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An important target of work carried out in the field of plant
molecular genetics is the generation of herbicide tolerance.
Herbicide tolerance is characterized by an improved compatibility
{in terms of type or'level)_of'the plant or plant organs with the

35 herbicide applied. This can be effected in various ways. The
known methods are utilization of a metabolic gene, for example
the pat gene, in connection with glufosinate resistance (WO
8705629) or a target enzyme which is resistant to the herbicide,
such as in the case of enolpyruvyl shikimate-3-phosphate synthase

40 (WO 9204449), which is resistant to glyphosate, and the use of a
herbicide in cell and tissue culture for the selection of
tolerant plant cells and resulting resistant plants, such as
described in the case of acetyl-CoA—carboxylase inhibitors (US
5162602, US 5290696).
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Antibodies are proteins as component of the immune system. A
joint feature of all antibodies is their spatial, globular
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unlimited growth and continuous secretion of antibodies. Since

each hybridoma cell, being a clone, is derived from a single B

cell, all antibody molecules produced have the same structure,
including the antigen binding site. This method has greatly

promoted the use of antibodies since antibodies which have a

single, known specificity and a homogeneous structure are now
available in unlimited quantities. Monoclonal antibodies are used
widely in immunodiagnostics and as therapeutics.
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35 :
In recent years, the so-called phage display method has become

available for the production of antibodies, and here the immune
system and the various immunizations in the animal are avoided.
The affinity and specificity of the antibody are made to measure
in vitro (Winter et al., Ann. Rev. Immunol. 12 (1994), 433-455;
Hoogenboom TIBTech Vol 15 (1997), 62 -70). Gene segments which
contain the sequence which encodes the variable region of
antibodies, ie. the antigen binding site, are fused with genes
for the coat protein of a bacteriophage. Then, bacteria are
infected with phages which contain such fusion genes. The
resulting phage particles are now equipped with coats containing
the antibody-like fusion protein, the antibody-binding domain
pointing outward. Such a phage display library can now be used

40
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35 application in pharmacol ogy where the in-situ expression of antibodies

in plants |s utilized for oral inmunization (Ma et
25 More recent attempts utilize antibodies in-situ for defending

plants against pathogens, in particular viral diseases, by
expressing, in plant cells, specific antibodies or parts thereof
which are directed against viral coat proteins (Tavladoraki et
al., Nature 366 (1993), 469-472; Voss et al., Mol. Breeding 1

30 (1995), 39-50).

An analogous approach has also been utilized for defending the
plant against infection by nematodes (Rosso et al., Biochem
Biophys Res Com, 220 (1996) 255-263). There exist examples for an

35 application in pharmacology where the in-situ expression of
antibodies in plants is utilized for oral immunization (Ma et
al., Science 268 (1995), 716-719; Mason and Arntzen, Tibtech Vol
13 (1996), 388-392). The body is provided with antibodies formed
by the plant and originating from plants or plant organs which

40 are suitable for consumption, via the mouth, throat or digestive
tract, which antibodies cause efficient immunoprotection.
Moreover, a single-chain antibody against the low-molecular-
weight plant hormone abscisic acid has already been expressed in
plants, and a reduced availability of plant hormones, due to

45 binding of abscisic acid in the plant, has been observed
(Artsaenko et al., The Plant Journal (1995) 8(5), 745-750).
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It is for the abovementioned reasons that the genetic engineering
approach of isolating a resistance-encoding gene and transferring
it into crop plants in a targeted manner is superior to the

30
raditional plant breeding method.

To date, the development of herbicide-tolerant or
herbicide-resistant crop plants, by molecular biology methods,

35 requires a knowledge of the mechanism of action of the herbicide
in the plant and also that genes which impart resistance to the
herbicide can be found. A large number of herbicides which are
presently utilized commercially act by blocking an enzyme of an
essential amino acid, lipid or pigment biosynthesis step.

40 Herbicide tolerance can be generated by altering the genes of
these enzymes in such a way that the herbicide can no longer be
bound and by introducing these altered genes into crop plants. An
alternative example is to find analogous enzymes in nature, for
example in microorganisms which exhibit a natural resistance to

45 the herbicide. This resistance-imparting gene is isolated from
such a microorganism, recloned into suitable vectors and
subsequently, after successful transformation, expressed in
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antibodies with differing specificities. For the targeted in-situ
.use, it is necessary to isolate the gene sequence which encodes a
30 single, specific, monoclonal antibody. A variety of routes are
available for this purpose. The first approach exploits the
fusion of antibody-producing cells and cancer cells to give a
hybridoma cell culture which continuously produces antibodies and
which finally, by singling the clones obtained, leads to a
35 homogeneous cell line which produces a defined monoclonal
antibody.

The cDNA for the antibody, or parts of the antibody, viz. the
so-called single chain antibody (scFv), is isolated from such a

40 nonoclonal cell line. These cDNA sequences can then be cloned
into expression cassettes and used for the functional expression
in prokaryotic and eukaryotic organisms, including plants.

Alternatively, it is possible to select antibodies via phage
display libraries, and these antibodies bind fungicide molecules
and convert them catalytically into a product which has
non-fungicidal properties. Methods for the production of

45



.available for this purpose. Thé first approach exploits the fusion of

anti body- pr @REOMFWEB | s and cancer cells to give a hybridoma cell culture

whi ch continuously produces antibodies and which finally, by singling the

cl ones obtained, |eads to a 35 honpbgenedus cell |ine which produces a

defi ned non&@terrtiamnibedieshare pigsordpedntn afandsoy, adr pigiencss 27he

anti body, vi(2997he945-%48,| Clemicgl sallegitionnfoharhtalyskis) in j eonibdglagbriiaX r om

such a 40 Man@Ebeap! 1 itetdr ilelsfecaddiBAs cC RNAI BEELESCA99e ANCibe Fduhdakassd

:opz)(lzarexgi es %'Y?]hﬁogi‘ékﬁ eidfs W@.gg Usﬁ%éz%rcﬂa%ef %il&'%%%)nexéi@&ﬁ% er'%hetnl emla y
yotl , ,% ,

it is posssfb%e P%I g{élaq?tac Elg@%sgd?vﬁng %% Qésf,‘ q‘ %I’%I’I esm ghdyghese

ant i bodi es lﬁrl’rﬂcf'ﬂi@ (ﬁ]t?é’ ctP & fé’t’i’(?’f& e’F?SJt CH afYtically into a

product which has non-fungi cidal properties. Methods for the production of

0050/ 47968 @h&aiﬁbé!ﬁtforﬁ'ﬂa%@éhf&rf’i gedasesi P8diigiedanda SlsltresSEhssee

275 (1997) hnoddfly Deileal AEbEE] 0 @u;g&;gggaa%%@g Bof ARl NOL AL

Ant i bod
T R AR BRI 8 ‘theas,SIBERRRIGR ¢

ant i body and’aéﬁﬁF'é%%lW ithe] pradytigian ofya fhn%qli‘i’@rﬁpéer@%cﬂa@é}d Thea
fungi ci de- r esicdeant aplditequéhee | carerhe ,0 fopaexampillegr lay DNB| s¢@serice expaessi on
cassettes WkDNR se§eshidy) ERGUEDSE ﬂiﬁﬁi&&sawﬁﬂﬂgi:ﬁ:iedeubtﬂﬂiél&@| ypeptide
or a 10 fun%lseeakoﬁ%wlaenax BeioRin cAldete IR d9Eng! £ NGRP 1REBLESSH ON
cassettegs QL. thgogro’ga?“ |on thLH%N% ggaigl erlﬂﬂt g ﬁifA T 18, malcl el c
acid sequence Seai Ev:’§ f‘ s ﬂg ce, or ence.

Encodi ng sedBhi8emafe ahdc ercqsdes 1aoP°F' "é?‘ﬁd(?nwﬁ'ﬁf‘of‘é?ﬂ’eﬁ&g%eé'?ﬂﬁhng
cassette acPFPREREied anse thuecPINt Iosiptaney it spepiéict funaiaideshto
contain a DMhAesbgstnce froma hybridoma cell which encodes a pol ypepti de

wi th fungicide-binding properties and thus inpart resistance to specific
fungicideo to the host. Mreover, the expression cassettes accordl ng to the

i nvention cW&PﬁeFeg‘iheateé‘P§eﬁﬁt?’éﬁas§8| 8 ARRIEEDIWRP cHAG AIERTERPr essi on
of the encod’lqligaééq{@kg@tpﬁl’t pecleia acdd) SeUweRCaF ¥hiehegoerio GXPERES 1M
expressi on cxfssbet enautiogd seguéence his ithechosbree2d .cEnpai pesfaqpsdr eam i e.
on the 5'- erthboliihégt £E30dkPPeSSIBIC NGB set P HFFIRIingNdo JENE Siv@dftiohe. on .
the 3"-end, Anpeliyadaipdiathf) $&9H t3RA6 - Lén@RY Ukl 8hEoaAd FequlHEEAL DY
el ements za“d%%mé%&r and downstream, ie. on the 3’-end, a polyadenylation
signal and, if appropriate, other regulatory elements which are
‘linked operatively with the in-between encoding sequence for the
polypeptide with fungicide-binding properties and/or transit
peptide. Operative linkage is to be understood as meaning the
sequential arrangement of promoter, encoding sequence, terminator
and, if appropriate, other regulatory elements in such a way that
each of the regulatory elements can function as intended when the
encoding sequence is expressed. The sequences preferred for
operative linkage, but not limited thereto, are targeting

sequences for guaranteeing subcellular localization in the
apoplast, in the plasma membrane, in the vacuole, in plastids,

into the mitochondrium, in the endoplasmatic reticulum (ER), in

the nucleus, in liposomes or in other compartments and

translation enhancers, such as the 5’'-leader sequence from the
tobacco mosaic virus (Gallie et al., Nucl. Acids Res. 15 (1987)
8693-8711).
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A suitable promotor of the expression cassette according to the
45 invention is, in principle, any promoter which is capable of

governing the expression of foreign genes. Promoters which are

preferably used are, in particular, a plant-derived promoter or a



linked operatively with the in-between encoding sequence for the

pol ypepti de vo50/&wggsci de- bi nding properties and/or transit 30 peptide.
Operative linkage is to be understood as meaning the sequential arrangement
of pronoter, encoding sequence, term naffor and, if appropriate, other

regul atory epesmottes bnisﬂnﬁttthﬁromhatpkﬁnﬂ1WitushePitﬁﬁﬂuﬁaeﬂy prefamned can
function as isitiiededMvhsss thromitoed EAG Stk @and i F Towesp messadd. vihes sequences
preferred foframcaetabiVe ¢ddinkadgaobo) m_2|9|4m teRid Qer&roeeraesnﬁﬁrreetl ng

;s)legngrgchrZ fo&algi'b%rsa%ﬁgbﬂﬂtfdif%% lu%@% f&as' ?L%%:gf?%ﬁ&ﬂe e? J um ! |nnt he
t he endopl s‘%ﬁ’tql}! 8t Fgﬁfﬂrﬁ"(@g}l Yirn ?75 1R, BeEnanepy, 3% c?é’ l‘ﬁﬁ ot her

conpar t nent se¥RkeSEG-opr afisthe IR ARERedIced JBERIgE ehaly . IEE‘EBe'F s®quence
fromthe tobat8P)IM2Iqbe2202us (Gallie et al., Nucl. Acids Res. 15 (1987)
8693-8711). A sui tabl e pronotor of the expressi on cassette according to the

45 invention , r| nci pl e any er whi h LS cq‘glpbl e _of over ni ng
t he expreiﬁlm cﬁngr(? 8L 9M teP ’ég\ﬁl? ERCat VR &5‘3?'?: 2d are,
in particul afomREifeant © %‘P+Wdlypr16ﬁﬁFéPl%rPré’m°teGOBE/m°f 5Dt er

ori gi nati ng éxpressiphanf the @xogeapnscpdlypeptidef dnrhe mdamheca)al\me 35S
pronotor frogehtilqed atl sVirtieudae points ipFrdmek Sicklpromoeels21£ck980)
285-294) . Thigan1eher pRP mfd%t%r kﬁ&@d r&C AN, bl 9fk IRAUPICES 25 91993

transcri t|o feco a t r

and conslto g %%r | on the €ene | n Jc%)% éi’ %ae chgﬁqgt Qgi& O J.

