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1 Title: qa§$%§%¥ ts in or Relating to Disease-Resistance of Plants Field
of¢ the Inve is invention relates to disease-resistand& s 95103%‘3,
particularly resistance to nenmatodes. Background of the Invention Nenmatodes
are small wornlike aninmals, many of whichjare plant, animl or human
parasites which cause a variety of diseases. Al nenmatodes are bounded by a
tough elastic cuticle synthesised by the underlying hypoderm s. The major
structural conponent of the nematode cuticle is collagen, cross-linked by
di sul phi de bonds and located primarily in the basal and inner corti cal

| ayers. The external cortex, containing the epicuticle, is conposed of a
cross-linked protein called cuticulin. Studies on the nematodes C. el egans
and Ascari sTiiep Improlieoehs inhlvetRelaint odDiseaseiRugisaince of PRgans differ markedly
fromvertebrate interstitial collagens in nolecular weight, assenbly and
node of cross-linking. A significant difference between the derived am no
acid sequengﬁypéfgkﬁg %ngg el egans and vertebrate collagen genes is that

t hose of ne atively short (24-66) A y-X-Y repeats (as
opposed to 300 or nore in vertebrates), and these repeats are interrupted
by stretche mhere Gy .is no resent I n third posrtron cysteine
resi dues pr tsdBWt“FF@n t@ﬁf‘? i q%ﬁ?%lpgé’é Rartgniarly sesistands,tp mgmatodes.
However, only a few of the many genes for collagen in C. el egans have been
| ooked at in detail, and those from other nematodes hardly at all (Selkirk
et al. 1989Bagieiroy nd gventidnr asi tol . 32, 229-246: Cox et al. 1990 Exp.

Parasitol. 70, 175- 185) Pl ant pat hogeni ¢ nenmat odes are a nmj or
agricultural problem causing significant crop and

Nematodes are small wormlike animals, many of which are plant, animal or human
parasites which cause a variety of diseases.

All nematodes are bounded by a tough elastic cuticle synthesised by the underlying
hypodermis. The major structural component of the nematode cuticle is collagen,
cross-linked by disulphide bonds and located primarily in the basal and inner cortical
layers. The external cortex, containing the epicuticle, is composed of a cross-linked
protein called cuticulin.

Studies on the nematodes C. elegans and Ascaris spp. indicate that nematode cuticular
’ collagens differ markedly from vertebrate interstitial collagens in molecular weight,
assembly and mode of cross-linking. A significant difference between the derived amino
acid sequence of cloned C. elegans and vertebrate collagen genes is that those of
nematodes have relatively short (24-66) Gly-X-Y repeats (as opposed to 300 or more in
vertebrates), and these repeats are interrupted by stretches where Gly is not present in
every third position; cysteine residues provide the potential for intermolecular disulphide
bridges. However, only a few of the many genes for collagen in C. elegans have been
looked at in detail, and those from other nematodes hardly at all (Selkirk et al. 1989,
Molec. Biochem. Parasitol. 32, 229-246: Cox et al. 1990 Exp. Parasitol. 70, 175-185).

Plant pathogenic nematodes are a major agriculturai problem causing significant crop and
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2 yield |losses. Plant tissue, particularly root tissue, is danaged by :
nemat od¥Q&UWOKY. Such feeding can cause mechanical tiss8BET 44nd t he
acconpanyi ng i njection of nematode enzynes can cause further tissue

di sintegration. Nematode infections of,roots result in root galls, and
distortions in root growh. Simlar synptons acconpany nematode infections
of ot heryipRIIbsse®.! Pihmisthe) PafriculdFOFd0R tibsus)! ﬁw%l&&lepaems;oa@ ‘?@dﬂ%‘?%ubﬁ'd ude:
root knot nematodes, such as Mel 0i dogyne (e.g. incognita); cyst

nenat odefeeding cam cause meshanieal sissue(dampge land ghe ascompanying wjdetion of npmatede

d obodera (e.g.. G, [O . ensi al L articul arly on spyabean, -
wheat . sageen s caskORBEL bS8 biimegraih, NebblodtIntekfips Bl o esBR T R

bur r owi ngajieaRd dideRticasciniobl grmvthy SincitheSyMptsins adtbinpany Aémitoas thibttidas

nemat odes, including Ditylenchus, (e.g. D. dipsaci); citrus nematodes,

i ncl udi n‘bfqtpﬂel’ﬂfﬁm e pldBtss gal | nematodes, such as Anguina; and foliar

nemat odes typified by Aphel enchoi des. Nematode infection.can be acconpani ed
by bacterial or fungal infection. In such plant-di sease conpl exes, damage

caused bimpurtant piistspatiivgehie agmacodes inchried root knoti ieynacddes, atie bs Meloid%gylnegm
I nfection. For, exanple, Fusariumand Verjicilliumw_lts, Pythium am;i ng -
of f, Rnhi EobtMningogiiie) iyt Bemat amgﬂm pierodera (e18. H Slysindsa Hnsehashni)
sol anace n Nt A i ' a ed by
nemat ode 1 n e@pﬁ%ﬁqpﬁn%g&}'ﬁ%ﬁ%@g?@?@ mat o e1 | il’e:agha% C)E%orus,
Tri chodobees andl poateest | lesion onernjtodese suehr tasr Pratylenghius;) tbuprmling coentatades us es .
exemplified by Radopholus similis; stem and bulb nematodes, including Ditylenchus, (e.g.
D. dipsaci); citrus nematodes, including Tylenchulus; seed gall nematodes, such as

Anguina; and foliar nematodes typified by Aphelenchoides.

Nematode infection can be accompanied by bacterial or fungal infection. In such
plant-disease complexes, damagc caused by nematodes can lead to enhanced severity of

 bacterial or fungal infection. For example, Fusarium and Verticillium wilts, Pythium
damping off, Rhizoctonia and Phytophthoré root rots as well as Pseudomonas
solanacearum and Corynebacterium insidiosum bacterial wilts are enhanced by nematode
infection. In addition, several nematodes (Xiphinema, Longidorus, Trichodorus and
Paratrichodorus) are vectors for plant pathogenic viruses.

Attempts to control nematode infection have led to the development (by conventional
breeding techniques) of nematode resistant cuitivars of a number of crop species. In the
case of cyst nematode resistant cultivars, the resistance is actually to nematode
multiplication rather than invasion, so plant d.athage can still occur. It is therefore also
necessary to select for tolerance in such plants. '

Plant pathogenic nematodes have also been controlled by use of crop rotation or by the use
of chemical nematicides.

Nematicides used comme'rcially are generally either fumigants (¢.g. halogenated aliphatié
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Attenpts to control nematode infection have led to the devel opnent (by
conventional breeding techni ques) of nematode resistant cultivars of a
nuitber of WP cies. In the case of cyst nematode resi st por/cBYSo9NAr S,
the resistance is actually to nematode nultiplication rather than invasion,
so plant damage can still occur. It is therefore also necessary to select -
for tolerance in such plants. Plant pat hggeni c nenmat odes have al so been

control | ed f cr.O ' [ use of chenmi cal pemati cides.
et | ci deduFcy AioRem] RoliihyRhou it hotbonich - filgens (e 8
hal ogenat ecbrganaphesphates and/\6kiftiecZ®arhdtes). However, the use of chemical nematicides poses
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conmpounds) % IDRFSASING FUERAT 8 gulties. JB RIpHRILAsH AematiGides ass highbn taxisiia otier
However, thg; \.cal Rl ' i r.of
difficulti L@"H?'ﬁ *S‘%‘r“??*’?lﬁ‘é‘? %% P%%E? Wﬁ?fy&?%%&g°mﬁ°é§i%| s,

i ncl Edi ng remvirofinent. a'nethdr:] mLf’fA snverahaxemlatiﬁdes (mg.,gnl!m(’l EDma)D?égildEg% ﬁh[f%
to the envirqnnent. . Il n the ., sever.al, nemat|ci de e.g., , , )
al di carb arf® P35} B?‘f?rﬁl’e}ﬂl’/geﬂ} %@H&&“ H@eswmimer.- i’“ﬂ’r@ obarmfek effectyr (o
thei r_har Mdmads 6d Souh HofiRAGer Mg, BRA A" HARS Wil (4HY their

persistence in the soi and tfeir toncent I'n ground watet,
nemat i ci desoacentiationginvigrdwidawatet; oematicides rake tbeing wdthidrhwn Asona the smhatket
thereistodarY d for. nore effecti

' ,_and_safer, t
control pl af? ‘b‘giflg; SSIEQ *&‘%&%‘éé@%&?&eﬁsw& ¥§Ha§f2§ff§§eﬁ;anf§%$§§wgm
di scovery tigabonifbFplafipidifdReni88&t ed from col | agen or

Some interest has attached to the discovery that microorganisms isolated from collagen or
chitin amended soils were effective in controlling soil nematodes, as was the culture
medium in which these microorganisms had been grown. An example of such a
microorganism from collagen amended soil is Cunnighamella elegans whose use as a
nematicidal organism is described in EP O 354 491. The fungus is not parasitic on
nematodes so its action appears to be indirect. Culture filtrates from this organism were
effective in suppressing nematodes, and were found to contain both protease and
collagenase activity (Galper et al. 1991 J. Nematology 23, 269-274). These authors state
"We suspect that the suppression of M. javanica by collagen amendments of soil resuits
from the production of collagenase and the subsequent damage of the nematode cuticle”.

Pure proteases and collagenases have effects on a number of plant parasitic nemafodes in
vitro (Miller & Sands 1977, J. Nematol: 9, 192-197). However many collagenases have
proteoiytic activity and several proteases can hydrolyse denatured collagen (gelatin) so it
is by no means certain that the effect on nematodes is due solely to a collagenolytic

activity.

A large number of enzymes from a wide variety of sources have been identified as having
collagenolytic activity. For instance, in bacteria the enzyme from Clostridium histolyticum
has been particularly intensively studied, and two recent reports describe the

characterisation of other bacterial collagenases with different molecular structures
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of such a microorgani smfrom coll agen amended soil is Cundghanella el egans .
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pr ot eases can hydr ol e denat ured. col | a eI atin) so it 1s by no neans
cert ai n (Leeroisen &t ak 5 1987, dn Br‘@nﬁ"&ﬂ’eszqzs &)elc)ﬁ genasesare alsorpresent ¢
act|V|t 9@..“' er of enzynes from a wde variety of sources have
been i dent | e8 navi ng col | agenol ytic activity. For instance, in

bacteria the enzyme from C ostridium histol yti cum has been particularly,

i ntensively studied, and two re ent reports describe the characterisation
of ot her@ﬁ%ﬁ%@%beséép‘aw Wﬂ?]wﬂ ©y eqllagenalyic activity  are the magrix O

( Takouonmetaioprpreases (Mgrisan, 1990 Tyends iy Gepgtis f, 121,125); CollagfhdiyiE Rt ¢
Bact . 17h4etalloproteases have the following characteristics: (1) they are proteinases that degrade

at least one component of the extracellular matrix of higher orgamsms (2) they contain

a zinc ion (hence the name metalloprotease) and are mlnblted by chelating agents; (3) they

are secreted in a latent pro-enzymic form and requme acuvauon for proteolytic activity;

(4) they are inhibited by specific inhibitors of metalloproteases (TIMPs); and (5) they

share sequence similarities. Three subclasses have been described, each subclass

. containing several members:

(a) Interstitial collag_enises: (commoniy called “¢ollagenasen”, "collagenase type 1" or
MMP1) deg_ride native collagens types I, II & III. These collagens (types I-III) in native
form are not susceptible to stromelysin or to gelatinase. The enzyme cleaves a singie bond
between Gly-Ile or Gly-Leu three quarters of the way along the collagen triple helix. The
collagen molecule unwinds and is then degraded by other proteases or metalloproteases.

