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30
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).

45

Antibodies are proteins as component of the immune system. A
joint feature of all antibodies is their spatial, globular
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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.

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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which are directed against viral coat proteins (Tavladorakl et
al., Nature 366 (1993), 469-472; Voss et al., Mol. Breeding 1

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

45 hormones, due to binding of abscisic acid in the plant, has been
observed (Artsaenko et al., The Plant Journal 8 (5) (1995)
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To date, the development of herbicide-tolerant or
herbicide-resistant crop plants, by molecular biology methods,
requires a knowledge of the mechanism of action of the herbicide

30 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.
Herbicide tolerance can be generated by altering the genes of

35 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
the herbicide. This resistance-imparting gene is isolated from

40 such a microorganism, recloned into suitable vectors and
subsequently, after successful transformation, expressed in
herbicide-sensitive crop plants (WO 96/38567).

It was an object of the present invention to develop a novel,
generally utilizable genetic engineering method for producing
herbicide-tolerant transgenic plants.

45
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principle, homogeneous cefi ?1 %&%hﬁces a é?lned monoclonal
antibody.

30

The cDNA for the antibody, or parts of the antibody, viz. the
so-called single chain antibody (scFv), is isolated from such a
monoclonal cell line. These c¢cDNA sequences can then be cloned

35 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 herbicide molecules
40 and convert them catalytically into a product which has
non-fungicidal properties. Methods for raising catalytic
antibodies are described in Janda et al., Science 275 (1997)
945-948, Chemical selection for catalysis in combinatorial
Antibody libraries; Catalytic Antibodies, 1991, Ciba Foundation
45 Symposium 159, Wiley- Interscience Publication. Cloning the gene
of this catalytic antibody and expressing it in a plant may, in
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sequences for guaranteeing subcellular localization in the

apoplasts, 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

35 translation enhancers, such as the 5’-leader sequence from the

tobacco mosaic virus (Gallie et al., Nucl. Acids Res. 15 (1987)
8693-8711). ' '

('I')

Suitable promotors [sic] of the expression cassette according to

40 the 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
promoter originating from a plant virus. Particularly preferred
is the CaMV 35S promotor from the cauliflower mosaic virus

45 (Franck et al., Cell 21(1980) 285-294). This promoter contains
various recognition sequences for transcriptional effectors,
which, in their totality, lead to permanent and constitutive



The expres$089/dd8IFtt e according to the invention may also 5 conprise a

chem cal ly inducible promoter by neans of which expression of the
exogenous pol ypeptide in the plant can be controlled at a particul ar
point in time. Such pronoters, for exanpl e the PRP1 pronotor (Ward et

sallcyllc \éﬂ %@ ), a prono r\/\hlchlsmdumbleby
benzenesul f 5 388186), a prompter which is inducible by
abscisic acid (EP335528) or a pronoter which is inducible by ethanol or
cycl ohexanane é&MfPssklididrasbavee eiordengr tbethd inveation aiaat wleo and can
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i nvent i on &g, p WL S5 Whif a’&%??éf: 8“ %’6 degeEseenre © °ﬁ\?em‘f"6 can

" therefore GUAEaREee [OPIERAAPR 1N &+ iSENESSPECRIIRE STIPRBNER SFhiGh &PErably the
USP or LEBAaepbiridal )activdtyFiakes place. Prpnoters whicheguanantee expressed,
and an lea€rsperi fKicgexpressidie demesieusatpivulfart hentioseMentiionshost by
way of eXamal ﬁa&@ of 'R fpaﬁ;awfc dyofigE:aﬁsbébé:'gﬂ:‘&rl%térV‘bf heeLigeraRee to a

si ngl e- chaigg._gat FEtg %ssbo?m?g&)sehﬁﬁ gﬁggrdl ng to

the i nvention |s ro uced smgasfu e pro er’w i table
pol ypepti de DNA and, preferabl y, a DNA whi ch encodes a
chl or opl astrhepstalble: dxpresstion @fptiingdeachaivhiatibedieserteithheamoaated

pronot ery,ARd B ¥PePie e o5t hbAotand saweiamwlp&bltemnsmrale séelBlof
Customary H:%SHEEéHfé | {QYbaccln &A%ﬂ tﬁ&&@' b&a M‘E;( ele 8%' Qed for
EI onr e('f_

exanpl e, | niatls F ch an Cl oni ng:
i¢ promoter er an g or manual

A o477
Col d Spri ng1 k&P BRt: LO-408RY: Toias sgsprﬁgsmmmoﬁlsmbfm)l Yfatai'so in
T.J. Sil ha®peds vhige heye heen | saNn orpwhick tarebdpe theeprecess 9£Gene
Fusi ons,3¢ColetmEpatiun dmdbmry bé alemiatedr Yor Gehiel phgposgs Haf iite pid¥se984) and
i n Ausubel inbebti®i, Budh gefMin&ilon?r @hQCoésd ldpMilree UpPomdtedsOdre SlssNe
Publ i shi ng regﬁ‘i§9&ry %@m@{mkgywﬁfgﬂarﬁ@ Sngefx:@? % accordance with the
) invention. Thus, the expression cassette according to the
invention can therefore contain, for example, a seed-specific
35 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
single-chain antibody (scFv gene).
40 -
An expression cassette according to the invention is produced by
fusing a suitable promoter with a suitable polypeptide DNA and,
preferably, a DNA which encodes a chloroplast-specific transit
peptide and which is inserted between promoter and polypeptide
45 DNA, and a polyadenylation signal, using customary recombination
and cloning techniques as they are described, for example, in T.
Maniatis, E.F. Fritsch and J. Sambrook, Molecular Cloning: A



Particul ar095@/47877ed are sequences which allow targeting into t he
apopl ast, the plastids, the vacuole, into the plasma 10 nenbrane, the

™ t ochondr i um the endopl asmatic reticulum (ER) or, by the absence of
sui tabl e operatlve sequences, residenge in the corrpartrrent of formati on,

nanely th (lﬁsﬁﬁ@ﬁe STl Egr&?q Hart%raﬂabgfétoxjys c$161886ing
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her bi ci de- Rk NGndUwE 08y PiitlediseicReé t (Dfst)he fusion protein being a
transit peptide, which governs transl ocation of the pol ypeptide.
Especially preferred are chl oropl ast-specific transit peptides which are
cl eaved Pariigudairdy pyefexpad Brehsedienats whighngllw eegetdag it y
after 25 t+tke hapdplaistde- bhedlagtidsy pehe i vieuode, bésto ttlengpllasmaed i nto the

pl ant’ s10hhanRd st the PRi tdHdndrivmp’ Eh&diRIbplashbeid nAtSiculumPERR) b,
?ﬁlr'svf(rja];];?ﬂi@?ﬂ.}ﬂg@niii&@%ﬁ@ﬁﬁggt ﬁ%&aﬂvea s gﬁ&%@al feSl?g Eéaix? heof
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met hods useegaPCR 1 8nk AL, ﬁlqu eaa 1896), 7BAUYHPNI frifaetko PR .,

Prot ocol s, Qﬁ e tql%ﬂ] plications, Acadeni ¢ Press (1990)
"~ The PCR—pro DISIA agrrents can expedi ently be checked by sequence
analysis to 40 avoid polynerase errors in constructs to be expressed.

The nucl eorheélcimmapitibacal sis ardlateswbo céxmressden aassdigids ehdsebenchding
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det er ni nedPIIFARIGSSNEPRALELS transifopeplides; which cleaved
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peptide of the small subunit of Rubisc or ferredoxln NADP

oxidoreductase).

The polypeptide DNA or polypeptide cDNA required for the
production of expression cassettes according to the invention is

35 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
Applications, Academic Press (1990). The PCR-produced DNA
fragments can expediently be checked by sequence analysis to

40 avoid polymerase errors in constructs to be expressed.