8 (1989) 219 é‘?‘b@ EALET K éﬁ'%s’e"tt’é‘d&é’&g rliedyzFﬂssP may
al so 10 conpfFBe 1@ﬁém éaPlF%mqtr?Gu&’PbP}e ¥7 drdueibhbg %eﬁ’@%ﬁlﬁhﬁ‘éw

expr essi on o{ER3IBS5528(0genoa spypmioteepwhileh | s timduplibhe byrethanodnorol led at a
particul ar peydiloHexahbie. (WBEIR1I3QNDt Bive Hedin Q¥s6Piibed e RRB11ptoratude

(Ward et al . of4 gy Ml uBeg) - ZedntPB8hers61-366), a promoter which is
i nduci bl ezbyasal L cyli cuac{li)d (WDO715 9%/ 1919443) a pronoter which is

i nduci bl e by benzenesul f onam de (EP 388186), a pronoter which is inducible
by absci si c ether (EER885628)whviicha apeop@r’eicmmrdly prefemiasd lre bhose hevish or
cycl ohexanongud M1 3Rpresdivte ihcensdescrahedant bhgans tier ahiek e -can be
used, anong f ML i€0 ebh£Ei HI0TREET St ddes2bRaba! I rdtictielr¥ Rhedierred are
those whi ch guarantee leaf-specific expression deserve particular mention.
25 Mention must be made of the potato cytosolic FBPase promoter or
the potato ST-LSI promotor (Stockhaus et al., EMBO J. 8 (1989)
2445-245).

30 The stable expression of single-chain antibodies, which amounted
to up to 0.67% of the total soluble seed protein in the seeds of
transgenic tobacco plants, was made possible with the aid of a
seed-specific promoter (Fiedler and Conrad, Bio/Technology
10(1995), 1090-1094). Since expression may also be possible in

35 seeds which have been sown or which are in the process of
germination and may be desired for the purposes of the present
invention, such germination- and seed-specific promoters are also
regulatory elements which are preferred in accordance with the
invention. Thus, the expression cassette according to the

40 invention can therefore contain, for example, a seed-specific
promoter (preferably the USP or LEB4 promotor), the LEB4 signal
peptide, the gene to be expressed, and an ER retention signal.
The construction of the cassette is shown by way of example in
the form of a diagram in Figure 1 with reference to a

45 single-chain antibody (scFv gene).



.guar ant ee expression in tissues-or plant organs in which the phytotoxic
fungi ci dal agosg/ardeskes pl ace. Pronoters which 25 guarantee | eaf-specific
expressi on deserve particular mention. Mention nust be nade of the potato
cytosol i c FBPase promoter or the potato &T-LSl promptor (Stockhaus et al.,
EMBO J. 8 (1889¢xpreksidnsrassetihacoaidisgekpridusiiorenotion g eprokdarad by
anti bodi es, #hsihg camiitab1EOptgindterOwd £ho af sihmtlet pblgpéptiide DAdapdpt ei n
in the seedsppfrbrged SnhORRLAP JNcRRES. aVEwL aBesshdd £ i tthahBer ai d

of a seed-speg] PL YRS (FLe Ad , :% C I 5),
1090- 1094) . %lghf%&ee a{)nr E%il Sﬁ %ﬂlaﬁ%;rgggebgggés%gjpe ?ng’ltgg see&gﬁ &ﬁt@%}'ﬁ%ve
been sown Gr DMfir c?P%re RATYRABNHIYISSS S48mgEs Mittd SH SRR SSE™REBRFER £ or
t he purposesaBf ¢Heninkdeshniguesdsoheyuare Re5ANIReRonfoR REIPdGsspBCT S C
pronot ers ar ¥anliabis edulFat Srytetlerenad §.Wianbreok, Modtouliax Clondager Bance

Wi th the inveabbpaitorfhufanublle €XId &PHing Bashet Iabaeaebdy NEdld Sheidg

I nvention Caﬁa&ﬁ@fgfﬂ@ll@‘é@t) ahfd 1o %.i’aa‘fpb@sflh?q%%'ﬁpﬁ?'ﬁéﬁnaw QnEt £lw.
(preferably, Eﬁgug& %ﬁ?@ﬁmﬂ{;&@i&r )Gen%hﬁf%ﬁ% Sicgna! ﬁ?ﬂ%ﬂﬁgﬁ%@e gene to
be expressed nd ah rg eNti pn si gnal. e co’nstrua on € cassette
s shown by WAPOBREREmGCdS| FPFIRS Hiathesr MY qof IGHAInARS # RbEL, PR et
ref erence toai-45Cerngjite PEREPROEMtith Mglecuiay BiHeogy, Gresyun/Babddghingn
expressi on cassett ecamt dtileyrintersdiencev¢h®8dn. i s produced by fusing a
suitabl e pronoter with a suitabl e pol ypepti de DNA and, preferably, a DNA
whi ch enc s a chloraopl ast-specific transit peptide and which is inserted
ot voen oo BagrScuir FRERERER HrauACuRACed lfgdéﬁ%%ﬁmealgﬁawt%si ng
cust omary re&babrPeRIaft atbecPbrstig 1 EbRnVateclars thecplasna membraped, ther
exanpl e, in mitbbhomxiniam,Ethe éndiplasmatdce JretSandingoERMobecdyarth€l oni ng: A
Laborat ory nabgéhce @ GuIpablg speddviveabeqaénies, Tekidefdd Nigh Waebor, NY
(1989) and ahﬁﬂﬁkfkﬂéﬁk of EB@MXtiJﬁ;—naﬁﬁi?aﬂhé”E&ﬂoégi {ReShBHY Slerit, Rev.
Exper | mentzp ‘f@t Goe. Rus) Q”%gﬁ?}, z@l@,r_hggé'*aﬁ& ru‘z%??&@ﬂﬁ YeneCRRd 5k " L0
Har bor, NY (. gﬂf AN i Ausubel ;' F. e [. I'1en rog%(ﬁs )

Mol ecul ar Bi 6P&Gy¥at dve PEBY?‘%rﬁ%&eA%BE?l%W EY1FHEEr E ence (1987).
15 Parti cul agngnpiedisives prafein apmRdatipan cin duangIentgarianss (Sgheneen
apopl ast, thetphast BlanteMohcuBical . 3l0e (pPAEMA TRIHIPAneArtsaenka ethahds i um
the endopl aspahhe ¥etg quiows) (ER-780).by the absence of suitable operative
sequences,25 esi dence in the .

The invention also relates to expression cassettes whose encoding
sequence encodes a fungicide-binding fusion protein, part of the
fusion protein being a transit peptide, which governs
translocation of the polypeptide. Especially preferred are
chloroplast-specific transit peptides which are cleaved
enzymatically from the fungicide-binding polypeptide moiety after
the fungicide-binding polypeptide has been translocated into the
plant’s chloroplasts. Particularly preferred is the transit
peptide derived from plastid transketolase (TK) or a functional
equivalent of this transit peptide (for example the transit
peptide of the small subunit of Rubisco or ferredoxin NADP
oxidoreductase).

30

35-

a0 The polypeptide DNA or polypeptide cDNA required for the
production of expression cassettes according to the invention is
preferably amplified with the aid of polymerase chain reaction
(PCR). DNA amplification methods using PCR are known, for example
from Innis et al., PCR Protocols, A Guide to Methods and

45 Applications, Academic Press (1990). The PCR-produced DNA
fragments can expediently be checked by sequence analysis to



conpartnent of formation, nanely the cytosol (Kernbde, Crit. Rev. 20 Pl ant
Sci. 15, 4 (Do5e)/473EB 423) Localization in the ER and the cell wall have
proved to be especially beneficial for quantitative protein accunulation in
transgenic plants (Schouten et al. , Plaht M. Biol. 30 (1996), 781-792;
Art saenko et agpid rolymerasegerions)inygonstoyctyFoTihe PERERRSh al so rel ates
to expression cassettes whose encodi ng sequence encodes a fungi ci de- bi ndi ng

fusi on protelrp%cé)1 f hﬁg&gg+é)ét 1 rs%%%eg b‘%f& b gggl peptlde whi ch

governs trans 1on o ref erred .ar

chl-or opl asts SPReLFIeeTAMtPE BRpRRIS dni Eﬁnat?ee %er?yﬁ‘ﬁ c@iﬂ’ ¥ rom
the fungi ci’debbphuednafoipdépt PHCMATdSE af Rb¥tune Oﬁuﬁgpch%loolarﬁ’él Rgtural
pol ypept i de DHB bewporantzs| doagemerait,o syhthet imtiwlebkbde pdexptesices with
Particul arly cpagherwieith arehpréférisdd b§Sppents c&ed@rrepeﬁledr OMe¥eagbtifns

transket ol asgn§ &) afi ef REbhORR ' faqrt'svehﬁntecﬁe nE&af‘fdr& J¥RhEdgnédor
exanple the tr

apsit._pe ni t Qr ferredoxi n
NADP oxi dqroegﬁsﬁﬁsn I%Om?ﬁe oT’ uen a&e uh are xﬁt %3%9 THRRSFed 9 %(h
for the prodd8tPEss ’c%?ss@’?‘ﬁ&spﬁ%mld}% gx??%sﬁ%ﬂ?eﬁﬁﬁgﬁtr%'
preferably ai’\rprllw%opﬂﬁ tﬂ:atgﬁenm ceasy h@om?mpels@%épnaﬁeh@tqhﬁﬂl@P@R) DNA
anplificati onuokédoide ssiqugnPERviaich lexpediehtly evemddsl énf tiendonriestebense |

PCR Prot ocol %ndﬁwmtd Gd eqtﬂb @d&:md atofBbt GHdding, £AREIEMd cBhasst

8
I
-3

(1990). The BB BN GEneRN SARSALAN LY 1 PP sl plY agded
sequence qrgal éshs) gr 479 avoi d pol'ynerase errors in constructs
to be express" d S e ARG i de sequence I nserted, which encodes a

fungi ci de-bi ndi ng pol ypeptide, can be prepared synthetlcally or 5 obtained
natural |y or raenproficrer Engt uéﬁnmaﬁatntragtbﬁs adsboralingato Ditfe GoRRABEBAS. I N

general , synihgis Seadhide se tﬁe%dw iR opdannaahbehepse preferred by
plants are preﬁgre

ese ¢ s]e g‘ f fne: d g Iants cagrbleo e
det er i necd 5 5‘5’8’(}9’?‘?‘%0?&& terhs RRsY ¥ e(i@gﬁt“ i (?ﬁ ar enor
expressed i n*REEFiGEIqMSites eres%%rﬁgoar ght tRisb §°GRenGRie PSR fitPngthh
expressi on caddsker ehas dr itoud ObNsualdghente BarPrirferabilpu? atedrso as to

obt ai n a nuclrestr flet i sies . i i re thedregulytomadegiong hetleorliagersense

and whi ch Isqeaetapv;ﬁe g A 8igeréealesscadangl166 AP fFeqEOMYBE ke thhik
fragments 1oggag, ohliErar 43R 05 pPr TR LS a%oeagﬁe to the invention
can be either native or homologous or else foreign or

heterologous to the host plant. The expression cassette according
to the invention comprises, in the 5’-3‘-sense of transcription,
the promoter according to the invention, any desired sequence and
a region for transcriptional termination. Various termination
regions are mutually exchangeable as desired.