(b) Gelatinases: (or MMP2) preferennally degrades denatured collagen types IV (this is
basement membrane collagen), v & VII '

(c) Stromelysin: (or MMP3) has very broad activity but does not degrade interstitial
collagen. MMP?3 has approximately 54% sequence identity at amino acid level and 71%

nucleotide similarity to MMP 1. Gelatinase is evolutionarily more distant.

Thus there are many different types of eouégenase. each with different properties and



3889-3895). As mentioned above. enzynes with collagenase activity have been

i dentified I which are nematicidal. Oher collagenas een
found in sg"a(pgu!’];ﬁc(:i |ﬁns (Lepage & Gache, 1990 EMBO J. 9, 3003- gg.{)ﬁxg?ﬁgé‘bs

(Arnoux et al., 1990, J. Conputer Aided Design 4, 107-116), crayfish (Bode
et al. 1992, Nature 358, 164-167) and insgcts (Lecraoisey et al., 1987, J. -
Biol. Chem 262, 7546-7551). Coll agenases are al so present in higher
organi sis. oharacgsistithe best studied group of enzymes with col |l agenol ytic
activity are the matrix netal |l oproteases (Matrisian, 1990 Trends in
Cenetics 6, 121-125). Collagenolytic matrix netall oproteases have the
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activity but does not degrade interstitial collagen. MW3 has approxi mately
54% sequenceOnSEELTs Wepe e#hierii no acid | evel and 71 %

(@) The prepro enzymes, which thus had (in sequence) the signal peptide, the
procollagenase peptide, the mature collagenase enzyme. The coding region of the construct
was followed by the untranslated 3’ region which contains the poly(A) addition sequences
from a non plant source.

(b) The mamre collagenase sequence "with or without" the poly(A) sequence from a non
plant source.

The highest levels of expression reported were for a mature pStrom with a plant poly(A).

The abstract disclosed that "We are currently analysing plants transfbrmed with the
complete constructs of pStrom and pCol 185.2 and tailoring pGel 186.2 for expression in
plants. Nematode-effect assays with Meloidogyne (rootknot) and Pratylenchus are currently
underway". As far as the present inventors can ascertain, no results were published. In
view of the time which has now elapsed, it wouid therefore seem that Havstad et al. were
unable to obtain transgenic plants with increased resistance to nematodes. Accordingly,

by definition. the disclosure of Havstad et al. cannot be considered enabling.



nucleotide simlarity to MW 1. Celatinase is evolutionarily nore distant.

Thus t heyostogr7rany di fferent types of collagenase. eachppicRosld rent
properties and WO 95/ 30017 o4

PCT/ GB95/ 00944 characteristics. One attenpt at biocontrol of nenatodes
i nvol ved the expression of human col | &genase genes in transgenic plants, as

briefly described by Havstad et.al., (1991, Abstract 345 of the Third
| nter nat%ﬁ-@’-@ﬁc@&ﬁmﬂ ant Ml ecul ar Bi ol ogy: Ml cul ar Bi ol ogy of
Plant G owh and Devel opnent, Tucson Arizona, USA). Three different

col | agenase cDNAs were used in tw types of construct and expressed in

pl ant s. Hhenecaspecighe daention providés 2 autisipeadd endieculs eable O imRARASIEURE P
Col 1 85.2, .Col dberg et al.. .1986) aEI MVP- 1 t%‘{l)e enzyne, (ii) a gel atinase,
(expr es SEHSBIcEQ infechion gfa plant, cqmaprising a muclsesisie)sequance mpcodingha y e,
and (iii i ' ; : ,&gﬂ ' ' .t al.
1987) anwmgagﬁ?y%%@?&giﬁgr Qﬁco egf g‘;ﬁoﬁ’gg% \ gg%‘#ﬁ%@ re
ei t her: igxpefable linkage 6o arpromeoter activecim plamts. had (i n sequence) the signal
pepti de, the procol |l agenase peptide,- the mature collagenase enzyne. The
codi ng region of the construct was followed by the untranslated 3' region

whi ch™ copray ( 3! ifig: (D)
e ot O e e o A CONEnpe TREF R af PRyt el ¥ dOBUIRE. |
a non plcptiagens uPreéerablyicthn cotlagenase: ve| preairsanxthemofiisra megailoprolease; edrer a -
mature %%Efe?:ml}wattﬂa& wopmgﬁnd most preferably a type 1 matrix metalloprotease.

An example of a suitable starting material is the sequence of a type 1 matrix
metalloprotease (MMP), shown in Figure 1. The particular sequence identified in Figure
1 encodes the active matrix metalloprotease (i.e. without pre-pro-sequence). Such a
sequence may be modified such that it directly en_cddes an active form of the enzyme
expressible in plants. This is conveniently achieved by modifying the nucleotide sequence
to include an ATG start codon (encoding methionine) substantially immediately adjacent
5’ 10, and in frame with, the sequence encoding the mature MMP enzyme.

Advantageously therefore, the nucleotide sequence encodes a polypeptide which lacks the
"pre-pro” portions of the collagenase enzyme, the polypeptide thus not requiring any
processing before displaying collagenolytic activity.

Desirably the nucleic acid molecule is adapted in various ways to improve expression in
plants of the sequence encoding the collagenolytic polypeptide or precursor.

Examples of alterations to improve expression in host 'plants include changes to the
sequence around the ATG codon, especially immediately adjacent 5’ of the ATG codon,
so as to render the sequence more closely consistent with the consensus sequence for a
plant initiation codon. Desirably the sequence will also comprise a pdlyadenylation signal

derived from a plant source.



The abstract disclosed that "We are currently anal ysing plants transfornmed
with the conplete constructs of pStrom and pCol 185.2 and tailoring pGCel
186.2 for NOPEIIDN in plants. Nemat ode-ef fect assays wi t h POEIGHRISHPIe
(rootknot) and Pratylenchus are currently underway”. As far as the present
inventors can ascertain, no results were gublished. In view of the time -
whi ch has now el apsed, it would therefore seemthat Havstad et al. were
unabl e to ol additibh 89 ERROVingRheRvel Jff dxipré ' S.
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pol ypeptide with coll agenase actjivity or a precursor thereof, the

nucl eoti de begigenthe epdon apg dhe: prquencergnegding shey marursolagenasei ve in

pl ants. For p , I e

Capabi e of Ao PuKT PE B8 prefihy aBpiiih, PP BASFcCOrh dedbe SN For
thereof is gomsidertd revendapolypepridevenrigthobght of astinatute "T6f feitloval ¢fithé faderand
nost preferably a type. | matrix netall oprotease. An exanple of a suitable

starting naseauenge along jicsuscient te deaye ly astive gellagenasget al | opr ot ease (MVP),
shown in Figure 1. The particular sequence identified in Figure 1 encodes
the active matrix netal |l oprotease (i.e. w thout pre-pro-sequence). Such a
sequence nayoneenientlyl suehl asdleader oh signalt sequenee icomnpeisesalie patatin aignal/seqhenice) biit
th '

© enzyme other signal sequences which target the protein out of the plant cell are known to those

skilled in the art and should also be suitable, such as that from a pathogenesis related
("PR") plant gene.

The nucleic acid molecule of the invention may conveniently be a vector. Such a vector
will comprise a nucleotide sequence encoding a polypeptide with collagenase activity or
precursor thereof (preferably a collagenolytic metalioprotease), in 6perable linkage to a
promoter active in plants. Conveniently, the vector will further comprise an origin of

replication effective in bacteria, and/or regulatory signals recognised in plants.

A number of suitable promoters, active in plants, are available to those skilled in the art

’ and are known from the literature. These include constitutive and, more preferably,
inducible promoters. Desirably the promoter should be induced in response to nematode
attack.

In one embodiment, the molecule also comprises means for preventing the expression in
bacteria of the polypeptide having collagenase activity. Typically this comprises a *spacer’
fragment located between the collagenase coding sequence and an adjacent bacterial
promoter. This facilitates the manipulation in bacteria of nucleotide sequences encoding
polypeptides having collagenolytic activity, which the inventors have typically found to be
toxic for commonly used iaboratory bacterial strains. A suitable spacer fragment may be

derived from the barley beta-glucanase gene.
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7 In addj to inmproving the | evel of expression of the mature

col l agenase 1 h host plants, other alterations to the sequence are possible
whi ch can introduce optional desired characteristics into the protein. For
i nst ance the nucl eot i de se uen ce can be alteredto nore closely resenble
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not accordance with the invention. .
In a further aspect, the invention provides a method of iédttcing or eliminating
plant-infecting nematodes from an area of land, comprising planting the area with
nematode-resistant plants comprising a nucleic acid molecule in accordance with the
invention. |

Nematodes are unable to rephcate in such plants thus the nnmber of nematodes in the area
will be reduced. Inpnnclple, if there are very few nematode suscepuble plants in the area
of land, it should be posmble to eliminate all plant-mfecnng nematodes from the area.

The invention may be better understood by referexicé to the followihg illustrative example
and drawings, wherein: '

Figure 1 shows the nucleotide sequence encoding a mawre MMP type I enzyme, together
with the amino acid sequence of the mature polypeptide;

Figure 2 shows the sequence of a spacer fragment used in constructing a vector which did

not express in bacteria;

Figure 3 summariées the method for construction of the MET COL_ and PAT COL

plasmids:



considered to prevent a pol ypeptide being thought of as "mature", if
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mani pul ation in bacteria of nucleotide sequences encodi ng pol ypepti des
havi ng col | dbjtesacn Qiciypa 1 VMY gege to kneode IoR ACHIVe BNZYBSe typical |y found to
be toxic for commonly used | aboratory bacterial strains. A suitable spacer
fragnent may be derived fromthe barl ey beta-glucanase gene.

The DNA encoding the pre-pro-form of an MMP type I enzyme was isolated, the mature

form of which had the sequence shown in Figure 1 (nucleotide sequence Seq. ID No. 1,
amino acid sequence Seq. ID No. 2). The DNA sequence was adapted for expression in
plants as described below.

The DNA fragment coding for the active MMP described above lacks a protein synthesis
initiation codon (as the protein is synthesised as a pre-pro-protein 'z'n vivo), so an ATG
(Met) codon was placed immediately upstream of the mature enzyme sequence with the
aim of expressing an active MMP polypeptide in the plant. This clone was designated
MET COL. The procedure was designed to minimise the number of extra amino acids that

' are placed in front of the mature enzyme, so as to minimise the extraneous amino acid
content of the enzyme.

