AUTOACTI VATED RESI STANCE PROTEI N The present invention
concerns a nucleic acid which codes for an

aut oactivated resi stance protein for generating a
resi stance to pathogens in plants, the use of the

nucl eic acid for producing a transgenic plant as well
as transgenic plants. Plant di seases caused by fungi,
virus, nematodes and bacteria cause large |losses to

har vest ed podod SIFATRIPRRS AT RRCEIROTER, -

| abori ous application of chenlcal pestlcides si nce

t he, nat ur al defense nts
The prgsal SR CaRTey S A TG SpI A et tysiggnce protein
for pel@Atedtd adsisRALS QO BMRBodehs Gt flhtsy tlﬁol.lsﬁfﬂf the Hhd1éi6 @cid Tioe eoducing a
def ense nechani sns i ncl ude hypersensitive reactions,
transgenigeplawg ps wesll|as rapsgepigplantsdeat h  of the host tissue at
the infection site, the strengthening of the plant
cell wall by lignification and callus formation, the
Plant discasest camsedoby pfmygipalres;immamdds tahé hactodwccmilsenlaxye losses to harvest

PR- ( pat hoge |s r r ot The
worldwige, GPIERE dhe Gty 3rihE peBeSod st uig i Bsise thg costly and
laboricws tabpladatiom oﬁf:hérﬁl@all ﬂt@tllkﬁ@éi sitled eeSatiTBRICAdiss fiechanism of plants to
According to Flohr's gene-for-gene postul ate the

fend agpingt or delay angh cwb Jag apreadythe madordty gt tPHteBU@dlth@g?R*}n%‘l‘WﬁnﬂY do not
sufﬁcep'Eﬂés@ l{Brefde ﬂeéﬂhﬁgﬁpLelud@g&%‘g&f ife JERGods e cORRTd leﬂllar death

reby triggers t In defensive reacti on.
of the hm;Jt tissut yt b infbetioRr-sgethes stoangthsning af @gqﬂam edl imall dvyﬂngméicatlon and
SES COokT espon ing to the ruct
callus % (%nel fopgetp%%&k@pﬁ%?mé &Bétttte,\%rpﬁﬁlc of g#r@%a%e)ne&s-related)
protem@l Bt&Spldnt iré¥istande et (B-gehs) Mfeteeg @ittecntes 1fd$1&he haivatien of the induced
whi ch codes for_a serin/threonine-kinase. The najor
defens%fch]q@ni;p% n‘}ccp@‘dg% & Flobne \gepe-1q1:8e8¢, @oﬂgla{eh e protem 0 an R-gene
interacBURfR faadBle¥Yp B %eﬂle@iea? mitfdbfl aGi?ﬂ&Jeoéen@ (Avr- gene?1 and thereby
nucleotlde bldlng site" (NBS) and a "leucine ric
triggers theaaduced debR)siveNBBLPRR- genes whi ch exhibit on their
N-termnus a "coiled- coil"-structure (CC) such as,
for exanple, a "leucine zipper", are categorized as
The mﬁ&ﬂﬂyBS{HeRRgem ras botatédonizsd Mito Rvgelagss afrresponding to the structure of

the Ry égﬁcm cuatreflil Cﬁ%%ltly e bk Bl ggpe of the

tomato? ‘Mﬁdﬁeco@ﬁ ﬁfrrﬁ Bt/ thfeoRinBkehase. 'Phecm%ﬁﬁi Of the plBHUYEBERs however
Wi th honol gy to the animal TIR-re

belong to thsisupsrianey MBRiLRR-genssewhich cyde far h@lﬁéﬁﬁ’tlﬂh piding site" (NBS) and
n R | n
o tese MR ORRTNBOTHOL A ST0ROK cRRUE o, B g et
coﬂ"-silrmnmd (CQ) suchssefor eramply, s liganindapps”, (aTe eategetrized ay CC-NBS-LRR-

genes TR I B £ E R BT B i it 8 SeiopeBrL s 3 meludes
the R—%@E@ oNPIR-NBS-HRRBPo, WIRNEY. ﬁ'g' 8n tHANSIERREANEPIAQNSH & C-domain a

TM and an extracellular R The fifth class
sequence with homolgy to the animal TIR-region ("toll-interleukin-1-receptor"). Although the

TIR-NBS-LRR-genes comprise approximately 75% of the R-genes in Arabidopsis thaliana, they

are however not found in grasses nor in sugar beets (Tian et al., 2004).
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i ncludes the Xa2l-protein fromrice, which is

constructed froman extracellular LRR-domain, a

t ansmenbr ane- domai n and an intracel |l ul ar

ki nase-donain. Wiile R-genes are only weakly expressed

by the R-gene pronoters, a strong, consitutive

expression of R-genes of Classes 1, 2 and 3 results in

an activation of the plant pathogen defense nechanism

: [

The B of B RRSRAE el At TTORAC oF P ¥haty K=ot have no
NBS-dBmpinphewevef T dnagsmeemlzrhng doi@98 (TI) dndyl extradel Btlarskiv Bhe, fifih class

. 1998; ndahmane .et al .,. 2002). eral |y howev h .
include3 JHE Ko rPIogn SOEH Hih i s FoBRoksc a2 R HE R Womain, o
tansmeBlbRaeSdonfuiR R iatradlluMi kiRasegloafir cal | y undesi red
characteristics, such as mcronecrosis (Tang et al.,
1999) or dwarfismof the plants (Frost et al., 2004).
while R Blich 3L OF ST Gbrg o IF SR OBRL MRRIATSOL pirong consittive
expressipreof Rigensafdassesdl, 2rmnd § resilts inran adtivation ofttbe plontpagitogen defense

CC-NBS-LRR or,, _as the case be. .TI R- NBS- e s
mechaffidt ebis erisefiy. SgEnBEREoRle finuiel eche Pl therewit in
autoactfatioR of tHER-Gas€in TE¥ndo&  al | R99; dodmiyd and Btaklbevif -19e8)Batiahmane

t he potato (Bendahmane et al., 2002) and the
etal, 2082 donmi ns of the L6-gene of flax (How er et al.,

2005) results in nmutants, which, in the absence of the

correspondi ng avi rul ence gene, after transient
Generally howsyérdhe consiitutisit everexpressmatdf R-Perlcstin transgripe plamtsnis gssociated

.. With the Rx-gen how t.hat et | L se
with affohpipleafly ShRa, FARe T, S50 RoRBENE, TTARTH bE5159) or
dwarfidoh Ptk pRneERrdst ¢t@pe200d).cel | death after their

transi ent overexpression, which occurs nore rapidly

than in the case of use of the full-length R gene.

A fuﬂhé%ﬁ&%bﬂﬁjy SF HRMhuRSaP@fibR of ROptblefhs P IAH&S? A3 is the mutagenesis of
-domai ns, also the P-l1oop, the kinase-2 and the

specialcenmptreecbarking asid-maetifoin thp eompisteddraiBis LRRrprcasrthe ease may be, TIR-
r . sh ' . - ' e

N A L 8Ll bR AT LSRES, 18 oy v, L

domairishef thoRpekere Bf genmtdtB¢Rcalahmaee etedl., 2002)26(d2he NBS-domains of the

WP439492° 1} 2 An. a ctivation of the L10-gene of
L6-genp o, Mg, (Hoglitechl-cRoD testBo it et et gy sbsence of the
correspoBAiNR blifiNencegefe, ahe thABRA ckbRsdBS hiBReREREGIRN, Whi ch

was conpri seg of TIR-domai ns and 34 anino acids of

the restricted NBS-domain inclusive of the P-1o0p
Dok 4Bl i, N0 ULSOP L8 R s or v c
domairtsrandsgetsi af thpNiBS-domamelikpsdse castigghed deli deathcaftartheir transient
overex%g%gc%? tvslrh\{c ' l)(g;rl]lrsorfnm% %E)%tlye than ilnet g Scastv::oo t?see(lfeﬁ{ea tﬁ?[?—length R-gene.
" These deletion products require, besides the CC-domains, also the P-loop, the kinase-2 and the
complete kinase-3a of the NBS-domains. In contrast, a further shortening of the NBS-domain
leads to a slower HR-triggering or initiation in comparison to the compete R-gene (Bendahmane

et al. 2002).
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resi stance without sinultaneously detracting fromthe
agronom ¢ characteristics. Attenpts to stably
transformtwo autoactivated full-length variants of
the L6-gene respectively under the control of the
native L6-resistance gene pronoter or a fungus induced
pronoter in flax resulted either in normal growh
fungal susceptible or to dwarf fungal resistant plants

An aut&zi&'%%loil o%ttheat% er?eoo(}%ax !1 eto? ¢ask @ec&u?@ gc Qfhidag by formation

Fesent. dnventl Bn 1o S0’ he "defensi v
of a slﬁ)m&ﬂéﬂ TIR-WBH-LRRgiratein, a@mlnsﬂas cpmphsr@emi‘sTIR;-domhaS ap¢hé4 amino

. ense r n of. the pl ant _can relia
acids og W%ﬁﬁ&T%ﬂaﬂb‘nﬁlgfl g@@ﬁe P%P?% (,’St\ﬁ* #n 2he{4)h owever
negatlvely i nfluencing the agronom c characteristics

of the plants. In accordance with the invention the

Althougle mulgplk npethagls| of e'rf@tq@yméﬂtlﬁa of R-gengsiage knpw b, SowRe; trgnsgenic
f

plants %A)Y?bteﬁpd?s?%?nédt ﬁ W 3@‘({\/%{2&25 atrgiglg%g]gwtﬂi %ﬁelevated fungal

resistaricBRvitlemt sirmﬂtasecgls]yede{lhmm ﬁaamheoagrdnmnbe ghamattagstiss. Alempts to

sy PESTHBIEL o NSNS0 i 2, PR B BRI By e e

control T IhSAANG 169%1&31106%&3 pﬂjlh(i‘dt@i ¢ zﬁﬁmgﬁs idicel Q)rc'brﬁétblahleﬂhx resulted
fromplants or be produced synthetically, The

imted
either igapormgk gromeh Qmsal prcenibleerifcdwyd @%&Sﬁéﬂ%ﬂ’@ﬁgﬁomls et al,
2Oos)_start codon for translation (ATG codon) and extends
to the NBS-domains, which are basically characterized
by the P- Ioop (kinase-la notif). For the function of

Itis thl}gl'lﬁ? %‘g‘b tgths p{es 1111\6:85?1}1& 59 dlé%l ﬁrgﬁ?nd? ﬁ%ea&ggth ﬂﬁﬂ&' a plcjﬂﬁl against

pathog&RCd BASthe Hefche dEitoh BRilcbOomitRan b¢ rélhblyNBﬁv:itE%Rfollowmg pathogen
resi stance gene, shoul d al so no | onger [ es

attack, piRhentdowey g degatiygy mﬂwc@atﬂil%%owmf ﬁléar Stla%ﬂéﬁhﬁglams

i nclusive of the P-l1oop nmay renmain, as long as they do
not interfere with the triggering of the HR
In accofdARABG 1B thelhve@tiTh thetset task g solyed by ¢ avndeic eeidj whigh decludes a limited

part of E wﬁgﬁR-rBsmtu ndef Sé %Hcht Sidlas 831%8@ S'aenﬁr ?Eh%' c%deci"@%& Qf the NBS-

a correspon ence
LRR- rﬂ@fsﬁﬂb@tgeh@ﬂdﬁmﬁtﬁ:aﬁﬂ t@aclid beginmng tof ﬂ]heNBSahtnapabﬁctgeﬂ\lBS -LRR-

def ense nech ni rel ati onshi,
rsistarch s PRGNS LBRaTESECE B I B & BB oh R resigonce gene.

Such ni@&t 86i8SCH YeGsRRENRERPIarfor el RbdREd SptREtaRen a
resi stance proteln and an avirul ence protein iIs

necessary, whereby the defense reaction of the plant

The lnmf?l ? pgn% &%%Bé; L.I’L%.Sr{ ]?egltstaﬁ!:é é[e&ng%r %{1% 21{: E(IQ \g/tla%f <8k for translatlon (ATG-

Nore re i'on can
codon) f i e&tanisl e thy HBS{cbnmmmwlmhea&xbas&&Hy mhamf:tenhal by the P-loop

) resis e Over expr essi
(cinaseglRgp AT U BHwPLGhe ARG NECARAY RSB A Gateere pgee the -
loop sh8X a8ESEHcIL@ed. Similarly, other sections of the NBS-LRR-domains of the NBS-LRR-
resistance gene should also no longer be present. However, individual nucleotides of the NBS-

domains inclusive of the P-loop may remain, as long as they do not interfere with the triggering

of the HR.
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the extent that the signal transduction cascade

regul ated by the R-protein is activated in the

absence of the correspondi ng m crobial avirul ence gene
product. Thereby, a pathogen defense nechanismis
activated, which is manifested by a partial or

conpl ete di sease resistance. An autoactivation of the
resi stance protein can however also be acconplished by

he terf) 3R 884 Biyals e, B HEN SR ety yich in te

absenchEﬂ d cc&&spdiﬂ@ta?&alegemgemfpr@dwt badsam(ﬁntagtlva’t@nfib thegplan pathogen

defensel\tpq. Q}ngrﬁ r8]?1 Srtegt t']?[c\| I?rﬁrg nd LRlﬁa? (Rfmatg%e Ihgf for formation of

a resistdeee @@?ﬁ dgend\ﬁasnﬁ’&ﬁ@ioﬁ befvaen N—rediﬁdirﬂib @btﬁelmaﬁdhsn aviniléncs protein is
case that the 5 -end of the coded area of th

necessaNBYerRY thesdefinspeactinaref thepleitas ptmpgﬁ%bstaawat%wareo@mly and
ultunatélgﬁlo'l)’ercﬁﬁtqy that the P-1oop of the NBS-LRR-resitance
'S no included in its effective or operative
structure In the sinplest case the P- Ioop IS
conpl.et el ted ver I
An autqzﬁ ahon & 08%1H’ léﬁ?éﬂrﬁ’l? :ﬁ‘frtaht ansrtl:gtt %5 &%re}sg%ﬁ ot?gﬁé pe@ﬁtaﬁfze gene.

Overex?l%!ﬁ‘on fnBants Higat ﬁi@:tdibfesilblﬁﬁtrdn@ﬂlyofd@e mﬁraBRigmerrohmmﬂesr exceeded to
he triggering of the HR Wth t enin

h
the extppShatFRe FEBPk HHBEUGERCPE HEEIRPL Y i B -Pfategfb iy pivated in the
rebil| £ pathdgé8 defense
s RS g8 Sncs D T
mechanisnd Bractivataly whichtihmanifestaddnie papiad o cenmlgaudm@@w registggice.
1996) and Pfam (Sonnhanmer et al., 1997), as well as
those notif definitions provided in Bendahmane at al.
An autda’@@ation oflfie: resikthhdRairedinasan rlﬁmv&chlso'fﬂ’eeacu&aplishedl he shortening the

full-len%g%rgigg&egﬁg- g E{g@l %‘ﬁ{].\%gg_é§5 %%{11 £033 g‘ﬁ@ﬁg? Qg ﬂget spgar beat as

well asttH§ st %én%rlﬂttﬂe 5SENE: the 5'-BarBDHichaddidek biilly FaettengBSfand LRR
ce e plant tissue. In conbination with a

domaintfeﬁeﬂ‘égmmmusdlﬁ debpretepsr wbisive of apopsiple Sfedomaig B§-domain free N-

at hoge defen e c :

cmind S5 L LR DAL ST AERHIHEN e Ry e s

extendsdonMpis6é IfarCﬁwaﬂis the 3'agtido deit itheaP-debpoyl ﬂhnNBS hﬁRartemtanse igene is not
as the.case

included STl B PBHIGr SEE by Sl Foa e P10 58 completey

deleted BEtWERr iddividd80MicldkingLof HR Iﬁhﬁptdﬁﬂ q€mMnga e sh(ﬁ*tened resistance
conparison to the full-length R-gene, is _able t

gene, tethelextsnt thai fhgedo oel Jlow gehinger the §pggeriag oggbﬁ et stth the shortening
of the ﬁﬁgfﬂ -re t%ceg]a%e $09%d g]nt%g{ugugea@s% B KLER-, l&ﬂ%@@ E¥8.PC- and

elrn concentration or t he pat hogen
MHD- rdaifenlemsrvemlﬁdm ﬁmldﬂgaa:nmhasclkie eccoshiogite tho nnfoheatﬂngé tilee databank
7. Th he . ki nase-1.a

Prositc (BgoRiert dint WOFhankPit dSSTIATRE 4 obe 4T3 oy el as those morif

deﬁthﬁﬁfr@ﬁH&f inFdnfahrh@e aCIP002)CRE divifiaddd/dr r&go@&’dot ei ns
Traut, 1994) and is located in the NBS-domai ns of

NBS—
The use of the shortened R-gene 165_#176, 135_#147, 13033_#159 and Bv12069 and StR3a-#1-

155 results, in comparison to the full-length R-gene, in a more rapid triggering of cell death in
the plant tissue. In combination with a pathogen inducible promoter, an improved induced

pathogen defense mechanism can therewith be induced. This applies also for those R-proteins,

{WP439492;1} 4



LRR-genes. The P-loop characterizes the N-term na
area of the NBS-domain (Bendahmane et al., 2002). The
consensus sequence of the P-loop for the R-gene Prf,
Rx, Rpm, BvKWS3_ 135, BvKWS3_ 133 and BvKWS3_165 i s:
(]J\O\KXhﬂI)CIXL/I/S)GKTT(L/V) I n surprising manner
it has been found, that a particularly good
autoactivation is possible with nucleic acids which
. [ [

which £ bP by @Rty A6l in S RAUEREn e R SEITRE East B be, VED

domaimsegtieh elsowmm efprésvioXofthe gEhe 1 3 ¢fidhael Brd{ WiS3 DIS-BAR0OV.
AVLXDAE are | ocated for exanple in the SEQ I D NCS:. 13
and 15. Preferred nucleic acid sequences are those

Since thé SHBrich& R%kh@\m &ﬁn é!lpﬁ) the fulNIaLEB ®-péle, Basleas eglier trigger cell
according to mé% or a nucl eoti de sequence
1

death, @Wﬂﬁrm?ﬁircyl ces ﬁgthﬂﬂ%qu&g@we@ﬁi% toebesvapsEtiga protein
0 Cas WBIiCBhown for the R-
Concenﬁgﬁ%d gl zes E)atﬂ{)%e?l Eéégéls%cfn m%ggglg%ue%sce accocpxcrzlrl1 n%r t oe s
135jﬂSEC IDNO 1 or a nucleotide sequence conplinentary
to the nucl eoti de sequence according to SEQ ID NGO 1;
b) nucl eoti de sequence according to SEQID NO 2 or a

The P- Ib'éﬁ befeikitfis& SAHRACR, ©Q8MAED Wilitha kihab®2 ahdRinBdec3 ﬁ:ehf dRaracteristic
equence accordin to SEQ ID NGO 2 or a . nucleotid

for ATB@@ G¥cly drolpiries projains di 1%51996@ 4 i iecatsddn dist NHg-domains of NBS-
LRR-gSfYPHE B. l@tﬁé:vg c%zteé%hé@@térﬁhﬂpare% R thANBY R0 #Sendahmane et

sequence Imentary to the nucleotide sequence:
al., 2002).cBireddonggnisigs @En@m@oﬁme P2loop \fertBe Rogene Pr6 Re) Rpm1, BVKWS3_135,

o Q4558 SRS R RS TORENNZ, & 2o

sequence according to SEQID NGO 3 or a nucl eotide
sequence, which hybridizes w.th the nucl eotide