30

Furthermore, manipulations which provide suitable restriction
sites or which remove excess DNA or restriction sites can be

35 employed. Where insertions, deletions or substitutions, for
example transitions and transversions, are possible, in-vitro
mutagenesis, “primerre [sic] pair”, restriction or ligation may
be used. In the case of suitable manipulations such as -
restriction, “chewing-back” or filling up projections for “blunt

40 ends”, complementary ends of the fragments may be provided for
ligation purposes.

Especially important for the success according to the invention
is the attachment of the specific ER retention signal SEKDEL

45 (Schuoten, A. et al. Plant Mol. Biol. 30 (1996), 781 - 792), with
which the average expression level is trebled to quadrupled.
Other retention signals which occur naturally in plant and animal



.15 to the fragnments. The pronoter and terninator regions according to the

i nvention vosgmMeesdi ently be provided, in the sense of the
transcription, with a linker or polyli nker conpri sing one or nore
Festriction sites for insertion of thi9 sequence. As. a rule, the linker has
1 to 10, upwetejnd whicd apeclocabized inothe FRodway @édbgnbeiused foFthin t he
regul at'ory congtpustindahlel chgsegsseral |y has a size of | ess than 100 bp,
f'Leq_uentIy | ess thgn 25 60 bp, but at least 5 bp. The pronoter according to
‘the invention can be either natjve ar r else.foreign or

het er ol o%ou?é'efer%% BRiYiedgPyhption 1 R§S§¥ rPu]LaaY‘g:s?P LAIRHRE to the

i nvent i o edgprlseprefienabdysthose sthish gprrespend esepBhialiek tor BN,
accordi ng tpalyhdehylstiidnosigaays désim agrebgoeerciomirdmgfaciensyi dn f or
transcript '#&&%Eeﬁﬁéf”déié QNof VEhé ORLDNAE( BLoopiwsyntdasss &f echautrdal |y

Costricr ?gi S O AP o oa I ol bt B s
sites can be
enpl oyed, ElPﬂ§ r?qqﬁ¥?le8gnétlons or substltutlons, for exanple

tranS|t|ons and transversions, are possible, in-vitro nutagenesis, '
"primerre [z5 ekpPassion rc%%bélteéié)éb&rdllniggabi e Niyent ivaeday |conprésease of
sui table mygy !é E%tfé's é $th€Rld ';ﬁ:foheeor Fﬁ‘fé@éﬂbliﬁc{s e WaMv 135 Bg up

b7 ovi ded 14 br %Ees%%&? P%Tﬁé@;:ﬁ“e %*2; OSSR gl

provi ded fcﬂ‘mFP i
accor di ngs ttde F Fﬂ‘&%‘?ﬁ’r% signghe "I‘°‘f 8cFRFREER® M8t enti on

si gnal SEKBEHowa5ag Saidingnam An Bigute 2Pwikh weferemcst toss simgle-chadn -
792), with astii®bdyhescrergage )exphesmion heid| seguanaeh KOELt OLygiad;upl ed.

Qt her- retenfd E&t&bga@i& Wi&BAmee Cakidiatienalihy) i1s praferablly aetilas ER
0050/ 47968 1( Ay ch are localized in the ER may al so be used for

constructi ng e casse?te Preferred pol yadenyl ation signals are pl ant

poI yadenygpation 5 signals, preferably those which correspond essentially to
DNA pol yamfr@)fhaéiioaxp&egyﬂoa tassetitgr cihdicheencodes mepadiypentiden wikht i cul ar

gene 3 of tARGI-DHA-HOEABR Proyatbase)isobrelierdblplavied pitdGHreCcEoe, en et

al ., EMBO Jg ).;? &E@ﬁ C€§J§1 & %ﬁﬂcﬂ fg duiRabh8ngbr &FtinsbeRisg 10 An

expr essi on Casiet erium Ot-fume c1ens. %d&‘ﬁ%%%é?ﬁa THidXWRE fansformed

25 with such a vector can then be used in the known manner for
transforming plants, in particular crop plants, eg. tobacco
plants, by, for example, bathing wounded leaves or leaf sections
in an Agrobacterial solution and subsequently growing them in
suitable media. The transformation of plants by means of

30 Agrobacteria is known, inter alia, from F.F. White, Vectors for
Gene Transfer in Higher Plants; in Transgenic Plants, Vol. 1,
Engineering and Utilization, edited by S.D. Kung and R. Wu,
Academic Press, 1993, pp. 15-38, and from S.B. Gelvin, Molecular
Genetics of T-DNA Transfer from Agrobacterium to Plants, also in

35 Transgenic Plants, pp. 49-78. Transgenic plants can be
regenerated from the transformed cells of the wounded leaves or
leaf sections in the known manner, and these transgenic plants
contain a gene for the expression of a polypeptide with
fungicide-binding properties, integrated into the expression

a0 cassette according to the invention.

To transform a host plant with a DNA encoding a fungicide-binding
polypeptide, an expression cassette according to the invention is
incorporated, as an insertion, into a recombinant vector whose

45 vector DNA contains additional functional regulation signals, for
example sequences for replication or integration. Suitable
vectors are described, inter alia, in ”Methods in Plant Molecular



.for exanple, a constitutive pronotor (preferably the CaW 35 S pronotor),
the LeB4 si@050/#¢968Bde, the gene to be expressed and 15 the ER retention
signal . The construction of the casset is shown as a diagramin Figure 2
W|th reference to a single-chain anti y (scFv gene). The am no acid
sequence Kol agyspRe, BRERGNOLOZET d{ CRY Lﬁrﬁlﬁéra‘élil@tqreééf’neyprélﬂr]@f erably
used as ER ¢¥E%3t-i on signal. 20 The fused expression cassette which encodes
a pol ypeptide with fungicide-binding properties is preferably cloned into a
vector, for_exa ich is suitable for.transformn

Aar obact og | UL TEPaBPBFE-C At EREP B PG RR. An E100ERE £BP ARS8 such
a vector caﬁ?‘Rq‘Péﬁ’lBE GaSILEHES RECRROWRE HhitBe iBYertignscarnPacimasts, in
particul ar rtgp swikebie weptarsbubich prlavs thisp té dre anxdippéiedatfomg
wounded | eaasesinplle liaak. sesli.ogaitabhe APrihacirectats eyt intenndlia,
subsequent | ypgly9W Bect SePIdd) MibhaLs&ri®diaaa FEH@YéIwaE%QBié of plants

by means of g Al cha%(irogﬁgﬁ#& %eEQSi"Q wh herca

5} ,co\ﬁct ors
for Geneg ra #’ {q fl ant ion g ant ?

Engi neert n AFESEtom, °§de‘@‘Bp i V%fhc?tR 8oL M -pr ess,
1993, pp. 115:56135 Rgfid 12088 .- Gel vin, Nbl ecul ar Genetics of T-DNA Transfer
from Agrobacteriumto Plants, also in 35 Transgenic Plants, pp. 49-78.

Transgeni c ﬁlea%%eﬁ%Q?Hefﬁlﬁ%%%E%ef%ﬂ%g tt@etké aﬁ'éé %@”‘éﬂ %E@ésf&f  he

wounded | eaves ar%sgenl o

pl ants coetSRIFSE Geﬁ'éc?’é‘?l’f‘-’né" %b?e%%‘ﬁm”tﬂn 5°ﬁoT‘ e"ﬁi‘%“&@ﬂ“‘t‘ fon
fungi ci de- PIRNYFy PrBpEreeEE  PARBEreieanasHos PheN%)9HIaRs| oRhe Prafersete
accor di ng taint hponnueat isntheTmediabidmrof axelsdstaptarito whyhoboNRldiycodi ng a
f ungi ci de- badyliveg fpagyee@ésd de, an expressi on cassette according to the
invention is incorporated, as an insertion, into a reconbi nant vector whose
45 vector DNA contains additional functional regulation signals, for

exanpl e seRRIANSLNELPN RS | hAICENO the) (RIGMRLPEN. eXRECSSHPR GAR AR ar e
descri bed, place specaficallWEmhtle leawsantinVbhecsgeds or 0050thEmOGHant

Bi ol ogy andoﬁiaiisec Baeh ogyansdenRGcPpEanys, aheireprépagation’hatddi{1l Ih3) .

Using the amé/er 15?.@ e@ffgm'ﬁahtoeleéuiaétloqnbmsne if3Ug%e 4hfurfther
expressi on g P{,&%i&vent on can be cloned into suitabl e

vectors Whl owt red, for

The transfer of foreign genes into the genome of a plant is
termed transformation. In this process, the above-described
methods of transforming and regenerating plants from plant
tissues or plant cells are utilized for transient or stable

30 transformation. Suitable methods are protoplast transformation by
polyethylene glycol-induced DNA uptake, the biolistic [sic]
approach using the gene gun, electroporation, incubation of dry

- embryos in DNA-containing solution, microinjection and

Agrobacterium-mediated gene transfer. The methods mentioned are

35 described, for example, in B. Jenes et al., Technigues for Gene
Transfer, in: Transgenic Plants, Vol. 1, Engineering and
Utilization, editors: S.D. Kung and R. Wu, Academic Press (1993)
128-143 and in Potrykus, Annu.Rev.Plant Physiol.Plant Molec.Biol.
42 (1991) 205-225). The construct to be expressed is preferably

40 cloned into a vector which is suitable for the transformation of
Agrobacterium tumefaciens, for example pBinl9 (Bevan et al.,
Nucl. Acids Res. 12 (1984) 8711).