The polymerase chain reaction (PCR) was performed on a nearly full-length clone of the
MMP type I gene. The forward oligonucleotide (RS-5, Seq. ID No. 3) was designed to
contain a BamHI site, plant initiation codon context (Lutcke et al., 1987 EMBO J. 6,
43-48), ATG codon and sequences homologous to the 5’ end of the mature MMP

sequence:

MMP sequence
RS-5 5'-CGC GGATCC AACA ATG TTITGTTCTCACTCCAGGG-3’
BamH1 Context Met F V L T P G
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A nol ecwaosizoopccor dance with the invention may be intropegedodgabsy 2 pl ant
or part thereof, using techniques well known to those skilled in the art
(e.g. transformation or electroporation). Thus in another aspect the

i nvention provides a method of increasithg the resistance of a plant to.a

nemat od conprising int ICI [ th | ant .a nucleic acid nolecule in
accor dan quﬁset @Fh@h@gﬁ gg‘b ﬂé?\"b _%a@é%-dFﬁSnﬁS‘I ©neoniain a Selb sise, ar to

| ncr eas erehhimafidi cdoH LA &hue&epﬁbﬂieﬁgbm% me%s_%ﬁﬁ'o@wmkﬁ pase activity,
-or a precursor thereof. I'n yet anotRfer aspect the .inventidn provides a
transgeni c plant or the progeny thereof, having increased resistance to
nenmat odeMOHR-3Rpr i58iGg GTEGARI cTAA d NPTTTTOCTGCAGTIGAACS Wi th t he
invention. In a further Sgpect, sdpe i nvEntion Rro@ deg apnet hod of reducing
or elimnating plant-infecting gedgy odes mg@gﬁ&ea of land, conprising
planting the area with nemat ode-resistant plants conprising a nucleic acid
nol ecul e in accordance with the invention. Nermatodes are unable to

repl i cat 30 ¢yeles.aftPGR avers performedt tashrmyclessonsistingof3(stesndsrat O42C Al atingve! | be
reduced. | ey inciple, if e are very few nemat ode-susceptible plants in
the ar eaato‘#}’ ?:;?fgfii%fmgtﬁ%ﬁﬁm possible to elimnate all plant-infecting
nenmat odes fromthe area. The invention nmay be better understood by
reference to the followng illustrative exanpl e.and draw ngs, wherein:

Fi gure 1Theaesultinge1.Jkb| fragment weascglonadeinto dhelBamH-Sall: sites of\BS t(Bhesdripenzy e,

Shovs. ¢ retichehr i b Secfncta i AUE Y Eneits sl prdied Rmide i seencs Bt 1

did . the MET COL clone was identical to that of Figure 1.

MET COL was then transferred as a BamHI-Kpnl fragment into the 35S promoter - Nos
- terminator cassette PBI 220.5 and subsequently transferred into Bin 19 (Bevan, M.W.
1984 Nucleic Acid Res. 12, 8711-8721) as a HindIII-EcoRI fragment.

Fusion of the Patatin Sienal Sequ

The sequence encoding MMP was further adipted to exkpmsion'in plants by including a
stretch of nucleotides which encoded a plant signal sequence (to make a construct termed
"PAT COL"). o '

The purpose of making these constructs is to direct the MMP enzyiné to the extracellular
compartment of the plant cell to attack the nematode cuticle.

(2) A construct was made that plﬁced the patatin signal sequence (Iturriaga et al., 1989
Plant Cell 1, 381-390) immediately upstream of the mamre MMP sequence. The fusion
("+1") contains the pataﬁn signal sequence and the first amino acid of the marure patatin
protein fused to the N terminus of the mature MMP. The construct is shown below. The
usual convention for single letter amino acid codes is used.-



not express in bacteria; Figure 3 summari ses the nethod for construction of
the MET COL and PAT COL pl asm ds; WO 95/ 30017

PGT/ GB95/ 00%@aas/80F! gure 4 shows in vitro processing of the [PonGRISOIGE
expressed by the PAT COL construct; and Figures 5 to 7 show bar charts of

t he nunber of nematode cysts in resistant transgenic plants conprising a -
nucl eoti de sequence in accordance with t et i nventi on, conpared with control

pl ant s. Al t er at ype | MW gene to Encode for Active Enzyne
The DNA encgvgﬁg‘eﬂ‘t‘%‘cﬁée%rlg?% of an MWP type | enzyme was isol ated, the
mat ure for m.pfy MMATThRSE N9LS PENEDATTSST@A L IT pr_re 1 (nucl eoti de
sequence Seq. ID No. 1, amno acid se aE Sedy . The DNA

sequence was adapted for expression in p ants as escrl d bel ow. The DNA
fragment coding for the active MW described above | acks a protein
synt hesi s i The pamtmrleadenlwqu(em wineclpnedt b RCRsframriainbdd patcl 8a@Besan et al., 1986

(st Feam of NiFe ARSS REi14, A3 AR08 qod GPIERDRE. of R90PE TR pieds S St e |
MWP pol ypep id Bf P! 2k expression, ChunéA Fo N%hgﬁﬂtﬁéidéﬁi Aards®ndon)

procedure was designed to mnimse t he nunber of extra am no aci ds t hat
which contains Skb of the 5’ end of the patatin gene in pUC.

The forward oligonucleotide (RS-1, Seq. ID No. 6) contained a BamHI site, plant context
and sequences homologous to the 5’ end of the patatin coding region:

RS-1 5-CGC GGATCC AACA ATG GCA ACT ACT AAA TCT-3’
BamHI1 Context M A T T K S
Patatin

The reverse oligo (RS-3) was used in conjunction with RSl to clone the signal sequence
plus the first amino acid of the mature patatin respectively (Seq. ID No. 7):

Dral
+ 1 RS-3 5’-AGT TCA ACA TGT GCT ACG TTT AAA GCG-3’
- s 8§ T €C A T F
signal sequence

The oligonucleotide was designed to contain a Dral site. Cleavage with Dral leaves a TTT
codon which encodes phenylalanine (i.e. the first residue of the mature MMP).

(b) The PCR products were purified and digested with BamHI and Dral.

(c) The 5’ sequence of mature MMP, lacking the first Phe codon, was aiso cloned by PCR
using a forward primer with a SnaBI site (RS-4, Seq. ID No. 8) and sequences

homologous to MMP and reverse primer MOH-32.

SnaBl
RS-4 5'- GCG TACGTA CTC ACT CCA GGG AAC CCT-3’
v L T P G N P



are placed in front of the mature enzyne, so as to mnimse the extraneous
am no awglsogtrent of the enzyne. The pol ynerase chai n rpexyGBssnofddCR) was
performed on a nearly full-length clone of the MW type | gene. The forward,
ol i gonucl eotide (RS-5, Seq. ID No. 3) was designed to contain a BanH site,
plant initiation codon context (Lutck&2et al., 1987 EMBO J. 6, 4348), ATG

codon a S uence onpl ggous to the 5 of the mature MVP sequence:
MVP seqlr}&i‘Fc s of L -4 Giff ﬂm eaﬁé&t sequenserinthat the valineaeniduss. 3'

BanHl P!
. PCT/ GB9 5%@6964?‘3 lsl\'@rl%oar‘:)gveei;/As én }E:)hrelprrrgl;l er sHifer ﬁan b§ %EEH'Z oY was gcsh? gned

t o cont ainerdersalintratiucea SaaBlsite; we(’acxbmc:ddnmgaﬁtbwmms:mmamwgm to the
' end of .t

3! he
rrTTT Eiie, SHats Jiihe Tie the ypoond afgimo geid of e manurg, MMP)., 50 dhe
| VP Sequgit6@ed3sning GeiBseqlierdieRs \nﬁféhaﬁgéd BY ilalteidh inViicfeofidd $é g’i&h&g of 30

seconds at 94[err]C, 1 mnute at 45/ err]C and 2 mnutes at 72
resulting 1.1kb fragnment was cloned into the BanHl -Sal | sites of BS

éflegfi tC ;@5’ ;‘&??gg@ﬁg\? qﬂggﬂ‘é yﬁﬁ %HSﬁfﬁ% $d 48 dionied iSRSHL Sndgtiont S8

‘of a BS vector modified to contain a single SnaBI site in place of Kpnl.

The clone was sequenced in full to ensure that the predicted amino acid sequence was
identical to that of Figure 1.

The insert was removed by cleavage with SmBI and Sal[ and ligated with the patatin
signal sequence PCR products from (b) (see Figure 3) and inserted into BS cut with
BamHI and Sall. Fusion products were sequenced to ensure that the constructs were
correct.

Figure 3 summarises the construction of MET COL and PAT COL. The signﬁl sequence
and 'pro’ sequence were removed from the sequence encoding a pre-pro-collagenase, to
leave a sequence encoding the mature polypepnde with an ATG start codon added at the

5" end to make MET COL. To make PAT COL, the patatin leader sequence was fused
to the 5’ end of MET COL.

When the fusion construct was cloned into the pBI220.5 vector (as a BamHI-Kpnl
fragment) transformants were recovered but they grew poorly in liquid cuiure and on
stock plates.' Transformants yielded very low amounts of plasmid DNA. The
358-Fusion-Nos construct was thex_l cloned into Bin 19 as a HindIIl-EcoRI fragmeni. This
vector was used to transform agrobacteria strains (LB4404, GV 2260 and 3850) but
traﬁsfdnnants were recovered énly at very low frequency and often contained rearranged
DNA. These data suggested that the fusion construct and/or fusion product had a
deleterious effect on E. coli and Agrobacterium. The fusion construct was, therefore,
cloned into a modified PBI 220.5 vector. The vector was modified by insertion of a 540bp



tHe MET COL clone was identical to that of Figure 1. MET COL was then
transferred as a BanHl - Kpnl fagnmen into the 35S pronoter - Nos term nator

cassette PRyo$8@e¢gr7and subsequently transferred into Bin 19 gdigynydoodds W
1984 Nucleic Acid Res. 12, 8711-8721) as a Hndll-EcoRl fragnent. Fusion of

the Patatin Signal Sequence The sequence encoding MW was further adapted -
to expression in plants by i ncluding a sttetch of nucl eotides which encoded

a plant signal sequence nake a_construct terned_ "PAT COL"). ur ose
of making t mesk egmsmrm@ttae Sghltnplmrﬂ@em brawgnaprthe momtqrnedéba %Mgll

conpart ment t i
construct %mf:%? ?hé‘? EOlfpgéﬂaig %ﬁe pa Fﬁl E&s?gna%&%gq%%ctgk ¥ R Aboénoetfr
al ., 1989 Plregibn 68k lbadey 6183 B-Q@Betanglmhnaseegemwmcm @2 bphnePrm.uecaoﬂ\MA
sequence. The fusjon ' copt aipns,..th atatin uence and the
first amino aéél?edf oFnd; I@eﬁﬁ%&’é ggﬁhtlﬂnNBf §l Bl M‘&an g‘!"ﬁéz &‘ Was Boprssthat
the mature I |
Singl o | ett o gBr 220 SNERldr 4hbaiied GG wa Yl BRHe s BRIET kalihbin of
PCT/ GB9S/ OOQMﬁIBionspngmm froa therlecZ pSmmpter, Bvitich nﬁght-hate beénrcansing [actumulation
FFM LATTSST RPat a gue The at | e der
sequence wa? A d‘??éﬂ’t’ﬂ Y F‘Eﬁ!?tf??ﬂﬁ %"EFPJHB"W @ Eﬁs Tmants
containing the fusion construct were obtained and thc CONStruct was cloned into Bin 19 as
a HindIll-EcoRI fragment. This vector was then used to transform Agrobacteria and
transformants were obtained having the expected plasmid structure.