The nucleotide sequence inserted, which encodes a
herbicide-binding polypeptide, can be generated synthetically or
obtained naturally or comprise a mixture of synthetic and natural
45 DNA components. In general, synthetic nucleotide sequences with
codons which are preferred by plants are prepared. These codons
which are preferred by plants can be determined from codons whose



The pronot @O5O/A78F7i nat or regi ons according to the invention 10 should
expedi ently be provided, in the sense of the transcription, with a linker
or polylinker conprising one or nore restriction sites for insertion of

this sequence. As a rule, the linkerghas 1 to 10, usually 1 to 8,

f bl t th
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term nati oq_f ¥E ?’Ea elL.q nation regions are mutually exchangeabl e as
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desi red. nDre mani pul ati ons whi ch provide suitable restriction
sites or which renmove excess DNA or restriction sites can be enpl oyed.
Wher e i nserfhieOpEomeéied:€tdndnN teini Sadii! ireylibAs Sacdd¥ding ezsaemé €irvieaibhi ons

and tr arm’%fh%h%sex;?éﬁe%i? Qéeprdﬂd\éht r Qn théﬂge’%&%”‘éi' Ehe p“ mer repair”
restricti OQ‘.I%ESLI‘ 10%” ¥ g llnk eg.r é%\#{'ln]% gl%r%% l’ff on% or more

mani pul ati onNs SUCT as res i 0 cR in

proj ect i on&FeEGrichiomsidegsfor ln%ﬁﬁ*ﬂ'ﬁ’@ﬂ@ t Jys esfﬁ%leBFet HR® & §¢H§nt Ehgmy be
provi ded fdinkegakasrit to agy p@sv@,lly 1350E8 pepyefidnpblypdrtarft, for the
success acaestdrictian tdigeisnvwiithim the regtbetaty ackiens, othd Hankpeci fi ¢ ER
retenti ok® gegeah1 BFHIE a sikSCHEOLYE than€i0@!bp Plraeubbliy Bidds t88n(1996),
781 - 792) 5oMbbll put Wi GlRabRes AY! AR BEBREFSL bdoRhihg! S LI ifehPion

quadr upl ed retention s I n plant and

occur
ani mal 40 ﬁl’a&g %"W*ner ﬁlag%gel%{:arg’"?&ggoﬁst%ﬁ %F? rg W Ye used for
const ruct i GtERBLRIRNS 1O the hospplant. g ?)o?%ﬁ?-P&t FRRERT I ACSORALAG)| ant
poI yadeny| &0 the invgnfigins copprisemblip thest’ whi-senser péspanscardpshonal | y
to T- DNA? % :heopyanietsr aidcordihgned her dnvégt Mirsctany desitek{sejuense and
particul ar -0¢egidn Ofort ReahsEMp{ AP ItBrAYRALESE) Valribls dérmindltashi d

pTi ACH5 (G Bnét +SNBR,J %QL 832 &lsiSR%.) or 0050/ 47877
10 functi onal neqﬁ%auentsgy ex% exprgss‘?on s'classette according to the
i nvention may conpri se, for exanple, a constitutive pronotor (preferably

t he CaM, 3FuSthefmgre,mtanipnléatbonse hishgpadvidstsudeabléergemnd ctdobe
expressel’ aites bhewiERN @enbie Odxsd®dNA dbheréaisicriohi oit&d ddweveassette
I's  shown ¢318y8h AGHPd InEbBténs. WehBti6hE &N GRKsR1BuEidil oohai n
example transitions and transversions, are possible, in-vitro
mutagenesis, “primer repair”, restriction or ligation may be

used. In the case of suitable manipulations such as restriction,
“chewing-back” or filling up projections for “blunt ends”,
complementary ends of the fragments may be provided for ligation
purposes.

30

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

40 broteins which are localized in the ER may also be used for
constructing the cassette. '

Preferred polyadenylation signals are plant polyadenylation
signals, preferably those which correspond essentially to T-DNA
45 polyadenylation signals from Agrobacterium tumefaciens, in
particular gene 3 of the T-DNA (octopin synthase) of the Ti
plasmid pTiACH5 (Gielen et al., EMBO J. 3 (1984) 835 et seq.) or



anti body (99B0/4383)7 The ani no aci d sequence KDEL (! ysine, aspartic
acid, glutamc acid, leucine) is preferably used as ER 10 retention signal.
The fused expression cassette which encodes a pol ypeptide with

her bi ci de- bi ndi ng properties is prefengbly cloned into a vector, 15 for
exanpl e pBigll9: ;90 £dsivadbhapl € for transforming  Agrobacterium

t unef aci ens. Agrobacteria which are transforned with such a vector can
then be used in the known manner for transform ng plants, in particular
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Agr obact er iasparoi®| aid,, glutamie acilt,adlsgeine) Alsamrefepablyl as&dl asr BRsgeni
pl ants ckh fagentis@edigynafied fromthe transformed cells of the wounded

| eaves or | eaf sections in the known nmanner, and these transgenic plants
30 contain a gene for the expression of a pol ypeptide with

her bi ci de- Phedfngedresnuesisdon ¢agarptet whichtencardeserppetypentidecyithtt e
accordi ng therbleidenveiridiog. propdotiesaisf preferdiist clbaad imtd aa vBMéor,
encodi Ng a fel Bkehsits HBIHI10Y WRidW!1PeRLELEB1e b tRaassbAinassett e

accor di i 0, LBgcl QAR \ihelriciend "ROABRALEM  4hi0R hESCLLdAEOBLO @
reconbi nant yector, whose  —vectgr contal ns_.additiona eurn%tolronal
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cloned 45 ligpatid Al 4o/ RabARS HUEGNBGLOWLLER (0 B BUI Wdldced, gho!
exanpl e in _E. cg | ._Sui'table fozéln vqctbrf ar{segenl.rét Sg a%%a, pBR332, puC
series, ML3ITSsaffRy %ﬁu}ﬁ%$¢963§ . %é§5€q?3l ic PAgRYT 4 07 L/
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n | I Qn r I n -enz .
upon use %.eta esggtzl.oar}s % 2he' Ridwn %a(r:l%etrs) Ad rgheese ngnsgenlc plants

contain a gene for the expression of a polypeptide with
herbicide-binding properties, integrated into the expression
cassette according to the invention.

30

To transform a host plant with a DNA encoding a herbicide-binding

35 polypeptide, an expression cassette according to the invention is
incorporated, as an insertion, into a recombinant wvector whose
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

40 Biology and Biotechnology” (CRC Press), (1993) chapter 6/7,
pPP.71-119.

Using the above-cited recombination and cloning techniques, the
expression cassettes according to the invention can be cloned
45 into suitable vectors which allow them to be multiplied, for
example in E. coli. Suitable cloning vectors are, inter alia,
PBR332, pUC series, M13mp series and pACYC184. Especially



i nhi bi t or s005®/47873ependi ng on the choice of the pronoter, expression can

t ake pl ace specifically in the |leaves, in the seeds or in other plant
organs. Such transgenic plants, their propagation material and 15 their
plant cells, plant tissues or plant oggans are a further subj ect of the

present I NygRtlpil are biflPy!YENRIR! willoch %4 dpidRgee! I hddiergcaanp of a
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net hods nmeRiRBRed RIant cgdlisriplilt tdeseRapy Plant ArIapfesher PEpferred
Techni ques afinr upemeise Tsahbé emediatiofr afisyesistaricente, pPlant-enzymagi neeri ng
and Uil iadiboeorseditors: S.D. Kung and R Wi, Academ c Press (1993) 30
128-143 nd in Potrykus, Annu.Rev. Pl ant Physiol.Plant Ml ec.Biol. 42
(1991) 205-225). The construct to be expressed is preferably cloned into
a vector WREBRNAing An ibeecheice (Rf thenBFORPRRY 0 FXEresS oYy CAP LKL um
t unef aci enplaferspecifilcelpPi il theBdeanest &b .the seRds| or Agi d-hRgsplapt
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known lﬁagﬂggeégrogréigg QLOL iﬂ&@ﬂiﬁon[n particul ar crop plants such as

, S rice, C

cereals, malz oya, , cofton, sugar beet, canola, 40 sunflower, flax,

pot at o, tobacco, tomato, oil seed rape, alfalfa, | ettuce and the various
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chem Ca! S?\Q&Qﬁ%&ée:fi%—ﬁ%ﬁig‘g&?;feqlet %rgngf&g.d%e me’ﬂ?ggg rﬁ’ént%.o?xleﬁngre

In parti Cudersbrlggé:, ! or}:'aexg.\%gié/, inntB.I gengs eet uarlcle;‘r %‘eggrgit_%sesa for Gene
Transfer, in: Transgenic Plants, Vol. 1, Engineering and
Utilization, editors: S.D. Kung and R. Wu, Academic Press (1993)

30 128-143 and in Potrykus, Annu.Rev.Plant Physiol.Plant Molec.Biol.