In surpgfé@aéﬁ@@%ﬁ digs Brangloppr, dhat 4 pyriigylar BrodAHRRE A0 g possible with

nuclelcsa%?déggﬁ&l c&ﬁrfm érpﬁ‘rﬂfn@ Fafidt s%qﬁéh%e Wx‘lﬁl LRUhGR SRAEENYE In particular,
according to SEQ ID d) nucl eotide sequence

the nuelcisoadidngodeolaBHY: Isam@ce st AVREEAT! Tt sequenmetit DAE and
AVLXERT e Rl e el IR D N IRAMETER, TrC0 119 1

hybrldlzes Wi th the nucleotlde sequence accordlng to

., 4 or a nucleqtid ence conplinmentary
Preferr%meq%%c ?ﬁ}é PLTERGTE ageé %&3@%% BYPREQ I D NO 4
and e) nucl eoti de sequence according to SEQ ID NO 16
or a nucl eotide sequence conplinmentary to the
a) nuclpetilecroqiaies sequingto SEQJIPINAY 1 tob agEclepiilaoquense gpmplimentary to

eot i de Sgque r
the ool < BERAERRER S0 FONX Y SRR bo S ybich s
with thelchrblide sequpued caecordingplio nEBE ally NO: t heornachededtide sequence
comphrsnggtlélu?ynt% ethean(.:ucc ero(t;{lldg seqtugnce agortg)mg to S]%S D NO: 1;

b) nucleotide sequence according to SEQ ID NO: 2 or a nucleotide sequence complimentary to
the nucleotide sequence according to SEQ ID NO: 2 or a nucleotide sequence, which hybridizes
with the nucleotide sequence according to SEC ID NO: 2 or a nucleotide sequence

complimentary to the nucleotide sequence according to SEQ ID NO: 2;
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The Iimted part of the NBS-LRR-resistance gene

extends, in the preferred nucl eoti de gene seqguences,

as follows: SEQID NGO 1 from Pos. 124-654 SEQ I D NO

2 fromPos. 155-598 SEQ ID NGO 3 from Pos. 94-573

SEQ ID NO 4 fromPos. 194-694 The term "hybri di zed"

as used herein neans hybridi zing under conventi onal

conditions, as described in Sanbrook et al. (1989)

e : O0RJj L : ' .

o) muc bR YT g 1 SERIDI NGO U i ECalES Somplimentary to
the nudlevtidle xedpBficeabeodbdifiy MEQ UD MNOBmt a nuridotitly beguevaes hwiigh hpbridizes

. .1 x SSC at 65 C for a tot f ox] mat el )
with (i PR Gipbener HEPHRE &9 NG o] NPomb Gr & Piteotide’ Sequence
complifieAtiP} & thbkdldoiidg bdgichd? adcordingto SEQIDNN@NS! subsequent

multiple washing in 1 x SSC at room t enperat ure.
"Stringent hybridization conditions"” can also nean:

T T

the nudedbisle qerpretdey awashngiy SEQ 2 N@:t4or2: suckStdassuénct, whiSbBybridizes

. t 68,C.., {WP439492: 1 6, Pr rably the resistan
with (5 BRI PG ST £ S Gt cXP6 Bl SpPiBiige sequence
complififeh@ity@dttBsnidcdmide Sdi@atceReardial tPSEQID. Nd:;and ur t her
.~ preferred manner the i-nventive nucleic acid codes for

an am no acid sequence with one of the consensus
' : : il Q48bhed Bompli
0 muERHREERCARSOR N S0 FERA AR el BBt el Somplimeniry
the nucdeptiide a¢qmanceatarding ¢é SEQJBINQe] eacdiaripotide sdquencecwhioh hybridizes

. ach other, for exanple, exchanged w t
with t% &uc%gﬁg -anﬂlep?ee’ac%qgmgrtoo}%’(f iﬁ gl&&?'t Eg Lg}‘s,% cﬁé%ﬁf: pSequence
complitheftary tbhEe Anbleotiad SNents ab@Adan GESEQIDME 15y to SEQ I D

NOS: 13 and 14 represent two functional bl ocks, of
whi ch the separation is not a fixed distance. A

The liRfi& Eﬁﬁ%@ tRERERL RROHQENRCFNRU endD)! ACHE FARTRE niQ6Ride gene
I'n the consensus sequence according to SEQ ID NGO 15

sequenegs, gscfollows in the consensus sequence according to
Fig. 10. The inventive nucleic acid is preferably
conmbi ned with a pathogen induci ble pronoter. A

SEQ IIpathageyin Poduzd-bbe pronoter is activated in reaction
to the infecti f the host tissue by a pathogen,

SEQD?&QE)@%F’%S'AS&S? ul fungi, a bacteria, a virus or a

SEQ INRRBARE PINO4388 hogen i nduci ble pronoter is nore
active duri n%the attenpted or the successful

SEQ IR NQedtfrasmPed. 190691 ant tissue than

The term "hybridized" as used herein means hybridizing under conventional conditions, as
described in Sambrook et al. (1989) preferably under stringent conditions. Stringent
hybridization conditions are for example: hybridizing in 4 x SSC at 65° C and subsequent
multiple washing in 0.1 x SSC at 65° C for a total of approximately 1 hour. Less sfringent
hybridization conditions are for example: hybridizing in 4 x SSC at 37°C and subsequent
multiple washing in 1 x SSC at room temperature. "Stringent hybridization conditions" can also
mean: hybridizing at 68° C in 0.25 M sodium phosphate, pH 7.2, 7 % SDS, 1 mM EDTA and 1
% BSA for 16 hours and subsequently washing twice with 2 x SSC and 0.1 % SDS at 68° C.
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in the non-infected plant tissue. Pathogen inducible

pronoters are well known to the person of ordinary

skill in this art. Exanples of pathogen inducible

pronoters include a chitinase pronoter (Samac and Shah

1991), a glucanase pronoter (Henning et al., 1993)

and the prp-1 pronoter (Martini et al., 1993). By the

pat hogen i nduci bl e overexpressi on of the R-gene,

negati ve consequences of a constitutive expression,

such as, for exanple, dwarfismor disfigurenent of the
PreferaplyatieStesis@ancad germvaiditgdfor abyanitdeetivated rasistines prdieiu eriginated from

denonstrated thensel ves to be particularly suitable
sugar bRt FOES . These include promoters produced by

nol ecul ar bi ol ogi cal techniques, which are not found

in nature in this design. One such synthetic pronoter .
In a furthergpraferredrenianagr the prventtearuclojthacid cordes iferean gminp grigepequence with

ons o TR E QAL EOL b S RCS, S, S50 o

sequenbesn flinngjormlly esjuivalenDbtAitvoaddn garp be teachmmgslicdiatas to each other, for

ranscription factog and ar.e isql at from.natural .
exampl, 355 Sxilee LR Bl BB AU S PP AR i Bl R yih T
or produced technically by chance oriented
reconbi nati on techni ques and are sel ected using

The tweFOnEsIsEs RAUESH? BFFoTdRR IhPEQe) MOS: 13 and Jldygpreaess tye fgnctional
blocks"G# Whith tgé QER-Blon @ moY At A&k (ﬁ%}%&m glrefén%d% dration between both
activated b ew exogenous an endogenous factors due
blocks tcan ibe se¢resisthe emmcesusceasnce e¢dooding hal SEQ Ih0: rldcas! wielkds in the
with more specifi it%. The m ni mal pronoter or "core"
consenglisSEgYcaFe aesoRing fo)Fle- Vysci o sequence, which contai ns

bonding sites for the basal transcription factor
conpl ex and enapl es the accurate jnitiation of

The inyentivsciyelis grid 1syprefreabhnsopBIngee¥ifs @ pathogen inducible promoter. A

pathoglA' MAREHLRS 'tl)_x%!&ﬂo@ersiﬁ%ﬁ%(% HPhdaborPfo {HACNIECRONRE (RS RERREue by a
are the TATA-box, the initirator elenment (Inr), the

pathoger E@ dxampleogmimiu rﬁur@i,gﬂmteﬁa;( BRE)S ardemaede. Thepathogemmducible
prommo PR A PR s SRS e AR o0 B e o

in the nDASnfEtf.il PRIt f¥so@ot er or its sequence notifs are
obtai nable froma generic plant or viral gene. In the

framewor k of the present invention new synthetic

Pathog® R1ARLiBDroitANErsRRER Il RYRIPRAHe pMUHCAT or &% skill in this art. Examples

connection known resistance genes, which are not
of patlegse rinduriblé mromolgisninchde ahitinaseo promoiert Gdmeae sindt Spbe 1991), a

s G50 B EPL 5008 ST BELDARR 45

pronot ers, nxW2-nxD-m ni mal pronoters and nxGstl -
m ni mal, pronoter,. so_th the s ntheticlgrono

By the g)( Pradudysiic gyergrpression of the B-gpnc, iegag ve consequences o%grconstitutive

expression, such as, for example, dwarfism or disfigurement of the plants, can be avoided.

Synthetic promoters have demonstrated themselves to be particularly suitable promoters. These
include promoters produced by molecular biological techniques, which are not found in nature in
this design. One such synthetic promoter is a minimalistic promoter, which besides a minimal

promoter contains only one or more selected, defined cis-clements. These cis-elements are

{WP430492;1} 7



ci s-el ement conbinations: a) a nxS-nxD-Box b) a

nNXxW2- nxD- Box c¢) anxGst 1- nkxD-Box (wherein n and m nean
a natural nunber of 1...10) The S-box

( CAGCCACCAAAGAGGACCCAGAAT) with a nucleic acid
sequnece of SEQID NGO 6, the W2-box

( TTATTCAGCCATCAAAAGTTGACCAATAAT) with nucl eoti de
sequence SEQ ID NGO 7, the D box

bonmglﬁggﬁcew:%g%%% r\g%t&cnl fé&%&l Gd 'apeelsolated from

natural(pTBiﬁB’b&&Zﬂ?ékﬁ@A(ﬁ%’ﬁTiﬁh@Md cif-Fediz it 9P pﬂf}duaed/meﬂhuctaﬂg by chance
orient e TEFERREn JFenBED 3 A B BITE THEE gF @PORtigh segesses. In

compaﬂﬁﬁﬁ%saq{alfurﬁl%roﬁlhék ra dyaietit rinder if BAIYICADREELHS few exogenous and
differentiate thensel'ves in their base acti vi ty

endogenqes dagters dvguiei its llessycompien genstryptiony prbis dlaus @galated with more
Spwﬁafé,’pnoter strength respectively dependi ng upon el enent
I'ection (nxS-nmxD, nxW2-nxD or nxGstl-nmxD), as shown
for exanple for pronoters with the cis-el ement
: comhi nati ons 2xS-2xD with nucleotid ueng E
The AL OmOBY i e MO Gis PO e L SRR VEish SO bonding

sites foit Ihe B84 tradicEptidn PactdrWbinpler Wbl eblédehSRGURRCR ) bﬂranscnptmn
12. The characteristics of a synthetic pronot

by the ENAmDlRRIR: g ChgragiReisisi Frguence TeHbel the mnimal promoter are the
TATASLE Y Snififlor Vcncht - 1) yRCCPEBINALGibdlE ittt @RES Snd the

t he gene expressi conpari s
"dowmm'eamntca'e BRwBoRK [ele:metdtf' {(BBE), dllicam telen®nss- daDocax Sndiwfdually or in
xDsho t the average pronoter str. ngth,. .
combions S TR PO s s BEm By AHer o auoa FoUBd goainabl
from a e pRmS ot @RS genect ed  fromdiners. Further, the
pat hogen i nducibility increases from di mer-di mer

pronoter (2xS-2xD), beyond the tetraner-di mer and

In the ﬂérﬁ@&ork%tf"t sehf ARHiRI ded*syntheRe R&?ﬁ%t@% @Lve be@n developed, which

tetranmer- tetranmer pronoter “(4xS-4xD) at al
even ineesuedivonkniwn gesisthge gmep,amdnuqhe |arw\4noh esmtlaﬂn freepsing for an

au’toac’crl,\ré@gedi1 em&? C%trfﬁé eéugge %§ag hfgp o'Ziongg O;Qi g&’lrésisﬁﬁlt ag? r’ﬁwse arc

escrl

promotaf ¢fn@peas&m;m hﬁmma@ﬁ)rﬂﬂérsvniWZQﬁxD—lﬁﬂnﬁmﬂ fpasTRdters and nxGstl-
cont ai ni n r onot eﬁ% Thi s examnp

' ows that .
XDyl PERRONE GRS D PAHERSE APPBP o Sre i g Phthgfollowing
cis-eleR¥ntlcb@bidatiRr of the cis-elenents and

a) a nxS-mxD-Box
b) a nxW2-mxD-Box
¢) a nxGstl-mxD-Box

(wherein n and m mean a natural number of 1...10)

The S-box (CAGCCACCAAAGAGGACCCAGAAT) with a nucleic acid sequnece of SEQ ID
NO: 6, the W2-box (TTATTCAGCCATCAAAAGTTGACCAATAAT) with nucleotide
sequence SEQ ID NO: 7, the D-box (TACAATTCAAACATTGTTCAAACAAGGAACC) with
nucleotide sequence SEQ ID NO: 8 and the Gst-box (TTCTAGCCACCAGATTTGACCAAAC)

(WP439492;1} 8



that for the respective technical translation or
conversion optimal pronoter variants can be produced
and identified. Suitable results can however also be
obtained with cis-el ement conbinati ons, which
represent derivatives of the nucleotide sequence SEQ
ID NO 10, SEQID NGO 11 or SEQID NO 12 and posses
characteristics conparable to the cis-el enment

i i ' r
v oL G 065 50 U 1SR e 1 T e o
the corp saywertces neueskaBx R iRk Dumitionimgl pr onot er were conbi ned,

by way of exenplification, with the four full-length
R- genes BvKWS3_ 133, BvKWS3_123, BvKWS3_ 135 and

The prEvKE3diliekentiaB dhdnisaRek o et base gLy, lpﬁﬂhbgen Adﬁmh@lajl' activation
resi stance test of the transgenl c plants with th

kineticgpand pragmiterasirengtly gespertively  depsading ynes degsnt ff‘é@flon (nxS-mxD,
nxW2-&bF 919 Hg;@%tl Bﬁf)kcﬁ’é Rhowi rof altampRl fdreplonROS kIS 8BS Qis-clement
resulted 1n each construct in an inproved fungal
combinagensst ance, while the transgenic plants did not differ
in their growth or other agrononmic characteristics
fromthe non-transgenic plants. These results show
2xS-2xU1ﬁIthhﬁcléfmdba&jueﬁtid%@ms.‘i(hlle vvith use of a pathogen
I nduci bl e pronoter, g écméﬁée é)ver expressi on of
2xW2-dp withawelgotids sgguanen SERLD herewi th an
2szt1'f5&i%ﬁﬂuéb&ﬁ1%% l{eﬁéés%ﬁ@i‘ﬁ@%omt hout causing a
negative influente on plant devel opment. By use of
optim zed pr ormt er follow ng sel ectl on of the nost
e rEBRLS, our} TR OiE DR S OPRL Y BRI ayber ofcis
elemenpy (ﬁsmm 1.1. ryesddrding i‘.culhb Inmuuemame bﬁﬂletgem’l@g)ee?sslon plerdosparison of

e oS eSS S SRR AT D DU 216 8 e v

promot‘é@&&en@ﬁl R 8RG8ased bQ eRehdcCofMBlrfhérdlin @bmp&iteh 16 &)ﬂﬁ\ﬁtﬁers &Bnstructed
as use of the new nucleic acid construct fo

from dlyme@@l Forthey. the prthasganieciplityrincreasge from dimes- @ﬁlprrqmqs%r (2x5-2xD),
beyondd E%C fe'trgﬁgr-{hgne? ra?lﬁt (%Eneg ?étl%hler aﬂoﬁlgt%r f(@ié szll'% n ng\ﬁzkﬁ to tetramer-

rererence he figures exanpl-es. e |nven i on,
tetramed gombiee q4x54xI0) atigh rmemetemelmy iveryalsf Irepamfltleyith athe becrease in

easily transl ated.t agri cul.t ur al | ants, fr
promor§h,ispl AR GRieE ue®re Tl 3 i Cond of Medtosiutl exampte
also in bn BRPASe fnhtBe BBR aBfivity ST the REAMeVEMtaiiing Bronifsk. Uﬂ'hs example shows
whi ch was used for the Agrobacterium tunefacje

that impeyiané promaterPhpapteriatios pesalporeesitad hydhe §umher§tf§%ﬁ 015 glsgnents and
that fo'l'ﬁi?ev ?e%gec?bg 14chicaf trgﬂéfﬂoﬁso@c%lvgﬁiofneééﬁﬁalqﬁ' o{e Qftiants can be

s interru y an intron
producethmhﬂahéieéxpr essed in A

Suitable results can however also be obtained with cis-element combinations, which represent
derivatives of the nucleotide sequence SEQ ID NO: 10, SEQ ID NO: 11 or SEQ ID NO: 12 and
posses characteristics comparable to the cis-element combination of SEQ ID NO: 10, SEQ ID
NO: 11 or SEQ ID NO: 12.