All agrobacteria strains were grown on YEP with appropriate antibiotics. The MMP
constructs in the Bin 19 vector were introduced into agrobacterium strain GV 2260, by
electroporation and transformants selected on kanamycin.

In vitro Processing

The MET COL and PAT COL fusion constructs in the BS vector were used as templates
for in vitro transcription of RNA using standard procedures. In vitro transcripts were
translated in a rabbit reticulocy'te in vitro translation system in the presence (4b, 4c) or
absence (4a) of dog pancreatic microsomes. The products were separated on standard

' 10% acrylamide gels (SDS PAGE) and detected by autoradiography (Figure 4).
MET-COL products ("Met") are shown on the right of each gel, PAT-COL products
("Pat") on the left.

Figure 4a-c shows that the predominant translation product from the MET COL construct
has an apparent molecular weight (Mwt) of 41kD (large arrow) which corresponds closely
to the expected size. Minor bands are detected at 38kD and 32kD (small arrows) and may
correspond to degradation products. The predominant translation product from the PAT
COL construct has an apparent Mwt of 42kD (large arrow 4a), corresponding to a patatin
signal sequence-MMP 1 fusion. On addition of 0.7ul (4b) and 1.4ul (4¢) of microsomes,

the band size is decreased to that.of the collagenase (mature) peptide indicating that correct



Nucl . Acids Res. 14, 4625-4638 and ol dsbrough 1989 Ph.D. the5| s "

nol ecul %Si s of Patatin gene expression”, Council

Academg'rAg’v%/aB?&s London) whi ch contai ns 5kb of the 5' en%eg? e pat atin .
gene in pUC The forward ol i -gonucl eotide (RS-1, Seq. |ID No. 6) contai ned a
-BanmHl site, plant context and sequences honol ogous to the 5 end of the
patatin coding r fg| on: RS-1 5'-CGC GGATCC AACA ATG GCA ACT ACT AAA TCT-3'
BarH pEsewsiag of the patain signat sequence Ras occurred:t Fheise rehilss showethatthe mayare( RS- 3)

was used ce plus the .
Frst antoeciic GkR Bt frefSit i e LEOUIE ?ﬂagﬁ*@gﬂﬁﬂo o, 7); Dral s
| RS-3 5'-AGI TCA ACA TGT GCT ACG TTT AAA GCG3' S A

T F signal _sequenc he ol i gonucl eoti de was desi gned to cont al n a Dral
site. d i&ﬂé@g&ﬂgﬁ% eaves a TTT codon whi ch encodes phenyl al ani ne
(i.e. the first residue of the mature MW). (b) The PCR products were
purified and digested with BanH and Dral. (c) The 5 sequence of mature
MWP, | acfhe}MPeexpressionPrestorsdesaribedhabavie swere [intnadhiced) ifdeiplants. ng a f or war d
primer with a.SnaBl site (RS-4, Seq. ID No. 8) and .sequences honol ogous to
MW and reverse primer MOH32. SnaBl RS4 5'- GCG TACGTA CTC ACT CCA.GGG AAC

CCT-3' VThe plants WwereForigindlly defived from wbe? sprouts and are the widely available
varieties Désirée and Maris Piper (or 83 N28-47 control plants). The plants were grown
as in vitro shoot cultures at 24°C under continuous light (704E m sec ) in 150 X 25mm
glass tubes loosely capped with Magenta lids (Magenta Corp., Chicago, IIl. USA). Nodal
stem cuttings with one leaf were taken from 5-6 week old plants and planted in MS
(Marashige and Skoog) medlum contaxmng 1% sucrose sohdxfied with 0.9% agar (ngma)
and supplemented (after autoclavmg) with STS which promoted plant growth and produced
larger leaves. The STS (silver thiosulphate) stock solution (6mM or 1.5 mg/ml.) was
prepared by adding 12mM AgNO, to an equal volume of 96mM Na,S,0, and used at a
concentration of 1ug/ml. '

Leaf explants were taken from plantlets at 5-6 weeks after subculturing; cut across the
base (discarding the petiole and the lower 1-2mm of leaf base) and the remaining leaf used
in transformation experiments. These were carried out esséntially as published by Visser
etal. (1989 Plant Mol. Biol. 12, 329-337) but slightly altered from the protocol published.
Briefly, explants were floated overnight on liquid M387. The medium (M387) contained
MS salts and vitamins supplemented with: 10g/1 sucrose; 80mg/l NH,NO,; 147mg/1 CaCl.;
10mg/l NAA; and 10mg/l BAP. The next day the explants were soaked in an overnight

| culture of A. tumefaciens for 15 minutes, blotted dry and placed on solidified M379 callus
induction media (MS salts) and vitamins supplemented with: 1g/1 sucrose; 4g/l mannitol;
0.0175mg/l IAA; 2.25mg/l BA and solidified with 0.8% agar). Afier two days of
co-cultivation the explants were placed on plates with 500ug/ml cefotaxime (Claforan.
Roussel) and five to seven days later the explants were transferred to M384 (shoot
induction medium: MS sﬁpplement'ed with 15g/1 sucrose; 2.25mg/l BAP; 5mg/| giberellin
GA3 and 200mg/1 cefotaxime and 50ug/ml kanamycin).



WO 95130017 PCT/ GB95. 00944

12 The sequence of RS4 differs slightly fromthe cDNA seque{lﬁﬁ '&@Q@t t he
val i ne reg#'&?é's?(wencoded by the codon GTA in the priner ra e(r;ht an by

GIT. This alteration was nmade in order to introduce a SnaBl site, to
facilitate cloning. Ceavage with SnaBl ligaves a GIA codon which encodes °
valine (ie the second amno acid of the mature MW), so the encoded am no
aci d sequenEvery shitet tocfoanyestkbythe lexplants evere ittansierred uol freshi M384 emedivmewitlid)

The PCR duct | e; d with Bl d.Sal L | dinto t
Shabl ool | “Mlhigimbgerqarme i e R, Srapstaren oy Rt Fom e,
pl ace of Kpgépm@&%@% WaRrs a6 HERFBEY hﬁbv{e‘ﬂefor& Qra@st tfsoil forifufth@ growth.

predi cted am'no aci equence was identical to that of Figure 1. The insert
was r enpvedFingheridemils gbtheimdthaharidesoribedhy Higgios &4 a}a€1992 Riank Sein 82 pti%118)

si gnal sequenc CR pr.o fro . (se | kiserted into BS
cut with Ba#hd ﬁ}iﬁ’b"' S&li ?@éilﬁw g‘}lg}g%}é{%&@g ?é‘ﬁﬁjéhcggﬂtlg‘?%nsure t hat the
constructs were correct. Figure 3 sunmarises the construction of MET CCL
and PAT COL. The signal sequence and 'pro’ sequence were renoved fromthe
sequence enheniatoge alesistanes aestd| | agenase, to | eave a sequence encoding the
mat ure pol ypeptide with an ATG start codon added at the 5 end to nmake MET
COL. To make PAT COL, the patatin | eader sequence was fused to the 5 end
of MET COL. T\%Q‘?péshﬁ b3t Foroheriftode fesistanvewert perfoimed using Rota@L P efmatode tBr
n

(as a BanHl -K fragnent) transformants_were recovered but 'the:\é tgrew
poorly in | pellidd Ra2/3: pos tests) ogrwhole plants in the greenhouse; and canister testS' on roots

growing on tuber explants. Plants that showed resistance in the greenhouse pot test were

re-tested in canister tests.

Nematode Pot Tests

Plants were grown in infested soil, obtained from a nematode bed maintained especially
for the purpose. As the concentration of cysts in the bed was high, the soil was mixed
with peat to give a concentration of approximately 20 eggs and larvae per gram of soil.
Approximately 2.5cm of the soil/compost mixture was put in the base of a 9cm pot and
the pot then filled with sterilised potting compost. Tissue culture plants were planted in
the pots and grown under lights (14h photoperiod) at about 20°C for 8-10 weeks. The

’ plants were then tipped out of the pots and the rootballs assessed for the presence of cysts.
Only clones with a mean score of less than one cyst per rootball were retained.

Nematode Canister Tests

Tubers from greenhouse grown transgenic plants were used to assess the resistance to
nematodes in a closed container test. (Phillips et al., 1990 Ann. Appl. Biol. 96, 317-322).
Four replicates (REP1-4) were taken from each transgenic plant. After six weeks the
number of visible females was counted. The results are shown in table 1 and summarised

below.



stock plates. Transformants yielded very |low anpbunts of plasm d DNA The
35S Fuswgﬁml.ponstruct was then cloned into Bin 19 as ciidudsibdessCOR
fragment. This vector was used to transform agrobacteria st rdeililins B4404,
GV 2260 and 3850) but transformants were recovered only at very |ow
frequency and often contai ned rearrandgedsl DNA. These data suggested that the
fusion construct and/or fusion product had a deleterious effect on E coli

and Agr oRssultsof Memarbde fTasts on construct was, therefore, cloned into a
nodi fied PBI 220.5 vector. The vector was rmdlfled by i nsertion of a 540bp
WO 95130017 PCT/ GB95/ 00944

13 Sphl TheEwans froni @etho c&idmucmlre/bﬂeﬁﬁfﬁd ifitdiste meivn&ere;:h&emé PaatiR SighR! er
and the Caw SSSn&som)ter The 54Qbp Sphl spacer” fragnent was derrved from

t he upst?@&ﬁﬁ‘-}?r@ ed to dhe gnamsre gollagenase gene (PAT. GOIe05-whare thegratgrene and
i ncl udes, %c\{m uence (Seq. | D No.

9) is prerie ?&5 I n Figure m hs%opé%“ttﬁarb?gﬁg 220.5 vector _
.nmodified in this way woul d prevent transcript | onal readthrough of the
fusion protein fromthe | acZ pronp whi ch ht have been causi ng
accunul aébﬁngblsi—%iﬁm i3 3l 6%@8&%8@# %@m itested, andneight
bacteria cﬁxﬁ!ﬁératg _ ' ﬁ&{jﬁ, gé#

obt ai nedl:lgngg i[Nﬁlée g‘%ﬁlgf;reﬁ%% cl one ?evteE a Hn &fn%ﬁ re

f r agment testediand \eighteen showediresistanced t o transform Agr obact ena and

transformants were obtai ned having the expected plasmd structure. Al
agrobacteria strains were grown on YEP with appropriate antibiotics. The

MVP QOHW 3 thihl 6F 85 MariPipes ithisPolntamth wikeQeted RRFGliShhda™

straln y
in glass house tests. Of these, seven were selected for re-test in canisters, of which four
(#2, #25, #31 & #89) displayed moderate levels of resistance.

