construct according to claim1, wherein said repressor
sequence encodes forENG- onireg-st -associ at ed box-A (KRAB-A) donain

el
of zinc finger protej r r I . I i ption
Pacior (RESD) br Ot ot seqliencdorthe 4358 bodiG rblio st IKUselds HIQRRGH) B O
Bric) domaimJack etcalk(1992) amdROiienioali to.thd data bdsenentnc(GRdbankrsAceass

accordi ng tcbfﬂ,éégf claims 1 to 3, wherein said plant-specific sequence
codes for at * a DNA-bi nding domain of a plant transcription factor. 25

5. A ghineric DNA comgd RS cDNAXISHE Bodifig TegioR ié fusdtbioca Mydésitope at
transcription factor is selected fromthe group consisting of STM AP3,

ZmHox, M- 43 CArkaxy-terminua, The proteln cading: Fegiorpitelyding the owC SPREPYMAS t o any
of clains . p QA hddigalS Cinsa :
transcri pt %S%r@ dii%g(‘g%ﬁ’ 'ggpméﬁ@?d gﬁl‘%g?#&ﬁ?]lgsgﬁﬁpg?tf ' -Fh%\DFég%j/'t'érl‘ 754
PCT/ EPO0/ 0 BspaHDigagment was inserted infa tbe Bamkt siteyet BRAKIeHIt Shigrepnstruel| ai ns 1
to 6, was designated as pRTQeng-AP3.

15

Example 3 : Construct eng-STM-GR
ENG-STM-GR
For fusion of the chimeric eng-STM polypeptide with the GR
20 domain (Lloyd et al, 1994) a Xhol site in front of the TMV Q leader was
converted into a BamHI site The eng-STM coding region was then inserted
into pBI-AGR (Simon et al., 1996 ; Schena et al., 1991) as a BamH| fragment.
The artificial BamH]I site (see above) in front of the natural STM STOP codon
fuses the eng-STM poypeptide in frame with the GR domain.
25
Example 4 : Obtention of transgenic plants
A — Arabidopsis thaliana
Both constructs, ENG-STM and ENG-AP3, were inserted into
pGPTV-Bar Asc (Uberlacker et al., 1996) by use of the Ascl sites flanking the
30 expression casselte and subsequently transferred into Agrobacterium
tumefaciens, GV3101. Infiltration of Arabidopsis immature inflorescences
followed the protocol of Bechtold et al., (1993) with minor modifications, as
follows :



further conprising a sequence that encodes at |east the hornone-bindi ng
domain of a steroid hornone receptor, said sequence being in frane with the
fusion construct consisting of at | east one repressor sequence in .
transcri pwogahiss fusion with at | east one plant-specifi BCHERWOIEE t hat
codes for a protein or fragnent t hereot® that activates transcri ption either
by binding to DNA itself or by interacting with a DNA-bi nding protein ;

wher eby the nuclear |ocalization of the chinmeric protein, that is the
product of the transAesﬁriglmAoi‘umefadiehssbmnymssgmumtatimaﬂ&qmmjcﬁwml)dn t he

application_of oi,d r anal oques, t here . hi meric
DRIR lzons!trdﬂ't"dailg%r'ﬁ? gi%ﬁq?n % glsr?cgréqrgs%o} rgo}’l%asgleﬁ‘ggﬁtgq mlai n l)f
steroid hmbaatmetrm@m)t Qrmms mgsobcneroltebl adpey Cldonias abums. Froppdleist i coi d
receptor. is 9. A chineric construct accordin of claing 1 to 8,
wher ei n th@’%qL@Hﬁenpé' ml PRGH AtP ??JWHHE‘HN o‘wod%' Eﬁ %‘é’ﬂr‘é&%%ﬁ*agequence
conprige aeﬁﬂﬁétthb‘étbé/&o-@r"yﬁfﬂhbeﬁo gZIQaépperAitél‘?Whl&%rb drb@ASWith \WPG'roWsth a DNA