Agrobacteria which have been transformed with an expression
cassette according to the invention can then be used in the known
manner for transforming plants, in particular crop plants such as
cereals, maize, soya, rice, cotton, sugar beet, canola,

45



.exanple in E. coli. Suitable cloning vectors are, inter alia, pBR332, pUC
series, ML3moosoA4¥9681d pACYCL84. Especially suitable are binary vectors
which can replicate in both E. coli 10 agd agrobacteria, for exanple pBinl9:
(Bevan et al. (1980) Nucl. Acids Res. 8711). The invention furthernore
rélates to tisanfidewer, #ilaxxppetatan @@§9set?leafabc@rléﬁﬁgdt6aﬁﬁe alfadfti on
for the transdketuesi ad atheplvanioys Ehamb,cekrés, mitarmnd Vitiesspacigisanfor

organs. The pixahEIsechbMEdE,URRAIE SErdes Tshehnaﬁli@gsgom ,Obenesi 6t aieeries,
oot on o Gl o o U ot ool b i
seeds or |?<§Fﬁ8Fvb?%sh’t SFgsh pg%??\"?’ &h’% e 4eéin£]'§gv?§ F gation
material and *ﬁ&F?n%I’éhtancéﬁnga‘b?%ﬁl‘ta]t |SQ§HE§°‘E)r z%"hbsﬁﬁb%\?\ rgg%g PErt her
subj ect of t vhepr tnesnitaplenmediha. 25 The transfer of foreign genes into the

genone of a plant is terrred transformation. In this process, the
above- descri t%,e sform ng and rﬁagcetperatl 429 pl ants from pl ant
S

ti ssues or g%%?? uﬁf’#? %05%% CPEn or st abl e, 30
transt or mead éﬁngsaw%ﬂm%shaamﬁ%t%eoﬁaﬁr 24F R5CRTSPBPRuYHEh
pol yet hyl ene igivgabion ncihes¢ BrRAueRtesk #hichesbibl ihaviec thsi d¢sigast oach usi ng
the gene gun fuekeidnopaiepite, ai diffrtentnnotleotidmtsegoenca. [NFescoNnt ai ni ng

sol ution, M GhHACRi6kd] UyBRA1EHESDaddRipadet RSP B, @RBArt iR SfdtiiantBeot
met hods ment i.Q) Geng&%@e% %%%EE&B&& héx%rmexafm' sd %:J%lf Sﬂsf rﬁlcl%'omde

Techni ques; g or sfer, : pneerin

Eﬁ%&%&ﬂic uci%gt e e
and Utilizati*§T*°BEFT or'S* §x5mp g &&% 8 ﬁ?%@% s(
128- 143 and iheepophlained Ry, ghemic aﬁﬂnthﬁﬁéﬁo?mbla&m aggpked sfq)|the4s°@%91)
205- 225) . Tharsegasof iktplamthe expressed is preferably 40 cloned into a
vector which is suitable for the transformation of Agrobacteri um

f f B 2 (1984
B710) - nerah it BRER O Aabetatasl Mnibalent g vk 4 B9efituad 2542 """

cassett e accHPHIRL t F tHE TTAGEAL | BREALAOY HénaBe°1{P§{e‘d‘a1 ¥t &y Hﬁﬁf%sﬁﬂﬁﬁéﬁ’e
for transfor Mhighpeneedes ithepfinngicida-bindjng| petvreptddeasviighe sludatianze,
soya, rice, contlAuves ugarshowcthecdemired funbObén 4 MGAtidns verddampass f | ax,

potato, tobagh®stheiBishs,Olddagedongpaieldtishsp, exdtdndes 3Pdiddrtidns08s
shrub, tree, dyéto@nﬂbéétﬂ&%fagﬂgagsreéfaﬁes. Thus, the present invention also
25 encompasses those nucleotide sequences which are obtained by
modifying this nucleotide sequence. The purpose of such a
modification can be, for example, the further limitation of the
encoding sequence contained therein, or else, for example, the

30 insertion of more cleavage sites for restriction enzymes.

Other functional equivalents are those variants whose function is
less or more pronounced, in comparison with the starting gene or
gene fragment.

35
Moreover, artificial DNA sequences are suitable as long as they
mediate the desired tolerance to fungicides for avoiding
phytotoxic effects on crop plants, as described above. Such
artificial DNA sequences can be identified, for example, by

40 backtranslating proteins which have fungicide-binding activity
and which have been constructed by means of molecular modeling,
or by in vitro selection. Especially suitable are encoding DNA
sequences which have been obtained by backtranslating a
polypeptide sequence in accordance with the codon utilization

45 which is specific to the host plant. The specific codon
utilization can be determined readily by an expert familiar with
methods of plant genetics by computer-aided evaluation of other,



.exanpl e coffee, fruit trees such as apples, pears or cherries, nut trees
such as wal ngoso7479681 and, especially inportantly, 5 grapevines, for
exanpl e by bat hi ng wounded | eaves or |eaf sections in an agrobacteri al
sol ution and subsequently grow ng them 1A suitabl e nedia. Functional | 'y
equi val ent s&goencgsneshiofhtbecptanta tbObeubtRrsERXMedndi ng pol ypepti de are,
I n accordance with the invention, those sequences which still have the

desired function despi a different.n eot | :

functi onal eaﬂﬁg‘?’érﬁ‘%}%@}\’%ryﬁ‘é‘éﬁ"%ﬁn r 3#?%]0(205{03% %@S}ggﬁﬁ?ﬁ%té@é? ding to
sequences de¥bei brteHdas fhighmugts (?%PFP%?“&’?%# ﬁ?&cgsgt‘?ﬁ%eﬁ§’h§‘é’8u8ﬂ%%%e,
for exanpl @ &nsién priteinsl cwhére paatueficthe st RYet8ERNLDR ai ned by
cheni cal synmhbasplamndieaiioeddapheitide-biading @olypeptidé or @ fwnct2onahly
particular, Lypshhpdid pREY ¥ALLESE ] Fdr0 eRempléleriticoedcand spaal wifakher
artificial miahlonoOleAl 6hohodl |thrichRi-abstySaraRCa:vhi Sl ikades the
fungi ci de-bin |ng, %ggptl et.mhlc nﬂﬁag,gfdgC)t AUes L9 s thg desired
functi on. MJta&f'i" heY o ftfo PP 88 59081 B Y BRS, addgllﬁ ons, defetions
exchanges “or WhAshrdekpation of 6%%V§neﬁﬂ§ﬁésﬁﬂﬁl¥§n39i§lﬁégi8 expple ¢ e
present i nvemycehagl oo hsetapas skevevarse ikués conefprabdyud nE@IVIATOEN ar e
obt ai ned by pReEyh NgedutintenUEbEOéxatplecguaigral Tre tranpbs eperdtisieghwhich
modi fi cation 32808, tEdpAYREBL Ede Wik H ¥uhfeEidd BilndingNpobpdciesneading
sequence CO”%@%”?thQE%?b&’a8£i§$se’ for exanple, the 30 insertion of nore
cl eavage sjg es for restriction enzymes. Qther functional equivalents are

t hose variants whose function is | ess or nore pronounced, in conparison
with the 5stamHowegeggneheringeneidn aglamntreldbedbrt@chher expression grooNats
sequences ar grydubad! fn AxdoR@Endé whay thediaventivh dedl tedfisidr protelins
fungi cides Qi gvolgy £ 348k o HRypeBRids QR Fuhgicde dspiinged
above. Such artificlra sequences can“be 1 dentified, for exanple, "by 40
backt r ans| g5 IFF§PEF6®F ns whi ch have fungi ci de-binding activity and which
have been constructed by neans of nol ecular nodeling, or by in vitro

sel ection. Espagisahhde Atbledahte dhbaks)C GHNEhO\Purstesn oS tibi miedemte been

obtai ned by NGEhtagR, Hrd G ROLYREN IdlGuipgd iR iy BECALARNE RN LN the
d til . .S t h . plant . T

Codon it 111 2 MAHRERRA Tl BPRPRELH arorprts SNl T OB SR L

met hods of 2| RATE1g&neRd c st PaZEAERI Y - SHE eﬁéaﬂﬁﬁq 18111:331 rehese

inhibitors for the duration of at least one plant generation.

The phytotoxic site of action of fungicides is generally the leaf -
tissue, so that leaf-specific expression of the exogenous

30 fungicide-binding polypeptide is capable of providing sufficient
protection. However, one will understand readily that the
phytotoxic action of a fungicide need not be restricted to the
leaf tissue, but may also be effected in all remaining organs of
the plant in a tissue-specific manner.

35

In addition, constitutive expression of the exogenous
fungicide-binding polypeptide is advantageous. On the other hand,
inducible expression may also be desirable.

40 The efficacy of the transgenically expressed polypeptide with

fungicide-binding properties can be determined for example in
vitro by shoot meristem propagation on fungicide-containing
medium in series with staggered concentrations, or via seed
germinatioh tests. In addition, the fungicide tolerance, of a
test plant, which has been altered with regard to type and level
can be tested in greenhouse experiments.

45



. 0050/ 47968 13 known genes of the plant to be transforned. Further suitable
equi val ent ngokeya7eesd sequences according to the invention which nust be
menti oned are sequences which encode 5 fusion proteins, where part of the
fusion protein is a non-plant-derived flhgicide-bi ndi ng pol ypeptide or a
functi onal | yTiee uinseinedon pfutthdmoref re Fatee tanprensgeric aleadspart of the
fusi on prot etFasbrivedawi th tdie lexpRleypeph | chsssittl eczgrding tactheity, or an
22;:25;‘: gnp??{&’%g\!s Io‘ille §HEU€&C&AMstn&Bec@11% Ok 158uubj cdrglaiseanlion of scFvs
r is
preferably aP¥ %% ttgr%y{“?)g%’fel n se uenc%i&g'or = écf_éﬂi gﬁ%ﬁéd éée nsi t
pepti de, . whAi ERRRFISRICsCFRR RARAS %Pﬁeem%lef fr‘ﬁéFgﬁﬁe IB?’fﬁfgnS bfo er i'es to
the desired sptkomf sageroheets %@ersmﬂﬁé"'{%veﬂi%n %‘P"sa&%el"ﬁ?% CQn t he
expressi on ptowaty s oidledederhpey addedfanckettiude Bhd the erarionsapbraly f usion
proteins of Eréé;’:lr}ﬁitt apapviets apbcdeB)! PPl EOffemgifiriude- brees rampcd0
rvent | on. -t Re A Ty CPaTS e aeITgeRy i e R e
ants to withstan
fungi ci deg'ov\f‘{lﬂ eﬁ,p[ ctlgx aﬁofé\icatn% M3 Hﬂé %1%e P

races the 25 partial and, in
particular, conplete insensitivity to these Inhibitors for the duratlon of
at | east One'rﬁéai&ar%léﬁﬁ.at bDéhts'l',hqnahyt 6&DXs C pliahe oissnds @r pllahtinorgamdes
giogggg{]g' '3{) %Hebé e&fiattbasu&h SP chﬁgfwﬁﬂﬁfﬁhﬁr&BE@%ﬂ? assiion Qhiéhe
%eHBWEanetpz s WI M\ Pe t(ilt%pﬁz ﬁtg QI\{'.hQETg%e

suf fici enty t‘mlg’j( Ver

phyt ot oxi c aEiPBT'u 1b‘fss’é‘eﬁuﬂijl RI3pt RFgANFYD b rPB{:e%e?Ib Wé‘skgﬁlpe$ ssue,
but may al soshecessfagiyddia of |aye damasag- oﬁ’@’d‘l?é-eéf of heujtahie pRtive

ti ssue-speci ingredivmss. a36 strcbidiurios, tonpsarttigulas expressi on of the
exogenous f upgtky D andtindstyifli REly-PERitoly 1bsy pib-aitilgdacesaté)y Has apber) hand,
I nduci bl e ex; gsﬁéégbdfi e§| ﬁht¥hﬂ3%ibhﬁﬁlﬁéerLEEQ%ser'EEééé(@bmbbﬁnds.

transgeni gd [y espf X@ﬁ% zgee %%% ; [4095h %ungﬁgmbg gagties can

be determ ne

f ungi ci de- coﬁFﬁPﬁ?W%&fiu ﬂs%‘f é‘rnga 150 8Rs, or via
seed 45 ger nicrasétves @p@rdingamltxheoﬁnvenewrur@ncweﬁ%}@ hecusedras test
pl ant, whi chsbascbtsn malrkered With regard to type and | evel can be tested
in greenhouse experinents.