42 (1991) 205-225). The construct to be expressed is preferably
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).

35
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,

40 sunflower, flax, potato, tobacco, tomato, oilseed rape, alfalfa,
lettuce and the various tree, nut and Vitis species, for example
by bathing wounded leaves or leaf sections in an agrobacterial
solution and subsequently growing them in suitable media.

45 Functionally equivalent sequences which encode a

herbicide-binding polypeptide are, in accordance with the
invention, those sequences which still have the desired



natural or QA80/A418EI nutation of an originally isolated sequence 10 which
encodes the herbicide-binding pol ypeptide, which nmutation continues to
show the desired function. Mitations enconpass substitutions, additions,
del eti ons, exchanges or insertions of 12 one or nore nucl eotide residues.

Thus, the %%%gg 28 8l §fccor camiaemé eaegleﬂmsde sequences

whi ch f
Such a . nEEARE e%‘ﬁﬁ'%n%? hlgge HaREL L REIUERRS wgligaRl B0 ©

encodi ng se‘dweﬁeguemsd.q?éerﬁheﬁiewelﬁn ahdeal #%raré'—)%-él’rﬁ% pygleotiqeart on
of nore cl semgacest efoif @rxameéeramxmleﬁzwebeotlde eenuentem (tiighahave

equi val er8 eshe obbasted &y 2hemiedD sy rithestsoand sare ladapted twrihepcodonnced,
i n conpari Qﬁ\l’&g@ be shessdearting gene or gene fragmnent. 25 Moreover,
artificial sequences are suitable as long as they I nduce the desired
resi stance to herbicides, as described above. Such artificial DNA
sequences dan pestidelar f ifelalptignabmnﬂveﬁ-eby is tmdlet naderstood) asr 6t ei ns
whi ch have rdatulriati de-dttidiedadcitvatidon ofaad wf&gﬂndmmye1bﬁ£ﬁtéﬂﬂk§hﬂ9ﬁted by
nmeans of LOmgjpgeyl @ﬁca@éj@ linag hegglé’{d@bln'alﬁbt & B RGlde? Nwh ESP Qﬁit%|t|1)5n

ui L2l e arennGadk i, DBy chacHHENGES ALEboNiR,de §98n80L AL

backtranslatln Geé I n accordanc cod n

Uti | zat ofUPSLAfREiORE, SPEiEiPRe  AhIREiRDS, T)’F%}Pr“gthB’fsb%%?‘f‘i’t?“@oBg

utilizati orPR€aRrbROTRIIGHeREdAR cERE Idpasy TRUBK PG PRRFPPEainVRRT D52k 8P hods
of pl ant sgmmpssseys cdimset anciedeitie seiquences wiiak lage, obtaimedwbygenes of
the pl ant® mpdigyingneiiy fedleotide Ruduentes UThahwrpogei val eméh nuicl ei c acid
sequences fRdbRPid® can bBE EOVDdnl Wh\-_ﬁa fm;helie 19RO B @he

e el of USheRALOURINE nINSE & ALt (Bl LDEnHlo! aePr ot el n
s a non- pl-an 5_ 28 po ept’i, e or Urcti onal | y
equi val ent ﬁd%%? £ AR ¥ MOTEL FLERURGR S1tefe TOECT °Bfe??¥Fes f usi on
protein can be a further pol ypeptide with enzynatlc activity, or an

ant i geni¥? palnepephhdei HAUSRESvIidALS etk iofd Vi 1WhitshwHEEE Chirt i8h $6FVS

| &
ret orabl y Soren ared probrliaTE & colKehat Miecdl SabCBlecENRRe bk onci

pepti de, wif *radmen 50/ 47877 13
directs the pol ypeptide with herbicide-binding properties to the desired

site of AChid¥eover, atOWaVEhl B ddyiRlce8Nasd ssqurtebateeastpoﬁ esex;lawss' on
products %. pduchd dé§f¥330£g%f§€% éllo Srbfifé%g OQF g aBdve.

proteins ar%léaclal %ﬁR se&uggéeéic%g 1f1ed, or examﬁi blgdl

propertles

backtranslatlng proteins which have herbicide-binding activity
and which have been constructed by means of molecular modeling,

30 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
which is specific to the host plant. The specific codon
utilization can be determined readily by an expert familiar with

35 methods of plant genetics by computer-aided evaluation of other,
known genes of the plant to be transformed.

Further suitable equivalent nucleic acid sequences according to
the invention which must be mentioned are sequences which encode

40 fusion proteins, where part of the fusion protein is a
non-plant-derived herbicide-binding polypeptide or a functionally
equivalent'part thereof. For example, the second part of the
fusion protein can be a further polypeptide with enzymatic
activity, or an antigenic polypeptide sequence with the aid of

45 which detection of scFvs expression is possible (for example
myc-tag or his-tag). However, it is preferably a regulatory
protein sequence, for example a signal or transit peptide, which



10 Resi st arRQF94%8%hce neans, for the purposes of the present

i.nvention, the artificially acquired ability of plants to w t hstand the
action of plant enzynme inhibitors. It enbraces the partial and, in
particular, conplete insensitivity to g3hese inhibitors for the duration

f | i | wi er Sl
her bi ci SZthgggefﬁﬁﬁgﬁgg? &7 perblOfaOin AT prpdt A (87 eRE
(6]

expressi on € exogenous her bi ci de- bi ndi ng pol ypeptide is capabl e of
provi di ng sufficient protection. However, one will understand readily

that the adtdwervez( efe aﬂwhhuﬁhdelw%lla@bsbeo reed réx@&aési@nt;k&du%% _
tissue, HtprgRiced £hSRRERLEECHEM ithe?lihvE PRI NG %%Hé #%Ssm Of'

tissueggspe ddit
?he exogenoufzgzg %hg%%%lgl *nahg ng p?ﬁal)YSSB#f'% "f%%é\‘?&ﬁt‘ﬁb‘g% G308 he
ot her hand PFOPETE#8R1 bl e expression may al so be desirabl e. The
efficacy of the transgenically expressed pol ypeptide with

her bi ci de- tﬁé&@_begn@ép&f—’féfa%%ecﬂé g@g&em ayeseém% Bdelfevitro by

shoot ne¥Q agat | e-con in series wth
st agger ed cqn%{gg;‘ggt ?%}nes%rtrl@lua ﬁan?%’%gn °Ife§ %ntsr F%addi t i on,

the her bi ci*d& e acé"fm& of plant ﬁpﬁmle ik texs - Bk remlnasesdthet h
regard to PpFEiahdandydin pargigular + eomplete ipsndticivétpxperiheset s. 35
The i nvent iimhibitoterfmr eheelat#sidm ofr aBsyeas € queapliant geddr@irsbar,med with

an expre55|on cassette accordlng to the I nvention, and to transgenic
cells, $1‘ ans .and 4 ropagat | on material of such plants.
Especi aI I y %ﬁe?ﬁ?“?i aée of tF‘ e e herbicifemils, opperaliimie depéal s,

nmai ze, soy&isfpee,so tf@é‘—t tleAf-aprpif isc expressivim ofs the| exwegendusax, pot at o,
t obacco, herbieide-hirdiagdpoappeptildealibacapatileoF prEvidtny FurFisibhee,
nut and pYotest SRECiRWeves) ond RE 1IN BRAELH &ndlraRlE 1y PLIAY tfh%' kétw@lﬁ ant
t rs];sgletsszq,[ o! alnﬁe:t%ﬂqra% near 9@ £ A GRALEE; YL A ! &XSf'@FJs%e',eE may ,
enzymes, V\/nerebgg ehffecltelqt %n %Parﬁem@é‘wgg FFeans ofsEhesPanhime  organs
whi ch havetr’rﬁfu%e%?Fcc’Tf&ﬁsf“BPﬂ%’a successfully die. Exanples of suitable
active ingredients are in particular

5-(2-chlor Qn4a&&:[ﬁidri10rc%§£*ﬂ¥@ﬁh§%%)éés%l&k tJPQ%%ZQkﬁ @SA&L

aciflu I Ul no
ng nne?asfz?lg}b% e7-b%b dﬁ.ﬁg é ‘#ﬂ%@t Fﬁn%l&v?fgﬁgk?gf’?ve ot%’et r?é‘%l&r hand,
conpounds. l‘?ﬂg \ﬁrﬁp&'ﬁsﬁﬁE’éd&Y 2158 heefpsikabdierh  herbi ci de- bi ndi ng
properties and which has been inserted into the expressi on cassettes
accordi ng &ﬁetQﬁ%idﬁé@nBEOEhEafk§d§§§n§5§915méxpressed polypeptide with
herbicide-binding properties can be determined for example in
vitro by shoot meristem propagation on herbicide~containing
medium in series with staggered concentrations, or via seed
germination tests. In addition, the herbicide tolerance, of a
test plant, which has been altered with regard to type and level
can be tested in greenhouse experiments.