construct accor di ng to any of claim1 transgenl C ant or parts
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conpri sing ti&e teE)I-Sgure 1), the petiole of this single leaf originates centrally not
laterally the petioles of both cotyledons. Exceptionally shoot apical meristem
20 (SAM) activity in eng-STM plants was completely terminated after initiation of a
single leaf. Generally, however, subsequent primordia all develop in the same
fashion and with accidental timing. These trans-dominant alterations
phenocopy weak stm alleles and have been reproduced in various independent
large-scale experiments (< 1000 transgenic T1 progeny). Generally stm
25 phenocopies are found in 75 % to 90 % of the primary transformants.
Alterations may be subtle early in seedling development but are manifested
with increasing numbers of leave primordia until the primary SAM ultimately
looses its activity in the vast majority of transgenic eng-STM plants.
Concomitantly or after a short break axillary meristems are
30 activated. The resulting secondary axes exhibit weaker phenotypic alterations
and often develop quite normal rosettes. A peculiar feature of these axillary
meristems is switching of meristem identity back and force between vegetative
and inflorescence state resulting in air-borne rosettes. The numbers of
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whether nuclar import is dependent on pistilata.

30 In summary the ectopic expression of both chimeric constructs,
eng-STM and eng-AP3, resuilts in stable, inheritable trans-dominant functions
phenocopying stm or ap3 loss of function alleles, respectively. Excess of
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()-10% & ()n DenhéheySdt all 9944 ad nay belputtiped and malntalned by successive
prickings every two-weeks on the initiation medium.
Plants are regenerated from these callus by modifying the
20 hormonal and osmotic equilibrium of the cells according to the method
described by Vain et al, 1989.
These plants are then acclimated in greenhouse where they can
be crossed or self-pollinated.
A method of genetic transformation leading to a stable integration
25 of the modified genes in the genome of the plant is used. This method involves
the use of a gene gun. The target cells are fragments of callus having a surface
area of 10 to 20 mm?. Four hours before bombarding, the fragments are laid in
the center of a Petri dish containing a culture medium identical to the initiation
medium, further containing 0.2 M of mannitol + 0.2 M of sorbitol (16 fragments
30 per dish). Tissues are then bombarded as previously described. The dishes are
then sealed using Scellofrais® and cultivated in dark at 27°C. The first planting
is effected 24 hours afterwards, then every two-weeks during three months in a
medium identical to the initiation medium but containing a selective agent. The
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In an other embodiment, the transformation of plants may be
carried out with Agrobacterium tumefaciens and immature embryos, as
described by Ishida et al., (1996).

15

Example § : Expression of the endogenous STM and AP3
genes

One explanation for these phenocopies might be homology
dependent cosuppression mediated by high RNA levels of the transgene. To

20 exclude this, transgenic eng-STM or eng-AP3 phenocopy plants were
subjected to RNA gel biot and RT-PCR analysis. The chimeric transcripts
derived from the CaMV 35S promoter were easily detectable in total or poly(A)”
RNA from pooled seedlings or flowers (12 individual progeny) probed with the
STM or AP3 coding regions. Generally the high abundance of chimeric

25 transcripts interfered with the detection of the shorter native mRNA in these gel
blot experiments. Discrimination was achieved by probing with the natural
3'UTR sequences that are lacking in the transgenes. The result obtained for the
STM 3'UTR confirms transcription of the native STM gene although at a
significantly reduced level.