{WP439492;1} 9



tumefaci ens. {WP439492;1) 10 Fig. 2 shows the
triggering of cell death in sugar beet | eaves
foll owi ng transi ent expression of the R-gene
BvKWS3 133 by Agrobacteriumtunefaciens. Wile the
transi ent expression of the construct pER-35Sl uc
| eads to a strong reporter gene activity in beet
| eaves, the expression of the construct
The prgllﬁgl]ef’s?’Z)gSsﬂB’ Clinddal %Qcﬁﬁ SteCld ZWQtZQDsl‘ﬂgﬁﬂﬁt ﬁ’lo e‘? Redd €émbined,
gene activity can asured. Fi
by wayeditemcmplﬁd\ikieﬂ with ¢he Vas fl.lﬂéchgtloR-gdmes BV&WS?eri& BvKWS3 123,

j |st| f.opmat.i on he sugar av.es.
BvikWi ot BT 18R ae Bimed A SpEM 385,08 Bingn R Rnce st of he
transged{td lantshRitk QRé Abst GnpbAgnt BpdLe duBhS @r hevdughr @Eetl [Wescospora
vector as descrlbed Fig. 4 shows the triggering

beticolgethe epupq KT ilppfsynghdissaser resslioddn fearh SAPSHFCE P’aﬁ%ﬂ@ﬂi’lfoved fungal
p [ 123 v

s GUESATE, 08 sty AU BRI 0P HES, 1o uRagnanic

charactaum:ﬁomme MgMphms ’Bhwsssmtwh@weha]nu & basleally possible,

with usé oc:{il é)ﬁltbpg g “ﬁ]? ﬁ)r?rﬂcgtel;, Z% a5 eevre aaeoggrecgr%? ?%n cgftn c%llvéﬁgtﬁ triggering

R-genePatdShbrd®ith BREmpRed deskcasegesistane) withbit csasingraarytba igfluence on
hours fol |l ow ng transfornmation. trig er|n f
plant deyglapaents By yse ol epfimizeh PIHROtFE ,55?% drtonced the jrojtgsuitable

numbelr &%ceenelﬁ réﬁéi‘iﬁéﬁd %0 RistRe ARt EREELDe év%ﬂ?&ﬂhei/ BihBVed,
MW/-2 and p70S-luc). Shown is the average value of
three i ndependent test repetitions with respectively
the oS R AP Bt SRS A LR 8 i nw
nucleicaiid ¢oﬁ11§tﬁd:t dase Ipbmdeiat fughr bay plantsgpdryad Well exqeedse genetivymaterial of
the 5' égernln area of the R- gene BvKWS3 165 in
such plaganss el an upsoolthene predss Ao corstirfor BodusiEs, g TADSEeYE plant
BvKWBB 165. The N-termnal area and the full-length
R-gene were cotransfornmed under the control of the
The inEBEeN prild be tdescribpd dBgwa®: et inthe frlosimywitsseiowage (g thy figures
g.Lonstruct p70S-luc by biolistic transformation in
galr beet |eaves. Shown is the average of 3
independent test repetitions with respectively 9-12

i ndi vi dua)J, experi nents r construct
The imyafibn fEsirigog 1l SVRA BRG BY NGV el SatBytandie ey THBlgd o other
amculﬁrﬂ?[hﬁts%ﬂ%%&ﬁtﬂme“g@ﬁ@%ﬁh BOolaedt he anplified cell
death triggered by the -term nal area 135 #147 of
the R-gene BvKWE3 135. The full-length R-gene and the
N—tern1na| area 135 _#147 were cotransformed under the
—JﬂL—Control of the d35S prompter (p70S-BvKWS3 135 and
p70S- 135 _#147) with the {WpP439492;1} 11

Fig. 1 shows the map of the binary vector pER-35Sluci, which was used for the Agrobacterium

and ex

tumefaciens induced ftransient expression of R-genes in sugar beet leaves. The vector carries a
luciferase gene from Photinus pyralis interrupted by an intron, which cannot be expressed in 4.

tumefaciens.
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construct p70S-luc by biolistic transformation in
sugar beet | eaves. Shown is the average of 2

i ndependent test repetitions with respectively 9-12

i ndi vi dual experinments per construct. Fig. 7 shows an
anplified cell death triggering by the expression of
the 5" -termnal area 13033 _#159 of the R-gene Bv13033
in conparison to the expression of the full-length

Fig 2 g I, ralents eyl rhgiRARIC S FIRRI B Vg geson of e

R-genet BeKW®3t 138 bpfddrbbncd3bis: progatiers. WiikShe 3088ieamnekpression of the

consre{ SFR SRR A d e o S il PR S < o pprsson of

the comsbrubt BERYSI-38udlf trigobrd dRPeddN o th@&Sho rERelel tdefd Sictiityhcan be
respectively 9-12 |nd|V|duaI experinments per

measurgdnstruct. Fig. 8 shows the initiation of cell death
by the expression of R-gene Bv12069. Fig. 9 shows the
aut oactivation of the protein BvKWS3_135 by shortening
Fig. 3 siowistibe SectarmZaMV-2t Wkich sibblaised fomehel 8&nstehy bidlistic transformation of

e oGRS R B B AT . Dl R s Bl 0 o

doubled853IpHaRHLE AE s VctdrAed&bgbddened, aut oactivated
proteins Bv12069, Bv13033_#159, BvKW5135 #147,

BvKWS3_165 #175 and St R3a-#1-155 with each other as
wel |l as with conparison sequences of nonactivated

Fig. 4 shHRS Hl% Qggﬁﬁg b &éf@e%th 1Hrs £bB& léd’v@ﬁfdﬁ@@vﬁ{g%fﬁl%t]&g}esswn of the
and as wel as Co lete R- protel ns over

R-genethk WRRS2 R&vwﬁé ' 130andBesINE3nbo5sby biglistigrieansformation, The genes

BVKW%%}Q?O%§§%36%%H§ J}%ngalfésa}z kﬁgsrr ngoPtg% ?f(') the doubled 35S-
promotért (dB38)and Here Conmnnsfoms] witl)theregsteagene dohghict gl’ﬁSehic The reporter
Fig. 11 shows that the deletjion.of the no aci o
gene aciyfy 1 RGOy QUG e REmatt Rk IERaR Tt Pypgpsenstive
reactlorpfthet P@oﬁé@t hd SctliHislidducdd B cdBpalienSo 1the BffrdlvEMMY vector
etic pronmoter 2xS-2xD in transgeni c sugar

nt
pCaMVR2ang 570 ch dhey e Meistiee vBe 8 Shrae depeatt ot reigions with
respectl%%@ﬁg ufuglee Clin YR P%oﬁgtnfcp %h%%ﬂ[)p%{rl oxﬂt.rlégqpé §indard error.

I'n t ansgeni ¢ sugar beets
cerospora beticola infestation. Fig. 14 shoms t he
Fig. 5 shompar asplifiedfcell death &jggeting by theexpresdion by thefS'-jsroimet areaof the R-

AXS- 4x d 4 4
eene BESHSS"ths H oo 5 T DRty &F D Pk TRERR B s
The N-{eAR4394R:3; bl the fli-TengfhSR aiede Wars boansfombed ahdeanhe ebntrol of the
full-length R-Cene 123, 133, 135, (}65 yﬂtﬁ t he
d3ss Ig%@tﬁ)ét(p S- WgﬁHSelané)@Og)ﬁjKW% 165) with the construct p70S-luc by

biolistic transformation in sugar beet leaves. Shown is the average of 3 independent test

repetitions with respectively 9-12 individual experiments per construct.

Fig. 6 shows cell death triggering by the expression of full-length R-gene BVKWS3_135 in
comparison to the amplified cell death triggered by the 5'-terminal area 135_#147 of the R-gene
BvKWS3 135. The full-length R-gene and the N-terminal area 135_#147 were cotransformed
under the control of the d35S promoter (p70S-BvKWS3 135 and p70S-135_#147) with the

{WP439492;1} 11



Fig. 17 and 18 show conbi nations of full-length R-gene
123, 133, 135, 165 with the synthetic pronoter 2xW
-2xD. Fig. 19 shows the el evated resistance of the
transgeni c sugar beet |ine PR68-6 against injurious
fungus cercospora beticola in conmparison to the
non-transgeni c control 3DC4156. Fig. 20 shows the

el evat ed resi stance of the transgenic sugar beet |ine

: )
s RSRe lc CRRERRRRI B S50 708 e o2
mdepesﬁunwesmpatmnm with respeatifvelyl9el Z\tnﬂmduahadpeamelats perfconftauct.
R—gene 165 #176 and 12069 wth the synthetic
ronpters 2 VQ 2% iflcatl
rig. 0R8(R! 61 SRR P 0ty UG R T8 bR B oAl arce
13033 a9 of ﬁ&\/leégebey Boy303eXpcempariyonab thd &gprasion oB\ OGRSt R-gene

V1308 ot EioRBhobenamhie 158rrmab fgar bl B yE @dpynstormed

under H¥ E&W%ﬂﬁéﬂ@%%@fé{* eSS B0 8B p RS- fti3d #1850} w%%@ construct
W t hout visible necrosis formation. The cDNA-cl one

p705-lgykxEelist@3vaasiocoatisinnia gugdr ikettlpryes Shewp ribth@ta@eraamf 2 independent
t F E[ﬁ I g

test rep?ﬁt?&{s evg ﬂ} IiC%}%C{l‘be ?&?%\%ﬂ‘dﬁﬁ 9& tsi’é&? ccljlr‘rf]slgtuf(,tg n
pER133-34SIu0| The vector pER-34Sl uci and

Fig. 8 shBRE 8®-iBuidtiorcef osl death banisf axprassion nf Ripene Bgt8I6act er i um
strain C58Cl1 (An 1987). Positive agrobacteria were

. ul ed for. 1h n ' i )

Fig. 9 _VJS %%Oé\lﬁtlg/%tu%o%{ AL ?Ifﬂ?(‘p 1 pec %%frléé I%ﬁ Sh&ﬁla% the 5" area of the

cDNA alogt 0)‘55/_##1 mgmrboﬁmanékm tb t]it():uﬁtsnmﬁbm‘?@’lﬂmll\/loﬁf of the NBS Domain.
bacteria were centrifuged and the precipitate was

. ken up in a. solutjon of 1Q Cl2, S, 100 ..
rig. 1535 e comoinghs S amiRe, A LoutbEg.ofs e s, guioactivated
protein® BvPRGEY) BY13033TRESH) BENE 83 55 HEPE IBIONSVaIH 541 BV SR 3a-#1-155
rest for 2-3 hours and then |nJected into "the | eaves

with egsh efher %ggu FFewith cwnpp,nqoaeseg}l@cgg ofy ngnagtiyatpd shortened resistance
protemgm(ﬁg ?P@l C (RS qggfaf{d Qﬂ(lh?ies‘rﬁ | nC %lloés EJ}S;;éleﬂeeE@%r&&ng-Qwer the

sugar beets atl on
NBS-LRIRCUI@N ofromt Reabtapsisn ualiymal (ASABEARBA B0 4B&mnE IP\{L@ansJﬂ) rice

OsatigRER 3 SV RBR BRI 6P i Rer D Cpipaf g fonces are

highlighte@cul ation. In addition, the luciferase activity was
determined with the Luciferase Assay System ( Pronega,

) nnhei r ) in a Sirius Ly r.(Berthold
Fig. 1 Rous] G 185 SAPenBHDPEBHIn e CBF by GeBRg fguces the
autoacth@tabliRy BPRUbARLIN B85 g1speci fications. For obtaining
an enzyme suitable for the neasurenents, two | eaf
) di sks were stanped for each . .
Fig. 12 shows the activation of the synthetic promoter 2xS-2xD in transgenic sugar beects

following cercospora beticola infestation.

Fig. 13 shows the activation of the synthetic promoter 2xW2-2xD in fransgenic sugar beets

following cerospora beticola infestation.

Fig. 14 shows the comparison of the reporter gene activity of promoters 2xS-2xD, 4xS-2xD,

2xS-4xD and 4xS-4xD in transgenic sugar beets following Cercospora beticola infestation.
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measurenent interval. For each construct 8 neasurenent

poi nts were coll ected per neasurenent day. The | eaf

sanpl es were honogenized in a nortise with addition of

sea sand with the 10-fold volunme (v/w of Passive

Lysis Buffer (PBL). The |iquid supernatant was

extracted and respectively 10 gl raw extract was

enpl oyed for the Photinus-luciferase activity
Fig. 155 GBR Yombim8A o RALIcARR XEG BN 1981 85! {HNRAR G ntheti
8 vr%th t%e contro co%strugtﬁlgER-%SSI uci, showed on da%Il eHe
promoter 2xSs2).l and on 2 and 3 a luciferase activity of

124,000 or as the case may be 116,000 RLU ng of |eave
. t e .2 i r an1s i . .
Fig. 17 4530H0 o Ehmin SRS of WM ERRGEele! DT T3, [U ik B syttt
promottdxd%,; AeBsur enent poi nts which was greater than the

MyCl 2 i nocul ated |eaves (Fig. 2). Thus, the transient
. expression of the c | one BvVKWS3 133.initigtes a .. .
Fig. 1930PYS TLTvataab i, (i PRt SRt Bred dop SRR ec SRyt inurious
fungus THRoHRABbtickilal il CorBiis0s & BB noh-trafgeiic g6iiteol BDIOMB 54,23,

Bv 3 133 and BvKWS3 165 initiates a cell death in

) sugar beet |eayes. The R.gene BvKW53 133 as wel | )

- Fig. 24 slows dmslegpiRpgssisigesenph fhe FanSRGRIE BP0l RBGD-32 against
CercospaPelltdPid @mpadno N noa-Bdidedntec Rt EENBCASEVE3_123

were conbined with the doubl ed 35S pronoter of the

vecotr pCaMv-2 (Fig. 3). The resulting vectors carr

Fig. 21 apd 2 shawyithg cpmhinatrensnf thy Niganing zireas pb e Ry ponsa 1655 &1 Yhapd 12069
: - g}/gﬁ;’b 3.5 bipohdeLwt Oyerify the functionality

w1thth§g}91t§he§¥ -geﬁéelé,x%ze c%qc}nstrﬁctxs p70S- BvkW53 133,

p70S- bvKW53_165 and p70S- BvKWS3-123 were transiently

expressed with the reporter gene vector p70S-luc in

sugar beet |eaves by biolistic transformation

cording to Schnmidt et al. (2004). As a positive

EX;amp—l%gnt_rol, the enpty vector pCaM-2 was used in

Verifica Rl akih05h W bid RSisfaRRPfh &lonGR NG e M HebOleateb v difexpldision of
et af . (2004) of a

the gen& BUKRPST 189 SChmat, et J, The use ol
S T vector was di spensed with. The |uciferase

activity was determined wth the Luciferase Assay
System (Pronmega, Mannheim Germany) 20 hours after
t4 IRk AN QO LITRL | i 133 i
rhe oy o BSSRPEITALGA, nfDEalh QO] CERRLI P GKIEERRRILE 132 i s
beet ledvee by didtohicreivive simefeepat ittiggans a papid colh skeathovitholih evisible necrosis

.devel o t of 39492; 11 14 .aver val ue from
tormatigy The PR A BHEWS Y- Coidite aomhaed Bk A5 ESmtFy Pl dhoerted
in the byl QCRFHECBIMULY(FRS. 1)t hEhd e&sultingeveeitt wa giveipie/ designation

vector) set at 100% the reporter gene activity for )
PER135, 74 8ugdy KBS vertyy Bﬁvﬁm}‘@wm}sﬂ fnﬁRlégééSmeee_ tegsfgangd in the

0 0 3-1.23: 0 ' .
BRI OBPIES SRR e
expressgmdn 50 ml LB-medium with 100 mg/ml spectinomycin and 20 uM acetosyringon for 4-

5 hours., Subsequently, the bacteria were centrifuged and the precipitate was taken up in a
solution of 10mM MgCl,, 10 mM MES, 100 uM acetosyringon and adjusted to a bacteria density
of ODgep=0.1. The bacteria suspension was allowed to rest for 2-3 hours and then injected into
the leaves of old sugar beets with the aid of a 2.5 ml hypodermic needle via the underside of the

leaf of 10 week old sugar beets. After incubation at 25°C in an incubator, the Photinus pyralis
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BVKWS3_ 123 by the d35S pronoter thus initiated cel
death or as the case may be a hypersensitive reaction
in one part of the transforned cells which prevented
t he co-expression of the sinmultaneously transforned
reporter gene vector. Therewth it was shown that the
strong expression of the three R-genes led to a cel
death or, as the case a HR in the absence of a
luc1fera‘§,9 Eép%&&oglé% DetidY Wi ABERrAShehPiratisiined [8Fedm BE a2 %d 3 days
gene BVKWS3 "165 triggers a nore rapid cell deat h
followmg] mculat:;on ulbt additien, lhe bqerass aetevits tergsicdagith Hienlguciferase

sy S PGB k) B8l D pion

SystemCGﬂﬁiH URforzpdis- GerARg) h&mrdihg ao 5fhe anaaifofurttse sgeifeatiars.  For

obtamu(gﬁqll I(,j{{nlgf}g?] \g)ut § }ﬁ(l)}ﬁ@gl Ig?a%{lwgégprf Hg? Fl)%li (gq(rsa\%eere stamped for each

measurériertTNENAT THorptidh Lokl HhsuréiflenpPdidits were collected per measurement
( CTGGATCCTCACCTCCGITCTTCATGITGCTCTACC) . and

day. The keaf m&gm@h@n@ge@ﬁe@ srbmortiga dvithraddBien of gcq sgnd wéth the 10-fold

volumeﬁ ﬁgﬁg %mg% gﬁrgﬁgghfféﬂ ?‘br%lr ﬁg"ht% gﬁtgg%%?%gﬁ%\ﬁtgwgg‘n ‘gxtracted and

respectbﬁbroubpﬂ faor exitaet wad dtrmplay:e(ﬂfos dlopuBhezui-hicibrasd activity measurement.

Sugar HEHLIVBMBR e NAPRE L 6 PO OBU RIS 53 Syl showed on

day 1 £8RAIRbREEN N0arIBS2 aldfeRRe labR/iflosRI1 25000 b1as tlﬁ@)caseTl’ﬁEy BER16,000
product was cleaved with the restriction enzy

RLU/msaoé lgavg Hasusa Aget ]&ﬁY‘PSchﬁB e trandorinsd (vgh fb@&whzct @%34311101

soved 34 S ot 0 SO Wl e Ml nocr

leaves (P?gbs) Bvlmsﬂlelﬁnﬁsw:armtppm:& afbihe #IDNB clong BYIgYEH3_d3Tmitlates a very
eaves was tested quantitatively
rapid C%&fﬁ’a{}‘rlﬂﬂ%ei IEEQUE%‘?CE?GTGE{eF‘&GSt ransformation. For this, each

vector was co-transforned with the reporter gene
The cougititbre pxiRSsioncof e Rashé iBAEWB ni230BVIES £ 38 yande BYBWS3 165
initiatedd @MMtedth il Sugas Békt ldavesOnbi nation with the reporter

gene vector p-70S-luc. In conparison to transformation

of the enpty vector (pcAW-2) the transformation of

p70S- BvKWS3_165 resulted in 65% neasurabl e reporter
The R—mﬁvIGWSBVi%yasaﬂdl bhthetR-gasd BrRRIS30 06D vith ABSnidotide bquence

i 3 e, SRR BUARS 1E02 SafSlt e donicd 35

promot@i‘xﬁi tHe 'v\é@otle?@ﬁﬁvsl ROy t ife }e%ﬁltﬁ%" \)%@toﬁcéﬂrysihé QHdsibhation p70S-
39492: 1 15termnuso to an

kaWS|3r_1i ﬁ] o7 ebrE WG e tuandip7081BVEWESH 28 n Ilt Wéelt tozgfiotherbgnctionality

o ve 48, BEShorb SRV HUPOS SRy RS0 8RO 5
were trafsichfly#dxpressalr @ithf the repdrteanghe veetdr [pgds-lueeln sug.’ir éeetf feaves by

than_in the case of s
biolistic transformation accorcﬁng to g&emidt et al. (2004). As a positive control, the empty

vector pCaMV-2 was used in combination with the reporter gene vector P70S-tuc. In contrast to
Schmidt, et al. (2004), the use of a normalizing vector was dispensed with. The luciferase
activity was determined with the Luciferase Assay System (Promega, Mannheim, Germany) 20
hours after the transformation. The transformation experiments were repeated three times,

wherein each experiment included nine test repetitions per construct. The development of the
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expression of BvKW5S3_165. The cause for this
difference is a new, nore intensive formof the
aut oactivation of the R protein by the shortening
(contraction) at the N-term nus. The 5 -area of the
gene BvKWS3 135 triggers a nore rapid cell death than
the full-length cD clone BvKWS3 135 Beginning with
full-l1ength cDNA cl one BvKWE3 135 in the construct
averagepzegﬁe ﬁﬁl‘ﬁ%@ﬁﬂ- )#) g?(s e Rt nﬁbgm &n Y@ﬁremerdcsb &divity of
e al u- pol ynmerase (Stratgene) wt
the posite ahtrohé&mpby memr) 3318 IWQM @W@W@M@S -BvKWS3-

133 ol 477 T B EO RO OO 10k BUREBCN T ony 68.7%

(Fig. #odetharsang Therasiphi bf able 2R g@ne BYKWEINAS3,t oB\rIews3 165 and
nucl eoti de se%uence according to SEQ I D NO. ﬁ‘ﬁg
BVKWS§db%3 by the &3 3nprsnoser thus ggitidirdecell daath g 25, figsgaseamay be a

hypersétsitSe reat@n in'dHe PRF R theARIndroPREH SIS %Hlé’lﬁﬁr%?ed%é Uo E}ﬁﬁesswn of
N-term nal area of BvKWS3_135 and contains no
the simdtancRmslydraasfosnat repaden geae vgster. ndhergwith nbtvm sthwn)ﬁxat the strong
e oMl I
express%(léhsﬁf lth%ttlﬂ%n g enﬁ:lg“:ieci:> gB ?ﬂ %‘ﬁéya,[v]\%s th%nc C SIK d1£1h[hé Iaﬁsence of a

corresp\bﬁdhh@&vmﬂ@ﬁ:Méel?e rﬂiﬂuﬂstr esulting vector was given the
desi gnation p7OS- 135 #147. The ability of the

] 135 and
clone By -"'.&!1}' vely by transr ent b| oI i stl c transformati ons.