30

35

The invention furthermore relates to transgenic plants,
transformed with an expression cassette according to the
invention, and to transgenic cells, tissues, organs and

40 propagation material of such plants. Especially preferred are
transgenic crop plants, for example cereals, maize, soya, rice,
cotton, sugar beet, canola, sunflower, flax, potato, tobacco,

tomato, oilseed rape, alfalfa, lettuce and the various tree, nut
and Vitis species.

45
The transgenic plants, plant cells, plant tissues or plant organs
can be treated with an active ingredient which inhibits the plant



10 used as OOSOS/AZERY nar ker . The present invention has the advantage,
in particular in the case of crop plants, that, once a selected

resi stance of the crop plant to the plant enzyne inhibitors has been

i nduced, such 15 inhibitors can be emlgoyed as specific herbicides to the

non- resi st apL LNt Ghoddbi iR g oRAPQAE LEPIT A geoupésueéo' O4lafiEy be

nment i oned as su but at | on:
20 b1 13, fr‘?ﬁf‘ﬁg‘ff')‘é&%} davehot begg erdnarapied Khccesgfal Y die., pAghe! it

al | i dochl oPf( epaBgble, actdyrpiBgredignts BrEnth RIECU A or - 25 t hi ani d,
di mepi per ate( 2dchkoterlita i fdiphomethiyd,) phenokehramidrobenzoiq peidchl onet ),
f |1 anpr op- B'rqtah:}llfluéﬁﬁaﬂi rand 9oshbery-3rmethiyliguinolin-g-papbakylie aghidnam d
(propyzam ¢ hplﬁﬁ@?@@i and Bétéﬁbﬂﬂﬂﬂp%ﬂhoEhﬁcé&éd&i d%leatlJEQ Irakasse

(bi al aphos),, gml\gé e Pl 8ﬁi&?te%c%@$9”!a“ nPhosate,

sul fosat e g\ r ,az0l es: S g fA | i des:

ani | of os, MEFEASLEE- [B9IAPY PR 98 A8 VAL F R as46>een lﬁsﬁrtﬁ 3ngopghe

cl omepr op, S¥PERPHLPR cﬁ?ssﬁt@ﬁﬁo?%?‘éﬁﬂllng tai the lnventhoFﬁ‘ofﬂl‘P (a’ésﬂ bp. P)

f enopr oplq 2is¢dsad Pyelddtionornapker. MCPA, MCPB, mecoprop, necoprop-P
napr opam de, napropanilide, tri- cl opyr 45 b7 Benzoic acids:

chl or anben, .di canba 0050/ 47 15

b8 Benzot hi'R§ BEFRSMeginvention tb%%t‘%‘?oﬁgvanta?ﬁ’ BfeRRRLigulag in the o5, 6ne
(di met hazof@pe aff FXARM1ea%s - f Hhdk o ancsr pd§g@ec§qure51stanc§)@£amhe crop
fluridone, glgn&zbdathes plantoenzyme inhlibdtorsuvhamdeen inddfedGardvaimt es:

asul am Jﬁﬁil’mlibl’adi's’kéﬁrﬁ,beCaﬁlb%ﬁéﬁ ths ebkoibut amarbikliaesreo e pham
cycloate, dpsedipbednt dip1ahtatl CneHiHEda® S BERSAS ﬂhs qgom the grddp@ate

orbeser, shtb iy Aol PR pinicord e o

imitatio

20 b1 1,3,4-Thiadiazoles:
buthidazole, cyprazole

b2 Amides:
allidochlor (CDAA), benzoylprop-ethyl, bromobutide, chlor-
25 thiamid, dimepiperate, dimethenamid, diphenamid, etobenzanid
(benzchlomet), flamprop-methyl, fosamin, isoxaben, monalide,
naptalame, pronamid (propyzamid), propanil

b3 Aminophosphoric acids:
30 bilanafos, (bialaphos), buminafos, glufosinate-ammonium, gly-
phosate, sulfosate

b4 Aminotriazoles:
amitrole
35
b5 Anilides:
anilofos, mefenacet

b6 Aryloxyalkanoic acids:
2,4-D, 2,4-DB, clomeprop, dichlorprop, dichlorprop-P, dich-
lorprop-P (2,4-DP-P), fenoprop (2,4,5-TP), fluoroxypyr, MCPA,
MCPB, mecoprop, mecoprop-P, napropamide, napropanilide, tri-
clopyr

40

45 b7 Benzoic acids:
chloramben, dicamba



carb, thiobeBoZnhgghent hi ocar b), tiocarbazil, tri-allate, vernol at e

15 b1l Quinoline [lacuna] acids: qui ncl orac, qui nnerac b12
Chl oroacet ani | i des: 20 acetochl or, al achl or, butachl or, butenachl or,
di et hatyl - ethyl di met hachl orygnet azachl or, netol achl or,

pretil achl chI . prynachl or, terbuchlor, thenylchlor,

xyl achl or Bb: Bﬁ%z @F’ exéﬁ%ﬁ%% 25 al | oxydi m cal oxydim cl et hodi m
cl oproxydi m ?EF set hoxydi m tral koxydi m

2-{1-[2-(4-ch|orophenoxy)propyloxyi-
m no] but yl b9 3- B¥dachersz- (2Ht et r ahydr ot hi opyran- 3-yl ) -
2-cycl ohgxen- le0hRazoife tzla&m&sé&&{éw QR ORFén BfdngS fluorochlcsia.s.dwen flubl15

Di hydr obenzofu oéeﬁrgfzgj 35 gq%q h

flurtanone bg%%mtjﬁ%ufﬁggﬁ%fl es Te?s T obeﬁ§§£§ ?ﬁ??ran1n
ethalfluralin, fluchloralin, I sopropalin, nitralin, oryzalln

pendi net haPtf, CarbRmatfsie, profluralin, trifluralin b18

Di ni t rophenol sasubam, baybenef bukydahe,dicasbetanidl,nchdbrhvfami chldirposoeer b,
DNOC 10 O00pRa#H,/Syeloate, desmedipham, di~allate, EPTC, ddprodatd, Dngphenyl
Slt P:Lz ur on 1§ﬁ&1% MYrhRRzasH] b\ﬁ%ltgn' {)ﬁéhléﬁﬂfh%ox héﬂhé&:ﬂ:ll{ainOf BPol CNP) ,
f omesaf en, flJrgFQé 1%8?5?9 H?LQEQEPQ %ﬁ%g?EaZlf n{CPEL) ., terbu-

oxyf | uor f en Feh %s enth1°°35€b9r s tri-allate,

di f enzoquat - neYﬁ?P%%ﬁ*%te di quat, paraquat di - chlorid 10 b21
Ureas: 15 benzt hi azuron, buturon, chlorbronuron, chloroxuron, chlorto-
| uron, cunplurQaindiiivNzubyans] ayiddsur on, di mefuron, diuron,
dynrone, ethi dgg¥h@lbrdENgh@Amefadior Met Uron, isoproturon, 15 | souron,
* karbutilate, Iinuron, metRhabenzthi azuron, netobenzu- ron, netoxuron
m)nollnurog12 Cﬂfgéggcégﬁgi&oge55|duron tebu- thiuron, trineturon
20 acetochlor, alachlor, butachlor, butenachlor, diethatyl-

ethyl, dimethachlor, metazachlor, metolachlor, pretilachlor,
propachlor, prynachlor, terbuchlor, thenylchlor, xylachlor

bl3 Cyclohexenones:

25 alloxydim, caloxydim, clethodim, cloproxydim, cycloxydim,
sethoxydim, tralkoxydim, 2-{1-[2-(4-chlorophenoxy)propyloxyi-
mino]butyl}-3-hydroxy-5-(2H~-tetrahydrothiopyran-3-yl)-
2-cyclohexen-1-one

30 bl4 Dichloropropionic acids:
dalapon

blS Dihydrobenzofurans:
ethofumesate
35 '
bié Dihydrofuran-3-ones:
flurtamone

bl7 Dinitroanilines:
40 benefin, butralin, dinitramin, ethalfluralin, fluchloralin,
isopropalin, nitralin, oryzalin, pendimethalin, prodiamine,
profluralin, trifluralin

bl8 Dinitrophenols:
45 bromofenoxim, dinoseb, dinoseb-acetate, dinoterb, DNOC



b22 | m dazoipso/42@77 i socar bam d b23 I m dazol i nones:

I mazanet hapyr, imazapyr, imazaquin, inmazethabenz-nethyl (ima- zane),
| mazet hapyr 25 b24 Oxadi azol es: nmet hazol e, oxadi argyl, oxadi azon
b25 Oxiranes: 30 tridi phane b2ggPhenol s: br omoxyni |, i oxyni
35 b27 Phenoyxyphepoxyprgpi onic esters: cl odi naf op, cyhal of op- butyl,
diclofop-ngﬁéyﬁfpﬁsﬁ%gé%%'55‘

] : eLQyI, f enoxapro -B-ethglf
f ent hi apr opet hf#Fifipertan-§9diypy | acloni en'fPﬁ5§?9 [}4&1 fRyfroten (CNP),
hal oxyf op- et hoRj-Eengxuramal exhespiemt filuorodifen, Hljuexpgbpcopten-taruyl,
| soxapyrifop, fonpagferaffurylanyfen oflaetofén, nitetdfen, pitzefldcxgfep,et hyl,

qui zal of gp-t ef BkyE1uor#EdB Phenyl acetic acids: chlorfenac (fenac) 45
b29 Phenyl pr opi oni ¢ aci ds: chl or ophenpr op- et hyl 0050/ 47877
17 b30 t gpor phyrj nogen | X oxydase inhibitors: benzof enap,
cinidon-etﬁ??,QRPHE}%Y%ﬁﬁﬁ%fpentyl, fl um oxazin, ) flum propyn,,
flupropacil, fFUPRFERRE- FHERPROAPRH-MEFhyLER1Eate, diqugts cPRTaIMRTe d1-
thidiazimn 5chlop8d Pyrazol es: ni pyracl of en b32 Pyri dazi nes:
10 ad ori dazon, mal eic hydrazide, norflurazon, pyridate b33

Pyri di necapbexykbgsaci ds: clopyralid, dithiopyr, picloram thiazopyr

Kl H 2023, KI H { {
b36 Sul f onyl ur €450, cumy “&f?f‘dogi%?‘t?rygﬁ,m&zi ﬁ%ﬁ&?ﬁﬂl}hnﬁﬁslﬁsﬁ@ﬂffnﬁﬁg%t hyl

chl ori muron- dymrone, ethidimuron, fenuron, fluormeturon, isoproturon,
15 isouron, karbutilate, linuron, methabenzthiazuron, metobenzu-
ron, metoxuron, monolinuron, monuron, neburon, siduron, tebu-
thiuron, trimeturon

15 b34 Pyrim dé%ﬁgwﬂaﬁé"sﬁﬁmp%ﬁ n,; %Llf&%%bﬁﬂ&’rh %&B&Bim?}?&?; S%‘?Jla%ﬁq-z 0

b22 Imidazoles:
20 isocarbamid

b23 Imidazolinones:
imazamethapyr, imazapyr, imazaquin, imazethabenz-methyl (ima-
zame), imazethapyr
25
b24 Oxadiazoles:
methazole, oxadiargyl, oxadiazon

b25 Oxiranes:
30 tridiphane

b26 Phenols:
bromoxynil, ioxynil

35 b27 Phenoxyphenoxyprdpionic esters: .
clodinafop, cyhalofop~butyl, diclofop-methyl, fenoxaprop-
ethyl, fenoxaprop-p-ethyl, fenthiapropethyl, fluazifop-butyl,
fluazifop-p-butyl, haloxyfop-ethoxyethyl, haloxyfop-methyl,
haloxyfop-p-methyl, isoxapyrifop, propaquizafop, quizalofop-

40 ethyl, quizalofop-p-ethyl, quizalofop-tefuryl

b28 Phenylacetic acids:
chlorfenac (fenac)

45 b29 Phenylpropionic acids:
chlorophenprop-methyl



et hyl, chl @080/4%8%Y ci nosul furon, cycl osul famuron, ethanet-

sul furon-nmet hyl, ethoxysul furon, flazasulfuron, halosulfuron- 25
met hyl , i mazosul furon, netsul furon-nethyl, nicosul furon, pri-

m sul f uron, prosulfuron pyrazosulfurqq—ethyl rimsul furon,

| t |
tri benur on e ﬁ‘@“’;*ﬁ% q\%? R el 2 E hhshd i pes: ametryn,
atrazine, azi p 'ar?di‘il 8“"5%] gienge-pentyl, flupioxazin,

di met haret hryn fl&mgpﬁwnyrfluegppﬁalzlneﬂ@ftﬁyﬁceﬁmﬂyl: pyratotifies,

procyazi ne, prewiifentrazenet thadipzophri ne, secbunet on, si mazi ne,
sinmetryn,s terbunmeton, terbutryn, terbutylazine, 35 trietazine b38
Tr|a2|rone%§1 PYrazo@éQlOZln netan}tron,dnetrLbuzin 4? b39 o I
Tri azol ecar box tri azof enam 40 Uraciles romaci |,
| enacil, ter bagl% ggcmfen 0050/ 47877 18
b41 CIhers. benazolin, benfuresate, bensulide, benzofl uor,

but ami f os, b3&- Pyridazinmesystrol e, chl orthal -di methyl (DCPA), cinmethylin

di chl obet0 chlorlidazomomadlelic hydmaziciet,r anrfluredfdnyi gpydédaperf| ui done,
pi- 5 per ophos The spectrum of action of functionally equival ent

derivati ve§,3gf Pyr&hﬁﬂée%&ﬁlbngbi’é DI’S [ s corrpar able with the spectrum of
action of the subst while the inhibitory 10

activity (for elg%F fn‘i’prdé'sz'éﬁp?’ﬁ' gp:'o‘?mrr?ﬁ'l'bf'}tlb? PE* hectare  under

cultivation, required for conpletely suppressing the growth of

non- r esi & &3l Fyzamsdly]l etthems:, i dentical or higher. The invention is now
illustrated by pylréthiogu-excid)i pprithiacbac-sbdbuh, IKIEIQ02B|, NkIwdb 127er et o:
General cloning nethods The cloning steps carried out within the scope

of the preggat S%begg‘?{gésan for exarrpl e restriction cleavages, agarose gel
el ect rophor esi é{ﬁ cation of DNA fragments, transfer of nucl ei ¢ aci ds

to nitracel |l ul s orl{I ﬁgﬁﬂ?‘?ﬂes | i nkage of DNA fragnents,
transfordfati on of E. coI i cells, cultivation of bacteria, multiplication
of phages ®»3& Sudfenvtureas:ysis of 25 reconbinant DNA were carried out as
descri bed by Samitosklfircl, azimsulfuron, bensulfuron-methyl, chlorimuron-

ethyl, chlorsulfuron, cinosulfuron, cyclosulfamuron, ethamet-
sulfuron-methyl, ethoxysulfuron, flazasulfuron, halosulfuron-
25 methyl, imazosulfuron, metsulfuron-methyl, nicosulfuron, pri-
- misulfuron, prosulfuron, pyrazosulfuron-ethyl, rimsulfuron,
sulfometuron-methyl, thifensulfuron-methyl, triasulfuron,
tribenuron-methyl, triflusulfuron-methyl

30 b37 Triazines:
ametryn, atrazine, aziprotryn, cyanazine, cyprazine, desme-
tryn, dimethamethryn, dipropetryn, eglinazine-ethyl, hexazi-
none, procyazine, prometon, prometryn, propazine, secbumeton,
simazine, simetryn, terbumeton, terbutryn, terbutylazine,