30

This reduction is not due to absence of the STM or AP3
transcripts in individual T4 progeny, because the native transcripts could be
detected by RT-PCR experiments in each individual phenocopy plant. To
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KKK- KqKLbC cblnllﬂ%ltjcms(fpded to detect the endogenous transcripts because the unique
forward primer achieved saturation by excess of the chimeric amplicons. In
contrast the predicted PCR products, 456 bp STM and 466 bp AP3, were easily
detected with the gene specific primer pairs. We have not tried to quantify
10 these RT-PCR experiments because we wanted only to confirm presence of
the native transcript in each transgenic plant, but the amount of amplicon differs
between individual phenocopy plants. The level of endogenous gene
transcripts is always significantly lower than in wild type, a reduction, however,
which coincides with significant morphological changes in the expressing
15 organs. In eng-AP3 transgenic flowers the appropriate organs, petals and
stamen, are lacking and converted to sepals or small carpeloid filaments.

Example 6 : Phenocopies rely on the incorporation of the
chimeric eng-STM protein into the nuclear compartment
20 Although the changes in size or identity of the expressing organs
might explain the lower transcript levels observed in stm and ap3 phenocopy
plants we aimed to elaborate further evidence against homology based gene
silencing. The chimeric eng-STM polypeptide therefore was expressed in C-
terminal fusion with the hormone-binding domain of the glucocorticoid receptor
25 in transgenic Arabidopsis plants. Due to this addition the resulting eng-STM-GR
polypeptide should be cytoplasmatic and incorporated into the nuclear
compartment only after hormone application. A linkage between the
dexamethasone treatment and alterations in SAM activity thus should depend
on the nuclear import of the chimeric eng-STM-GR protein and be incompatible
30 with cosuppression.

Some of the primary transformants (T,) obtained with the eng-
STM-GR transgene exhibited weak stm phenocopies. To test for
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interval in these. In contrast after dexamethasone application only a single leaf
primordia gets evident in the transgenic eng-STM-GR plants. This result was
10 representative for 7 out of 10 transgenic progeny. The residual three transgenic
progeny showed a normal development progress, however, RNA gel blot
analysis revealed absence of the chimeric eng-STM-GR transcript, which was
detected at high levels in the responsive progeny. These 3 escapes therefore
are related to transgene silencing and the temporary arrest in leaf development
15 appeared in strict correlation to the transcriptional activity of the transgene.
Dexamethasone inducibility in this family, carrying a single T-DNA insertion is
inherited to subsequent generations (up to T4 now). But normal development is
confined to heterozygous plants, while homozygous progeny often manifest a
weak stm phenocopy late in vegetative development. We take this as an
20 indication that the amount of the chimeric eng-STM-GR protein is not allowed
to exceed a threshold level, an assumption also compatible with the few stm
phenocopies observed among primary eng-STM-GR transformants.

Presence of the hormone in addition to the temporary arrest in

25 SAM activity effects growth of leaf primordia. Petioles of immature leaves
hardly elongated in comparison to control plant, the leaflets in eng-STM-GR

plants consequently remain closely attached to the shoot axis. Also retarded is
growth of the leaf lamina, which is often associated with leaf curling. Most of

these defects in leaf development resemble observations in stm phenocopy

30 plants, where initiated leaves generally grow slowly compared to wild-type
plants or unaffected progeny. The only pronounced difference compared to
eng-STM transgenic plants is the lack in petiole elongation, which, however,

may be a consequence of the C-terminal fusion with the GR hormone-binding
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plant cell nucleus.

5 Example 7 : Expression of the C-terminal deletion
polypeptide eng-STM (AHD)

To further investigate the mechanism transgenic plants were
raised expressing the C-terminal deletion polypeptide eng-STM (AHD). This
deletion protein still spans 296 aa of STM protein sequence including the

10 conserved KNOX (Biirglin, 1997) and ELK domains (Kerstetter et al., 1994) but
lacks the DNA-binding homeodomain. Transcription of the eng-STM (4HD)
transgene was confirmed in BASTA resistant progeny by RT-PCR resulting in
the predicted 192 bp amplicon (compared to 374 bp for eng-STM). The
obtained primary transformants exhibited stm phenocopies in frequency and

15 strength indistinguishable from those observed with the full-length protein. With
this construction, the trans-dominant negative function provided by the chimeric
eng-STM protein is therefore independent of the DNA-binding activity
contributed by the STM homeodomain.