For this, each vector was co- transforned with the
reporter gene vector p70S-luc. As positive control t he

Begmn)rn(g ‘6%? éﬁ{:& tg C&S@FN }onﬁ%%\#sgdwp ﬁm@bﬂ% %Mqagnce according

to SEQtIDQQ§f531E1'¥Hé ERBr@d YO BORIWY3 88, HRE 5‘&9&% ene%@ amplified with
transformati on of p70S- BvKW3 1’35 | ed to 4. 5%

the aidpaolir 4b¢ e HopohmarasgenStiatagpRA)t yWHd 4sge of the primer S316
(CTCGA@Q&%?EE%@&C@AC@&%& 5 #147 led to g g)y 58% S318

neasur abl’'e reporter gene activity (Fig. The result
(CTGGATRWEBC AGETCOME TIPS BGORGOT I C)f arld sibmaltgidouslyy anetop codon

was inFet By RGO et TRERTRNER o Erisreie) th bl pbBaidespravence

accomhﬁg td BEQLHY NaM Rad *6tdlled ifgieie Mrdifs Adid @6q1@ﬁce13155¢bﬂEvKWS3 165
brought about a nore intensive cell death in

(Fig. 1Q) ahby aminecpeidigrauenssancipdal erly the N-terainglsareg pf BHKWMS and
contam%ggrﬂ# Y 4% |6l SHoZERR IR fln gﬁ%’ KMES 'ﬂi‘%SPCﬁgyrS F &9 IcRAv&! with the

nore transforne than in the
restriction sazyhest Seellemp BegdilomdaflorBd KNES V@B pTlhad\eduddeatsulting vector

was gl BRSSO R M TR BF ileopuBE sy s _t6s

and p70%-1656:109Mb Agder ANcdll dSOEA Siian Geat eVl wiY- festedligntidtitatively by

transient biolistic transformation. For this, each vector was co-transformed with the reporter

gene vector p70S-luc. As positive control the empty vector pCaMV-2 was used in combination
with the reporter gene vector p-70S-luc. In comparison to transformation of the empty vector
(pcAMV-2) the transformation of p70S-BvKWS3 165 resulted in 65% measurable reporter gene
activity and the transformation of p70S-165-#175 resulted in only 38% measurable reporter gene
activity (Fig. 5). This result showed that the exclusive expression of the 175 amino acid sized N-
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The 5' -area of the gene Bv13033 triggers a nore rapid
cell death than the full-length CDNA cl one Bv13033
Beginning with full-1ength CDNA cl one Bv13033 in the
construct p70S-Bvl 3033 the 5 -area of the gene was
anplified with the aid of the Pfu-pol ynerase
(Stratagene) with use of the prinmer S316
( CTCGAGAATTCGAGCTCCACCECES) and S333

tenmn&scg% gﬁ%@%%t@ﬂ&@@ggg% CINGEn 3 e transformed sugar beet

taneously a sto was | ntroduce 5
leaves dbate theansea of The 1aﬁ®lanﬁnced01dr siaedc oull- bsgbnptgteluo BVIKéiVS3 165. By

nuc equenc accordin
cxpresti o 10 MG AR o CFHoCBTEAEE T SI Mo dbaie case of the
expres§ibh 6f BIRWS3 TH®R Bl esafdr this efiamnceis emdwq dasge dnénsivielterm of the
N-term nus area of B03033_ and contains no NBS. and no

autoactiyation gkl RsPigfeinBy fhreshercaing (erterchemt Hie N-iw@iner
product was cleaved with the restriction enzynes
The 5'-8R4 bf tiRNEnSBTKIW SN 43 £ 128 al hork P81 ¥ 84T attDEaMire Jull-Tdheth cDNA
clone BA8WkE1 3@ vector was given the designation
p/0S-13033_#159. The ability of the construct
p70S- 13033 and p70S-13033_#159 to trigger a cell
death in sugar beet |eaves was tested quantitatively
Beginntg with &1518BH JPIMA IcRink BviiVASS 195 @EHe%ﬁstnE%MéﬂBﬁKW% 135 the
each vector was co-transfornmed wt he reporter gene
5'-area\pé theogenp POSamplifiedrwith s aif v tt@&ffumglmwe égﬁmtgervbmtb rse of the

pCaW- S us rmat i of
P rlmf:rt he eﬁ% @avect@*qé%a%@%é‘?ﬁ&r?r ans(;(g(reérrg% ion o%{a $330
(CTGGADSCTCABE TCUGTIC PECATGEIGUTENIACCe pt bimuligeeudsly a stop codon
iion of p70S-165 #175

was infiahsi 37 BBoioUL it JFTRSR e RGEREPOR ey Elepte seduence

accordlzlk to $he 10280 3 an bR hridhadmihb Qci@%BRASI R4S BIEWS3 135 (Fig.
full - Iength clone Bv13033 led to the tri gﬁerln of

10). waym@ queice intdugen only the\N-teyminal rage W8l 33 apdontains
no NBEI_ : elﬁ%l m%gaﬁgﬁg&#%g&%en& %e oﬁﬁ; ﬁl&hqhésﬁ%gna ns. The PCR

rmnus o ut ont
produch svasl cavédntvithshe ecstriekibn dezyniesi S’acﬂhmdt BamE{ endrebbnedig ga the vector

PCaMY B TR g i Pria® Attt PO a8 7477 MBS Shility of the

construtt PTOS-BVRWSR3 ujnfaﬁmgvoﬁmm @147Ato fripgeNa lcell @eatbiSn sugar beet leaves
Triggering of cell death in su beet | eaves by the

was tedted guanfitagivelyy Gensienbbiohgtrars %WSQEFQ 2Fqr this; pachyector was co-
i d q dj
anstofy 80 ! 00l AR YR s SRAUSRRA6E by e
pCaMW2tveasnisadisn obmbingtiat mth theTheporeragent ved@onl pTBBluc oris @pmgparison to
no NBS.and ng LRR j howev Vi
tenstofi R ok B Y Sy BCRRY D 4% Moo Ty 195 ed 0
74.5% SieaQalate rdported geneqfcumem@mea@mmﬁmn%fqmsaess#147 led to only

165#175, 135#147, 13033 #159 (Fig.
58% measurable reporter gene activity (Fig. 6). The result showed t at the expression of the

full-length clone BvKWS3 135 led to triggering of cell death in the transformed tissue.

However, the exclusive expression of the 147 amino acid sized N-terminus of 135_#147 brought
about a more intensive cell death in the transformed sugar beet leaves than the use of the 844
amino acid sized protein BVKWS3 _135. By expression of 135_#147 more transformed leaf cells
died than in the case of the expression of BVKWS3 135. The cause of this difference is a new,
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cl one was conbi ned wi th doubl ed 35S pronoter of vector
pCaM/-2 (Fig. 3) to formthe vector p70S-12069. In
order to check the functionality of the gene Bv12069,
the construct p70S-12069 was expressed in conbination
with the reporter gene vector p70S-luc in sugar beet
| eaves transiently by biolistic transformation. The
reporter gene activity in the |l eaves transformed with
more o D v o R SRRl B Y a0 i ot the
N-termiimust he positive control (enpty vector pCaWw-2 and
p70S-luc) (Fig. 8). The expression of the 166 am no
acid sized protein Bv12069 therewith triggered a cell
death in sugar beet cells. The shortening of the gene
BvKWB3 135 results in an autoactivated R—protel n,
The 5'amaed the geoe By h3933 imig seeem ) =51
Bv130Bhventive mechani sm of the aut oacti vation by
condensation of a R protein of the NBS-LRR type to
the NBS- and LRR free N-term nus was conpared with the
nmet hod of autoactivation by nutagenesis of the MHD
Beginmneg with fﬂlh&ngtht @;i‘éﬁe:a‘,drm Bxf1308% ilvHP comdtiubt pTOStBrel 3833 glen®-area of

f th f f . .
the ge%uwasa%fl? B i F ek D e Basyen Sl Sid e of the primer
$316 al ZQ@@CGMMT¢CG§QGCT(Z@ﬂ@EGCﬂ'@) CDNA cl osfy $333

135 does for the MHD notif equivalent to the
(CTOOAT R ACCTEGRTT FTTGAT BB ARG Rhosiliznequdly a Stop codon

was mgé%%% ?ﬁ_h ol AU QLLY ’[319%1&%:1 R &6 res Sﬂdﬂgé\’{tcg glseg{ruic%bgd? %equence

e correspon mut at1 on wa
accordidgrid SEQBMENet 3 ahd code? 6@ 2he amimorasdlseguenica 1¢198 of Bv13033 (Fig. 10).

f.ul | Ien h clo am.no
The anyH a5 SRR g RGen P ot | BT & Oh BY 3f3is o NBS
and noVERR MEARRAE Undtift Hrdnh eheadTio@aias The FCR Brodiitewas cleaved with the
resul ting gene was Qi ven deS| gnation BVKWB 135 D480V.
restrictyREngymescd arcyeqq)élsgar@ﬁ n thgweeiorpCaMV-2. The resulting vector

3 t2h n 3
e T
p70S-1803h #il Ehtto dmmﬁp pdk death innsugarg heet Hestes I\wvwsted Exyantltatlvely by

KV\SS 13
transiefy Wi Glistd SrnSENOuion® " oL HRCERRH VBt B SR he B reporter

gene vaidz- p?éSﬂlhtﬁl As ﬂdiﬁl\l’eeﬁ)niribll the empﬁj,rtﬁlbtov\@siaMNﬁE fwvak iged. In comparison
Si nat| pER135-34S| uci . Sim | ar t here re 0
to transg?w%g% @8 wglpghmfgﬁe%iawﬁm @cmsflﬁzgs@mﬁf\nﬁ&ﬁ 13033 led to 95%
measurauelr@ﬁmeg BeRC UIRAG Gnd 60 ih&iErmdidR 419498 11515 #1875t S F@nly 68%
i as well as with the nutantgenized cl one
measurwwﬂm Eem@@wty tFig. 7 eEhﬂ tqsui@s showed rthat\ﬁb@r exrg'rss@n of the full-

#147 3 .
et S534 UG 90cPEERES TR A B0, e e e
The ex@lgmb agiressionrof dlfie EIOr ahino racldlsmeé NoB@ihua of UBEGr #1F9cbramght about
on the other hand an intensive cell death in the transformed sugar beet leaves. The cause of this

difference is a new, more intensive form of the auto-activation of the R-protein by the shortening

at the N-terminus.

Tri,égering of cell death in sugar beet leaves by the 5'-area of the gene Bvi2069
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injected in sugar beet |eaves sinmultaneously with the
control pER-35Sluci. The Photinus pyralis
| uci ferase-reporter gene activity was neasured 1, 2
and 3 days post inoculation in the transforned
| eaves. Sugar beet |eaves, which were transformed wth
the control construct pER- 35Sl uci showed on day 1 a
small and the 2d and 3°'d day a luciferase activity of
The R- éﬁ% ]%9906’@ ith &%U&lsg cleea@éor&lh $! §EQ%GNIO |4%H€ssfor the 166
Were transtormed with the congtruct PE
amino 3&&Isized Nsmmmus oﬁRqagtem aTh¢ matymsB\al:’lOé% p@l@tmas BO NBS and no LRR

domajl}fhéo%lﬁtg eeﬂqeﬂces %&?‘gg‘?m@ ? hgé posi %flsgcag'ﬁ{%r ¢ gpid sized N-

ternuniFtE%&ﬁﬁbatﬁhrate@R@a&ﬂfs diob e#106) 135dep47) 1303Bh#1 399(bty. 18] The cDNA
gene act|V|ty of the construct pER 135 D480QV- 35S

clone OB SHIRHGLIATS PRy ieBor woRsacabe 2 diE dhiouon the vector
p70S- 1866# "B drfidr3o cffdck tlé&ﬁ]ﬁéti’ddaﬁ{gyofttﬁlﬁgénetm@e@ R oRlinich708-12069

mutation in the gene 135 resulted in no,
was e)mresaetbm edypbineticsuwith| the repartsacgens aetton p7a4%duc R guae beet leaves

transw%é‘gl&%[&gfatrgéggaﬂ aﬁl%(} e%%{ré? geﬁ@ écﬁvgr] P ﬁe%Qgsstf'q:nSfonned with

p708- 19069)91?1 phok- lﬁﬁ ﬁﬁﬁln@d%nmrefeﬁmgzpeﬁd%rmnehtﬂ haeﬁlém dﬂtha activity which
signiti nt I t

could B FgEie] R 1ee NG RORHA (BBRYIHoE PrRRY 36 b BTsEie e 9. The

expresfifiofiBe 168 880 a3rRiAa 'protbiﬂq;\HQf)é@&Eﬁe@ﬂth(?ﬁ%gé%ﬂ@&l%ﬂlcm sugar

acid nmotifs in the NNtermni of the R protein of

beet ceByKW63 165, BvKWS3 135, Bv13033 and Bv12069 and St R3a
A honnlogy conparlson between the 175, 147, 159 and

ed N—tern1nus of the RB a gene of
t he potato (Huang et el., 2005) was carried out in
order to identify comon sequence notifs. The

The iV a2 ish AL Qutgﬂ?lvh@(ﬁ:l 'IS)Ir £ drBhdafibh 91; a K'ﬁ!r@)ﬂeﬁll &t the NBS-LRR
consensus sequences I n N-termni of the

type toaht NBSt anbhERR Red-ddraiimus Waseoopared wiselys emtlednaftaufogctivation by

mutagefips SbYTMHD 1660 EHUBREISS SEqHEATID B o e e of the

potato Ad¥Eh@Is Bencdf fihx QTR Gatoac@tith BHtht ndifed dondiBenlidiamane et al.,
AVLXDAEXK%X XXXLXXW. XD LKDXVYDXDD | LDE. Anot her

20 st sos R BNt e o BOMAE gpotif equivalnt
to the Iﬁgtﬁtjlzlpﬁ ; e?tg tﬂ%sfd@s QP Mot 4s4l1l(aég|?fd§ ff%ﬂ(ﬁe?% Fouhf8s R-gene

reinto any am no .
(Howles cah st 8085) s €thee cespondinghmutigion rvdse ds descnibed én Bendahmane et al.

T NI N e —
the VEEIIHREC OF Vit ;@R BVIIWS33 1136 w&Dextirimped awitidthei aatidlo acid valine. The

CC- domai n
resulting gene was given designation BVKW3_135_D480V. The effectiveness of the gene

135 #147, BvVKWS3 135 D408V and the non-modified gene BvVKWS3_135 were tested by

Agrobacterium tumefaciens initiated transient overexpression in sugar beet leaves. For this the
¢DNA clone BVKWS3 135 was combined with the d35S promoter and inserted in the binary
vector pER-34Sluci. The resulting vector was given the designation pER 135-34Sluci. Similarly

there were processed the shortened cDNA clone 135 _#147 with a nucleotide sequence.according
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of the RX-gene is not capable of initiating cell death
or, as the case may be, a hypersensitive reaction
(Bendahmane et al., 2002). The transient expression of
the 177 amino acid sized N-term nus of the R gene
BvKWS3_ 133 e08 of sugar beet and the 540 am no acid
sized N-term nus of the RI gene of the potato

(Ballvora et al., 2002) i ni ti ated in conparison to the
| @ﬁgﬂ @h(%'s@dlﬁf D408V, Th
to SE@H%%’aggggbll%ﬁ%%ﬁﬂ%ene (data not ©

resultirghasstoys wEhegiaan Kles‘.lgxtaltldn qﬁl&iaﬁ | #ﬁéﬁ 366111’911@(1 PER E¥SD480¥ 35S luci.

R RN T ——
inj ecteﬁn%ﬁ@aﬁﬂeeﬂfé&é&sﬁﬁhlﬁaﬁ&)lﬁm Wigh ﬂfélcdnﬁ(ﬁq:\mnﬂﬂu@f Th&@hotinus pyralis
CC-domai n of the Rx-, StRl- and

luciferaso-Reag e 2In PEVipF ovasi Meanerd tihe 484 chdeynipophdnoghlgtign in the
transfoﬂﬁéﬂ%évk%gd st Sb%@tslga%/e§ W?T Gere ﬂrﬁlsfb?ﬁe@ Qhith the control construct pER-

aut oact i vat termni gartl cul ar the
35Sluck spmedam dayt 1 A smH dangd thqn 2? nqmdr?z aday allldsl fase activity Of 299,000 and
i fi.cation L
00 30 e S A g

35SHuci §howle oRQRRFENSIdSIETIH wferaswactabdya)faggmemd Q#5,800 RLU/mg leaf
aut oactjvation can be found in nU{re | ant

tssue 29 Saqreth, 48 CTRBAOR 9 b GOSIHYR.oQIP| BRAHSPRGL g measurable cell death.