35 trietazine

b38 Triazinones:
ethiozin, metamitron, metribuzin

40 b39 Triazolecarboxamides:
triazofenamid

b40 Uraciles

bromacil, lenacil, terbacil
45



(1989) Col gosSpvamg7iiar bor Laboratory Press; |1SBN 0-87969-309-6). The
bacterial strains used hereinbelow (E. coli, XL-1 Blue) were obt ai ned
from Stratagene. The agrobacterial strain used for the 30 transformation of
pl ants (Agrobacteriumtunefaciens, C58gl with pl asm d pGv2260 or

pG\/3850kan2)4 theg: cribed by Debl aere et aI (Nucl. Acids Res. 13 (1985)
4777). Al ternaiivel t he agr obact | al al n LB§ﬁ404 (d ont ch) or
ot her suit abl eP€R32¢%id, begfu ‘F%ebt%e §§H 2od; ca-

( Yani sh- Per r onfexgtrolss ghilopghyl-digethyd) (WM@S@P‘F‘B?*- llf(rStdrlﬁf‘&@%ﬁ'e) ,
pCEM T ( Pr omtya)endubhadl( | flucrhsgpranipBimdfluiBdden perflluidoNec! piAci ds
Res. 12(5984) Bé#dpy=20) and pBi nAR (Hofgen and Wl Il mtzer, Plant

Science 66 (1990) 221-230) were enployed for cloning purposes. 40
Sequence anal ysi s of reconbi nant DNA Reconbi nant DNA nol ecul es were
sequenced BBengpectmagert actiemafs functiomal lyeqauiverhepsisaisabives of

Phar maci a, plianhtigerizyaes Snhibiroak ofisSangpar{ldsn gethethel speddron. ofaad¢tioxcad.
Sci. USA of7€ﬁé£§ﬁﬁbtaﬁé§§ P& 1nd1v1duaﬂgﬁohﬂﬁ337the inhibitory

19 Gerl‘“fa&f?@ Q‘ntexglﬁgf sgéasﬂtf%f 1n %W EQ gpier was

i nserted i nt Q_ plet ACl ds Rest 87t1h1
(1984)) in {‘ f%‘} iypRaet; i otistets Rl? AN "o

nucl eot i deSEcBOR-TREIELENt P%*Hét%)al}lsl F-Pﬁ%r potiicad phhidheXnck et al . Cel |
21 (1980) aﬁé)mvenmempabyaéﬁmdlaiswatéawltm eSafnp18s Gfhildhe £61 Db, of the

Ti pl as PiL AP 16 [ , EMBO J. 3 (1984) 835), nucl eoti des
11749- 1MgSQtwaés | soléﬁéggl nt 1re oor mof a 10 Pvull-H ndlIl fragnment and,

after Sphl linkers had been added, cloned into the Pvull cleavage site
bet ween t heefspihadl Hiledlinkg metheds/age site of the vector. This gave plasmd
pBi nAR ( Hof gen and WI | mtzer, Plant Science 66 (1990) 221-230). 15
Use Exanpl es le 1 20, Since hgarbjcu?@s< are n(k{ |m"runo eni c, they
must be coﬁ‘BFe‘ﬂl‘f’U‘n& swEﬁr?“ﬁ"é‘Fl‘?ﬁ’af’é‘Fl within, the, spgpe o4 e pre EnFmI ecul e
cont ai n#0a inventien,i \f@rgfezsappl%mﬁ@rtmgtm HeavRygeey c9NYSECIRY: i f not, a
functi onal ejectyoplrestisedpeeiif idetionhef BND | frageents s yitdnefieredf or a
reactive pheVésdradidssebesietbdBlluNgséeYyaid as}ilons fefbries’,> 19akRLE éhese
mol ecul es bRt PPadidrftisS! +FRhSES fatiBnoB! EP!&1i cells, cultivation of
bacteria, multiplication of phages and sequence analysis of
25 recombinant DNA were carried out as described by Sambrook et al.
(1989) Cold Spring Harbor Laboratory Press; ISBN 0-87969-309-6).

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, C58C1l 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 pUC1l9 (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 (H6fgen and Willmitzer, Plant
Science 66 (1990) 221-230) were employed for cloning purposes.

30
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Sequence analysis of recombinant DNA

Recombinant DNA molecules were sequenced using a laser
fluorescence DNA sequencing apparatus from Pharmacia, using the

45 method of Sanger (Sanger et al., Proc. Natl. Acad. Sci. USA
74(1977), 5463-5467).



reacti on stoQs50/4®#8M7 es of coupling reactions can be found in M rosl avi c
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whi ch, 15 di%ionagl%, has a high binding affinity. The hydri doma cel
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i ne sel ect &gy erized in that the secreted nonocl onal

anti bodi es which are directed agai nst the herbicide antigen gui nmer ac
~ have a higlesafpiiBi 8y and the specific sequences of the I mmunogl obul i ns

are avail able (Berek, C. et al., Nature 316, .(1985) 412-418). This

nonocl onal anti body agai nst qui nmerac was 15 the starting point for the
const r uct9 gHinge hpebicidgs arganat immunodesds. f tkepamst( bergowmiadydionfer ac) .
First, nRNAamdersnatexith), dort apatple iKidiaIfeths moie¢cuilaensentdigss a into
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const ruct i gieastignssep e Exagpheanef pling reactions can be found in
Miroslavic Ferencik in ”“Handbook of Immunochemistry”, 1993,

Chapman & Hall, in the chapter Antigens, pages 20 - 49.

30 Repeated injection of this modified carrier molecule (antigen) is

used for immunizing, for example, Balb/c mice. Once a sufficient
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. “Herbicide-modified BSA” is
additionally used as antigen in the ELISA so as to differentiate
the immune response directed against the hapten from the KLH
response.

35

40
Monoclonal antibodies are prepared by methods similar to known

methods, for example as described in “Practical Immunology”,
Leslie Hudson and Frank Hay, Blackwell Scientific Publications,
1989 or in "Monoclonal Antibodies: Principles and Practice”,
James Goding, 1983, Academic Press, Inc., or in "A practical
guide to monoclonal antibodies”, J.Liddell and A. Cryer, 1991,
John Wiley& Sons; or Achim M&ller and Franz Emling ”Monoklonale
Antikérper gegen TNF und deren Verwendung” [Monoclonal antibodies

45
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Functional characterization (antigen binding activity) of the

30 scFv-antiquinmerac gene constructed was carried out after
expression in a bacterial system. To this end, the
scFv-antiquinmerac 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

35 specificity of the antibody fragment constructed were checked in
an ELISA assay (Fig. 4).

To allow seed-specific expression of the antibody fragment in
tobacco, the scFv-antiquinmerac gene was cloned downstream from
the LeB4 promoter. The LeB4 promoter, which had been isolated
from vicia faba, shows strictly seed-specific expression of
various foreign genes in tobacco (Bdumlein, H. et al., Mol. Gen.
Genet. 225, (1991) 121-128). Transport of the scFv-antigquinmerac
polypeptide into the endoplasmatic reticulum resulted in stable
accumulation of large amounts of antibody fragment. To this end,
the scFv-antiquinmerac gene was fused with a signal peptide
sequence which guarantees entry into the endoplasmatic reticulum

40
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Example 3

30 Seed-specific expression and concentration of single-chain

antibody fragments in the endoplasmatic reticulum of cells of
transgenic tobacco seeds, under the control of the USP promoter.

Starting point of the investigations was a single-chain antibody
fragment against the herbicide quinmerac (scFv-antiquinmerac).
The functional characterization (antigen binding activity) of
this scFv-antiquinmerac gene constructed was carried out
following expression in a bacterial system and following
expression in tobacco leaves. Activity and specificity of the
antibody fragment constructed were checked with ELISA assays.