Nine Désirée plantS were also tested (2 in pot tests & seven in canisters), but none were

resistant.
In summary: Reswtant lines (to G. pallida Pa 2/3) .
‘Construct
MET COL . 486 09

PAT COL 8161 - 18/77

- It is clear from these results (and those shown in table 1) that PAT COL provides superior
levels of resistance than MET COL in both potato varieties, and that very high levels of
resistance are only seen with PAT COL constructs. In all cases the levels of resistance
were higher than for a conventionally bred partially resistant variety (83 N 28-47). The
‘variation seé.n from transformant to transformant using the same construct is commonly
.noted with the expression of transgenes and is ascribed to "position effects”. The reason
why more resistant Désirée than Maris Piper plants were obtained is not clear but may be |

due to the relative ease of transformation of Désirée, which could result in higher numbers



el ectroporation and transformants sel ected on kananycin. In vitro
Processing The MET COL and PAT COL fusion constructs in the E@ ¥§§&0854 wer e
used as t eW%BYTfor in vitro anscription of RNA using st BhUS

procedures. In vitro transcripts were translated in a rabbit reticul ocyte
invitro translation systemin the presencg (4b, 4c) or absence (4a) of dog
pancreatic mcrosorres The products were separated on standard 10%

acryl am de g ?Q%IP ?&mand detect ed by autoradi ography (Figure 4).

VET- COL products Met") are shown on the right of each gel, PAT-COL
products ("Pat") on the left. Figure 4a-c shows that the predom nant

et gt Mt T P of R et P o0 SRS Erapify 3R ERRRE 5% 17 kgl s

expect ed si gaar Vhato shd¥ding the nimbet 6f G pallidd36fsB fondd 3R ke tesrsdnt Desirée\BATand
may correspond to degradation products. The pr edom n 2lsnt translatjon pr oduct
from t he PACOICtransgesicr linas 35&51 &‘p‘ﬁa‘i@ﬁp Ei‘{qeaggiﬂ

correspondi

0.7[err] (4W¥igef?§i+grrﬁﬁlhg§ Sﬁ%wg%n ﬁqulgﬁl S diggregg%%td
to that of thassgesicl PATNCOL Mmstxper plams; dnlenghreal shaws thet nurobereaft cysts IO
95/ 30017 PCT/ GB95/ 009" 14
processi ng QSIWWMMBGQLMMR‘%SOCCUHGd These results show
that the mature col |l agenase protein will be present in the extracellul ar

space of plant cells. Transformation of Plants
It is extremely encouraging that, where transgenic plants displayed resistance to G.

pallida, the level of resistance could be exceptionally high.



The MWP expression vectors described above were introduced into plants. The
pl ant s wer&/3e17 gi nal | y derived fromtuber sprouts and arRCHGROSHPAMM| v

‘avai | abl e varieties Desiree and Maris Piper (or 83 N28-47 control plants).
The plants were grown as in vitro shoot cultures at 24[err] C under
continuous light (70[err] msec ) in 180 x 25nm gl ass tubes | oosely capped
wi th Vadeitla i ds (Magenta Corp., Chicago, Ill. USA). Nodal stem cuttings
with one |eaf were tak fromb5-6 week old plants and planted in M

( Mar ashfgEoRsuehc RAT-GRLi um containing 1 % sucrose solidified with 0.9%
agar (Sigma) and sypplenented (after autoclaving) with STS which pronoted
pl ant grofiubtivard Qmméaced | arger | eaves. The STS (silver thiosul phate)
stock solution (6nMor 1.5 nglm.) was prepared by adding 12nM AgNC3 to an
equal vO7 wansfofmantwere ¢estdd incanistersd at a concentration of 1[err]/m . Leaf
expl ants were taken fromplantlets at 5-6 weeks after subculturing; cut

T

~across E_Dase ng - P and-tTne Tjover I- . gar bpse)
~and t he| CoPNEi ng If@ﬁlused _i ansf o Fﬁ?l’l_rbn expfERdnt s. TNEANwer e _

carried|out essentlially as published by Visser et} al. (1989} Pl ant Mol
Biol. 1P, 379-337) bul SITQkly altereqg iromtne jprotocol ppprrsned.
Briefly 4@‘pr ants lvere f1 oatle® overni ght on Iiquild®M87. ThEOmedi um (MB87)
cont ai neg..M5 salt g 0and vitany gs suppl efrented withf »10g/1 sugpose; 80mg/|
[err]; gl _Caddy - 10ng/l ﬁl& and 10ny/1 BAP Qhe next W8y the explants
wer e sangd in an|gernight culture of nunef acj gns for 1pgm nutes,
bl otted S FO—6 fmfreheb St t-aR—pis Ha— M-S al t S)
and vit q461is suppljeorented wifh: 1g/l sqgarose; 4g/|gmannitol j 0. 0175np4 1
| AA;, 2. pSmgrt—BA—gma—sotrdrf et wrtir—o789tager—pafFter—two—grays—of
co-cul t§ 88k i on thg &xpl ants were placed-on plates|Oith 500[¢0r]/ -
cef ot ax{ME, (T arorfan.  ROUSSe[ ] and 11TVvg 10 Seven pays rater|rne exprants
wer e tr&ﬂgl‘ erred t|d MB84 (shpdt inductilén nedi um| MBS suppl efrdfed wit
15g/ | syll%tﬁose; 2. ¢ 56rg/ I BAP, ar‘rgrl gl b{ rzel 1 n 4 Ls '

67i , 7 0 1 1267

9iii - 6 2 1 3.0

8Bi 3 2 - 1 2.0

15 5 1 - 10 2.0

591 0 , 0 1 0 0.25

15i - - 8 0 4

28i 17 0 . 1, 60

76i 12 11 11 0 8.5

1 |13 o 2 0 3.75

66i 12 0 0 0 3.0

54i - - 22 9 15.5

59 other ' >20

clones

Desiree >100 >100 >100 >100 >100

| (susceptibie) '

SUBSTITUTE SHEET (RULE 26)



GA3 and 200ng/| cefotaxime and 50[err]/ m kanamycin). WO 95/ 30017

PCT/ GB95/ 00944 15 Every three to four weeks the explants rred
to fresh ME825AM7um with 200[err]/m cefotaxime and 50[e¥ﬁ(ﬁ’&é%@§;n§ci n.
Transforned shoots were renoved fromthe explants and grown in vitro as
descri bed above before transfer to soil for further growth. Further details
of the nmethod are described by H ggins et al. (1992 Plant Sci. 82, 109-118)
and Hulme et al. (1992 Plant Cell, Ti ss.1%nd Og. Cult. 31, 161-167).

Nermat ode ReBalskarice(ckeast'si)Two types of test for nematode resistance were
performed using Potato cyst nematode G palida Pa2/3: pot tests on whole
plants in the greenhouse; and canister tests on roots grow ng on tuber

expl ants. Pl SulsvarhMardhBiped resi stance in the greenhouse pot test were
re-tested in canister tests. Nematode Pot Tests Plants were grown in

i nf est ed s@l transibrintinttaderk testadainraniBtessle bed nai nt ai ned especially for the
purpose. As the concentration of cysts in the bed was high, the soil was

m xed with EEOLL O UfvVE o COTC vae
per gram of CEONE Apj hat el y| REB@m of Soi | / coRER4 ni xt|UMEAMs pu}
in the basg of a 9cmjpot and the pot thenjfilled wtfh sterilisjed potting
conpost. T{Ssue curtgre prants e pranted 1 the Jors and griowr urder
lights (14p33hot operilod) at ab 20C for|8-10 weekd.3 The pl ankESwere then
Elyglogd out &f the potg and the f pot pall's aﬁsessed fcrl the presenge of

9ii 23 22 6 - 17.0

6 4 13 20 32 17.25

4i 30 13 3 6 13.5

1Bi 2 18 6 4 7.5

17 18 31 29 20 24.5

18i 0 3 7 21 7.75

53 other >20

clones

Maris Piper | >100 >100 >100 >100 >100

(susceptible)

SUBSTITUTE SHEET (RULE 26)



Only clones with a nean score of |ess than one cyst per rootball ver e

retai ned. Nenatode Cani ster Tests Tubers from greenhous

plants WAB30YUEd t o assess the resistance to nemat odes

cont ai ner test.

replicates (REP14) were taken from each transgenic plant.

(Phillips et al.,

1990 Ann.

Appl .

Bi ol .

After

L ansgeni c
POLEHb
96, 317-322). Four

si X weeks

*

the nunber of visible femal es was @gunted. The results are shown in table 1

CT/ CBog) BeRh

& helwsq) WO 95/30017
4 16 Resul'ts of Nematode Tests The results fromthe two

constructs are presented in table 1, where either the patatin signal

sequencg
mat ure Cco

PAT COL ¢

const r uttmnsformantswergitesessl (Run patsy

agenase con

struct (MET CQL)
enﬁlru' g. ‘4 total
and ei gft “BIBAESVREEE f ound resi stant

resi stance in glass house tests.

of

resi st ance.

jRcqanisters)
O t hese,

icl%ntsﬂ'ﬁgtgl\flﬂl mat ure col | agenase gene (PAT COL), or where the
I is used without a signal
of 61 Maris Piper transformants were tested,
In canister tests.

sequence.

Seventy-seven
Desiree transformants were tested and ei ghteen showed resistance.

MET CCL

s fnongdyere regsiaat.t est ed f or

seven were sel ected for
i n cani d Cuitivavf Muris@ipérour (#2, #25, #31 & #89) displayed noderate |evels

Nine Desiree plants were also tested (2 in pot tests & seven

re-test

in cani Yisatsmsforibtits WeRE1eddd tn pBE! §iNES were selected as possibly resistant and used in

canister tests.