25

The present invention has the advantage, in particular in.the
case of crop plants, that, once a selected resistance of the crop
plant to fungicides with phytotoxic activity has been induced,
such fungicides can be employed in these crops for controlling
harmful fungi, even at higher rates of application which would
otherwise lead to damaged plants. Compounds from the groups below
may be mentioned as examples of such fungicides with phytotoxic
activity, but not by way of limitation:

30

. sulfur, dithiocarbamates and their derivatives, such as
iron(III) dimethyldithiocarbamate, zinc
dimethyldithiocarbamate, zinc ethylenebisdithiocarbamate,
manganese ethylenebisdithiocarbamate, manganese zinc
ethylenediaminebisdithiocarbamate, tetramethylthiuram
disulfides [sic], ammonia complex of zinc
(N,N-ethylenebisdithiocarbamate), ammonia complex of zinc
(N,N’ -propylenebisdithiocarbamate), zinc
(N,N’-propylenebisdithiocarbamate),
N,N’-polypropylenebis(thiocarbamoyl)disulfide;

A5 . nitro derivatives, such as dinitro(l-methylheptyl)phenyl
crotonate, 2-sec-butyl-4,6-dinitrophenyl
3,3-dimethylacrylate, 2-sec-butyl-4,6-dinitrophenyl isopropyl
carbonate, diisopropyl 5-nitroisophthalate; o

35

40



- 0050/ 47968 14 The invention furthernore relates to transgenic plants,
transforned ppsb/an9e8pr essi on cassette according to the invention, and to
transgenic cells, tissues, organs and propagation nmaterial of such plants.
Especially preferred are 5 transgenic c¥®p plants, for exanple cereals,

mai ze, soya,®ri ceeteamicyod icssupstdanees, sachlss ShebtedecylfJ-2nidaobdine

t obacco, tomato,acddatrgd 2l apeickldral-6a (oléhidkanmdndnbhes Warialineshr ub,
tree, nut and Vél&.m%wsph{mﬁﬁagghs sPRLiSGibEY, | [T ees such as

10_and,
cShect al |y mpor] “n‘} U?SFS eld %#'ﬂrami—?%f@wﬂh&nmn% phepvil. 2efrs,
pl ant tissPes or® or and m&% tﬂeﬁ%’é‘!ﬂ-%f’ttﬁr&qﬁhﬂ‘@%l de with

phyt ot oxi ¢ acti o?rmq,-ﬂ Prnéithialalide Spbianimxaline, méhwby t he pl ants,
pl ant cells, 15 Pi(@utyllcashasoyl) 42-bohz hnixdaro lsktiagbahiate, not been
transf or ned succr-sx@‘ﬁﬂdxycdwo&ﬁaaﬁﬁoﬁaﬁﬁﬂﬁfhaé@iéﬁpl es of suitable active

ingredients are gif ﬁ%gyg énzinﬁdgqg écu£ _f&& §145%ﬂ__z ldaaolll.,r%t abol it es

met hoxyi nj go- [ecffe“ 11 20 2Lt @i¥dar] ok % af)‘ﬁﬁcfg)e FBAd8ncodes a

and functional
pol ypept i de wi t N TiGhe PHEmBt hitthg °§?Bﬁ%ﬁ‘¥¢lé§’h§hélm1@¢v has been inserted
into the expresﬁﬁ@ééeéomwﬂmupdhhgalmmm i nvention can thus al so be
used as sel ect i aidimhierof liergrethglthiovenin 'oalhaﬁhirhm%\éamaﬂﬁfoi n

particular in thﬂa@ﬁag 06 - &£ K% yI3aR $chldimetdYG €122 SELEHL %b Egﬂ_}stance of
e cran ot ‘e it i gyl 19 s heen ] nduced,
fsungl egen at h| thg cpg{)rgg_%vﬁ elb‘?f‘%ﬁﬁﬁ €¢h woul d otherwise lead to
damaged pl ant s. ‘bdl?p'SE}ﬁ8§°H"P‘%milthﬁ(€r§F%%fbk'%@le&ﬂﬂm!}-fsﬁomlpaﬁed as

. exanpl es of suclpyniddrer2echin tlisiphyleoxide, Sehydroyyquiroliae by iy of
limtation: * coppeur sabtf hi ocarbamates and their der| vat i ves such as

iron(l11)26li met hyl3digh Ry@seL Lasdiexaski NEadl iKY ﬁ!' g Zi nc
et hyl enebi sdi t hlzocga@gﬁgg{.%hs_r&% Qgﬁflf& 1y, _?n@%lﬂﬁ] # i oc;;}| ana manganese

zi nc et hyl enedi gm,n hi_ocar rane

di sul fides [sicl**% c?rgﬂ\ rﬂ- FF@Y@M‘&"BFF%%&%M e),

ammoni a conpl ex %“eipﬂéf‘GN’IN' ‘SﬁEB??‘%‘hbb‘r%l t hi ocar banat e), zinc

(N, N -pr opyl eneld,Saidime benkhmweaa-3y¢arboxanilide,
2,4, 5-tr1methylfuran—3-carboxanlllde, N-cyclohexyl-
2,5-dimethylfuran-3-carboxamide, '
N-cyclohexyl-N-methoxy-2,5-dimethylfuran-3-carboxamide,
2-methylbenzanilide, 2-iodobenzanilide,
N-formyl-N-morpholine-z,2,2—trichloroethy1 acetal,

30 piperazine-1,4-diylbis-1-(2,2,2-trichloroethyl)formamide,

1-(3,4-dichloroanilino)-l—formylamino-z,2,2-trichlorethane;
. amines such as 2,6-dimethyl-N-tridecylmorpholine or its

salts, 2,6-dimethyl-N-cyclododecylmorpholine or its salts,

N-[3-(p-tert-butylphenyl)-2-methylpropyl]-cis-2, 6-dimethyl-

35 morpholine,

N-[3- (p—tert-butylphenyl)-2—methylpropy1]plperldlne,
(8-(1,1-dimethylethyl)-N-ethyl-N-propyl-1,4-
dioxaspiro[4.5]decane-2-methanamine,

* azoles such as 1-[2-(2,4-dichlorophenyl)-4-ethyl-1,3-

40 dioxolan-2-ylethyl]-1H-1,2,4-triazole,
l—[2-(2,4-dichlorophenyl)-4—n-propy1—1,3—dioxolan-2-
ylethyl}-1H-1,2,4-triazole, N—(n¥propyl)-N—(2,4,6-
trichlorophenoxyethyl)-N’~imidazolylurea,

¢ 1-(4-chlorophenoxy)-3,3-dimethyl-1-(1H-1,2,4-triazol-1-

45 yl)-2-butanone, 1-(4-chlorophenoxy)-3,3-
dimethyl-1-(1H-1,2,4-triazol-1-yl)-2-butanol, -
(2RS,3RS)-1—[3-(2-chlorophenyl)-2-(4—f1uorophenyl)-oxiran-z-




. N, N - pol ypr opyl enebi s(t hirecar banoyl )di sul fide; 45 * . nitro derivatives,

such as di hyl hept yl ) phenyl crotonate,
2-sec- butypbggg %l%?%rophenyl 3, 3-di net hyl acryl at e,

2-sec-butyl -4, 6-di nitrophenyl isopropyl6 carbonate,. diisopropyl :
5-ni troi sophth a} Bl hyl1-0850/ 4, /06FidBote, hqtzer(acychiﬂlmﬂm@lhange;a- such as
2- hept adecy! - tgﬂ] Ohhnf C@Ei?r[l%zole, 2,47 -difluoro-a-(18-1,2,4-

ﬁhfhglfm Séghfis g ﬁ°g“' thy bsen%&é‘ﬂf 1donadi ethy

5-ani no- 1- [ bi s (4t bdsfAafinesophsay RetR Ylsstfﬂ'é‘ﬂwtﬁk)zm‘sl 2:4=¢ v azol e,

2, 3-di cyaPBo- 1, 4tmaqusanﬁhtm%@mz4sm 'fPIB’m&r?hK%i‘b'M 5- b] qui noxal i ne,
met hyl 1- ( but yl ¢igHlarephgnPl peetxanydas bheyh)-Hakdt, @, 4~triazole,

2- met hoxycar boryl @ndmggaﬁhghﬁp,uﬂ.eycZoﬁﬁo;iymw-)(hanzLm slartlarol-1-yl) -
2-(4-thiazolyl) ro-4-[4-methyl-2-(18-1,2,4-triazol-1-

N-(1,1,2,2-tetr K %gﬁﬁr ;%;0 etr hm@? PRl 98 opheny1 etner,

N-trichl or onet
N—trlChléponeth9$lﬁﬁﬂaﬁﬂrﬁal h&orophenyl)-4 4-dimethyl-2-(1H-1,2,4-~

N- di chl or of | uor trritzpli-Lhd) PEDt L-¢inmdt-hY} - & hreeilios gphepy bl -Zmphenyl-2-
5- et hoxy-3-tri chim:]o,rzemhyl:riai’oﬁrmdatag*n.anmtp;orfnﬁzrlle,
2-t hi ocyanat onegh t@di@ﬁmé%ﬁhélﬁa)es £1dosb-chl @m0122 54 diRideQxybenzene,

4-(2-chloro hen
1- oxi de, 8- Iﬁydr u, nQ 59- 3 -Me gfgis( -O(Izo'ledleﬁiéﬂd[ﬂ{%n%ﬁ)h!loﬂLSI c]

3- di hydPo- 5- c |1Ia|28 ZI 55<a S 1RS, 55R) -5~ (4~

3-di hydr o- 5- cghl-ﬁ?;@ﬁnlzﬁf&d) 3 ?TE‘! t) Iizt 'ok%ﬁ'tﬁ'lzné‘ﬁrﬁaﬁ‘i’loﬂ'de

met hyl - 5, 6- d|hmmﬂl-)icw&apemtmlboxamﬂ1-ti-e(4-ch1°r°Phenyl) -4,4-

met hyl f ur an- 3acmetigasi-l(idel, 2, H-ttiiarbbyl fyimthylgpeboaari-dlde, 25
‘51 gl ?T:el ”3} Pﬁlr T ai‘-€zr Qaﬁﬁeﬁi’&é@l’%’ylpﬂ' SYEImE)®)la~triazolyl)propyl
N-cycl ohég ‘P:::o’f? %%éggl ne]f%etl ulr gﬁh? agboxé'#gé‘l-cmom -2~

2- et hyl benzanlﬂ-'ﬂ%lu‘;z/:qq?&a ll!: ?‘ﬁl inoy-2-propoxyethyl]-1a-inidazole,
N-for nyl - N- nor pPol 4 Rhlprppheny} b'rﬂ'drlé‘e‘tlhﬁlr4'a*c‘@taeﬂ°l'éoylmethyl)hexan°'
pi per azi ne- 1, 4- diytiles- &—{((2-2h 2ot oplenyd) eat by +ghilonophedy] ) -5-

1- (3, 4-dichl orog iﬂ\im)xre%rei:ﬁéﬁuiﬁrBJmt§1222dixﬁewy1amehbama;ydroxyamnes such

2,
2
2.
2-
2,
2

25626?%SF§§fhyl ° eClHQBQhO$ é¥§43h1b55pﬁ€ﬂ§11§3—pyrldlnemethanol,
on %# enz
N-[3-(p-tert- buﬁ $-bls 3-methoxyc Fb -Ettﬁigﬁre§23$ben§§Xe,
. strobllurlnes such as methyl E-methoxyimino-
, [o-(o-tOolyloxy)-o-tolyljacetate, methyl
30 E-2-{2-[6-(2-cyanophenoxy)pyrimidin-4-yloxy]phenyl}-3-

methoxyacrylate, methyl-E-methoxyimino-[o-(2-
phenoxyphenyl) Jacetamide, methyl E-methoxyimino-
[0-(2,5-dimethylphenoxy)-o-tolyl]acetamide,

. anilinopyrimidines such as

35 N-(4,6-dimethylpyrimidin-2-yl)aniline,

N-[4-methyl-6-(l-propynyl)pyrimidin-2-yljaniline,
N-[4-methyl-6-cyclopropylpyrimidin-2-yljaniline,

d phenylpyrroles such as 4-(2,2-difluoro-1,3-benzodioxol-4-
yl)pyrrole-3-carbonitrile,