35
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To allow seed-specific expression of the antibody fragment in
tobacco, the scFv-antiquinmerac gene was cloned downstream from
45 the USP promoter. The USP promoter, which had been isolated from
Vicia faba, shows strictly seed-specific expression of various
foreign genes in tobacco (Fiedler, U. et al., Plant Mol. Biol.
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m Xt ures cg'{gkagglé énclg;%frerrgr]%ysﬂ%ﬁlez-eg%gn%d& elgr?pnﬁéYe_lo © c%ﬂ&, gggg [err] M
of the rel &FERtOBM¢Yonucl eoti des, 20 200 [err] M nucl eoti des (Pharmacia), 50
mM KA, 10 nM Tris-HCO (pH 8.3 at 25[err]C, 1.5 mM MO [err]) and 0.02
Ulerr] ®“Tagapghynerase (Perkin Elmer). The anplification conditions
were set as follows:

To achieve ubiquitous expression of the antibody fragment in the
plant, especially in leaves, the scFv-antiquinmerac gene was

30 ¢loned 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-antiquinmerac protein into the
endoplasmatic reticulum allowed stable accumulation of large

35 amounts of antibody fragment to be obtained in the leaf material.
First, the scFv-antiquinmerac 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
remains in the ER (Wandelt et al., Plant J. 2(1992), 181 - 192).

40 The expression cassette constructed was cloned into the binary
vector pGSGLUC 1 (Saito et al., Plant Cell Rep. 8(1990),718 -
721) and transferred into the Agrobacterium strain EHA 101 by
electroporation. Recombinant agrobacterial clones were used for
the subsequent transformation of Nicotiana tabacum. Approximately

45 100 tobacco plants were regenerated. Leaf material of various
developmental stages was removed from the regenerated transgenic
tobacco plants. The soluble proteins were obtained from this leaf



Anneal i ng tOOR0A4RBRE: 45[err] C 25 Denaturation tenperature:
94[err] C, El ongati on tenperature: 72[err] C, Number of

cycl es: 40 The result is a fragnment of approx. 735 base
pairs, which was 30 ligated into the ggctor pBluescript. The ligation
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agr obact er PSR appiifigptipn ofi 8 fragmemtdobythe cOM encpdinatieon in t he
dark at 25[sdmnglé-cmaidiBntEbodmn agaimstniaedfbudr 8% Badt quiomeradCulitthy aheé on
was continudd ot eyntheldys olligonudXedtddes.| i ght/ 8 hours dark and conti nued
in a weekly rhythm on IVB medi um cont ai ni ng 500 ng/| C af oran

(cef ot axd%m sodi um) , 0 ng/l kananycin, 1 ng/l benzyl am nopurine (BAP),
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Quantity aﬁﬂm@gﬂrVTQg,qmpllflcatlon condltlons were set as follows:
Annealing temperature: 450C
25 penaturation temperature: 9450,
Elongation temperature: 72°C,
Number of cycles: 40

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

35 Methods and Applications, Academic Press.
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Example 6

Production of transgenic tobacco plants which express a cDNA
40 encoding a single-chain antibody with herbicide-binding
properties.

Plasmid pGSGLUC 1 was transformed into Agrobacterium tumefaciens
C58C1:pGV2260. To transform tobacco plants (Nicotiana tabacum cv.
45 samsun NN), a 1:50 dilution of an overnight culture of a
positively transformed agrobacterial colony in Murashige-Skoog
medium (Physiol. Plant. 15 (1962) 473 et seqg.) containing 2% of



t he scFv- aoos@uiaTém7ac pol ypepti de synthesized were determned in western

bl ot anal yses and ELI SA assays. 25 To make possi bl e expression of the
scFv-anti qui nmerac gene in the endopl asmatic reticulum the foreign gene
was expressed under the control of aighe CaMv 53S pronoter as a
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respective anounts of scFv-antiquinnmerac protein (approximtely 100 ng),
used for the ELISA anal yses, determ ned by western bl ot anal yses. The

si zes of tIExappdeeln nol ecul ar wei ght standards are 45 shown on the left.
Approxi mately identical antigen binding act i vities were found.
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15 20 the scFv-antiquinmerac polypeptide synthesized were determined in
western blot analyses and ELISA assays.

25 To make possible expression of the scFv-antiquinmerac 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-antiquinmerac polypeptide

30 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

35 extraction in an aqueous buffer, and the scFv-antiquinmerac
polpypeptide was purified by affinity chromatography. Equal
amounts of purified scFv-antiquinmerac polypeptide (frozen,
lyophilized and dried) were employed for determining the activity
of the antibody fragment (Fig. 6). Fig. 6 A shows antigen binding

40 activity of the scFv-antiquinmerac polypeptide from fresh (1),
lyophilized (2) and dried (3) leaves. Fig. 6 B shows the
respective amounts of scFv-antiquinmerac protein (approximately
100 ng), used for the ELISA analyses, determined by western blot
analyses. The sizes of the protein molecular weight standards are

45 shown on the left. Approximately identical antigen binding
activities were found.
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26 W claim 1. A process for the production of a 5
5-(2-chloro-4-(trifluoronethyl)phenoxy)-2-nitrobenzoic acid- or

7-chl oro- 3- met hyl qui nol i ne- 8- car boxyl ibg aci d-tol erant pl ant by
expressi ng ggnous
5-(2-ch|or§$%p§F§i$Iuoronethyl)phenoxy)-2-nitrobenzoic aci d- or

7- chl or o- 3- et hyl qui nol i ne- 8- car boxyl i ¢ aci d-bi ndi ng 10 anti body in the
pl ant . To? defof$ XCAES the héthitilid Rotbaandd ofMtheet fahdferfix0gebasso

anti body | $13n8kNgh o PRl 4 B 98B Writh derbic3de biHAGRSS as

cl ai med i3 GlRLR fos MASIGN DRCCEX ISR yere crealBlyl BOEN Ja-i3,20TP! ete
ant i body o SPFT ag BNt ,5 Fi vea o A %evrvgﬁorﬁ ate%0 ._AiZ)rocess as
clai med i n 3HRPIEF F AGHE1HOrien i @ AMERRC. It was possiblée to

demonstrate in all cases, in the greenhouse, that the plants
expressing an scFv-antiacifluorfen [lacuna] and an
scFv-antiquinmerac [lacuna], respectively, showed a [lacuna]

10 ¢olerance to the herbicides in question in comparison with the
control.
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pl ant i s n@@50/&78¥% ot yl edonous. 5. A process as clainmed in claimd4,
wherein the plant is t obacco. 25 6. A process as clainmed in any
of claims 1 - 5, wherein the exogenous pol ypeptide s expressed

constitutively in the plant. 3@ 7. A proces
of claims 1 - 5, wherein expression of the exog m“mm m t he
plant is |nduc§ . 8. A process as clainmed in any al s

wher ei n t h&€3§ aim: axogenous antibody is expressed in the | eaves of the

pl ant . 9. A process as clained in any of clains 1 - 5, wherein the
exogenous anti ROg¥ob8s XS IHRUpkHaldisi o 84S aOhethic idledRblerdik plahl. b#
EXpressi @ casgg ESO%%%%P%&% ehiS0% 1% a8-BE A ho19pept ide 1H YR8

pepti de, a gene % expressi on of an exogenous
5- (2-chl oro- 4- PP Fuor onet hyl ) phenoxy) - 2- ni t r obenzoi ¢ aci d- or
7-chl or o- 3- nethquU|noIine 8- carboxylic acid-binding 45 anti body, an ER

retention i gnal paBdeds t4 W133MEAE- in claim 1, whereln the exogenous  AVENDED
SHEET herb on

- tid lettha @H tf'o%?
cassettelms cl %rreécme tfmdmfopomep ide ﬁs a lng constitutive pronoter

used is the Ca Tormtor 12. An expression cassette as clained
in claim10, wherein the gene to be expressed is the gene of a

singl e-chaiyl anl bbeéass as clalfr@g”}?ﬁ'tclalm 1, 1§he1"‘£hr?>(:@1|ée§§b&fh&?§f sette as
claimed in claim. r r
5-(2-chl oro- 4- I‘I?FUOI‘ E?tfgo &r@}mc ggggﬂ dyooxaa
7- chl or 18- et Ia&E‘FHBI ﬁ’c’& aci d- bi ndi ng ant i body in the
formof a translation fu5|on mnth other functional proteins, for
exanpl e enzy,meg pkB¥bHS as claimed in claim 1, wherein the herbicide is
5-(2-chloro-4-(trifluromethyl)phenoxy)-2-nitrobenzoic acid.
20 5, a process as claimed in claim 1, wherein the herbicide is
7-chloro-3-methylquinolin-8-carboxylic acid.

6. A process as claimed in any of claims 1 - 3, wherein the

25 plant is mono- or dicotyledonous.