CLONE REP 1 REP 2 REP 3 REP 4 |MEAN
#2 27 14 - . 20.5
#25S 5 14 23 15 14.25
#31 1o 8 21 27 140
#89 16 19 4 5 11.0
1 other >20
clone

Maris Piper | >100 >100 >100 >100 >100
(susceptible _

83N28-47 |76 80 70 84 71.5
(partially

resistant)

SUBSTITUTE SHEET (RULE 26)



In summary: Resistant lines (to G pallida Pa 2/3) Construct
Mari s piper D6sire MET COL 4/ 86

0.9 PAT COWO 95/30017 8/ 61 »OTiIGBoS/DOSUS
clear fromthese results (and those shown in table 1) that PAT COL provides
superior |levels of resistance than MET COL in both potato varieties, and -
that very high levels of resistance are oy seen with PAT COL constructs.
In all cases the | evels of resi stanceﬁfge Qi %her than for a conventionally
bred partially resistant variety (83 NG )‘- STHE variation seen from
transformant to transformant using the sane construct is commonly noted
with the expressi o] nes and is ascribed to "position effects”.
The reason yé?r%%l'r fe%%ﬁgﬁﬁmmsi ree than Maris Piper plants were obtained
i s not clear butiyappPgige to the relative ease of transformation of
Desiree, which coul day egmEt UM 18Vgh e[ cnunbers WO 95130017

PCT/ GB95/ 00944 17 of(By rsTREEENER 1 P&/erPHstk. Bﬁ'&%kfﬁ%?%__ts of the cannister
tests are displayed(Qy @iffycadldndohn Figures 5 to 7. Figure 5 is a bar chart
show ng the nunber &) GOUNTRY: dajtadsKendgdesind in the resistant Desiree PAT
COL transgenic |inesFLAOSTAeCOBEL(ZICONtHCAP 4BY i eties of Desiree, Maris

pi per and the partially resistant 83N plants. Simlarly, Figure 6 shows the
nunber of cysts in (83iNMBntUnidevery8Mi c PAT COL Maris piper plants, and

Figure 7 shows the ABMSIREBF: Weena 45h resi stant transgenic MET COL Maris
pi per plants. (C) CITY: Rotterdam

(E) COUNTRY: Netherlands
(F)} POSTAL CODE (ZIP): 3013 AL

(i11) TITLE OF INVENTION: Improvements in or Relating to
Disease-Resistance of Plants :

(111) NUMBER OF SEQUENCES: 9

(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: Patentln Release #1.0, Version #1.30 (EPQ)

(2) INFORMATION FOR SEQ ID NO: 1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1110 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
) (D) TOPOLOGY: tinear

(ix) FEATURE:

(A) NAME/KEY: CDS
(B) LOCATION:1..1110

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: | _
TTT GTT CTC ACT CCA GGG AAC CCT CGG TGG GAG AAC ACA CAC CTG ACC 48

Phe Val Leu Thr Pro Gly Asn Pro Arg Trp Glu Asn Thr His Leu Thr
1 5 10 15
TAC AGG ATT GAA AAT TAC ACA CCA GAT CTG TCA AGA GAA GAT GTG GAC 96

Tyr Arg Ile G}?g Asn Tyr Thr Pro Agg Leu Ser Arg Glu A:SBB Val Asp

CGT GCC ATT GAG AAA GCC TTT CAA CTC TGG AGC AAT GTC TCA CCC TTG 144
Arg Ala I;g Glu Lys Ala Phe Glg Leu Trp Ser Asn VZ; Ser Pro Leu



It is extrenely encouraging that, where transgenic plants displayed
reS|stqg63y&8é/30palIlda, the level of resistance coul dpeqhosmidus onally

hi gh 017 :
PCT/ GB95/ 00944 18 Table 1 1. Construct: PAT-COL a. Cultivar: Desiree 77
. transformants were tested in canister82CLONE REP 1 REP 2
REP 3 REP 4 VEAN 44i 0
0 48 ACC TTC Aég AAG GTC TCC GA% GGT CAA GCA C ATA ATG ATA T@C T 190 61ii
0 Thr Phe Thr Lys Val Sep Glu Gly GIn AlagAsp Ile Met Ilg)Ses;Phe 0
0 P 70i 0 1 60 5 1
175 84iGTe GG GaA GAT CAT ceg GAC AT TCT cc TIT BAT GGA ey 6eA ¢oa 20, o7
- Val Arg,Gly Asp His Ard Asp Asn Ser P ,Phe gﬁp G'Ly Pr G1y3e1y : M

6
1 2.0 5i 0
2.0 59i AAC CTT GCT QAT GCT TTT CAGPCCA GGC CCA GG'Ii ATT GGA GGG GATOGCT 288 0. 25

Asn Leu Ala His Ala Phe GIn Pro Gly Pro Gly Ile Gly Gly Asp Ala

- 85 : 90 ; - 9%
CAT TTT GAT GAA GAT GAA AGG TGG ACC AAA AAT TTC AGA GAT TAT AAC 336
His Phe Asp Glu Asp Glu Arg Trp Thr Lys Asn Phe Arg Asp Tyr Asn '
100 105 - 110
TTG TAT CGT GTG GCT GCT CAT GAA CTG GGC CAT TCC CTT GGC CTT TCT 384
Leu Tyr Arg Val Ala Ala His Glu Leu Gly His Ser Leu Gly Leu Ser
115 120 . 125

CAT TCC ACT GAC ATT GGG GCT TTG ATG TAC CCC AAC TAC ATC TAC ACT 432

His Ser Thr Asp Ile Gly Ala Leu Met Tyr Pro Asn Tyr Ile Tyr Thr

| 130 135 140

GGT GAT GTT CAG CTG TCC CAA GAT GAC ATT GAT GGC ATC CAG GCC ATC 480

Gly Asp Val Gln Leu Ser GIn Asp Asp Ile Asg Gly Ile GIn Ala Ile

145 - 150 160

TAT GGA CCT TCC GAA AAC CCC GTT CAG CCA AGT GGC CCA CAA ACC CCA 528

Tyr Gly Pro Ser Glu Asn Pro Val GIn Pro Ser G]y Pro GIn Thr Pro

165 170 175
CAA GTG TGT GAT AGT AAG CTA ACT TTT GAT GCT ATA ACT ACA CTT CGG 576
G1n Val Cys Asp Ser Lys Leu Thr Phe Asp Ala Ile Thr Thr Leu Arg
180 185 . 190
GGA GAA CTA ATG TTC TTT AAA GAC AGG TTC TAC ATG CGC ACA AAT TCC 624
Gly Glu Leu Met Phe Phe Lys Asp Arg Phe Tyr Met Arg Thr Asn Ser
195 200 205
TTC TAC CCT GAA GTG GAG CTC AAT TTC ATT TCT GTG TTC TGG CCA CAA 672
Phe Tyr Pro Glu Val Glu Leu Asn Phe ITe Ser Val Phe Trp Pro GIn
210 215 | 220 | | |

GTG CCA AAT GGA CTT CAA GCT GCT TAT GAG ATT GCC GAT AGA GAT GAA 720

Val Pro Asn G]y Leu ggg Ala Ala Tyr Glu %%g Ala Asp Arg Asp 618

225

GTC CGG TTT TTC AAA GGT AAC AAG TAC TGG GCT GTT AGG GGG CAG GAT 768
Val Arg Phe Phe éig Gly Asn Lys Tyr ggg Ala Val-Arg Gly ggg Asp

GTG CTA TAC GGA TAC CCC AAG GAC ATC CAC AGA TCC TTT GGC TTC CCT 816
Val Leu Tyr gé5 Tyr Pro Lys Asp éég His Arg Ser Phe.g}5 Phe Pro



15i - - 8 0. 4 28i
17 0 1. 6.0 76i 12
1 .1 WO 95/30017 ’ 0 8.5 17i 13 PCT/GBIS/00944()
2 0 3. 75 66i 12 0 0
0 3.0 54i 22 9 .
15.5 59 ot her 23 >20
cl ones Desiree >100 >100 >100 >100 >100
>100 (susceptible) . ">100 SUBSTI TUTE SHEET
(RULE 26) iog?%gg%\ T AT GAT ACT.GGG 864
PCT/ GB95/ 00 r P| ? rA
transformsln';%g V\gre edA?n cén sDt 'la Phe %& ﬁglc,]y REP 2
REP 3 REP MEAN 32|
3 N AAALABA SIAC TTC TTT GTTIGCT CAC GAA TGC %GG AGG TAT GAT GM TAT 912
1.25 9ii Lys Thr 23r Phe Phe Val R¥a His Glu Cys @rp Arg Tyr Asp Glu Tyr
17.0 6i 290 4 295 20 300 32
17. 25 ’

AAA CAA TCC ATG GAT ACA GGT TAT CCC AAA ATG ATA GCA GAA GAA TTT 960

Lys Gln Ser Met Asp Thr Gly Tyr Pro Lys Met Ile Ala Glu Glu Phe

305 310 315 320

CCT GGG ATT GGC AAC AAA GTT GAT GCT GTT TTC CAG AAA GAC GGA TTT 1008

Pro Gly Ile Gly Asn Lys Val Asp Ala Val Phe GIn Lys Asp Gly Phe

325 330 335
CTA TAT TTC TTC CAT GGA ACA AGG CAG TAC CAA TTT GAT TTC AAA ACG 1056
Leu Tyr Phe Phe His Gly Thr Arg Gin Tyr GIn Phe Asp Phe Lys Thr
340 345 350
AAG AGA ATT TTG ACT CTC CAA AAA GCT AAT AGC TGG TTC AAC TGC AGG 1104
Lys Arg Ile Leu Thr Leu GIn Lys Ala Asn Ser Trp Phe Asn Cys Arg
355 360 365
AAA AAT 1110
Lys Asn
370
(2) INFORMATION FOR SEQ ID NO: 2:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 370 amino acids
(B) TYPE: amino acid
) (D) TOPOLOGY: linear

(i1) MOLECULE TYPE:. protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

Phe Val Leu Thr Prg Gly Asn Pro Arg ng Glu Asn Thr His Lig Thr
1

Tyr Arg Ile Glu Asn Tyr Thr Pro Asp Leu Ser Arg Glu Asp Val Asp
20 % 30
Arg Ala Ile Glu Lys Ala Phe G)B Leu Trp Ser Asn Vz; Ser Pro Leu
5 . .
Thr Phe Thr Lys Va1 Ser Glu Gly GIn Ala Asp Ile Met Ile Ser Phe

50 55 60
Val Arg Gly Asp His Arg Asp Asn Ser Pro Phe Asp Gly Pro Gly Gly
65 70 75 80



4i 30 13 3 6 13.5

| B wo 953002 18 6 4pCTIGBYS/IO0944 7.5 17i
18 31 29 20 24.5 18i . 0,
3 - 7 21 7.75 53 ot her

>20 clones Maris Piper >100 2400 >100 >100.