40 , cinnamamides such as 3- (4-chlorophenyl)—3 (3,4-
dimethoxyphenyl)acryloylmorpholine,
. and a variety of fungicides such as dodecylguanldlne acetate,

3-[3-(3,5-dimethyl-2-oxycyclohexyl)~2-hydroxyethyljglutar-
imide, N-methyl-, N-ethyl-(4-trifluoromethyl,

45 -2-[3’,4’-dimethoxyphenyl Jbenzamide [sic], hexachlorobenzene,
methyl N-(2,6-dimethylphenyl)-N-(2-furoyl)-DL-alaninate,
DL-N-(2,6-dimethylphenyl)-N-(2’'-methoxyacetyl)alanine methyl



.35 nmor phol i ne, N-[3-(p-tert-butyl phenyl)-2-nmethyl propyl ] pi peri di ne,
(8-(1,1-dinme l- - N- et hyl - N- propyl -1, 4-
dloxasp|r0[4b§%92%2%gh2 nmet hanam ne, * azoles such as
i-[2-(2, 4-di chl or ophenyl ) - 4-et hyl -1, 3-

di oxol an- 2- y|eth¥£ieﬁj+ﬁL(§ 8= &iﬁé@ﬂyﬁihenyl)-N-chloroacetyl-D L-2-~

1-[2- (2, 4-di chl o%‘g e e% }E:a 5@ >ﬂL ':i%pg ﬂﬁléatg-.y%.phenyl) -N-

| et hyl 1H1, 2
%/I‘I chl>/o]r ophenoxyé?]ﬁ ster,” 5-methyl-S-vinyl-3-

1- (4-chl orophenom %Pﬁ@?hwym-(zm-@lexq-%ﬁmzo}ldwser
yl)-2- but aone, 3-[3-BHlichdpheplenyl (3-53methyl-5-methoxymethyl}-1,3~
di met hyl - 1- (1H loRafolidimeok; 4-digne?-[l¥ikqnoB+(3,5~dichlorophenyl)-1-

(2RS, 3RS) - 1-[3- (25 gﬁ% ?BXﬁ% Prigkdhiritlod !, ORD )ﬁJdiaﬁiﬁfgpﬁényl)-qo§Q/47968
pentyl 1 104 L, 2, 23LF g %@bﬁw%r Thgesiediarignen)
Fr|a¥o|y| 1- neth}T?*ﬁﬂ&: F %_%mﬁﬂﬂcar ony —2-me€hox1m1no]acetamlde,

1- ((bls(4lpluorthé$mqblﬂﬁph9b§Tﬁ%ﬂ%ﬁﬁﬂﬂfyﬁylﬁlﬂq¥QNe$hY§PhenY¥}1552oIe
1-[ 2RS, 4RS; 2RS, 48R} £ YudyometthP1 ¢ 2-¢hloro-2-aminopyridine.
di chl orophenyl )tetrahydrofuryl]-1H1,2,4-trirazole,
2- (4-chl or ophenyl ) - 3- cyclopropyl-1-(1FF1,2,4-triazoI-l-yI)- but an- 2- ol ,
(+)-4-chl oro-4-[4-nethyl - 1H 1, 2,4-triazo
yl met hyl) - 1, Bungiphkanaddy2e Pi‘pﬂeﬁﬂﬂ @reﬁﬁb;mefyrthesﬁefungp@ndes have a
(B)-(RS)- 15 ¢angarxhhile epeptewy|df 4ctidnnegdinst? phitbpathegenic fungi such
Erli-fio'Z i Y![ apeste Jjuﬁmrtﬁnﬂ)a; whichr %ﬁb@rﬁﬁ&@ﬁﬁéﬁnanﬁhewcﬁflcally,

y r . .
o-(2. -4 onl S BRRy KRR U BRI e prrogeea phyononie
yI)qU|nazoI| %%ﬁ% one, (R S)-2-(2,4- dlchlorophenyl)-l-FL 15
1,2,4-trigzol -1-yl)hexan-2-o0l, (1RS,5RS; 1RS, 5SR)-5-(4- '
chl or oben#l ¥n, EnvlinEabhylis Indd H1ludz#ated azplthl- exhipley lwnayal epené@nol

(R 9)-1- (4 cBLer PO hlimftda theret
di net hyl - kflgz) 4- trlhglzol 1- yelrr$et°hyl ) pent an- 3- ol ,

(+)-2-(2, 4 dlchlorophenyl) 3-(1H1, 2, 4- trlazolyl)propyl 20
1,1, 2, 2-t et r aéhexabeatllopingt hethodskE) - 1- [ 1- [ 4- chl or o- 2-
rifluoro thyl)phenyl]|n1no) 2- propoxyethyl] 1H i m dazol e,

(4- chlorop nyl 2 -t I)hexan
(2-chl or opﬂgﬁ ﬁ gftfﬁs c‘f‘ﬁ i/%h” % H:é’ﬁopresent
but yl - 2- di ABYPREERRnECH ﬂ§%mnﬁa/n&st£5° 1°“¢ﬁé@ﬁ??ﬁ9?rn?%ﬁqﬂ§e gel '
S
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(p- chl or ophectaopl®nepisdi paridiicatdbn of DNA fragments, transfer of
- bi s( 3- et haxYets rivis- Lot il troceildalbeazand nylon membranes, linkage of

30 DNA fragments, transformation of E. coli cells, cultivation of
bacteria, multiplication of phages and sequence analysis of
recombinant DNA were carried out as described by Sambrook et al.
(1989) Cold Spring Harbor Laboratory Press; ISBN 0-87969-309-6).

t

2-
a-
5-
bi
1

35 The bacterial strains used hereinbelow (E. coli, XL-I Blue) were

obtained from Stratagene. The agrobacterial strain used for the
transformation of plants (Agrobacterium tumefaciens, C58Cl with
plasmid pGv2260 or pGV3850kan) was described by Deblaere et al.
(Nucl. Acids Res. 13 (1985) 4777). Alternatively, the
agrobacterial strain LBA4404 (Clontech) or other suitable strains
may also be used. The vectors pUC19 (Yanish-Perron, Gene
33(1985), 103-119) pBluescript SK- (Stratagene), pGEM-T
(Promega), pZerO (Invitrogen), pBinl9 (Bevan et al., Nucl. Acids
Res. 12(1984) 8711-8720) and pBinAR (HO6fgen and Willmitzer, Plant
45 gcience 66 (1990) 221-230) were employed for cloning purposes.

40
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phytotoxic activity. The invention is nomllllustrated by the exanpl es which

follow, but pygenBkamprds ed thereto:

25 Example 1

Since fungicides are not immunogenic, they must be coupled to a
carrier material, for example KLH. If the molecule contains a
reactive group, coupiing may be effected directly; if not, a
functional group is introduced when the fungicide is synthesized
or a reactive precursor is selected during synthesis so as to
couple these molecules to the carrier molecule in a simple
reaction step. Examples of coupling reactions can be found in
Miroslavic Ferencik in “Handbook of Immunochemistry”, 1993,
Chapman & Hall, in the chapter Antigens, pages 20 - 49,

30

35

Repeated injection of this modified carrier molecule (antigen) is
used for immunizing, for example, Balb/c.mice. Once a sufficient

40 number of antibodies with binding to the antigen is detectable in
the ELISA (enzyme-linked immunosorbent assay), the spleen cells
of these animals are removed and fused with myeloma cells in
order to cultivate hybrids. “Fungicide-modified BSA” is
additionally used as antigen in the ELISA so as to differentiate

45 the immune response directed agalnst the hapten from the KLH
response.



. General cloning nethods 25 The cloning steps carried out wwthin the scope
of the p.rese@) |or}v :&td'ﬁon, for exanple restriction cleavages, agarose gel
el ectrophore |§, 63 I'tication of DNA fragnments, transfer of nucleic acids
to nitrocellul ose and nyl on nenbranes, jeonkage of 30 DNA fragnents,
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PGEM T ( Pronmegainsh By epgy thedraipel-pBERRPEERE n&i Sppci ’r&?ﬁﬁ Oaci ds
Res. 12( 1994 EP8X260&IQ20) and pBi nAR (Hofgen and Wl nmitzer, Plant 45
Sci ence 66 (1990) 221-230) were enpl oyed for cloning purposes.
0050/ 47968 18 Seg en,%e anal ysi s of reconbi nant DNA Reconbi nant DNA
mol ecul es werd2g gﬁe ced using a | aser fluorescence DNA sequenci ng
apparatus from Pharmacia, using the 5 nethod of Sanger (Sanger et al.,
Proc. Natl. &ﬁédstéﬁiindjgﬁiﬁﬁ(&97333 1463t D487 )on Gaehanbndcinall antibody
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( Hof gen and X
antibody fragment (scFv-antiBAS

25
First, mRNA was isolated from the hybridoma cells and transcribed

into cDNA. This cDNA acted as a template for the amplification of
the variable immunglobulin genes VH and VK with the specific
primers VH1 BACK and VH FOR-2 for the heavy chain and VK2 BACK

30 and MJKS FON X for the light chain (Clackson et al., Nature 352
(1991), 624-628). The variable immunoglobulins isolated were the
starting point for the construction of a single-chain antibody
' fragment (scFv-antiBAS 490F). In the subsequent fusion PCR, three
components VH,VK and a linker fragment were combined in a PCR

35 reaction, and the scFv-antiBAS 490F was amplified (Fig. 3).

Functional characterization (antigen binding activity) of the
scFv-antiBAS 490F gene constructed was carried out after
expression in a bacterial system. To this end, the scFv-antiBAS
40 490F was synthesized in E. coli as a soluble antibody fragment,
using the method of Hoogenboom, H.R. et al., Nucleic Acids
Research 19 (1991), 4133-4137. Activity and specificity of the
antibody fragment constructed were checked in an ELISA assay
(Fig. 4).
45
To allow seed-specific expression of the antibody fragment in
tobacco, the scFv-antiBAS 490F gene was cloned downstream from



Use Exanpl es 25 Exanple 1 Since fungicides are not inmunogenic, they nust
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25

The scFv-antiBAS 490F gene constructed had a size of
approximately 735 bp. The variable domains were fused to each
other in the sequence VH-L-VL.

30
The specific selectivity was determined in the extracts of the

mature tobacco seeds using a direct ELISA. The values obtained
demonstrate clearly that the protein extracts contain
functionally active antibody fragments.

35
Example 3

Seed-specific expression and concentration of single-chain
antibody fragments in the endoplasmatic reticulum of cells of

40 transgenic tobacco seeds, under the control of the USP promoter.