The refdrRA! éxi,ﬁp§&t§mw @ REndALABER 8357 has®@a8SIuci amounted on day 2 and

PvulTgari sJ7 rice (osativaAp003073), soy bean
day 3 (oelr&&m;m@a% ow/mgcﬂfm $)1 Apcordinglyathie rigiredicion of the MHD

L

R-genel 138N#147yshoftenedrih nocddande St thsnprocest bieovpudodreday 2 and 3 a reporter

165 #175 which is inportan oact . atl
gene aqifyay 1ol OB 0N 108 CSDORBBLIRR (ico Do L horsRbtich el gy suonger cel
death ﬁﬁi%&f{'aﬁé ahfdSctiBNG &aQNBe cdbrubiil FER Y85S3 sHI t2895ER_THS D480OV-
DNA cl ones 165 #93 and 165 #146 coded for the am no
3SSthC|d 1- 93 or as the case may be 1-146 of the protein
165 #175. The transient biolistic test of the
constructs p70S_165 #93,. p70S_165 #146 and p70S_165
#175 showed that only the protein 165 _#175, however
not 165993 and 165 #146, triggered a strong cell death
: ine d¢id mogifs inthe teening of theiRgproggin ofiBVKWS3 165,
Bvasas 18§ SBvit3038 am@mz%_agim vation of NBS LRR
proteins. In this region there |ies a sequence notif
conserved in all examned proteins (Fig. 10a).
{WP439492; 1) 20 Rapid activation of the synthetic
A homplag} ogreparisenl beivwsier ther Bifol €7, 59x@d 200 amap asidsized N-tgymini of the

R'pmteé"\l/ggl?@éylsgsgﬁb? W%%ﬂ%?’te ‘213@% Elg(? dg;‘rételagl ?glf % 179 amino acid sized

N-term@f:8 88 the Fe¥atdefieibBtht pota®UiHuadl aved., 30T) ek carripd ourih @rder af identify
type nxS-nmxD, nxWe-nxD, and nxGst | - g()i(D wher eifn n.=.1,

comMmop_ seqyencg mgt1f36Thq coglpaxgson]_@a%ﬁa t e11’t1ﬁ§at10§ 0 muglpl% consensus

sequendes ifl’ tgé’ N- ljcgmmll:%&" tﬁ’é(éﬁf%&waﬁﬂ Qﬂg\zcﬁélﬁ Phe EMBRORSERNE: motifs are
according to 2xD according to SEQ

highlighted NGrongdnsas swehcea‘sn E»%é@a) 2xD
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according to SEQ ID NO 12 were conbined with the
| uci ferase gene from Photinus pyralis, transforned in
sugar beets and analyzed in reaction to funga
infestation. For the plant transformation the binary
vectors 2xS-2xD- 1 uc-kan, 2xWe-2xD-I|uc-kan, and
2xGst | -2xD-1uc-kan were found to be useful. The binary
vectors were transfornmed in the Agrobacterium
r
One cch B FaEHRe cRApRITR M ik 3Fid BREE neAAELSEQ 1D NO: 13
AVLXD@MKQXHeXé@(I@éXMfLKI@Km)ﬂaBt ILRE. t Amphearciopssisus sequence

cl ones, occurred usin t ikl -t G ~Kan '
comesspggnglas Snipnacesiengrrseie By Sl iRk ExLDD L
occurred according to Lindsey et al. (1991) using the
The leteon ] fefedd heteikiam amy@hino adide transgenecity of the plants
was tested by PCR The use of the priner
Both cclnﬁeélsg%iue?ce@ gxtT e:sc'g_\r'bh?cli1 ?%C%Agescéﬁé%%éﬁ% i such earmlm of E%—NBS LRR
R-protelDbli #iiicigte stprdssiomieddado amutdaetig/euﬁm TH[isaheP(ﬂQ ane®> agslrsize@@C-domain
t S n e i .
of the 8 -g&n L ﬂ%l c:!{?abg,n(g' é%ﬁge}a cgll El)%g‘&( or a "lthll:,l ?%E g?aggyg, :{éﬁ):&)glts%ngﬁ]ive reaction
(Bendalivbemk ict ﬂy@p@ﬁ PIE@ag0et (smesmasé&p d#7 anpiap @it sippd Niygainus of the R-
gene Bél?%/gn%tqgfr_eb? Hfgﬁ?é:yb%& ath ﬁlep.ﬂb I&Ql%nacidns‘ijzlé& 'hpfehﬁlxusqf tﬁehlgl gene of the

ransgeni ¢ sugar were | nfected

potato {Babiera ptraly PR0Rb initistedi it icomrationnt ﬂeﬁ fUBd‘fngﬁlp%ﬁ HerfNkONP3_433_c08 no

amphfiélqﬂ ah HRERE £ thERT GARPRY c%ll bai @QL Hot shcg))ﬁﬁ PEe biniela¥id ﬂomparlson of the
plants of a transgenic line

suspensi on
N-termigi op e awpastivajde proteips $Ylﬁ‘ﬁﬁ%ﬁé§_# Zﬁ@(ﬁ‘@é’ésﬂgfgﬁwt /%1%033 #159,
Bvlzoeanﬂld‘}sﬂ{éamtl%s Wathehd hxﬂiﬁsdclfi%qﬂéﬁu%& bp{hem(r B&YESS of fhe Rx-, S(R1- und

|Iute veget abl e j ui ce. fec ts and contro
BVKWS L% €1 raere uﬁg&ﬁlre?hsﬂve P S BB ot bsoopeea SHFess in the not
autoactivhtbdl IN- ﬂa@ilmomg nloa) CIkihiabt[cﬁIafl aki agtencd mfolif Dt amdn 1mp0rtant aid of

nan- i ed | was
1dent1ﬁ<ént19n gro B %te \glamn%f: E\I Eeﬁzgmrsr}a E%tf,’ﬁngﬁ %&atﬂa ’a]td oé the sequence motif
DAE inl tHe bdr@éme;eqlfemrshﬁﬂblmmeaﬁtrlan iatigactiggion dat By folunkil nvoetous plant

species (géelhggwlfllclly fFe [ ?‘Zce or ?)ﬁa%lélassyfs W cg&;&% ﬁ?ﬂdéﬁ'@(ﬁ%g 'ﬁ] bean (PvulgarisJ71),

rice (os@WSAZWBD 7Y suyeichn éﬁhnaxﬁﬁflﬂmor@tﬂ"fpmw&)er showed a
rapid and strong pathogen inducibility in the early

phase of the |nfect|on dlffered however in base
b : 4 s antrferthe dutaad 'vtloHMﬂmﬂ-nromAGS #175

2xS—2xD—pronDtor was rapldly i nduced in the case of
the transgenic |ines PR39/11, PR39/48 and PR39/49,
In ordeg[te édentifylthe Zgnifia held gectiondn fthe Bltotm%mléﬁ wWhighcis|imppaant for the

autoactﬁr%gorh é%t:h% %&% ;?n I ::L:ls 8)? W&L%‘E%Q&QT%’) e ﬁﬁcqﬂﬂ{ﬁg@éloﬁ AP tHe%XDNA clone

165_#196ivds shéraamad.t el DA blones biSowdhaml [ G5h#1 46uugiad fd'ryh)ehamno acid 1-

on_the e 0 penet r
93 or el s, BeYLHT UG A HES SR ST P SERHGbiofsic est of the
construB@NE0K 21450893, 470St 143 HRAf ald pRISL164 B175 showed that only the protein

165_#175, however not 165 #93 and 165 #146, triggered a strong cell death (Fig. 11).
Accordingly the sequence region of 146-175 is essential for the autoactivation of NBS-LRR

=

proteins. In this region there lies a sequence motif conserved in all examined proteins (Fig. 10a).
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the late phase of the infection at day 7, a 113-792
fold induction of the pronoter was neasured wth a
vi si bl e devel opnent of the necrosis. The base activity
of the 2xS-2xD pronoter neasured as reported gene
activity of the non-infected plats is very small and
anounted to only the 1-10 fold of the luciferase
activity neasurable in the non-transgenic plants. The
activation of the 2xW-2xD pronoter progressed
somewhat slomer than that ~of the 2xS—2xD pronmoter. On
e [pluRiblkp pRy 5t2xiD and 2xW2-2xD by
fungal infdsitdvioh ed onIy a 2- 11 foId and on the second
infection day a 5-56 fold, pathogen induction. Wth

the occurrence of the necrosis on day_ 7, .a maxi nal
For theyphege gHeqd r%{?%@f@ﬁl%a{;eqmﬂﬁtev%&a&ahr%@ce eges, particularly

suited al’g’)syntﬂ_éﬁ% PPARGeRGE t}gktnXS-QlflxD LGV 2By Aid AxBEA0REB! whereinn =1, 2,

aV|n% a 10-50 fol orter gene activity
3,4, 5,ihedstiPabl and m <cb @par4. Sob 7, 89t ek or amplansrgm‘f&ss of type 2x5-2xD

[

s 3955 1N B30 RIS IO N 1S 1D e 0
accordlhb eo EEQ D DQr Pmcer cdnyblmddswﬁb p]lie)luctfa’faﬁ genJ:CfrcﬁmlRiwtmus pyralis,
@onnt sf Cﬁ ﬂ n of the

fransf%tl B e bRds 0 BAEE "W %g Fration.
ci s-el enent - nunber. The characterlstlc of a synthetic
pronoter of type nxS-nxD, nxW2-nxD and nxGst|-nxD with

For the, plant trepsfogmatipn the Binary, vg;torg 2xfa2xihtcilian= 2xW2p2x I3 lucgkan, and

2xGst1 2xPhuc kean &v?rg fﬂ&'{% fe? l?lge t gaéllﬁgygfgét&?t&e% ﬁ%ﬂsf@ o in the

vari ation e nu er (0] ments accor
Agrobatmr;hfmetumeﬁwdenetmat(ﬁ%ﬁﬂ Wiﬁeﬂ@e@demphsmﬁispﬁﬁﬂdmbﬁaldsrect DNA-

tansfoRROT oSS rf’@ie@r"diégﬁt elRHE ol erginant e Bt elhes ocourred

umngﬂkh%ubbﬁakmnmg@ - 2xD- | uc- kan, 2xS—4xD—Iuc kan
and 4xS- 39492 } "22 4xD-luc-kan were construct ed

and transforned i n sugar beets. The transgenlc pl ant s

The tra\ﬁ?fbﬁnaﬂoﬂf SCthe %u%\ﬁrt I;Eeg' oddflrkf %c%r(ﬂrﬁ s u 31 99r112 using the

eporter gene a was neasure y
antibioticokdnamgyeihn. Tin@t‘misgtneomy ofithe plands wa%testbd by ﬂ’ﬂﬂmﬁlﬁ use of the primer

aTeCA B RT AT R EmEamA TEREA i (o the mplification

of the 568 bhseqfirkiretl MieRERGRBA ForDtHbvil ene. The PERWRIL arried out using 10
det erm ned and the neasurenent val ues were conpared. in

ng genqrpigi NGy & REMEF cQcprifRiion, of Ggat Mottt auReRIEE| tHRPERYrRisP” C in a
Muth—C?‘éfeﬁ' PirEY00 (NP GANRRN §2krRivnl 183X S- 2xD pronot er

haracteristics wth the variants 2xS-4xD, 4xS-2xD
and 4xS-4xD showed that the average pronoter strength

creased by the u et ramer s
im ordef 5 g Bt ten BRur P i E PR ATES 404 i EORE b pocts were
infectecittick iR Wsrot bR GPRA leainoT indurtdr toy sofar ttieafereéiw@bm beticola.
r onot er (2xS—2xE» cl i mbed above the tetrane g
Respecuydy ¢ plgpts of a transgenic line dipped 1n a suspension of C etzcola mycelium
fragments (400,000 fragment/ml) and 4 plants were dipped for control purposes in dilute
vegetable juice. Infected plants and control plants were subsequently incubated at 25° C and 16h
illumination in a culture cabinet. Infected and non-infected leaf material was removed 1, 2, 3, 4
and 6-7 days subsequent to the inocculation and the luciferase reporter gene activity was

determined with the Luciferase Assay System (Promega, Mannheim, Germany) as described.
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tetramer pronoters (4xS-2xD, 4xS-2xD) to the
tetranmer-tetranmer pronoter (4xS-4xD) at all
nmeasurenent intervals (Table 1). Pronotor 1. Day 2.
Day 3. Day 4. Day (nunber of independent
transformants) 2xS-2xD 1.9 3.6 27 59 (13 |ines)
4xS-2xD 3.1 4.8 52 135 (14 lines) 2xS-4xD 1.4 9.2 54
87 (15 lines) 4xS-4xD 2.9 9.8 90 93 (15 lines) Table
1: Pat hogen inducibility of the pronoters 2xS-2xD,
4xS- 2xD, 2xS-4xD and 4xS-4xD in transgenic sugar
Both th@ekSchDI dsowblhgs ithf énWZélxDviprdmdfa‘r ghospdraardpet ambktaong pathogen

inducilgEt%llg E{e aveégﬁ{% fel o g’,lf,fﬁ{ﬁ(f gg\?it:v%ggiﬁpasie%gﬁ% 3} S promoter
strengtR r(pﬂgolzan 3¢ qRs QRSJQB(D]prémdﬁy Svak Qhpid@I indlickd @F the &hdeOdT. the transgenic
Parallel with the increase in_the pronoter streng

th
lines P Bﬁ&’lﬂh%R?p%% asePR3 Y @alnsady 1,59 Al é’nrtb““s first day ﬁfter moculatlon and
21-384 f&ﬁf&ﬁﬁ@ s%cgn{i Eet?yr faﬂ?rcér Sﬁl’(‘igldnbtbtél}(e21§8K -%Fe%te@ é)%%t %gs 1Mivelle day 1 is

contaln t WP439492;
still cHBramtmzcﬁ bg.a Baytlp of Bixy fitgaDhyphde dbathe dpideniisy onfday 2 there is a

de ent ansf
penctraf O Fitceg s YaB s FBR Bl and YR phoyguyind e otyise. o
the late?ghabe 4Bthd iffeddnt déyl 3, 4 1 18992 fold induction of the promoter was measured
with a visible development of the necrosis. The base activity of the 2xS-2xD promoter measured
as reported gene activity of the non-infected plats is very small and amounted to only the 1-10

fold of the luciferase activity measurable in the non-transgenic plants.

The activation of the 2xW2-2xD promoter progressed somewhat slower than that of the 2xS-2xD
promoter. On the first infection day the 2xW2-2xD promoter exhibited only a 2-11 fold, and on
the second infection day a 5-56 fold, pathogen induction. With the occurrence of the necrosis on
day 7, a maximal 318-672 fold pathogen induction was achieved (Fig. 13). The base activity of
the 2xW2-2-D promoter, having a 10-50 fold of reporter gene activity measurable in comparison
to the non-transgenic plants, is higher than in the case of the 2xS-2xD promoter. Significantly the
2xW2-2xD promoter exceeds the 2xS-2xD promoter by its approximately 10-fold higher

promoter strength.

Optimization of the promoter characteristics by changing the cis-clement-number.

The characteristic of a synthetic promoter of type nxS-mxD, nxW2-mxD and nxGstl-mxD with
n=1,2,3,4,56,7,8,9,10andm=1,2,3,4, 5,6, 7,8, 9, 10 can be modulated and optimized
by variation of the number of the cis-elements according to the requirements of the gene
expression. This is shown for illustrative purposes for the promoter type nxS-mxD. Besides the

binary vector 2xS-2xD-luc-kan the binary vectors 4xS-2xD-luc-kan, 2xS-4xD-luc-kan and 4xS-
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4xS-4xD 35.5 20.3 6.3 20 (15 lines) Table 2: Base
activity of pronoters 2xS-2xD, 4xS-2xD, 2xS-4xD and
4xS-4xD in |l eaves of transgenic sugar beets. Shown is
t he average val ue of the base activity of 13-15
i ndependent transformants (lines) per pronoter
construct, which were neasured in the 4 day infection
experiment as non-infected controls. The base

4xD-lu<?—§c£ull \(*etré( cgﬁﬂl\ﬂcgasmhh?mﬁ?%ﬁ%{i% @{galr %laéﬁ.! ’Pﬁl’:s'ﬂ"aﬁ’s 911;1';: :ﬁl&‘nts were
reporter gene activity o he ansgeni ¢ plants |

infected oithal. ibeticv/d as déseribvedrand pemirfer gerzack gityowasimaasured dayly sfibsequent

non tr.ansgeni | ants. Thj s .exanpl 0 t hat the
to fungg BRGHIEIoRC Y dit Bt O | ORRaAent 3 SERG 8bil ! independant
4xS-2xBMGD 1iass, I50RBdRAdans Dk $AgDuc Piakh 80 &ell iagd8cnddpehdent aR%L4xD-luc
] base activity, can be regul ated by the nupber of the
lines wefesdetesmingdrang the measemenh(velugs werbermRared, Hy theis pgorpeigr strength,

espective technical conversion.

pwmmg#ﬁg&%%?ﬁﬁgf&%Eﬁggﬁqgf ci s-el enents of pathogen

i nduci bl e pronoters is, in the experinental exanple,

wWth re d.to.the pathogen induci bili r
The cofigiriogn g o S2kB prORAEE PERa B S Rich b, v S B 3 s 21
and 4x 200 WEbvAg! thatiBelsveragipsdraster Oienpthansfiairemtd binthefusé bftetramers in
pat hogen i nduci bl e resi stance gene., i)V\P439§§§; 1} t§4
comparfsgp fon thee BROTHIETS HOnstinsiRdl of elimepaifde bf)- dogaddirle tae pathogen

i i P t T 2xB¥ clififed &% c TRY tel8mer-di d dimer-
md“‘“b%lgs\é’- SO it ﬁ@?ﬁﬁ?ﬁ%?’ff  chilBedaove Y/ tcHSmer.dimer and dimer
tetrameR-pg@nesrsBHKNB3 D] A3 S-2BDKWS3hd 3@rameBy¢iABS T TRGMmeiat (4xS-4xD) at all

By 1 ansformed in sugar beets. Then the
measwirg%\g%mg%?@%q?pg case may be, 13,969 kb sized binary

vectors 2xS-2xD-1uc-kan and 2xW2-2xD-1 uc-kan were
cleaved with Sacl and the cl eaved | ocati ons were

TiAbRGoPY T4- DNA pabyyrerfase, bagat ens. paySublsequenyl y
he vectors were re-sect|ioned with Xhol,

t \
(numeraf INdgPeNseBt i cal |y sepdrated and|the 12,284 or, as
ttdmefopragttsyray be, 12,294 |kb size vectors werje separated

f!’O!m t !’\e 1. 6751 kbh--c1 7za ! ur\i farac aoanQo anpl L calat ad

=y I INKT T—ZC T oYU T CuU.

T AV | LI %A * 3\1!
Tr?é<$r7§<5% ation of tﬁg ZR resi%?ance ger%Z occlurred from
tlfes Mesj ors p70S- BvKWS3 |123, p70S; BvKWSE3_133,

PRS- ByKWE3—135 ang,lp?OQ B‘\/I§L‘VA'~‘3_135. Far th"—s,—fgge—
ve@? were firstY'linegarized with NCL)-’?I and th

cl(etvage points were fililed by Kl enow treatjment. The

veeters—were hen—gut—wthxhol—and—theR-gene
i%ﬁé‘{xpd. The esuﬂ‘?‘i ng vectg(()?s Wer e |4ven ?he 87
détd lipea) | ons
4x3-4xD 2.9 9.8 90 93
(15 lines)

Table 1: Pathogen inducibility of the promoters 2xS-2xD, 4xS-2xD, 2xS-4xD und 4xS-4xD in
transgenic sugar beets following infection with Cercospora beticola.

Shown is the average value of the pathogen induction of 13-15 independent transformants (lines)
per promoter construct 1-4 days following inoculation.

Parallel with the increase in the promoter strength and the pathogen inducibility there resuits an

increase in the base activity of the promoters which contain the tetramers (Table 2).
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2XS- 2xD- BvKWE3 123, 2xS- 2xD- BvKWS3 133,

2xS- 2xD- BvKWS3 135 and 2xS-2xD- BvKWS3_165 or,
2xW2- 2xD- BvKWS3_123, 2xW2- 2xD- BvKWS3_ 133,

case nay be,

as the

2xW2- 2xD- BPKWSE3_135 and 2xW2- 2xD- BvKWS3_165 (Fi g.

15-18).