>100 (susceptihble SUBSTITUT SHEET. ( RULE 26L WD 95/ 30017 :

PCT/ GBOAYD68U AlR0 ﬂsawﬂg Ebe(ﬁ tPr@)Gly’ Peodyr Uer 6Bty dgp Ala cul ti var:
Desiree 9 transformanf? were tested (27¥n pots, 7 in céﬁisters); none were
resistant. b. Cultivar Maris Piper 86 transformants were tested in pots; 5

oS " PRE5 Bl Ao RN WL Mo LR s Whe RRE 4B RINBAS 1o OO0E

27
14 20. 5 #25 110 14

23 Leu Tyrl&%g val Ala Ala ﬁﬂsIEZB Leu Gly His Ser %gg Gly Leu Ser

His Ser Thr Asp Ile Gly Ala Leu Met Tyr Pro Asn Tyr Ile Tyr Thr
130 135 140

Gly Asp Val GIn Leu Ser Gln Asp Asp Ile Asg Gly Tle 61n Ala Tle
145 150 15 i

A

Tyr Gly Pro Ser Glu Asn Pro Val Gin Pro Ser G]y-Pfd-G]n Thr Pro

| 165 170 s

GIn Val Cys Asp Ser Lys Leu Thr Phe Asp Ala Ile Thr Thr Leu Arg

180 ' - 185 - - 190 ’
Gly Glu Leu Met Phe Phe Lys Asp Arg Phe Tyr Met Arg Thr Asn Ser
195 200 . . 205
Phe Tyr Pro Glu Val Glu Leu Asn Phe Ile Ser Va] Phe Trp Pro Gln
210 215 220

Val Pro Asn Gly Leu GIn Ala Ala Tyr Glu Ile Ala Asp Arg Asp Glu

. 230 - 235 240

225
Val Arg Phe Phe Lys Gly Asn Lys Tyr Trp Ala Val Arg Gly Gin Asp
245 ) 250 .- .255
Val Leu Tyr Gly Tyr Pro Lys Asp Ile His Arg Ser Phe Gly Phe Pro
260 26 - 270
Ser Thr Val Lys Asn Il1e Asp Ala Ala Val Phe Glu Glu Asp Thr Gly
275 280 285 |
Lys Thr Tyr Phe Phe Val Ala His Glu Cys Trp Arg Tyr Asp Glu Tyr
290 295 300
Lys GIn Ser Met Asp Thr Gly Tyr Pro Lys Met Ile Ala Glu Glu Phe
305 310 315 o320
Pro Gly Ile Gly Asn Lys Val Asp Ala Val Phe Gln Lys Asp Gly Phe
Y 325 . 330 335

Leu Tyr Phe Phe His Gly Thr Arg GIln Tyr Gln Phe Asp Phe Lys Thr
340 - 345 350

Lys Arg Ile Leu Thr Leu GIn Lys Ala Asn'Ser Trp Phe Asn Cys Arg
355 360 - 365



#31 0 8 21 27 14.0 #89

16 19 4 5 11.0 1 other
>20 cl one Nwoiss/zddirper >100 >100 >100 PCT/GRIB0944
>100 (susceptible 83N28-47 76 80 70 84

77.5 (partially resistant) SUBSTI TUTE SHEET (RULE 26) WO 95/ 30017

PCT/ GB95/ 00944 21 SEQUENCE LI STING (1) GERERAL | NFORMATI ON: (i) APPLI CANT
(A) NAME: Unilever PLC (B) STREET: Uni.lever House. Blackfriars (C CITY:
London (E) N%ﬁy: Uni ted Ki ngdom (F) POSTAL CODE (ZIP): ECAP 4BQ (A)
NAMVE: Uni | ever :

(2) INFORMATION FOR SEQ ID NO: 3:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:
CGCGGATCCA ACAATGTTIG TTCTCACTCC AGGG 34

(2) INFORMATION FOR SEQ ID NO: 4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:
GGTCGACTAA TTTTTCCTGC AGTTGAAC 28

(2) INFORMATION FOR SEQ ID NO: 5:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
) (D) TOPOLOGY: 1inear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

Met Ala Thr Thr gys Ser Phe Leu Ile &gu Phe Phe Met Ile &gu Ala
1

Thr Thr Ser ggr Thr Cys Ala Thr gge Val Leu

(2) INFORMATION FOR SEQ ID NO: 6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:



>

(B) STREET: Weena 455 (C) CITY:. Rotterdam (E) COUNTRY: Netherlands (F)

POSTAL G@b%s@edhy) : 3013 AL (ii) TITLE OF | NVENTI ON: |mrw or
Rel ating to Di sease-Resistance of Plants (iii) NUVBER OF 9 (iv)

COVPUTER READABLE FORM (A) MEDI UM TYPE: Fl oppy disk (B) COWUTER |IBM PC
conpati bl e (C) OPERATI NG SYSTEM PC- DO26Ms- DOS ( D) SCFTV\AR:ED EI?)t egt I ? )_

Rel ease rsion_#1. 30 EPO) ) | NFORMATI ON FOR SEQ !
SEQUENCE @g%%%é%@ﬁ@@ AJAQT, T 1110 base pairs (B) TYPE nuclgjc

acid (C) STRANDEDNESS: si ngl e (D TOPOLOGY: | i near (i x) FEATURE: (A

NAME/ KEY: xi ) SEQUENCE DESCRI PTION: SEQ ID NO 1:
TTT GIT cﬁé??ﬁﬂ#faﬁftﬁiiggﬁég§éﬁci?%kéxxé'rcx; GAG MAC ACA CAC CTG ACC
48 Phe Val Ley )@EQ@N@EQMRR@&I&S‘?IC@Q Trp Gu Asn Thr Hi's Leu Thr
_ (A) LENGTH: 27 base pairs : _

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY linear

(xi) SEQUENCE DESCRIPTION SEQ ID NO: 7

AGTTCAACAT GTGCTACGTT TAAAGCG - _ 27

(2) INFORMATION FOR SEQ ID NO: 8:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPQLOGY: linear
(xi1) SEQUENCE DESCRIPTION: SEQ ID NO: 8:

GCGTACGTAC TCACTCCAGG GAACCCT - 27

(2) INFORMATION FOR SEQ ID NO: 9:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 540 base pairs
(B) TYPE: nucleic acid
-(C) STRANDEDNESS: single
(D) TOPOLOGY linear |
(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 9: |
GCATGCCTGC AGGTCGACCT CCATTCTGCC CCTACGATAT TCCTGGCCCG TTTTGTTTAA 60
TAAATCCAGC TAGCTAGTGC CGTGCAAGTA CTACACAATT TATGCCATAC CATTGATTGG 120
CGATGGCACT CTTAAGTGTA CACGTACTGT AAAAATACAT GTATTCTTTC TAGCATAATT 180
GATGTACCAA CTATCAAGTG TAACACTTTA ATAGAGTAGA TTGGTGTAGA GTTAGTTGGT 240
AAACCAAGCA AATCAGGGAG GGTAAAAGAT TCACTGCACT GGAAGCTAGT CAAAGTTCAT 300
TCCTTCCTTT AAGGTTATCT AGTTCCTTTT TCTCCTTGCT CGTGGTAGAG TAGCTAGTAG 360
~ CTAGTGACAA GTCGGTCAAG GCGCCGGCCG TGAAAATAGC AATGTTCCTC GGCCGTGTGC 420
GTGCATCTGA CACCAACTCG TGACTGTAAC AAAAACAATA.TATAAGTGCT GCATCAGCCA 480

CCAAAGTCTA GAGAGAAAGA GATAAAAAAA ATGCGCAAAG:CTAGAGGCTT ACACGCATGC 540



1 5 10 15 TAC AGG ATT
GAA MAAT TAC ACA CCA GAT CTG TCA AGA GAA GAT GIG GAC 96 Tyr Arg
| l.e G u ASWOPSBOOIAr Pro Asp Leu Ser Arg A u Asp Val Asp 20 PCT/GBI5/00944

25 30 CGT GCC ATT GAG AAA GCC TTT CAA CTC TGG AGC AAT
GIC TCA CCC TTG 144ArgAIaII§GIuLysAIaPheGInteuTerSer
Asn Val Ser Pro Leu 35 Z

95/ 30017 g’!@ﬂ,’wmm / 00944 22
ACC TTC ACC AAG GTC TCC GAG GGT CAM GCA GAC ATA AT

192 Thr Pheldims Lys Val Ser Gu Ay @n Ala Asp Ile Met Ile Ser Phe 50
55 60 GTC AGG GGA GAT CAT CGI GAC AAT TCT CCC TTT GAT
GGA CCT GGA GGA 240 Val Arg Ay Asp H's Arg Asp Asn Ser Pro Phe

Asp Ay Prg @ 1 :
80 AAC CTTqGCTh‘é%'MG%Tﬁ folecule capable of inc mmc?ég‘g&gr resjsfance.fo sematodd Tnfection of
288 Asn Leu plant, Hbmpt-’ilsiag Iarmlctdondﬂscquge éncodiBig\a pdly;p&ﬁki;ic @lith chilageiiase 85

90 TTT AT GAA A GG ACC.AAA . AAMT TTC
AGA GAT TAPCHWE ora P’°°“TS°§ ﬁﬁé’%ﬁ“@ §Pquenc inPperablerfipkageto A
Phe Arg Asprdmbrefabtivlia plants. 105 0

2. A nucleic acid molecule according to claim 1, wherein the nucleotide sequence
encodes a metalloprotease or a precursor thereof.

3. A nucleic acid molecule according to claim 1 or 2, wherein the nucleotide sequence
encodes a matrix metalloprotease (MMP), or a precursor thereof.

4. A nucieic acid molecule according to any one of claims 1, 2 or 3, wherein the
nucleic acid sequence encodes a type I matrix metalloprotease (MMP-I), or a precursor
thereof.

5. A nucleic acid molecule according to any one of the preceding claims, wherein the
nucleic acid sequence encodes a mature poiypeptide having collagenase activity.

' 6. A nucleic acid molecule according to any one of the preceding claims, wherein the
nucleic acid sequence encodes a polypeptide having a signal sequence.

7. A nucleic acid molecule according to any one of the preceding claims, wherein the
nucleic acid sequence encodes a polypeptide having a signal sequence from the patatin

gene or from a plant pathogenesis related (PR) gene.

8. A nucleic acid molecule according to any one of the preceding claims, comprising a
nucleotide sequence encoding substantially the amino acid sequence shown in Figure 1.

9. A nucleic acid molecule according to any one of the preceding claims, comprising



TTG TAT CGT GIG GCT GCT CAT GAA CTG GGEC CAT TCC CTT G&C CTT TCT

384 Leuwbiss0619 Val Ala Ala Hs Gu Leu Ay H's Ser Leu gé¢pchodoory 115

120 125 CAT TCC ACT GAC ATT GGG GCT_TTG ATG. TAC CCC MAC
TAC ATC TAC ACT 432 H's Ser Thr Asp Ile Ay Ala Leu Met Tyr.Proe

Asn Tyr |le Tyr Thr 130 28 135 mﬂ WT
GIT CAG CTG TCC OOM GAT. GAC, ATT AT GCC ATC CAG GCC Aﬂ(“ll“l mlnl |=| y
Asp Val Yabstanyallygbe nuplgicracyd sequence-shewn iy Eigwecl.g n Al a* | I 145" 5 *
150 155 160 TAT GGA CCT TCC GAA AAC CCC
GIT CAG CCA AGT GGEC CCA CAA ACC CCA 528 Tyr Ay Pro Ser G u Asn
Pro Val 18.nA BuolefeacidSmoldenie s8cordilly toPanmy desof the preceding claims, fuktier

175 CAA GIG TGIT GAT AG#;zAAG CTA ACT TTT GAT GCT ATA ACT ACA CIT CGG

576 G n SPIPTISIAZ ASPACER[AGENL oy Thr Phe Asp Ala Ile Thr Thr Leu Arg 180

185 - 190 GGA GAA CTA ATG TTC TTT AAA GAC AGG TTC TAC ATG
CGC ACA AAT TCC .. 624 Ay GQu Leu Met Phe Phe Lys Asp Arg Phe Tyr
Met Arg IhrA muele@cacid glecule according to any omoaof the preceding claims, coipfisiig C TAC
CCT GAA GIG GAG CTC AéT TIC ATT TCT GTI TTCPL% CCA CAA 672 Phe
Tyr Pro LFRACEK, Frgment COMPRISIEH, Rrqmaele: Vo dP B *Trp Pro G n 210 .

215 220 GIG CCA AAT GGA CTT CAA GCT GCT TAT GAG ATT GCC
GAT AGA GAT GAA 720 Val- Pro Asn Ay Leu Gn Ala Ala Tyr Au Ile Ala

Asp Arg ¥bpAaugleipsrid molecule according to amoone of the preceding claims3 Bomprising
240 substantially the sequence shown in Figure 2.