Starting point of the investigations was a single-chain antibody
fragment against the fungicide BAS 490F (scFv-anti BAS 490F). The
functional characterization (antigen binding activity) of this
scFv-antiBAS 490F gene constructed was carried out following
expression in a bacterial system and following expression in
tobacco leaves. Activity and specificity of the antibody

45



. the starting point for thé construction of the single-chain antibody
fragment (sc@05aA&rBE8 490F). 25 First, nRNA was isolated fromthe
hybridoma cells and transcribed into c . This cDNA acted as a tenplate
for the anplification of the variable i ngl obulin genes VH and VK with

t he 'speci f i cEprImants CORStBACed WeroHcerked figy aPhEL%\P}SS@Hal n and VK2 BACK
30 and MIK5 FON X for the light chain (C ackson et ‘al., Nature 352 (1991),

624-628). Thg_var nt for
the. cont ruclt T M% 134?%%9; 2380 Yoo Enlohf gﬁf*%%ﬂ"%%s%
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bacterial sygisdn, T%sbh559?“drratnt%§o§‘e':c\lf3€ﬁé BaPvandiis W@%FI_E tzl‘a@ in

E. coli as OA L{:tﬁe e L Do 1! ag W u12EqE vl
| sHpSm fe;[c?ty ‘B? arﬁ,g aﬁf“PBg %‘i{a Eggéoiggﬁ;e%%&%%%ﬁé@fe ‘Fn an ELI SA

assay (Fig. agFv-entiBAg| 430F qane yﬁécf‘ﬁ%d &idhe 3sPTNDY REpEidat semnce
fragment in viobacgmarahtess Fentanyt iBAS Yt ferglopd asmat id oretd.cddumsand amthr om
0050/ 47968 2fné IR relBénpiennd RfnalTBEKDERA wWiiekiDyRarantdes thad bren isol at ed

fromVicia fgham € XgEegpl o v foreign
genes in ggbacco Bglﬂ% gléﬁr‘éﬁl-% )&éﬁ%ﬁg ﬁﬁhgédd%lﬁ. e{ée?\gt rl29(29%)( 99€ )

121-128). Transport of the scFv-anti BAS 490F 5 pol ypeptide into the

endopl asmat | The exprelssion esagseditel nosstibiategc wasuthonexh igftol ahgebimamynt s of

anti body frageetdr pESGLLECS] e(Bhitiohetsaty; addoBASnd Sfagmee raasihtsachan th a

signal pepti ge-SarUHe eeﬁmv@tmrgmambfeéy Qarltéa(:rb BPaEﬂ?h LRdaphBsIRid C

reticul um ang L LR FR. 1 Sl gﬁegwggg@ oz} 94gL ﬁg%&ﬁ%tl%%t 10
e pol ypeptl e renma I

expr essi on o3t s AUCOtiaRe; FERATH-88e ?oﬂrfécflafﬁeaephe syeiaRpelEal o tasssa UC 1

(Saito et alvweredugyeghadt fzom fther sagerREAtade tagREgRRIR ] serRlantsA 101
by el ect r opofatlmingReebdfibpokinationgr Dhmciodubdke proreins\weeeugikethinmd t he

subsequent t ¢ads fteFat Ee8dof ilNiam0hgaesud HiFFen sydtdd) dfHRaceRtPAclich Wer e
regenerated peliysis of the transgenic plants demonstrates that fusion of the
25 -scFv-antiBAS 490F gene to the DNA sequence of the ER retention
signal SEKDEL under the control of the USP promoter caused
single-chain antibody fragments with a binding affinity for BAS
490F to be synthesized as early as day 10 of the seed

development.

-

30

Example 4

To achieve ubiquitous expression of the antibody fragment in the
35 plant, especially in leaves, the scFv-antiBAS 490F gene was
cloned downstream of the CaMV 35 S promoter. This strong
constitutive promoter mediates expression of foreign genes in
virtually all plant tissues (Benfey and Chua, Science 250 (1990),
956 - 966). Transport of the scFv-antiBAS 490F protein into the
40 endoplasmatic reticulum allowed stable accumulation of large
amounts of antibody fragment to be obtained in the leaf material.
First, the scFv-antiBAS 490F gene was fused to a signal peptide
sequence which ensures entry into the endoplasmatic reticulum and
to the ER retention signal KDEL, which ensures that the product
45 remains in the ER (Wandelt et al., Plant J. 2(1992), 181 - 192),
The expression cassette constructed was cloned into the binary
vector pGSGLUC 1 (Saito et al., Plant Cell Rep. 8(1990),718 -



.construct. Seeds in different devel opnental stages were harvested fromthe
regener at ed 10050/45968 t obacco plants, followi ng self-pollination. The

sol ubl e proteins were obtained fromthegse 20 seeds in an aqueous buffer
system after extraction. Anal ysis of t 4é transgeni c plants denonstrates
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out fol | owi nyagxpkaxs slegactadaihmanesiceht sjsaemadkesifdl | owi ng expression in
t obacco | eaves. Activity and specificity of the antibody 0050/ 47968 21
fragment agnstrl £4 vere checked in an ELI SA assay. To allow seed-specific
expr essi on oT e antibody fragnent in tobacco, the scFv-anti BAS 490F gene
was cl oned downstreamfrom5 the USP pronoter. The USP pronoter, which had
been isol at edckrapiMificatiohaof s @Maghbht Cot wh%eﬁdnﬁpsﬁéédﬁlq%aéess' on of
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endopl asmat i gaffidd YutMians MWA fthermal cycler from Perkin Elmer.

The reaction mixtures contained 8 ng/pl single-stranded template

25 CDNA, 0.5 uM of the relevant oligonucleotides,

200 pM nucleotides (Pharmacia), 50 mM KC1l, 10 mM Tris-HCl (pH 8.3

at 25°C, 1.5 mM MgCl2) and 0.02 U/pl Taqg polymerase (Perkin

Elmer). The amplification conditions were set as follows:

30 Annealing temperature: 450C
Denaturation temperature: 94¢°C,
Elongation temperature: 720C,
Number of cycles: ' 40

35

The result is a fragment of approx. 735 base pairs, which was
ligated into the vector pBluescript. The ligation mixture was
used for transforming E. coli XL-I Blue, and the plasmid was

amplified. Regarding use and optimization of polymerase chain
reaction, see: Innis et al., 1990, PCR Protocols, A Guide to

Methods and Applications, Academic Press.

40
Example 6

45 Production of transgenic tobacco plants which express a cDNA
encoding a single-chain antibody with fungicide-binding
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into the R&grobacteriumstrain EHA 101 by el ectroporation. Recombi nant

agr obact er i aF*@MRed were used for the subsequent transformation of

Ni cotiana tabacum Approxi mately 100 t obacco plants were regenerat ed. Leaf

material of Pl RuRYELS Séfﬂ!ff Wb IR Ehody ¥PaLhgnl SHRGIY o

e|l.ns wer e O

[ ear mater a4 49 st it AL e

Starting point of the investigations was a single-chain antibody
fragment against the fungicide BAS 490F(scFv-anti BAS 490F) which
is expressed in tobacco plants. Quantity and activity of the
scFv-antiBAS 490F polypeptide synthesized were determined in

30 western blot analyses and ELISA assays.

To make possible expression of the scFv-antiBAS 490F gene in the
endoplasmatic reticulum, the foreign gene was expressed under the
control of the CaMV 53S promoter as a translation fusion with the
LeB4 signal peptide (N-terminal) and the ER retention signal KDEL
(C-terminal). Transport of the scFv-antiBAS 490F polypeptide into
the endoplasmatic reticulum allowed stable accumulation of large
quantities of active antibody fragment. After the leaf material
had been harvested, sections were frozen at -20°C (1), lyophilized
(2) or dried at room temperature (3). The soluble proteins were
obtained from the leaf material in question by extraction in an
aqueous buffer, and the scFv-antiBAS 490F polpypeptide was
purified by affinity chromatography. Equal amounts of purified
scFv-antiBAS 490F polypeptide (frozen, lyophilized and dried)
were employed for determining the activity of the antibody
fragment (Fig. 6). Fig. 6A shows the antigen binding activity of
the scFv-antiBAS 490F pélypeptide purified from fresh (1),
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. Subsequent anal yses (west®rn bl ot anal yses and ELI SA assays) denonstrated
t hat a maxi mgpsoyayegsti on of nore than 2 % of 10 biologically active
anti gen-bi ndi ng scFv-anti BAS 490F pol ypeptide was obtained in the | eaves.
The hi gh expression values were deternmi®#&d in fully grown green |eaves, but
the anti body 1yophikited\vd )ahsd dciastledvesa t2heslaefiak e6B, rihecregpective
Exanpl e 5 PCRmatits fo£ aidFrenantisad ragFeprodéin h@ppbhiA. ehe®dig)g whiieh were
S: ngl e- Clhai n ggx &b{?@&yf&g%asmﬁéﬁ A0 sukt bré f&@rﬁlﬁédsyfltrﬁﬁﬂsc o020
ol i gonucl eo [aTe)

9 %Iejl,']n ;be.l% E?gé% Cﬁ{% %&zgg ct)Pgte}%q no@ﬁﬁﬁ'arh&l 1iah Q¥1§IQ\IA

was carried EL mer rLeac

m xtures cOhSARREETES (S SPPIT %? eee"l?FFan Jz%e%ﬁjlﬁ&l g™ ?err] M
of the rel evidinddng prtidliddesduere ZRundar r | M nucI eoti des (Pharmacia), 50 nM
KO, 10 MM Tris-HO (pH 8.3 at 25[err]C, 1.5 mMMC [err]) and 0.02

Lv[err]l Taqugm§ggr@se (Perkin Elnmer). The anplification conditions were
set as folloms

Anneal i ng tenperature: 45[ err] C Denat uration
t enper at ur 94[err] C, Elongation tenperature: 72[err] C
Nunber of @locdemonstrate the fung:nékﬁdﬁﬁ toheransalldf itheatfamsgeeriic tbbapee ox.
735 base pal@aanﬂglﬁﬁhaﬁi ﬂougageg ngeﬁiﬁﬁ fuBlgiesasipindibige | igation

d
2" rr:()} IU][ ?e\é\/as R"gﬁ- ggl Pled ! q-_'h% r %Bgc nlts ete Eﬂf‘é%teﬁ”ﬁ:.%ﬂ?evﬂl%%@ Was

et Sl T e

pI|cathﬂﬁlﬂﬁﬁaﬁeﬁ¥%9H#Q§§§ he ®125ter SXRRGTUNIoP FEEFaAfEBRSt 3% co
pl ants wh genprehewedcﬂ]higbncouwlgramqg gl the heungigidpbBAS 440FhHand less
fungi ci de- bi pFHongunced G5i}/tbEdaic 28f fratzeini esmpadixsm ¢iphStid)Cohtwad .
transforned into Agrobacterium tumefaci ens C58Cl: pGv2260. To transform
tobacco plants (N cotiana tabacumcv. 5 Sanmsun NN), a 1:50 dilution of an
overnight culture of a positively transfornmed agrobacterial colony in

Mur ashi ge-gkoog nedi um (Physiol. Plant. 15 (1962) 473 et seq.) containing
2% of sucrose (2M5 medium) was used. In a Petri dish, |eaf disks of sterile
pl ants (each approx. 1 cnR) were incubated for 5-10 10 mnutes in a 1:50
agrobacterial dilution. This is foll owed by
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.2 days' incubation in the“dark at 25[err]C taining 0.8%
Bact o- Agar . 99'55' 49gig" Was conti nued afte m,mm "IIH”"EFS light/8
hours dark and continued in a weekly rhythm*onc¢NMsteti tsm cont

-ng/l O aforan (cefotaxi msodiun, 15 0 f®/1 kananycin, 1 rrg(lHS H S BEEN

benzyl ani nopurine (BAP), 0.2 ng/l naphthyl acetic acid and 1} 6 g/ IREGLAGERe.