The binary vectors were

t he production of transgenic sugar
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Table fﬁéz@gtaﬁéﬂ%{ ﬂégr%gl% eré'? &%&22)@{) GX’% %&? Lﬁﬁﬁ?}? ﬁ? 4%% éle m leaves of

transgepiFUEH LA a 5L gl ass beaker filled with the
i noculum Per line to be_exani ned, 30 plants

Showniip, BieiAvatage valug of e basa AedvilNtel sk uﬂﬁpqné?m SrnsigEmASs (lines) per
promotExh @mﬁ ania ewery}gea@‘.u%ﬂtlﬁ thE 4€d a/nﬁl?&ﬁbﬁ b Qih R Gon-infected

I nocu tion or 4 days at 28C and 95% humdity in a
controlgyr Berfasu amwtg\fgr@mdesrthc beharioh od aa}attmdnp it neponggagene activity of

60- 710% T hr
the rafs GG Renls rrprea R raroRieilh byl ey

plants. eval uated using the Kl ei nwanzl ebener Saat zucht (KV\S)

)f of non transgenic

rati ng schenme (1970) (1=healthy | eaves, 9=100%
destroyed | eaves). Transgenic lines, whi ch wer e
This ex3 IESJhB{}vE%t Wiet oﬁlgl%r aRRRtdridadsS %%&@V%M\&?’pﬂs%&x as promoter
2xD- BvKWS3 133, 2xS- 2xD- Bv
strengﬂzmm;ogmmslmhsﬁym basexwvztyDcaerwmlaI@Bby the number of the cis-
135. or 2X Dy [
clemenfS 150 B QN Conbiimed oy St G bE B 0 o BB ol

converdidblte Sptimd] WRADR4 DT ; déel&ﬁents of pathogen 1nduc1ble promoters is, in the
experimental example, with regard to the pathogen inducibility, greater than the dimer solution

described by Rushton et al., 2002.

Producing fungus resistant by transformation of the pathogen inducible resistance gene.,

24
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Centel (not transgenic) Transgenic Line Construct T3
AUDPC2 |line- T3' AUDPCz designation 6.0 220 PR68-6
4.6 169 2xS-2xD- BvKWS3-133 6.8 193 PR74-73 6.1 157
2xS- 2xD- BvKWS3- 123 4.1 167 PR75-8 2.8 132

2xS- 2xD- BvKWS3- 165 6.0 220 PR69-15 5.3 177

2xW2- 2x0- BvKW53- 133 7.0 226 PR70-32 5.5 182

2xW2- 2xD- BvKW53- 123 6.8 193 PR77-42 5.6 155

s B U 8 0 0 380, sy

2sz-2mihmgeruspechu@jarcoim:ned veitfathesfout Regepesa BvKye3hddanBeKWS3_133,

v 4188 SERSRCI, B 5Rk R 1  SB H5 0 33888 o o e

case mdpHROES,0b®ab 16df i@y . veltoANDEC2(BiIeaka el 2dWeemdeluc-kan were
r%%ress curve) val ue determ ned over 3 rating periods
cleave({J Wi

T3cl and e Alopred logatinns s sfilledeby T5gPRaspepmeiess featment.
Subseqﬁérftﬁrn@ﬁehve@ﬂcord Wef‘eﬁ@ge'cf?(‘;heﬁfwﬂﬁ”)tﬁopl éiecrti%%h&gtlédﬂ e a:ated and the
ts into a single value. The analysis of
12,284 pnr,oy ths shgnmay behE2,294 bistsmlvccmdewet cppazated |ﬁnm th@ 1 ,675 kb size
tucifer tran sfornaﬂ% PR68-6 and PR70-32 over the three
PREFHRGIGATEHs shows that with advance of experinent
duration the difference in the infestation

The isq RGBS LRGN edth d-267ed RIS FER POSHD WBRZ3. pT0S-

BvKw§3E 38 ng?ﬁseﬂVKW?;e?ﬁ Ay 9f70§ivaf{W§3"t1 GB Elﬁ'r\“.ﬁfs &He Y R%rs were first
sugar beet leads, with the aid of the pathogen

hnearlzsfb adihfNefl ot clsavagepoints wemitled byt Kispaw tieatsient. Jihe aectors were
Pro I I 0

e o R R0 L o ek OB OB 8 ions

2xS-2xDEBYIAWSO DS, r 2sPARBDHBAK WEAN nmer sxs-nmmsz _d3pr aadcexS-2xD-

micw 8L 5 i 250 BATDL Bt 81 P

2xW2—2?HﬂBGRWS]?:3 PP3 artil 2OW,-2 304 AW S 3 65 [ Fi. 35 sBVIIRAfiarWeE@ors were
nbined with the pronoters 2xS-2xD and 2xW2-2xD and

used as@esm@e@fqm@ praduntign of ansgenic fugenbedn2: 11 27 For this,
the 13,959 or, as the case may be, 13,969 kb sized
bi nary vectors 2xS-2xD-|uc-kan and 2xW2-2xD-| uc-kan
were cleaved with Sacl and the cl eavage points were
filled by treatnent with

Identification of fungal resistant sugar beets by resistance testing with plant pathogenic fungi
Cercospora beticola.

The elevated fungal resistance of the plants was observed in a fungal resistance test which is
described in the following for exemplary purposes for the resistance testing for the sugar beet

with respect to Cercospora beticola.

For the infection of sugar beets with the leaf spot inducer C. beticola, use was made of, besides
the transgenic plants, sugar beets of the genotype 3DC4156 used for the transformation, in a
greenhouse. Two weeks prior to the plant inoculation vegetable juice plates (40% Albani-
vegetable juice) were spiked with the aggressive C. beticola isolate Ahlburg and incubated at
25°C. Directly prior to inoculation the agar with growing fungi is scratched off with the aid of an
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T4- DNA pol ynerase. Subsequently, the vectors were
further cut with Xhol, gel- electrophoretically
separated, and the 12,284 or, as the case may be,
12,294 kb size vectors were separated fromthe 1,675
size luciferase gene and isolated. The isolation of
the shortened R-gene occurred fromthe vectors

p70S- 12069, p70S-13033 #159, p70S-135_#147 and

it SR W T GRS ARROLEEA thbhns

determiried dshe & ecdnding calt rehamhbert ke 1m¢ulwm tiénsith ad adﬁﬁttai by dilution with

B A T

d1pped9h\\/e@{édﬁxﬁ‘ﬁ 5063459 BadkieP ABe¥h 2¥3ndAMNER. Per line to be examined, 30 plants
S-2xD- 13033 #159, 2XS—2XD—135 #147, 2xS- 2xD-

were nmsla#ﬂ"ﬁsdawplaﬁs Wers selaperandoynised indheagreentipuser 069,
2xW2- 2xD- 13033#159, 2xW2- 2xD- 135 _#147,
2xW2- 2xD- 165_#175 (Fig. 21-22). The blnary vectors
The plamts evdre amsibatedrdol leeengl ésenlabied foi # depgar 28€east 85¢ himadity in a

f | i stant. pla i dentifjed
wrentiBO305E 557 SRR LasP LT bl L B GBA0R o g nd o
weeks %ﬂ@hﬁg GRSculatibh tBE Neak ,drocfo s oﬁicaﬂj/ evaﬂﬁa&D)lsm@aﬁa Klél@@ﬁizlehener
nnent search tool 215: 403-410 An

Saatzu@;}t Yi857) ratipg ngghgme; ((%QI o@lgh?aéthypie&ms 180 destqvssh leaves).

| | ]
Transg@ﬂé lﬂfeg”%i%g \?:?f%?@ éf%%% %gﬂftggﬁ& Ic%%ﬁg?aszi%&) Pffgk%v@ﬁzs 2xS
2xD- BsK&-fSSSIMJ 1995-2MV&WES3M66LS ResW2-2xDERVK WE3 BE3L av @rdV2-2xD-

BWE L5 O amaDr KWl Lo B3 cRyes 485 Bt i phppnison

the confttlol, @@ REvARH fipQhldesistani (Thilegy to | ate blight
(Phyt opht hora i nfestans) belongs to the | eucine
zi pper/ NBS/ LRR cl ass of plant resistance genes. Plant
J. 30(3):361-71. Bendahmane A., Farnham G, Moffett
P., and Baul conbe D.C. (2002). Constitutive gain-of-
function nutants in a nucleotide binding site-|eucine
rich repeat protein encoded at the Rx |ocus of
potato. Plant J. Cct;32(2):195-204. Frost D., Way H.,
How es P., Luck J., Manners J., Hardham A., Finnegan
J., and Ellis J. (2004). Tobacco transgenic for the
flax rust resistance gene L expresses allele-specific
activation of defence responses. Ml Plant M crobe
Interact. 17(2):224-32.
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Hennig, J., Dewey, R E., Cutt, J. R and Klessig, D
F. (1993). Pathogen, salicylic acid and devel opnent al
dependent expression of a beta-I, 3-glucanase/ GUS gene
fusion in transgenic tobacco plants. Plant J.
4(3):481-93. How es P., Lawence G, Finnegan J.,
McFadden H, Ayliffe M, Dodds D., and Ellis J.
(2005). Autoactive Alleles of the Flax L6 Rust

Resi stance Gene | nduce Non-Race- Specific Rust

Resi st ance Associated with the Hypersensitive
Response. Mol Plant Mcrobe Interact. 18(6):570-582.

Contol {WP43R¢HAic]} 29 [Huam@nsgenicdtnaler Vossen E. A, Koastouct

1133. \ﬂ@&?ugers Ig'gobsent}gngAych\% sser rRJG \(/ggog;:k

Corrpar at [ ve genondetmgnetlmbl ed the isolation of the R3a

GBS o e T RS Ly BB TR v

68991) 19Regener atH’I@Tﬂ-a.'md te.ansf démat i on on)ﬁJ@eﬁ’ -Bld@S3-123

4I\})émﬁ\;l QE’?M erium %““' &g Phgpt —Trsptes e I EGiWS3-165

1-13:| 'Kruwer Academ c ~“Publi shers. Lupas

6#0 VaEZ(IDyke M, | BRER-85 0cl5.3. (]1991) Pr 3d|2mW212ng3yiKIV‘é':‘zB133

A PR S L TR

B
hePRTA42 | orts6 of geant d sé‘aWa-ZxD BvKWS3-135

go.ot? C’P? ﬁ@"ﬁ”}:ﬂmu mz.,g?am Dju'ge(“?%(D‘l?ﬂ@VS3165

G (1993). Pronoter sequences of a potato
pat hogenesi s-rel ated gene nediate transcriptional
Table 3CEivatell QBsiSBARCHS wahsgenid WugdrUPGH agdifise qhé Plant pithogésde fungus

Cercosgg,s?,q;eﬁg&g_: 179-186. A droyd, G E. D., and.
t askawi cz, B. J. (1998). Cenetically engi neered

br oad- spectrum di sease resistance in tomato. Proc

]Tmrdyﬁ& astk nS %Fe tﬁ @esLsPaiEéL?e%;(llglégﬁ'lgl@’B‘Q%O‘%%agngaf surface).

Sonss

2 het I C ant LS t e
AUD eétug B]i eSS SRV a&m filg mﬁl%lgéa ep 5 E)érﬂﬁg (T1-T3).
The A aéﬁ‘“& R GE B g BB Mdgpl i tme

points EP(% %ﬂl@}% Sarrac D. A and Shah, D.M ( 1991) .

Devel opnment al and _Pat hogen- | nduced Activati on of
The anglysip pHitysdine pregigsiorcef; th Heesiation dekelapmenbji he t@éﬁfpﬂnants PR68-6
and PR3(430) oveD 8- thipe 2atingcpariods shows thalowith adynce rf pxnesigentyduration the
differendetin theRnfestation Gtvghipnnt Uetwgmyrol addpnsgenicdinesfincreases (Fig. 19
and 20). These results show that the induced expression of ditferent R-genes of the sugar beet

leads, with the aid of the pathogen specific promoter, to an elevated fungal resistance.

Producing fungal resistant plants by transformation of the N-terminal area of the R-gene under
the control of pathogen responsive promoters.

In order to produce fungal resistant plants with use of the N-terminal section of the R-gene, the
condensed or shortened R-genes 13033_#159, 135_#147, 165_#175 and Bv12069 were

combined with the promoters 2xS-2xD and 2xW2-2xD and transformed in sugar beets.
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phenyl al ani ne ammoni a | yase expression in sugar beet

by the fungal pathogen Cercospora beticola is

nedi ated at the core pronoter of the gene. Plant Mbl.

Bi ol ., 55: 835-852. {WP439492; 1} 30 Sonnhammrer, E. L.

Eddy, S. R, and Durbin, R D. (1997) Pfam A

conpr ehensi ve database of protein domain famlies

based on seed alignnments. Proteins 28:405-20. Tang X ,
For thi%f' tge g% 959K thd - case%ﬂ%“be] 13 9@ &631-84 binl vewﬁﬁ'g H85-$x R luc-kan and

199 Ovérexpressi on activateés defence

2xW2-2 e hanbkaswern dleavnt witls Siml @a@ﬂree:éaasamts Wlemﬁlle@ehm treatment with

(1 5-29. T an_Y. Thurau U a
DN Pt 1 5 DTSl ofife P F B p i St et "ol gel-
electrogﬁﬁaloanle bq:@t@@i aid tHed 29849 aF, doiet ca@Bﬁiaﬁ be,ul 2041 1 dize)vectors were
Evol . 58(1);40-53. Traut, T. W

Separateq ﬁgal)the tﬁ@ ﬁl&ﬁb{c}f@ﬁge g0 26biseifus motifs of nine
types of peptide segnents that formdifferent types
of nucleotide binding sites. Eur. J. Biochem
The iscpatpn®f 11, shpirgntd R4 geneoecBteddiraya thiezraciotrp 7ASpl 2062 705-13033_#159,

p70S-135 147 apd RIOS16L7% Thggvrﬁﬁtﬁlts WerQ&ﬁ&g%&E S@% {be DNA cnds

were filled B§5§entﬂh oreadtent) eal‘:ld R Oechdr® veBd further Eﬂ)(\htlﬂmbﬁbl. ‘The isolated R-
0049-5561-311- i | Addre i nf o@k e <110>

gene frepyapis e &ﬂﬂaﬁeﬂ B FDRES ngBWYu ¥EHRon Eﬁs%‘&‘{‘g vectors were

given the designdtions 2xS-2xD-12069,28%- 5}&I§J1§033 #!590@35(312&!{)3[353#147 2x8-2xD-
Resi stenzprotein <130>ve£ | eRef €r ence KW5 SAAT AG

165_#133 40r> ag\the eAscAPIIXUPH e3x B3-1206%, e W2 2K RgI388 2 #159, 2xW2-2xD-
135 _#147, 2xW2-2xD-165_#175 (Fig. 21-22). The binary vectors were transformed as described

in sugar beets and the fungal resistant plants were identified by a Cercospora beticola resistance

test.
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Sequence <213> Organi smNane <400> PreSequenceString :
gaattcgagc tccaccgcgg gattctaata cgactcacta tagggcaagc
agtggtatca 60 acgcagagta cgcggrgatt catactctac
ttccatactt tgtaaaaaca aaaaaagata 120 aaaatggtga
taggcggaga gatttttcta tcagcgtttc ttcaagtgct ctttgaaaag
180 cttgcatcag gagggataag tctattccta aaaagagaaa
aaggaat agg acctaaagtt 240 attcaaagat ggaacaaaaa
Rﬁﬂxeattgagatta at agaggcgg ttttaagtga cgccgagcaa 300
I55§cagtttc acaacaatgc cgtcaaattg tggcttcgag atcttcaaga
gttcgcgtac 360 gatttagagg acatcttaga cgaatttgat

sl SGk AT R0 AR e LA oo L B ELS: 10

480 gtacaaagct gtctttcttg tggtttccca actttaaata

tgc a tattca 540 ctagcaltg_a .
an, ST, BinRRTE R0 B0t B REREPS G p R BRARL GG Ratvsis. Mthods
Enz@féIC15%, gom3gycagat aca ctcaagggta gagcaacatg aagaacggag
gt gaggatcc 660 <212> Type : DNA <211> Length : 660
SequenceNane : sequence 1 SequenceDescription
BairoeH EAC §109%} The PRENTITE hRBEC, 1¢H0s B S50 WaBRR il Res 24:189-
gaattcgagc tccaccgcgg gattctaata cgactcacta tagggcaagc
9 agtggtatca 60 acgcagagta cgcggggaat ttgaagtgat
'~ catcaacctc ttatcatcat ccaactccaa 120 gattctctca
tcactgacag ttctggagta gaatatggtg gacgcagtgg tcactgtgtt
Balld®®a A.! Egobmadd Rl tWeieadt QMeleeint Kt t Banggadgatlg giberhagemann P.,

gttttacttg gtttca 240 _tcggtttaag aagctacaaa .
SdﬁﬁW@aFet@Q%m&%agaﬂéﬁgﬁ'gg@tBétgaﬁ éﬂg%@&gbdﬁm%ﬁﬁe to late blight
(PhySGHleor$ ﬁﬁ@stﬁﬁg%él%ﬁgst B Bl ehGhaappalNBRAIRH Q8¢ 6f plat 8istance

t'gagct ggt 36 at at gaagct gaagacatac ttgcagattg
genes Rlgait)t 34(8):3@adlat agtt ct ggaaaact 420 tcttgaagac
tattctccta caaaggttcc agccaaatat caaat gggga aaagaattgq

480
Bendahmane A., Farnham G., Moffett P., and Baulcombe D.C. (2002). Constitutive gain-of-

function mutants in a nucleotide binding site-leucine rich repeat protein encoded at the Rx

locus of potato. Plant J. Oct;32(2):195-204.

Frost D., Way H., Howles P., Luck J., Manners J., Hardham A., Finnegan J., and Ellis J.
(2004). Tobacco transgenic for the flax rust resistance gene L expresses allele-specific

activation of defence responses. Mol Plant Microbe Interact. 17(2):224-32.

Hennig, J., Dewey, R.E., Cutt, J. R, and Klessig, D. F. (1993). Pathogen, salicylic acid and
developmental dependent expression of a beta-1,3-glucanase/GUS gene fusion in transgenic

tobacco plants. Plant J. 4(3):481-93.

Howles P., Lawrence G., Finnegan J., McFadden H., Ayliffe M., Dodds D., and Ellis J.
(2005). Autoactive Alleles of the Flax L6 Rust Resistance Gene Induce Non-Race-Specific
Rust Resistance Associated with the Hypersensitive Response. Mol Plant Microbe Interact.
18(6):570-582.
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t gaaat caat gaaaagatca atagcattaa aaataacatc tcagcttttc
ttgggcctct 540 tcaacctgtc catggtaatg tagaagaaga
gggaccaccc agatggagtt ctccctgagg 600 atcc 604
{WP439492; 1} 32 <212> Type : DNA <211> Length : 604
SequenceNane : sequence 2 SequenceDescription

Sequence <213> Organi snNane <400> PreSequenceStri ng
gaattcgagc tccaccgcgg acgcgt gggc agcagccaaa cacacacttt

o 5,67 U900, 25, S0RE3EL VEQURLERE G ARRRG . 7.1, von Bk

H.J.,«'i\ggkega%t ?fnog@na]ag ?ngggigscea?gg?tmosn.c@?ag?m gruppti¢st ergbled the

soipgot i PheR AT RRe B phARERth: L i0ERRSR
caagctggag ctctccgatg aactacaacg tcaaatcgag 300

Lind80 &, Cauds, 3l amadtay! Cl @990C BegineAabe bk Gf@haaas bf gigar beet
cacttttct 360 cactagcagc gggitgtaga tgcc

at ggt
by Aggobratartuery hencfiaéaws aBlgna T e Eritere jdanual 7aat]t3g gﬂuwef Academic
Publ ggaatctg tgtttcttac tggatgtctc gggggagtaa ggatatcaag
aagaaattag atgatattgc taacaataat cagtttagct
tagagcttga tcatgagcct 540 atcaggaaca gaaggcctga

Lup%sg Cﬁ;:\%nt lgtglg%ﬁa: %ga b?g}%% d ié%g 1 ﬁ%ééj&ﬂ%% gcgle:g cgﬁslAﬂgl%lplrgtein sequences.