Further results obtained in transgenic Arabidopsis indicate that

20 only 50 amino acids residues of the STM protein are sufficient to mediate stm
phenocopies in fusion with the eng N-terminus.
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1. A chimeric DNA construct comprising at least one
5 repressor sequence in transcriptional fusion with at least one plant-specific
sequence that codes for a protein or fragment thereof that binds to DNA or that
activates transcription either by binding to DNA itself or by interacting with a
DNA-binding protein ;
said repressor sequence being operably linked to elements allowing the
10 transcription of said fused sequences.

2. A chimeric DNA construct according to claim 1, wherein
said repressor sequence is at least the repressor domain of the Drosophila
engrailed gene (eng).

15

3. A chimeric DNA construct according to claim 1, wherein
said repressor sequence encodes for at least the Kruppel-associated box-A
(KRAB-A) domain of zinc finger proteins, or for at least the RE-1-silencing
transcription factor (REST), or for at least the BTB (for Broad-complex Tramtrac

20 and Bric) domain, also known as POZ-domain.

4, A chimeric DNA construct according to any of claims 1 to 3,
wherein said plant-specific sequence codes for at least a DNA-binding domain
of a plant transcription factor.

25
5. A chimeric DNA construct according to claim 4, wherein
said transcription factor is selected from the group consisting of STM, AP3,
ZmHox, Ms-41-A and Zm41-A.
30 6. A chimeric DNA construct according to any of claims 1 to 3,

wherein said plant-specific sequence activates transcription by interacting with
a DNA-binding protein.
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further comprising a sequence that encodes at least the hormone-binding
domain of a steroid hormone receptor, said sequence being in frame with the
fusion construct consisting of at least one repressor sequence in transcriptional
5 fusion with at least one plant-specific sequence that codes for a protein or
fragment thereof that activates transcription either by binding to DNA itself or by
interacting with a DNA-binding protein ;
whereby the nuclear localization of the chimeric protein, that is the product of
the translation of said fusion construct is dependent on the application of said
10 steroid hormone or analogues thereof.

8. A chimeric DNA construct according to claim 7, wherein
said hormone-binding domain of steroid hormone receptor is the hormone-
binding domain of a glycocorticoid receptor.

15

9. A chimeric DNA construct according to any of claims 1 to 8,
wherein the elements allowing the transcription of said repressor sequence
comprise a constitutive promoter.

20 10. A host cell transformed with a DNA construct according to
any of claim 1 to 9.

11. A ftransgenic plant or parts thereof, said plant being

transformed with a DNA construct according to any of claims 1 to 9, or deriving

25 from a plant initially transformed with a DNA construct according to any of
claims 1 to 9.

12. A method for obtaining a transgenic plant according to any

of claims 10 or 11, wherein a DNA construct according to any of claims 1 to 9 is

30 transferred and expressed in a plant cell and said cell is cultured under
conditions for regenerating a whole transgenic plant.
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the steps of :
i) obtaining transgenic plants transformed with a chimeric DNA
construct according to any of claims 1 to 6 ;
ii) comparing the RNA population from said transgenic plants with
20 the RNA population of a plant that has not been transformed with a chimeric
DNA construct according to any of claims 1 to 6, by amplifying the RNAs
repressed by expression of the chimeric DNA construct, identified as genes
inactive in said transgenic plants obtained in step i) but active in the plant that
has not been transformed with a chimeric DNA construct.
25
16. A method for identifying new genes in plants, comprising
the steps of :
i) obtaining transgenic plants transformed with a chimeric DNA
construct according to claims 7 or 8, comprising a sequence that encodes at
30 least the hormone-binding domain of a steroid hormone receptor, and/or
according to claim 9, comprising an inducible promoter ;
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