7. A process as claimed in claim 6, wherein the plant is
tobacco.

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

9. A process as claimed in any of claims 1 - 7, wherein
expression of the exogenous polypeptide in the plant is
induced.

35

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

40

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

45
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15 chr @S #78I Tand bi nding proteins, is enpl oyed
be expressed. 14. An expression cassette as clai ";Emﬂ]“ﬁm"“l““l
wherein the anti body gene to be expressed is obta ne romas =

hybri doma 20 cell or with the aid2gf other reconbinant met hods, for

exanpl e t hgantahbadyrHhpas, HasBleYe N Pants, cdmposBI oS8 Pfoditer, a
g.xpreSS' on Cas%ﬁ%&ﬁl?g%%fqe”eg ané'%{éBd]iQx f8£qt>res ionhfo'%eakr&?é St i on of
i cotyl edonous .0 moaoCoLYl gdon 2 Hlan S ﬁh!c .cons£ t Lvel'y

ding pgfypeptide, an ER re éna

express an exod@REuS ention s
5- ( 2- chl or o- 4- (HeEMLR&BPHNEL hyl ) phenoxy) - 2- ni t r obenzoi ¢ aci d- or
7- chl or 0-8- net hyl qui nol i ne- 8- car boxyl i ¢ aci d- bi ndi ng anti body seed-

| eaf - i fical 3 .cl ai ped. 4 l,3i inth
oxpr aasi on 12+ A exbresy{lh tnpibls B Ahified TSN, Nt TR o

ransfer o]
resul ting recor?ﬁf‘ﬁ*éﬁfu’&’r‘fﬁlé‘f°5‘9*éeﬁs‘é%e4 o F‘H@ ??‘é‘ﬁ%’j& REPrgHox - of the

di cotyl edonous or nonocotyl edonous plants which constitutively
EXPress an 19XogeNeYsSression cassette as claimed in claim 12, wherein the

5- (2-chl¥ o- 4- elrnieL Lor OnEL Is)sgge]r_]gxe@e- é—eglgf %?bg %‘gn'gclegﬁhgiré n?r}tbicl)agdgr

7-chl or o- 3- net I nol'T ne~8-carboXxyl 1C aci ndin y“seed-
or | eaf -speci f i*"®# ??t' 40 17. The use of the expression cassette as
claimed in claim10 as sel ection marker. 18. The use of a plant

mcgr cont ais1S A1 eRYPLESRIPRaSBSEEL (6 Fhained in CARHHPY 2], NwhbALIR Whel4 for

uct | . e e . )
5- (2- chi¥t o- 4- Q%PFf Phiof Bife §ﬂ‘én%‘§< A PerRiet AR P9, ppyyPeptide dn
AVENDED SHEET e for@dgﬁﬁﬂf%? lation ‘fusion with other functlona128
or 7-chl or o- 3- PEPKQLERI i exagpierenAyiese &ekindi rhinegophores and  body.
19. A process fdndihe pratresins, misi empldyes] psathe byenenttootlacexpressed.
gene sequence which encodes a
5-(2-chlgoraqo-4-(trifluoromethyl)phenoxy)-2-nitroebenzaoi c _acid- ) or
i or 020 Yo A BEPHOTTIIE: SACRPEES,AT S LAEPRSL R ILe 12, Whereimdds i nto a
pl ant cel |, inP@l¥RePLide igedgetoghe cerpnassed is objiaimedafgomr dthyhirdsionaof
plant cells. 1@ell or with the aid of other recombinant methods, for

example the antibody phage display method.

25 17. The use of the expression cassette as claimed in claim 12 for
the transformation of dicotyledonous or monocotyledonous
plants which constitutively express an exogenous
herbicide-binding polypeptide seed- or leaf-specifically.

30

18. The use as claimed in claim 17, 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

35 constitutively express an exogenous fungicide-binding

polypeptide seed- or leaf-specifically.

19. The use of the expression cassette as claimed in claim 12 as
selection marker.

40
20. The use of a transformed plant as obtained in accordance with
claim 18 or 19 for the production of a herbicide-binding
polypeptide.
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20. A proc®950/47875 med in claim 19, wherei n t ransfor
performed with the aid of an agrobacterl um I“Juﬂ | ﬂﬁmﬁﬂl t he
speci es Agrobacterium tumefaciens. aimed in claim
19, wherein transformation is pgrforrred wth the aid of

el ectroporghi o C I ped ,\‘geg
t ransf or ma'?l onB‘l Erggegg £t Q 8 €§ x?]lla% %ﬁa.f n%c? %IP?@ %2 q:n‘%ardrrent
met hod. 23 geﬁlﬁeS%(Flb?ﬂ% geeréco eés a herbiclde- 1nd ypeptl

5- ( 2- chl or o- 4- G%‘FPfPuB*%ﬂ?}Il) phRHR GALIRSN PSRN A0 Er4dFg-plant andy,

7- chl or o- 3- net ipybyapbasine@fdpdanboxgdlisc aci d- bi ndi ng 25 anti body by
expressi gy a gene which encodes such an anti body in a plant or cells
of a plant _gnd_subse uently i sol at] A pI ant
corpr Pt ng 20 axBracers re. kaaited I kil 23 wheti teokeroiniitn 20

t he expressi onPeaESEed Wltﬁ?aﬁ‘f@ ?b‘l’é?far?é’eafJSOBaCterlum' in Partlcular of

5- (2- chl or o- 4- (thei speciemdidrpbppheniyy tuledfacienenzoi ¢ aci d- or
7-chl or o- 3- et hyl qui nol i ne- 8- carboxylic acid. 35 25. A method of

cont rol I3hg _undesirabl e vegetatign,in tran eni c

52 (2 ohi or &34 & PEPRERT Aol AR Ale BhEFBIR rapplormation ig,

7- chl or o- 3- met PEF&ormed | widhsther adk\Q @1§€|“-H°P‘é§¢"slt%t crop plants,
whi ch conprises the use of the herb|C|des

5-(2-chl or g,4- &tp%bé@i%{? Wi geﬁ?)%@al%ﬂ ”&?&‘Eﬁ! gﬁhgorm&lont i8f
7-chl or o- 3- et ul no he crop
pl ant f o¥rs °§’3‘? ‘Eﬁﬁholt ef{'?r?# ﬁﬁ?ﬂ%ﬁfﬁ? B FFEBE MeHRASenzoi ¢
aci d- or 7-chl oro- 3-net hyl qui nol i ne- 8- car boxylic aC|d blndlng

anti bodi es.2545 The production of a herbicide-bin é?ﬂ@ygg
8?§g{ﬁ;8nglnltxpfe551ng a gene which encodes ggch eB@i&éKEB/a ﬁgnt

5- ( 2- chl or o- 4- (‘% F?‘b%r%ﬁré’t WP?Bh%%%WSEqHFPF%%&%aElE& ghe wher ei n
the her A% de- BRAYPABEIRR ypepti de or antibody is generated as clainmed in
claim?23. 5 27. An antibody w th binding affinityto

7-chloro-3 %Etﬁy Q4h (%6ihf%i§ﬂgbgﬁyéﬁé?%?%hgn YOEL SR LI 81aimed in claim

EF;PHSEge ?b“th 89 %E& the ex%rgggion sset S”ﬁ&%ﬁ: %olerance ég %IWEd 'n

25

herbicide.

27. A plant as claimed in claim 26 which is tolerant to
5-(2~chloro-4-(trifluoromethyl)phenoxy)-2-nitrobenzoic acid.

30 28. A plant as claimed in claim 26 which is tolerant to
7-chloro-3-methylquinolin-8-carboxylic acid.

29. A method of controlling undesirable vegetation in transgenic
herbicide-resistant crop plants, which comprises the use of
35 herbicides against which the crop plant forms
herbicide-binding polypeptides or antibodies.

30. A herbicide-binding polypeptide or antibody with high binding
affinity to

40 5-(2~chloro-4~(trifluoromethyl )phenoxy)-2~-nitrobenzoic acid,
wherein the herbicide-binding polypeptide or antibody is
generated as claimed in claim 25.
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29
31. A herbicide-binding polypeptide or antibody with high binding
affinity to 7-chloro-3-methylquinolin-8-carboxylic acid,
wherein this herbicide-binding polypeptide or antibody is
generated as claimed in claim 25.
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