ScieS4eNggascri ption Sequence <213> O gani smNane
<400> PreSequenceString agtttgtaca aaaaagcagg
ctggtaccgg tccggaattc ccgggatatc gtcgacccac 60

Martin, G. B., Bogdanove, A. J., and Sessa, G. (2003). Understanding the functions of plant
disease resistance proteins. Annu. Rev. Plant Biol. 54: 23-61.

Martini, N., Egen, M., Riintz, 1., and Strittmatter, G. (1993). Promoter sequences of a potato
pathogenesis-related gene mediate transcriptional activation selectively upon fungal infection.

‘Mol Gen Genet 236: 179-186.

Oldroyd, G. E. D.,, and. Staskawicz, B. J. (1998). Genetically engincered broad-spectrum
disease resistance in tomato. Proc Natl Acad Sci U 8 A. 95(17): 10300-10305

Rushton P. I, Reinstadler A., Lipka V., Lippok B., Somssich LE. (2002). Synthetic plant
promoters containing defined regulatory elements provide novel insights into pathogen- and

wound-induced signalling. Plant Cell 14(4):749-62.

Samac, D. A. and Shah, D.M. (1991). Developmental and Pathogen-Induced Activation of
the Arabidopsis Acidic Chitinase Promoter. Plant Cell. 3(10):1063-1072.

Schmidt K., Heberle B., Kurrasch J., Nehls R., and Stahl D. J. (2004). Suppression of

phenylalanine ammonia lyase expression in sugar beet by the fungal pathogen Cercospora

beticola is mediated at the core promoter of the gene. Plant Mol. Biol., 55: 835-852.
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gcgtccgctt caacaaccca tctcttcaat aattgtgaaa aaccacaaat
catgattaag 120 taatttctgc accacttttg catcctcagc
cccttctaaa tccttccccc tgaagtgatc 180 aataatcatt
agaatgtctg aagcactact gtgggctgtc acaaaaacaa cacttgcaca
240 cattgctact tttgctggtg atcttacctg cagttatgct
acacaaggca ttttagcagc 300 tcaaggtgtc cgaaacgacc
t caaaaagat cgagaacaag ctgattgcta ttcgcgctgt 360
t ct gcaagat gcagaaagta agcaat atga tagcgaggct gtcaagattt
ggct gaaaga 420 tgtcaaaaat gttgtgtatg atatagatga
Sonttatmmidrgfdt., Gaddgts. Racaddhghing Rgbt (1480) Pfamg daamggyehensive database
at cagcaaa t ctgct t caaatc aqat act. ttcatcctc
of proigin dejaath duTils DS Ry pod PleRIpely PRISRS ?%2‘553% att
agagaccttg ttcaaagatt 600 tgatgacatt gctgctaata

gacgagat ct tggattggat gtcatgftc caattgaa&% 660 .
TangXacua Mt King Yghoggwatle Kessiedddr.ddartin $aBcdPR)- Grerssryssian of Pto

actlv%?eg %@f%h%eartespoages ah8 96883 g)%adgésqﬁgﬂc 98t €603 glt) aalog,
gacgctta ‘actagtagta ctagtgttgg 80 agat gct'agt
aggttggttg tgcttccgat agttgggttt ggcgggattg ggaaaacagc

caaag ctigttttfa atgatgag tt gct

R T -
gend atnﬂﬁ’tgﬁésgﬁ hedaggartBRtaCaRgae dl denbgadt (MoIgEVELG8(1):40-53.
aagt aat gaa accactgcaa acctcaacat gagacagttg catgaaaaac

tccgtgagat 102Q attggatgat cggaagcatt tccttgtgct
Traud SR CR2| o), 93 AL AGRAY aRF BEEEARY InokPEOr nifl RFes 68 BEbtide segments
dgaagc ttt ccttgtactg gcatttagag agggt gaaga aacaagat ac
that fotGlifferestatmppstof gudeaitia birndiyy sdteadamdabBiochem g2d:Pat 9.
gt ggcggggt tcctctggtt 1200 gttaaggttc ttgcaagcct
gttacacagt gaaaggaacg agaaagaatg gaggcgaatt 1260
t ct gaaacaa acaacat aat gat at caaac aagctttgag agtgagctac
aat aaactcc 1320 catctcaatt aaaagcatgt ttttcctatt
gttcattatt tgtgaaggat agcaagctta 1380 atcctccgat
tttgtcatgc ctgtggagtg cacttggaat cttgcaacga ggtaacgaca
1440 atgaagagtt ataatccatt ggatataagt attgtgaaga
cctatagtca agatgtcttc 1500 ttcaggatgc atttcttgtg
ttcaccgaaa ttataagtga atgtagaatg cacgacttat 1560
tccatgattt agcaactgac cttgttggtg aagagatagc tgttgtgacc
- agtaatcatc 1620 ttaatgtttc agatatgtgc aggcatttag
t at ggggat a t gaaggaggt gaaggtttat 1680 cagat aagaa
tttcccaaaa gagctactta gagcaaagaa ggctcgaact ttcagatttg
1740 {WP439492; 1} 33
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gctatgcaat gggctatatt agcaagtcat ttattgaaag tattatacac
aacttcaggt 1800 gcttacgtgt gttggatttg cattagagta
gcttcgagga gttgtcgatg tcaattggga 1860 agttagaaca
tctaagatat cttgacctgt cctacaaccc aatcatcaaa tttcttccaa
1920 gtacactatg caagttgttg aatctacaat cgttgtatgt
t ccaaaaaaa aaaaaaaagg 1980 gcggccgctc tagagtatcc

ct cgaggggc ccaagcttac gcgtacccag ctttcttgta 2040

e

Sequence <213> O gani smNane

<212> Type :

DNA <211> Length :

sequence 4 SequenceDescri ption

<400> PreSequenceString

2047

“““ gattcatactcttacttccat_ actttgtaaa aacaaaaaaa gat aaaaatg

i

' 5aagcttgca t caggaggga 120
CSLaagaagd -gaga

taagtctatt
aaggaa taggacctaa agttattcaa agat ggaaca

CHettad edmeets atlttt tctatcagcg tttcttcaa
égiec‘t.??%% Gerfag gcg g

30:a128anat bgagsat t aat agag gecggttttaa gtgacgecga
geasaageag : t tdt.cacmacal240 at gccgtcaa attgtggcett
dgagatbet t:c Vadyagéi-cgt-3gtacgattta gaggacatct 300

gaets t garadlagade get cgactta aggagttcaa tgatcagcect
<110> Cagrt&e HeN30 ¢ Thcd

Eae

_____ c£ccaact

adta tcaacccaaa tcttcttgtt

Applic%tc&?& tpgf%%tt aaggt acaa agctgtcttt 420

cttgtggttt
14 aat aagaaaa ctacaaagta ttcaactagc attgaagaga

<120> 4801 t:08gGAREGYe£ldsORRAgBInzedtiggacc aagt aaggt c

<130> tEbpEgeRett et GaaCKEAGRRTO 40

t acact caag ggt agagcaa

<140> Cat gaagatrnggragggaaac atcatctatg atacgggagc 600
<141> Cygrangt vtiaoP¥yFgagggat—gat gagaaaa at cagat aat ccaaagatta

t t aaagacag 660

at gagccatt ttgtgaaaat tacaatgtaa

SequencPectatt gt t ggaacagga ggcattggga 720 agacgaccct

<213> @96l.cagecl gtatacaatg atgagcaggt gaaggctcac tttgatgtaa
<400> PBBseRageRLYO@L : gt gcatctcc gatgagtttg at gt caaaca
gaatt@gigacaasacageat takeee 848ctoettc agoraeadT ghigataca
acgcadagt adautyoya gt getettagec tyaydeacaidrraas Pazr29ed-2

60
120

asasteggaRCPEgL Iy rabEcaas agaltetta tTatect Chd auttat at gf;
cttgc fl@glag gj"tta O’,c attccta adaagagaad aaggaatagg afctaadgtt G
attcaaaga ggdacaaada attgagatta atagaggcgg ttttaagtga cgccgagcaa 300
aagcagittc acaacaatgc cgtczaattg tggcttcgag atcttcaaga gttcgegtac 360
gatttagagg acatcttaga cgaatttgat acagatgctc gacttaagga gttcaatgat 4290
cagcctcage cacagcocaca ggaacatcaa cccaaatctt cttgttectcec tttcaataag 480
gtacaaagct gtctttettg tggtttecca actttaaata agaaaactac aaagtattca 540
actagcattg aagagatgag cactcgcttyg gaagatcttc tggaccaagt aaggtetttg 600
gectetotcoaa cgcagataca ctcaaggglta gagcaacatg azgaacggag gtgaggatcc 660
<212> Type : DNA
<211> Length : 660

SequenceName : seguence 1

SequenceDescription :
Sequence
<213> OrganismName :
<400> PreSequenceString :
gaattcgage tccaccgegg gattctaata cgactcacta tagggcaage agtggtatca 60
acgcagagta cgcggggaat ttgaagtcat catcaacctc ttatcatcat ccaactccaa 120
gattctctca tcactgacag ttctggagta gaatatggtg gacgcagtgg tcactgtgtt 180
tttggaaaaa cttttcaatg tccttgttca ggagggtggt gttttacttg gtttcaaaga 240
tcggttitaayg aagctacaaa atgatctcaa atacatgcaa agcttcttta aagacgecga 300
gaggctcaaa aggaaagatg agtctctaaa atgcactctg geccgacatgce gtgagetggt 360
atatgaagct gaagacatac ttgcagattg ccagettttg tcaaatagtt ctggaaaact 420
tcttgaagac tattctecta caaaggttcc ageccaaatat caaatgggga aaagaattgg 480
tgaaatcaat gaaaagatca atagcattaa aaataacatc tcagcttttc ttgggectcet 540
tcaacctgte catggtaatg tagaagaaga gggaccacce agatggagtt ctcecctgagg 6C0
atcc 604
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atgatccttg ggaccaactt caaacccctt tttcatcagc gaagaaggga
agtagagttc 1020 taatcacgac cagaatggag acggtggcaa
agaacat ggt taaaagacca gatcaaagcc 1080 ccatcatcaa
gttaaaggtt ttatctgatg atgattgttg gcttctcttt caaaagcatg
1140 cagtcgtaga tgaagacctc attgtgatgc agaaggactt
ggttgggttg ttcaaaggat 1200 tgcctttggce tgcaaaagct
ct aggaggtc tcctaaggag agagcgtaag agtaattggg 1260
<212>G3p00abat t aaagagcaat atttggagtg aagaaggtgg tgttctgcca
<211> 0lettgaggn 1320 ttagttatca tcatctccca caaaacctca
aaqgirgeside t goibatdegt tctatattcc 1380 cgaaagatta
tSagedricebegrgagatgaat g ttatattaat gtggatagca gaaggcttgc
1440 tgccagagca cgacaaggag tgcaaggaag acattggtcg
Sequeigactatttt cttgatctag 1500 tatcaagatc attgtttgaa

<213>%‘%§Q?i%%9£u% caatgtatat ggatggatct ttcattatgc 1560
<400> Q&Q@éq%ﬁ@ets*&fr@gt gaccta gctcaatggg ctgctggtga agtttgttgce

gaatt@Gat ti@aad@cdb 20gcdigganagasdcchiLichedaga: meacgi-t gt 69
catcadghtidat CitCat gaagaaatea chgatcagat ¢ccditBcacaaacatgyac 120

atcgciidReadaghemtet ttgteTageyy ttagymuest tCafereat vEtctgieat t é
aacttcwat) acgtl F& é‘éft‘-{a@@”t‘%tc EEECBtRCEY tJFth é’fatalc

gcgct%qg F%ﬁ: 8?9 f Efcg Fg% aatc =) 300
gagctcaa ata tac 360
caccaégaé é&k %@£ﬁﬂ%% %é&b 420
tctagtde %g@ﬁtc tﬁg’af& b kggdQgaad @g%@@@ﬁ @@&tattagﬁ tgcaag
aagaad@gl @&@@ﬁa&t&&&@acagﬁaﬂg ekt agancafaeagyacgetagotgt 540
atcagdaaagaggadgtiaagtcioacttt guggrgattag 1980 tccctct aat 580

<212> dgpact Péaa caccttgatg ttagtagtag gtatgctget tcaccgttgg

<2ll> ésﬁﬂ@th tg gaaa attaacaaac ttgcagacat tgaagggatt
58@3@ agafati€ta 2100 agacaagtat aagtgaattg
aac g a gcctccg tggctcactg gacatccatg 2160

Sequergcgct agagaa tgtgtttagt agtgaagaag cacaagcagc aaggttgcac
----- -gaaaagacag 2220 gccttgataa gttggaaatg tattggggag
<213> a?u:aatigmm tgatgttgat gacaacatta 2280 aaaaagatgt

<400> Fgefgueeepstrirgcagce tc cggaat ccat caaagaatta acgttgaatg,
;g;ggg}s&% aag gécg Gg% F‘égac%if‘i‘ ;Eg %ggga E? G @Q@ ? 126
tented g T oaptargatts. 2400 Jreatagda cca@gggbﬁ iéfi 80
aataatd 09@ ata&ééc@gg’t @ggﬂ'ﬁtcégggc%gg ek tt% @cgﬁ 2440

cattgcdatt &aa@@@gs@ta@at@at:@g ¢aggagatggcadgatat taaagasdgt aggos
tcaagtgt gaabiddyga2b 20aa{2Wh43 2492atraB 4t euggcaEatgeocbgattggt t gec

tctocdagapacetglotd eotytatya gamggm at Btiet ave-Re8H 423
tgtca a

acgaaﬁgg% %ga %%%g a’s:cq*ég1 109 acag tc aggtacta@ F@ﬁ;@é@@?gcaéﬁo
gaatccaa gagtaa tattggag tgataagatt agagaccttg ttcaazagatt 600
tgatgacatt gctgctaata gacgagatct tggattggat ggtcatgatc caattgaagt 660
atacaacatt gagaggaatc ctttagatgc ataatcatat gtgaagaaat cagaaattat 720
tggtagagat gaagctaggt ccgaaataat tagacgctta actagtagta ctagtgttgg 780
agatgctagt aggttggttg tgcttecgat agttgggttt ggcgggattyg ggaazacagc 840
attggcaaag cttgttttta atgatgagtg ggttgctagt aactttgata ttaagttgtyg 900
ggcatgtygte tctgaaaaat ttgatctgca gaagactaca gaagaaattt tgaattctgt 960
aagtaatgaa accactgcaa acctcaacat gagacagttg catgaaaaac tccgtgagat 1020
attggatgat cggaagcatt tccttgtgct ggaczatgtg tggatcgagg acatcaaagt 1080
gcactccaca ggaagcattt ccttgtactg gecatttagag aggdtgaaga aacaagatac 1140
ccaaagctitg ctacaatcgg gaaaageatt gttgaaaatt gtggeggggt tectetggtt 1200
gttaaggttc ttgcaagect gttacacagt gaaaggaacyg agaaagaatg gaggcgaatt 1260
tctgaaacaa acaacataat gatatcaaac aagctttgag agtgagctac aataaactcc 1320
catctcaatt aaaagcatgt ttttcctatt gitcattatt tgtgaaggat agcaagcetta 1380
atcctecgat tttgtcatge ctgtggagtyg cacttggaat cttgcaacga ggtaacgaca 1440
atgaagagtt ataatccatt ggatacaagt attgtgaaga cctatagtca agatgtcttce 1500
ttcaggatgc atttecttgtg ttcaccgaaa ttataagtga atgtagaatg cacgacttét 1560
tccatgattt agcaactgac cttgttggtg aagagatage tgttgtgacc agtaatcatc 1620
ttaatgtttc agatatgtgc aggcatttag tatggggata tgaaggaggt gaaggtttat 1680
cagataagaa tttcccaaaa gagctactta gagcaaagaa ggctcgaact ttcagatttyg 1740
{WP439492;1} 33



gccttgaata tattagcata tatgaatgtc cattgttgcg ggctaactta
ccttcccatc 2700 tcccatccct aaaagacttg tccattggca

aat gcaaaga gttgagattg tcacttccaa 2760 gctgcccttt
gctccaaaaa ttgactatta taacatatga gacgccattt agtattgctg
2820 attgtttgcc ctcaactctt gagaccctgg aaatcttgca

ct ccgaaat a gagcagccaa 2880 ttcaagagtg gaaacttgac
ctccttactt ctcttaaatc tcttgatctc caaaacatag 2940

gctatgggﬂg@g &gga@ggg)t@a%a@&ﬁ g@&%@&@&gt ga&ggﬁﬁ%CMt&tc}gﬁ:cat gbdc
gottacgeed GEEgeatt 3000 rabget tetibadfat et ggaddst cqaga 1860
agttagahdd gaealyerLt tgtatygs tetaeeaid eaﬁﬁeé)aaaccmcmc@ac 1920
gtacact gapabé@dat @t etigFaatdt gvidagasictcggaztacasd gt cgaPeo
gcggecgdR) tagasterse aF €agadtfc PPN itageeattadt ¢ F g 200

C‘5“5“5“3’1:(‘5’ccttt tt tatcaacgat 3180 gcaaaccgga tccccatgga

:iii eﬁlt t4 ttaattatat tgataaatac aaatattcgt 3240
Eg@dﬁg atteeagtty tcattccctg aagattgagt tggaggtgga
ehl&%t:rfp%@ ftttttcaga ttttgttttt gttttttttce