G owi ng shoo;J gxggﬁnt ransferred to M5 medi um containi ng 2% sucrose, 250
nmg/1 O aforan-an ‘8% Bact o--Agar. 20 Exanple 7 Stable accunul ation of the
si ngl e-chain anti body fragnment against the fungicide BAS 490F in the
endopl asnmati ¢.r ehi prveuss ZorSthe tprgiustiion of a hunigieddertelennd pdgnt by
si ngl e-chaPn ant éia ﬂaséirﬂgmnéxag@ddwst £ulng1 & UdeH Il nBASo THSHftsidiey ianthe BAS
490F) ‘which is e T§sed I n tobacco plants. Quantity and activity of the

po

scFv-anti BAS 490 ypeptide synthesized were determined in 30 western
bl ot anal yses and ELI SA assays. To nmeke possi bl e expression of the
scFv- ant i BAS2490k pgeoeessh asheleimed|ixs rdiim 1 etwhareim theecexegerioys gene was

expressed Hli?nder eiRg£OM<-Minafing heo GaAMdPtIaS s oATEiAiglaschain aarsl idiodgn
fusion w th the %?"‘él? nal peptide (N-termnal) -and the ER retention
signal KDEL (C-ter '? Transport of the scFv-anti BAS 490F pol ypepti de
into the endoplasmatic reticulum all owed stable accunul ati on of | arge
quantities of3.achi peoeeds lasdylhimedrein clafimel, t wheredaf that exegendwsd been

harvested, secti gaagyeidelUigEengaporstiptiideCis 13, cdmplpliel areibatly (2) aor
dried at rgom telﬂggéﬂé e(br:i)«redmﬁefé’h‘bm e proteins were obtained fromthe
tion

| eaf materl al in ques y extraction in an aqueous buffer, and the
scFv-anti BAS 490F pol pypeptide was purified by affinity chr omat ogr aphy.
Equal anount 4.0f approtessl s Elaimed BAS SGR pol yresind&hef fengicide is

| yophi lized and deitgg) mécnyamenptoyashtolyleeyprortolyjatbeatet (BAS M90F){ he
anti body fragnent (Fig. 6). Fig. 6A shows the antigen bi ndi ng activity of

t he scFv- gy i BAS 490F pol ypeptide purified fromfresh (1), 0050/ 47968 24
| yophi | i zed (2) 2nBreeessl aglaimed)in anyrof. chalng e < dspBReTSE AMunts of
scFv- anti BAS 490plantt £ mgreppooxdidotyegonmhseh were enpl oyed for the

ELI SA anal yses are determ ned by neans of Western blot analyses. The sizes
of the protein myl ecul ar_ wei t and rds re t fd

Appr oxi mat eI f. | dé\‘lPFea?s%rﬁﬁ %gﬁlmeé in c aim 5, wﬁ@:oé’ﬂ e EfaJ)@ is

tobacco.

7. A process as claimed in any of claims 1 - 6, wherein the
exogenous polypeptide is expressed constitutively in the
plant.

8. A process as claimed in any of claims 1 - 6, wherein
expression of the exogenous polypeptide in the plant is
induced.

9. A process as claimed in any of claims 1 - 6, wherein the
exogenous polypeptide is expressed in the leaves of the
plant.

20 10. A process as claimed in any of claims 1 - 6, wherein the
exogenous polypeptide is expressed in the seeds of the plant.

11. An expreésion cassette for plants, composed of a promoter, a
signal peptide, a gene encoding expression of an exogenous
45 fungicide-binding polypeptide, an ER retention signal and a
terminator.
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- binding activities were féund. Exanple 8 10 To denonstrate-the fungicide

tol erance of ggiyidAgegeni c tobacco plants which produce a TS SHEBT IHAS BEEN
f.ungi ci de- bi nding properties, these tobacco plants were treat edREPLNEED

various anounts of BAS 490F. It was pos€Pbl e to denpnstr ate—n—eaf+—eases:
15 in the grdénhdBsexprepgiameapbabtes axmladnpdgim clein ddt | BS-elig0Ehgene
showed a hi gher trohetatwteites prbmotemgisEdldsBAbe 404NV @58 pesmofpsmwnounced
phyt ot oxi c effects in conparison with the control. 20 25 30f 35 40 ﬁS

0050/ 47968 25 _We cl ai rocess for the production_of a net

met hoxyi m Fi[B ei‘B‘?ﬁ’;ﬂ“oWgs%t’f%laﬁ £laimed 1BASAAZORY  tHheKdM tbPant
by expreSS| ng an géiéeg‘é‘h(k% Wﬁ?ﬁemﬁhd}bﬁ gene- of (-igkeeshyim-antibody
tol yl acet at e ( BASragoént bi ndi ng pol ypeptide in the plant. 10 2. A process
as claimed in claim11, wherein the exogenous nethyl

net hoxyi m no-[err 0-to0 0X o-tol yl acet at e ( BAS .490F) - bi ndi ng

pol ypegt i de it % Ag %ﬁ?’éei%ﬁ%\ééﬁ??'ﬁ?ﬁiyfsf Fi@f‘r@ﬁ@(l’?, cl aﬂr‘“pl)lbce‘&erﬁ-“c[taﬁned
in claim }g wher 8PR®t P ISy&magmenetafyja fongicide-binding polypeptide in
met hoxyi mi no- [ er the(fexwlofl @xyranslatidmdasion YBAS othek) fimerhicig] '
pol ypeptide i s apeoapisse fvrt bhﬁﬂyl@rerftyitiéégn’@&u@r ichedmbpiéRd Qg 4. An
expressi on cassepigaing gictalias,C vel 8sPE %E tg expretsdfal

pepti de, a gene encodlng expr ession o an exogenous

met hoxyi m no- a- (o-tol yl oxy)-o-tol yl acetate (BAS 490F) b| nd| ng pol ypepti de,
an ER ret ast lbn ahgexpression ressetris s clBified AN cbafimels) owhexinethe as

claimed in clai mpélypetizie) gehe €61158 idxupire¥se@r NBHaine@dfF&m thdybaMion®S
promotor. 6. AncEXPr&sstith ¢asssid eo@%t%%l ﬁorhlﬁn%.ln%' gégh q!]eff%'rn the 30
gene to be expr e%§§ﬂpi§ M&eagg_gﬁo&; pqlasdenglgpf nt| r‘agnent .

20 16. The use of the expression cassette as claimed in claim 11 for
the transformation of dicotyledonous or monocotyledonous
plants which constitutively express an exogenous
fungicide-binding polypeptide seed- or leaf-specifically.

25 17. The use as claimed in claim 16, wherein the expression

cassette is transferred into a bacterial strain and the
resulting recombinant clones are used for the transformation
of the dicotyledonous or monocotyledonous plants which
constitutively express an exogenous fungicide-binding

30 polypeptide seed- or leaf-specifically.

18. The use of the expression cassette as claimed in claim 11 as
selection marker.
35 .
19. The use of a transformed plant as obtained in accordance with
claim 17 or 18 for the production of a fungicide-binding
 polypeptide.

40 20. A process for the transformation of a plant by introducing a
gene sequence which encodes a fungicide-binding polypeptide
 into a plant cell, into callus tissue, an entire plant and
protoplasts of plant cells.

45
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7. An expression cassette as ctained in claim4, wherein t _ Qr _gepe
fragment of w@%mt hoxyi mi no-[err]- 35 (o-t ol yl oxy|) TRIStSHEETAAS SEEN

(BAS 490F) 9938y | ypeptide in the formof a translation fusi BEPWACED

ot her functional proteins, for exanpl @7enzynes, toxins, chr

bi ndi ng pr atiei Bs proGessaLyYAAdinedt e cenia 20, behergpire sredsfdOmBionAds

expressi on casgglrbetad wid P hidCéfidA hgrobaceéeriumie ipopypepiula @Ene to

be_expr essed | 3, PLAL0PLL (L RABUPI Ll AneRBLEoRE . W Lh The aid of of her

nple t

reconbi nant methods; for exa e anti1 body phage display nethod. 45
0050/ 47968 26 9. The use of the expression cassette as clained in claim4
for the t¥ @sf o prboress ods diladmgd ety nolesino20powbenein ddensfierpatians ishi ch
constitutively «3%areed WtIEXMCAHSoffBdTvdtroporation. :

met hoxyi m no-[err]-o-tolyloxy)-o-tolylacetate (BAS 490F)-binding 5

pol ypeptide seed- or leaf-specifically. 10. The use as clainmed in claim9,
wher ei n t hé3ex i soceas cas saimedsin rednime 20 Wherein YrAReEPTRAAY diSn and
the resulting refiferhedantitic|trecsidref user pagtiche bombagrikioentt Rrerhad of
t he di co’tg/l edonous or nonocotyl edonous plants which constitutively express
an exogenous nethyl nethoxyimno- [err]:-(o-t.olyloxy)-o-tol.ylacetate (BAS
490F) - bi ndi%fy p’“&eypéﬁtiva*élébé’&- aoifL’P%‘a 1 1?81“# 4l l%/‘%/l.ypffg%ﬁgﬁ%se of the
expressi on cas®Xpressing|aigane whiehengoress syeheR tPAYYRPRERER, 102 PRRtyse
of a transfor et pledds af aiplantedndnsuhsssneandy ¥Sekatieg thecl aim 10 for
the prodycti Oncffély@eﬁ’eihdl met hoxyimno-[err]- (o-tolyloxy)-o-tolylacetate
(BAS 49 - bi ndi ng pol ypeptide. 13. A process for the transformation of a
plant by introducing a gene sequence which encodes a nmethyl | .

met hoxyi mi &S & rflangscomprisindop| e¥pyesiiol FREE.EER & BﬁS’-Eg@F}’! tﬁ]r?d-i’%g
pol ypepti de i ntxl,awheaeinceid expreosiah | eassetseudmpartseholegapfanto and
protopl asts of mimyikigel!s. 14. A process as clained in claim13, wherein
transforggtion is 30 effected with the aid of an agrobacterium in
particul ar of the species Agrobacteriumtumefaciens. 15. A process as

cl ai med i n 24.aiMmplantyaer elainadaA8f 6LAHR | Th Whichsis tolguant: tg BEEIYY he ai d
of el ect r opor atmetrhoxydminopr-oiesolydory krordiplyd acebate 1BASWMEPE) n
transformation is ' :

27. A method of controlling phytopathogenic fungi in transgenic
fungicide-tolerant crop plants, which comprises the use of
fungicides against which the crop plant forms
fungicide-binding polypeptides or antibodies.

25

30 28. A fungicide-binding polypeptide or antibody with high binding
affinity to methyl methoxyimino-a-(o-tolyloxy)-o-tolylacetate
(BAS 490F) which is produced as claimed in claim 24.

35 | ——
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. effected with the aid of "the particle bonbardnent nethod. 40 17. The
production ghsg,sa%bgg! methoxyimno-[err]-(o-tolylox m ﬂ L e (BAS
490F) - bi ndi ng p(/)??peptl de by ‘expressing a gene whi chn m)mn m ﬂﬂﬂm

pol ypeptide in a plant or cells of a plant and subseqtient!| y- i ol &ti Ag the
pol ypeptide. 45 27 18. A plant corrpri sing an expression cassette as

claimed in gl égsib SEek %idexgi ;baaggagtcg&?g rﬁ{z,gkéazgg;&ance to

met hyl net ho no[ 19. A
met hod of cHHRTEH g BH%:I‘ H‘S sﬁf% fungi in transgenic nethyl

met hoxyi m_no-a- (o-tol yl oxy)-o-tolylacetate (BAS 490F)-tol erant crop plants,

~ whi ch conﬁrm@&a@{e use of nethyl
met hoxyi m no-[err]-(o-tolyl oxy)-o-tolyl acetate (BAS 490F) agai nst whi ch the

crop plant fornms nethyl nmethoxyimno-[err]- 10

(o-tol yl oxyPracessiesl fort the grusctyor)obhi mtigigigetiyplenanteplantay bodi es.
20. A net hyéxprddaing &l pongidicie-blipliny )arntibeldyl anetlnd @laBS. 490F) - bi ndi ng
pol ypeptide or antibody with high binding affinity to methyl

met hoxyi fiino-[err]-(o-tolyloxy)-o-tolylacetate (BAS 490F) which |s produced
as claimed in claim17. 20 25 30 35 40 45
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