13. A vector comprising a nucleic acid molecule in accordance with any one of the
preceding claims. | | |

14. A method of increasing the resistance of a plant to a nematode, comprising
introducing into the plant a mucleic acid molecule in accordance with any one of the
preceding claims, so as to cause the plant to express, or to increase the expression of,
a polypeptide possessing couagenase activity or a precursor thereof.

15. A transgenic plant or the progeny theréof havmg mcreased resistance to 'nematodes,
comprising a nucleic acid molecule in acto_rdance with any'onc of claims 1 to 13.

16. A method of reducing or eliminating pla_nt-infecting nematodes from an area of
land, comprising planting the are: with nematode-resistant plants comprising a nucleic
acid molecule in accordance with any one of claims 1 to 13.

17. A method according o claim 16, further comprising the reduction or eradication of
nematode-susceptible plants, if any, in the area of land.
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65 70 75 80 WO

95/ 30017 PCTI GB95/ 00944
24, Asn LeuwAdesddoy Ala Phe A n Pro Ay Pro Ay Ile Ay G ypéspnisisnedd

90 95 H's Phe Asp Qu Asp Gu Arg Trp Thr Lys Asn Phe Arc
Asp Tyr Asn 100 105 110 Leu Tyr Arg Val -
Ala Ala Hs QQu Leu Ay H's Ser Leu Ay Leu Ser 115 _ 120
125 H's Ser Thr Asp Ile Ay Ala Leu Met Tyr Pro Asn Tyr Ile Tyr Thr 130
135 140 Gy Asp Val GlgLeu Ser GAn Asp Asp Ile Asp Qy
lle Gn Ala Ile 145 158/g 15 Tyr Ay Pro
Ser Qu Asn Pro Val dn Pro Ser Ay Pro @n Thr Pro 165

170 175 dn Val Cys Asp Ser Lys Leu Thr Phe Asp Ala lle
Thr Thr Leu Arg 180 185 : 190 dy 4 Neu
Met Phe Phe Lys Asp Arg Phe Tyr Met Arg Thr Asn Ser 195

200 205 Phe Tyr Pro Qu Val GQu Leu Asn Phe Ile Ser

Phe Trp Pro Gef 210 215 220

E

Sphl

Sall

GCATGCCTGCAGGTCGACCTCCATTCTGCCCCTACGATATTCCTGGCCCGTTTTGTTTAA

CTAGTGACAAGTCGGTCAAGGCGCCGGCCGTGAAAATAGCAATGTTCCTCGGCCGTGTGC
GTGCATCTGACACCAACTCGTGACTGTAACAAAAACAATATATAAGTGCTGCATCAGCCA

CCAAAGTCTAGAGAGAAAGAGATAAAAAAAATGCGCAAAGCTAGAGGCTTACACGCATGC

Sphl

TAAATCCAGCTAGCTAGTGCCGTGCAAGTACTACACAATTTATGCCATACCATTGATTGG
CGATGGCACTCTTAAGTGTACACGTACTGTAAAAATACATGTATTCTTTCTAGCATAATT

GATGTACCAACTATCAAGTGTAACACTTTAATAGAGTAGATTGGTGTAGAGTTAGTTGGT

AAACCAAGCAAATCAGGGAGGGTAAAAGATTCACTGCACTGGAAGCTAGTCAAAGTTCAT
TCCTTCCTTTAAGGTTATCTAGTTCCTTTTTCTCCTTGCTCGTGGTAGAGTAGCTAGTAG
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Val
230
Lys
255
265
Au
Phe
295
Al a
320
330
Asp
Leu
360

Pro

Tyr
Val

Asp
Phe

Au
Pro

Phe
Thr

Asn Ay Leu Gn Ala Ala Tyr Qu Ile Ala Asp Arg Asp Gu 225
235 240 Val Arg Phe Phe Lys Gy Asn
Tr wodsmodial Arg Gy @ n Asp 245 2BOT/GBYS/00944
Leu Tyr Gy Tyr Pro Lys Asp Ile H's Arg Ser Phe Gy Phe Pro 260
270 Ser Thr Val Lys Asn Ile Asp Ala Ala Val Phe Qu -
Thr Ay 275 280 285 Lys Thr Tyr
Val Ala Hs Gu Cys Trp Arg Tyr Asp Gu Tyr 290
300 Lys A n Ser M!tsAsp Thr Ay Tyr Pro Lys Met Ile
A u Phe 305 31d 315
Gy Ile Ay Asn Lys Val Asp Ala Val Phe A n Lys Asp Ay Phe 325
335 Leu Tyr Phe Phe Hs Ay Thr Arg An Tyr d n Phe
Lys Thr 340 - 345 , 350 Lys Arg Ile
Leu G n Lys Ala Asn Ser Trp Phe Asn Cys Arg 355
365 WO 95/ 30017

PCT/ GB95/ 00944 25 Lys Asn

COLLAGENASE CONSTRUCTS

SIG| PRO |FVLP.... _ MATURE

M— -—

MET COL M| FVLP.....

Dral SnaBl
Y Y
TITAAA TACGIA
PAT FVLP.....

PAT COL | PAT| FVLP.....

~ SUBSTITUTE SHEET (RULE 26)



370 (2) I NFORVATION FOR SEQ ID NGO 3: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH. 34 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS:. single (D)
TOPOLOGY: |inear (xi) SEQUENCE DESCRI PTION: SEQ I D NO 3: CGCGGATCCA
ACAATGITTG Wwoedisedis CC AGGG PCTIGBONoLe2)

| NFORMVATI ON FOR SEQ I D NGO 4: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 28
base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS:. single (D) TOPOLOGY:

| i near (xi) SEQUENCE DESCRI PTI ON: SEQ I§) NO 4: GGICGACTAA TAA TTTCCTGC
AGTTGAAC /8 28 (2) | NFORVATI ON FOR
SEQ ID NO 5: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 27 am no acids (B)
TYPE: am no acid (C) STRANDEDNESS:. (D) TOPOLOGY: |inear (xi) SEQUENCE
DESCRI PTION: SEQ I D NO 5;

Fig. &
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Met Ala Thr Thr Lys Ser Phe Leu Ile Leu Phe Phe Met Ile Leu Ala 1 -

5 10 15 Thr Thr Ser Ser Thr Cys Ala

Thr Phe Valobgsbo2? 25 (2) | NFORVATI ON FORTEBESNMNO 6:
(i) SEQUENCE CHARACTERI STICS: (A) LENGTH 31 base pairs (B) TYPE: nucleic

acid (C) STRANDEDNESS: single (D) TOPOLOGY: |inear (xi) SEQUENCE
DESCRI PTION: SEQ I D NO 6: WO 95130917

PCl / GB9S/ 00944 26 CGCGGATCCA ACAAT 8CTACTAAATC T
31 (2) I NFORMATION FOR SEQ ID NO 7: (i) SEQUENCE CHARACTER STI CS: B-A)

LENGTH: 27 base pai| SBTQEE (D
TOPOLOGY: linear (x <
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AGTTCAACAT GTGCTACGTT TAAAGCG

27 (2) I NFORVATION FOR SEQ ID NO 8: (i) SEQUENCE CHARACTERI STICS: (A
#ENGTH: 27}\%39380& irs (B) TYPE: nucleic acid (C) STRANDEDN&SY:Bssioogise (D)
OPOLOGY: Tl'inéar (xi) SEQUENCE DESCRI PTION: SEQ ID NO 8: GCGTACGTAC
TCACTCCAGG GAACCCT 27 (2)

| NFORMATION FOR SEQ ID NO 9: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:
. 540 base pairs (B) TYPE: nucleic acid € STRANDEDNESS: single (D)
TOPOLOGY: |inear (xi) SEQUENCE DESCRI PTION: SEQ ID NGO 9: GCATGCCTGC

AGGTCGACCT CCATTCTGCC CCTACGATAT TCCTGGCCCG TTTTGTTAA 60 TAAATCCAGC
TAGCTAGIGC CGITGCAAGTA CTACACAATT TATGCCATAC CATTGATTGG 120
CGATGGCACT CTTAAGTGTA [ CACGTAGIGT _AAAAATACAT GIATTIC AGCATAATT o
180 GATGTACCAA CTATCAAGTG TAA TAEWY
240 AAACCAAGCA AATCAGEGAG G T
300 TCCTTCCTTT AAGGTTATCT A QU
360 CTAGTGACAA GTCGGTECAAG GCGaaaaaa T
420 GTGCATCTGA CACCAAGTCG TGA
480 Q 94
Z5Z
)
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CCAAAGTCTA GAGAGAAAGA GATAAAAAA ATGCGCAAAG CTAGAGGCTT ACACGCATGC
540 WD 95/ 30017

PCT/ GB95/ QR84430e17 C @i ns 1. A nucleic acid nol ecul e capablpeTaBos/ionsaeasi ng
}
the resistance to nematode infection of a plant, conprising a nucleotide

sequence encodi ng a polypeptide with collagenase activity or a precursor -

t hereof, said nucl eotide sequence bei /in operabl e linkage to a pronoter

active in plants. 2. A nucleic acid no &cul e according to claim1l1, wherein
t he nucl eoti de sequence encodes a netalloprotease or a precursor t her eof .

3. A nucleic acid nol gette aL,L,Uluulg to-—ctarmor—2—wherermth
nucl eoti de sequence encodes pr ecur sor
thereof. 4. A nucleicjacid 2 or
3, wherein the nuclei¢ acid
nmet al | opr ot ease (MWP-1), or cul e
according to any one of the
sequence encodes a mafure pol ypeptide havin . 6. .
nucl ei ¢ acid nol ecul ejaccordi viBer ei n
the nucleic acid sequégnce en e.
7. A nucleic acid nolgcule a
wherein the nucleic agid seq
sequence frq&{the pat atin
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nol ecul e according to any one of the precedi ng clainms, conpri
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(72) Inventors; and

(75) Inventors/Applicants (for US only): STRATFORD, Rebecca Y
[GB/GB]; 23 Albert Street, Cambridge CB4 3BE (GB). g 3
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COLLAGENASE CONSTRUCTS
y SIG| PRO |FVLP... MATURE
— -

(54) Title;_/ IMPROVEMENTS IN OR RELATING TO DISEASE-RESISTANCE OF PLANTS

MEI COL M{ FVLP.....

Dral SnaBl
Y

AM  TACQTA.
PAT “Tevir.

PATCOL | PAT|FVLP.....

(57) Abstract

-Disclosed is a nucleic acid molecule capable of i mcmsmg the resistance to nematode infection of a plant, compnsmg a nucleotide
sequence encoding a polypeptide with collagenase activity or a precursor thereof, said nucleotide sequence being in operable linkage to a
promoter active in plants.




| and, conprising planting the are with nenmatode-resistant plants conpri-sing
a nucleic acid nolecule in accordance with any one of clains 1 to 13. 17. A
nmet hod according to claim 16, further conprising the reduction or .

eradi cati on of nenatode-susceptible plants, if any, in the area of [|and.
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