Sequengggaatt gt g at aaaaaaaa aaaaaaaagg gcggccgctc tagagtatcc
<213> ctcgaggggc ccaagcttac gcgacccagc tttcttacaa agg
<400> % Seén ) )
@Eca egmggaa% aﬁqg%%e%c%ggéa{%@ %at%@ﬁence 60
gaga ? %Gh&@“@f@tté&o?g&%eﬁﬁﬁ

attttcttta gtttatttgt atgaaactag 3360 aatatattca
DNA <211> Length 3463
gatt
t2aAGRYOACECR agaAl g2dhaageh? Paghpper aaNbyt€21tlcaal engtidnaca24

uenGeStdd:Ng-agagezaccaazo
180

asadsequenceiNanesgequencet® gSeguenceDeserIpui mcaS@qaenc e240

300

atgec2i@se € PHAPSTINAPRY 2t AP0 52 PREE S

UBHEESEtRngRogacatet

tagacgaatt tgatacagat gctcgactta aggagttcaa tgatcagcct Cagecacagc 360
cacaggaaca tcaacccaaa tcttctigtt ctectttcaa taaggtacaa agetgtettt 420
cttgtggttt cccaacttta aataagaaaa ctacaaagta ttcaactage attgaagaga 480
tgagcactcg cttggaagat cttctggacc aagtaaggtc tttggetctc tcaacgcaga 540
tacactcaag ggtagagcaa catgsagaac ggagggaaac atcatctatg atacgggagce 600
cagttgtata tgggagggac gatgagaaaa atcagataat ccaaagatta ttaaagacag 660
atgagccatt ttgtgaaaat tacaatgtaa ttcctattgt tggaacagga gygcattggga 720
agacgaccet cgctcagget gtatacaatg atgagcaggt gaaggctcac titgatgtaa 780
aagcatggot gtgcatctce gatgagtttg atgtcaaaca agtgacaaca agcattatca 840
cttcagccac tcgtgataca tgtaatttcg gtgttctaga tgaggcacaa gatasattaa 900
agaacttget tgtagacaaa agattcttga tcgttcttga tgatatatgg agtgatgaat 960
atgatccttyg ggaccaactt caaacccctt tticatcagc gaagaaggga agtagagttc 1020
taatcacgac cagaatggag acggtggcaa agaacatggt taaaagacca gatcaaagcc 10890
ccatcatcas gttaaaggtt ttatctgatg atgattgttg gecttctcttt caaaageatyg 1140
cagtcgtaga tgaagacctc attgtgatgc agaaggactt ggttgggttg ttcaaaggat 1200
tgcctitgge tgcaaaaget ctaggaggtc tcctaaggay agagegtaag agtaattggg 1260
caaggatatt aaagagcaat atttggagtg aagaaggtgg tgttctgcca gtcttgagge 1320
ttagttatca tcatctccca caaaacctca aacgtgeett tgettattgt tetatattcec 1380
cgaaagatta taaattcacg gagatgaatg ttatattaat gtggatagca gaaggettge 1440
tgccagagea cgacaaggag tgcaaggaag acattggtcg tgactatttt cttgatctag 1500
tatcaagatc attgtttgaa ccaaacagtc caatgtatat ggatggatct ttcattatge 1560
atgacctaat ccatgaccta gctcasatggg ctgctggtga agtttgttge acattgaata 1620
tccaaaaact ttcttctaga acacgttatt ggtctttetc tgaagaaata ctgatagatc 1680
aaacatggac ttcaaagaaa cttgtccagg tacgatcatt tgettotttt ggtgcattag 1740
atgttcgaat tcoctatgecaa ctactagatt ccattttecg tcagtttcaa tacttacget 1800
tgttgcgtat gcataaggcg ggaataattg agttaccaaa tagtatgggt aatctgaaac 1860
acttgagact tcttgacctc tcatggaata caaaactaac tagattgcca aagtccacta 1920
geaagetttyg caacctccag acgetgetgt taagaggatg taagtcetcett gtggagatag 1980
tcccteotaat cgaacttcaa caccttgatg ttagtagtag gtatgectget tcaccgttgg 2040
ggattggaaza attaacaaac ttgcagacat tgaagggatt tactttgaga agatactcta 21GC0
agacaagtat aagtgaattg aagaacttga aatgcctccg tggctcactg gacatccatg 2160
gcctagagaa tgtgtttagt agtgaagaag cacaagcagc aaggttgcac gaaaagacag 2220
gcecttgataa gttggaaaty tattggggag ataatgccca tgatgttgat gacaacatta 2280
aaaaagatgt agttgatcga ttacagcctc cggaatccat caaagaatta acgtigaatg 2340
gotacgacgg cttaacattc cctgettggt tgggaaatcce ctcttacact aatatggttt 2400
tcatagaatt aagggagtgt aggagatgtg aattcttace agcactaggg cagctgeect 2460
cattaaagaa catcataata gaagggatgg atgatattaa gactgtaggc cctgaatttt 2520
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ttattcagcc atcaaagttg accaataat 29 <212> Type DNA
<211> Length 29 SequenceNane : sequence 7
SequenceDescription Sequence <213> Organi smNane
<400> PreSequenceString tacaattcaa acattgttca
aacaaggaac ¢ 31 <212> Type DNA <211> Length
SequenceNane sequence 8 SequenceDescription
<213> Organi smNane

31
Sequence
<400> PreSequenceString ttctagccac

agakl tga Gegcctild® gt MEBO49 5l 35 2580
g:ggfg?g%%gg &%@%gggﬁjzggﬁééldé}l @@E@Mﬂjﬁtq%ﬂiﬁﬂﬁﬁ antttcccg 2640
gecBeguencebesert Pltbodhat Per wenee tgdil zc@agai saNareate 2700

ttccaa 2760
2820

get

atcyiiigg: tca%%{%
Lot

ttcaaga C
=
tgt Et atatcteyg

ccaacctcac
tcccaccatc
gcaaaccgga
acatttgaag
ttttttcaga
aatatattca

ctcgagggge

20,

tgaaattaaa
gaagcttcag
tccecatgga
attccagttt
ttttgttttt
aggaattgtg
ccaagcttac
DNA

GRECEERGaRTC PRt A GEEIGEt En e

5
gaatat THri tdaaes
L CARAC R0 ARCE] £ L AOE 0 A Toor

gatttcaaga
atctggaatt
gaagcgtatt
cttattgttt
tcattcecctg
gttttttttc
ataaaaaaaa
gcgacccagc

atttgaaatc
gtaagaagct
ttagtgattyg
ttaattatat
aagattgagt
attttettta
aazaaaaagg
tttcttacaa

teceat@00t Pre8rglendeStrtagh aetggesafgetwgéb@agw

St

cttgtcatge
ggaatcattg
ccctttgatt
tgataaatac
tggaggtgga
gtttatttgt
gcggecgete
agg

folgytacts

Ezgﬁi %E%%aatt

tctacccttc
ggtgtcgatt
tatcaacgat
aaatattcgt
gttttggggt
atgaaactag
tagagtatcc

2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3463

<212> Type

<211> Length : 3463
SequenceName seguence 5
SequenceDescription :

Sequence
<213> OrganismName
<400> PreSequenceString
cagccaccaa agaggaccca gaat
<212> Type DNA
<211> Length : 24
SequenceName seguence 6
SequenceDescription

24

Sequence
<213> OrganismName
<4(G0> PreSequenceString :
ttattcagee atcaaagttg accaataat
<212> Type DNA
<211> Length : 29
SegquenceName seguence 7
SequenceDescription

29

Sedquence
<213> OrganismName
<400> PreSequenceString :
tacaattcaa acattgttca aacaaggaac ¢
<212> Type DNA
<211> Length : 31
SeguencelName seguence 8
SequenceDescription :

31

Seqguence

<213> OrganismiName

<400> PreSequenceString :
ttctagccac cagatttgac caaac
<212> Type DNA

25

35
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<211> Length : 141 SequenceNane sequence 10
SequenceDescri ption Sequence <213> O gani smNane
<400> PreSequenceString actagtttat tcagccatca
aagttgacca ataattctag tttattcagc catcaaagtt 60
gaccaataat tctagttaca attcaaacat tgttcaaaca aggaacctct
agttacaatt 120 caaacattgt tcaaacaagg aacctctaga 150
<212> Type DNA <211> Length : 150 SequenceNane
<211>S8dyeNcessll  SequenceDescription Sequence <213>
QegasisiNane s« PreSequenceString actagtttct
agecaceagartptigaccaaa ctctagtttc tagccaccag atttgaccaa
60 actctagtta caattcaaac attgttcaaa caaggaacct
Sequergeagt t acaa ttcaaacatt 120 gttcaaacaa ggaacctcta ga

;;Ig; Z!::éanfsz é2> Type : DNA <211> Length : 142 SequenceNane

<400> y@&ggczlgg;i@equencemscri ption Sequence <213>
actagidagani-3ANaRR; 54007 FF @Seaiense ShbtN1Q Ay I XPARYKL 66
tot agROSXXO XM a cXDLISXALNERXa RRiddct36 age2ddacdyaeadRlgt<211>20
tcaaadagpgtdacet38oa g 141
<212> Type : DNA
<211> Length : 141

SequenceName : sequence 10

SequenceDescription :

Sequence

<213> OrganismName
<400> PreSequenceString :

actagtttat tcagccatca aagitgacca ataattetag tttattcage catcaaagtt 60
gaccaataat tctagttaca attcaaacat tgttcaaaca aggazacctet agttacaatt 120
caaacattgt tcaaacaagg aacctctaga 150

<212> Type : DNA

<211> Length : 150
SequenceName : sequence 11
SequenceDescription :

Sequence

<213> QOrganismName
<400> PreSequenceString :

actagtitct agccaccaga tttgaccaaa ctctagttte tagecaccag atttgaccaa 60
actctagtta caattcaaac attgttcaaa caaggaacct ctagttacaa ttcaaacatt 120
gttcaaacaa ggaacctcta ga 142

<212> Type : DNA

<211> Length : 142
SequenceName : sequence 12
SeqguenceDescription :

Seguence
<213> OrganismName
<400> PreSequenceString :
BAVLXDAEXKQ XXXXXLX¥XWL XDLKDXVYDX DDILDE 36
<212> Type : PRT
<211> Length : 36
SequenceName : seguence 13
SequencebDescription :

Sequence

<213> OrganismName

<400> PreSeguenceString :

IXEIXXKLDD T ‘ 11
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SequenceNane sequence 13 SequenceDescription
Sequence <213> Organi snNane <400> PreSequenceStri ng
| XEI XXKLDD | 11 {WP439492; 1} 36 <212> Type PRT <211>
Length : 11 SequenceName : sequence 14
SequenceDescri ption Sequence <213> O gani smNane
<400> PreSequenceString AVLXDAEXKQ XXXXXLXXW.
XDLKDXVYDX DDI LDEXXXX  XXXXXXXXXX XXXXXXXXXX 60
<2125 AFELOOARAX XXX KXX XXXXXXXXI X El XXKLDDI 99 <212>
<211> EI¥RePRTL1<211> Length : 99 SequenceNane : sequence 15
Sequenecedescrdegtiear 18equence <213> O gani snNane
S400ncPPESeirieneeSt ri ng at ggagattg gcttagcagt
tggtggtgca tttctctctt cagctttgaa tgttctcttt 60
Seque‘_‘@%t aggcttg ctcctcacgg tgatctgctc aacatgtttc agaagcat aa

<213> 99aL.GaLGLL 120 aagctcttaa agaagctgga ggacattttg

<a00> GLEQOLEIdLea0Rt L gt gct aagtgatgca 180 gagaat aaac
AVLXDAAARE ake@aaxic gacaixgl g ageuagkg kxt:eaakaagrixiemgaat gcko
XXXXXZARK XGRQUATHY LYK etgataacyikigat agaacaa gtcaattatg 99
<212> Faget't Pfag gcttaaggtg 300 gaaggccagc at caaaat ct

CS‘m“ﬁ% agcaaccage, aagt aagtga ccttaacctg 360

<211> tégg f
1

equence

SequenceDescription :

Sequence

<213> QrganismName :
<400> PreSequenceString :

atggagattg gcttagcecagt tggtggtgea ttteotcetett cagetttgaa tgttctettt 60
gataggcttg ctcctcacgg tgatctgectc aacatgtittc agaagcataa ggatcatgtt 120
aagctcttaa agaagctgga ggacattttg cteggtcttc agattgtgcect aagtgatgca 180
gagaataaac aagcatcaaa tcgacatgty ageccagtggt tcaataaget tcagaatget 240
gtggacggtg ctgagaactt gatagaacaa gtcaattatg aagctttgag gettaaggtg 300
gaaggccage atcaaaatct tgcagaaaca agcaaccagc aagtaagtga ccttaacctg 360
tgecttcagtg atgatttcectt tettaacata aaggataagt tggaagaaac cattgaaaca 420
ttggaggtgt tggaaaagca aattggtcgc cttgtaatca ctagctag 468
<212> Type : DNA

<211> Length : 468

SeguenceName : sequence 16

SequenceDescription :

{WP439492;1}
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tgcttcagtg atgatttctt tcttaacata aaggataagt tggaagaaac
cattgaaaca 420 ttggaggtgt tggaaaagca aattggtcgc
cttgtaatca ctagctag 468 <212> Type DNA <211> Length :
468 SequenceNane : sequence 16 SequenceDescri ption
{WP439492; 1} 37 Patent Cains 1. Nucleic acid, which
codes for an autoactivated resistance protein for
producing a resistance against pathogens in plants,
Pat ttﬂﬁ%?by characterized, that the nucleic acid conprises
e T i t ed part of an NBS-LRR-resistance gene, which
extends fromthe 5 end of the coding region of the )
1. Nuchisacid.Rpbicke spdss e en gelnectiyelad sesisanse proteingob prgidneing g resistance
sgins Gl e RIS R, W 810 AR B i pa
of an NBRLRRSetiREdeaehs vificteegarde fromPthe Bugldeif theawidihg region of the NBS-

according to claim1, i,ch, codes for m no acjd
LRR & ten 8t o appams oy B ceBinne: 1 BR8-St of ahe s LRR-
resistarte GRA! WhSreirPthe NHINLRR Wit £l GARES nbtQf TRONBSLINGR a&Gisthnce gene.

sequence with the sequence notif AVLXDAE. 4. Nucleic

acid according to claim1, with a nucl eotide sequence

fromthe foll ow ng group: a) nucl eoti de sequence

according to SEQ ID NO 1 or a nucl eotide sequence
2. NucRRRIRId :fE%GItdﬁ{fytotcPaimt NGB fofl 8n RMHOCREEseAESRE WithGhd Sequence

SEQ I D NG or a nucleotide sequence, which
motif P4Br i di zes with the nucl eotide sequence according to

SEC ID NO 1 or a nucleotide sequence conplinentary

to the nucl eotide sequence according to SEQ ID NO 1,

b) nucl eoti de sequence according to SEQID NO 2 or a

nucl eoti de sequence conplinmentary to the nucleotide
3. Nuckgggshaseordingdo dlamy 1t whSE@oes foan 2mino agidrgqense with the sequence

. e, which hybridizes wth the nucleotide

HKprgggggﬁ%é according to SEC ID NGO 2 or a nucl eotide

sequence conplinmentary to the nucl eoti de sequence

according to SEQ ID NGO 2; c) nucl eoti de sequence

according to SEQID NO 3 or a nucl eotide sequence

onpl i mentary to. the. nucl eotide sequence aceqrdi )

4 Nl TR o i 1 DB GG ARG R ROl
hybri di zes {WP439492; | } 38

a) nucleotide sequence according to SEQ ID NO: 1 or a nucleotide sequence complimentary to

the nucleotide sequence according to SEQ ID NO: 1 or a nucleotide sequence, which hybridizes
with the nucleotide sequence according to SEC ID NO: 1 or a nucleotide sequence

complimentary to the nucleotide sequence according to SEQ ID NO: 1;

b) nucleotide sequence according to SEQ ID NO: 2 or a nucleotide sequence complimentary to
the nucleotide sequence according to SEQ ID NO: 2 or a nucleotide sequence, which hybridizes
with the nucleotide sequence according to SEC ID NO: 2 or a nucleotide sequence

complimentary to the nucleotide sequence according to SEQ ID NO: 2;

¢) nucleotide sequence according to SEQ ID NO: 3 or a nucleotide sequence complimentary to

the nucleotide sequence according to SEQ ID NO: 3 or a nucleotide sequence, which hybridizes
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wi th the nucl eoti de sequence according to SEC ID NO 3
or a nucl eotide sequence conplinentary to the
nucl eoti de sequence according to SEQ ID NO 3; d)
nucl eoti de sequence according to SEQID NO 4 or a
nucl eoti de sequence conplinmentary to the nucleotide
sequence according to SEQ ID NO 4 or a nucleotide
sequence, which hybridizes wth the nucleotide
with ﬂ?ee%ﬂa@&?deag cﬁ%ﬁé@ glcéd?dlﬁgctol REO A NQﬁ 3 13HCh EfkclcdBde sequence
qguence mentary to the nucl eotide sequence
complnaetd:tmydd) ttg nuoleﬁﬁl@ dcmlducc actordamgitoEN I NEb B de sequence
according to SEQ ID NO 16 or a nucl eoti de sequence
conplinmentary to the nucl eotide sequence according to
d) nucl&Ei@e ls&idde dloingtioBEY) EDINOIet 64 uadleidewbinehice complimentary to
ybridizes wth the nucl eotide sequence accor di
the nucemdq 9aREDce ascrAing to FEQIR NQe 498 4 durleait eé&ﬂ%ﬂﬂfi?r@ﬁ?ﬁlr Rybridizes

with tﬁseo n'il\llt']@ fYeCls &gﬁh&e aSEASRRCR areond Mol @ JEQ | fclblidd Gequence

e|c aci d accordi ng to claiml, thereb
compliméntarydo theimelgotidesequdnee MBSrdiRROrSEE 52 Akt &; eis a
resi stance gene froma sugar beet. 6. Nucleic acid
according to claim1, which codes for an am no acid
¢) nucl&fidel e@ends debording @6l SEQCKD Neeli6ot edutleatidetsbquehot t@mplingentary to

the nucfiedfsancrerites 2 PN 16 eimp Rt dcieming e hybrdice

with tR93LAs dRatdRERRS aéc%r&ﬁ@rlBSSEW fh N&)! B RRtBogRRotide sequence
I nduci bl e pronoter as wel b) a nucleic acid under

comphmbréar@dmthemuclcotlddfeqtpﬁngmcerdleg:@&ﬂﬁ HYNGs 16ne of clai ns
1-6. {WP439492; 1} 39 8. Nucleic acid construct
according to claim?7, thereby characterized, that the
pat hogen i nduci ble pronoter is a synthetic pronoter.
5. Nucleic abldcikceirdingdo datohsthersby charedertied dhat thecNBShRR -resistance gene is
er eby. char act Erl zed that the synthetic pronoter

areswtar“ﬁ%ﬁ JORASIS Ofr e of the fol | owing cis-el ement

conbi nations: a) a nxS-nxD-box b) a nxW2-nxD-box «c)
a nxGstl -nxD-box (wherein n and m nean a natur al
nunber from1 ...10)

6. Nucleic acid according to claim 1, which codes for an amino acid sequence with a sequence

selected from the following group:

a) SEQ ID NO: 13
b) SEQ ID NO: 14

¢) SEQ ID NO: 15
7. Nucleic acid for producing a resistance against pathogens in plants, with

a) a pathogen inducible promoter as well as

b) a nucleic acid under the control of the promoter according to one of claims 1-6.
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10. Nucleic acid construct according to claim9,
thereby characterized that the cis-el enent

conmbi nation includes: a) a nucl eotide sequence of SEQ
ID NO 10 or b) a nucleotide sequence of SEQ I D NO
11 or <c¢) a nucleotide sequence of SEQ ID NO 12 or d)
a derivative of a nucleic acid sequence according to
a) through c) with conparable characteristics. 11.

8. Nucl-gfc%ﬁ%ﬂ Fuce L3k %th:leﬂmn# ?ﬁe?éb{s! c"fi&lagteﬁﬁedatlﬁ%'ﬁlle %‘aﬂho@&ﬂ iHlducible

ruc accor to one o precedi ng clalns.
promotd?is aRgnthsticgfromoter.ansgeni ¢ pl ant according to claim11.
13. Seed or genetic material froma transgenic plant
according to claim11l. 14. Use of nucleic acid or a
nucl ei ¢ acid construct according to one of clains 1-10
for producing a transgenic plant. {WP439492; 1} 40
9. Nucleic acid construct according to claim 8, thereby characterized that the synthetic promoter

includes one or more of the following cis-element combinations:
a) a nxS-mxD-box

b) a nxW2-mxD-box

¢) a nxGst1-mxD-box

(wherein n and m mean a natural number from 1 ...10)

10. Nucleic acid construct according to claim 9, thereby characterized that the cis-element

combination includes:

a) a nucleotide sequence of SEQ ID NO: 10 or
b) a nucleotide sequence of SEQ ID NO: 11 or
¢) a nucleotide sequence of SEQ ID NO: 12 or
d) a derivative of a nucleic acid sequence according to a) through c) with comparable

characteristics.

11. Transgenic plant with a nucleic acid or a nucleic acid construct according to one of the

preceding claims.
12. Parts of a transgenic plant according to claim 11.
13. Seed or genetic material from a transgenic plant according to claim 11.

14. Use of nucleic acid or a nucleic acid construct according to one of claims 1-10 for producing

a transgenic plant.

{WP439492;1} 40



