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| NSECT CONTROL- WTH A HYPERSENSITIVE RESP

Thi s. .appl WRP¥H5E| ai ns. t he benefi t of U.S. - Provi si onal ggfl@n‘%’%&ﬁ
~Application Serial No. 60/039, 226, filed February 28, 1997. :
"FIELD OF THE | NVENTION - INSECT CONTROLrWITHt Ai nvention relates to the
control of ~.insects. HYPBRSENSITIVE RESPONSEAGKEFEIT@R OF THE | NVENTI ON
The i ntroduction of synthetic organic pesticides follow ng -Wrld War |
brought i nestinable benefi:ts tq hunanlty and agricultural economc 15

profitability. The waé§céP@ld€ﬁFd§Wem:%ﬁmqlﬂhﬁekﬁﬁ%éﬁt of PrSthe
conpl ete ripgapesiohhMpatiente applilaitdsn Herial 306 | 05is/pub| pgepests such-

-as malaria . Th of DDT, other organochl orines,. and,
| ater, gpggao%ﬁg§ﬁﬁ53U§8 ggggrbanate materials was 200 =

enthusiastlcally adopted into control -progranms despite occasi onal
'marningg about the hazard of B hhﬁt es to pest contro
The devél oprment of new pestic : si ng amounts of

" pesticides used for pest:control 25 .are closely correlated with the

devel oprent of pest  Thel greseaics n?lsmce fyged "o nibCrofE -pesio de

resistant species has greatly increase tron o

1948. As atnsedfe: by the 1980s, the nunber of reports of pesticide
resi stance for arthropod 30 ‘pests was |listed as 281, for plant pathogens
67, and for - weeds 17. These nunbers have steadll i ncreased to the
presenfOday. Thus, the neBRGKGROUND OF JTHE I ION  agents, especially
those with broadbase act|V|ty is -espeC|aIIy |nportant WO
98/37752 The introduction of synth(EQéﬁg¥gé§?Q4

pest1c1des following World War II Dbrought lnestlmable
_ beneflts to humanlty and agrlcultural economic
15 profltablllty._ The widescale deployment of DDT resulted
| in'the'complete rlddance, from entire countries, of
serious public pests such as malaria mosquitoes.. The use
'of'DDT other organOchlorines,'and later, |
organophosphorus and carbamate materials was =
20 enthusiastically adopted into control programs desplte,
occasional warnings about the hazard of unllateral
approaches to pest control. | | o
(& The development of new pest1c1des and the
increasing amounts of pesticides used for pest control
.25 are closely correlated with the development of pest
resistance to chemicals. The number of pest1c1de'
. resistant species has greatly 1ncreased gince the
~adoption of DDT in 1948. As a result, by the 1980s, the
- number of reports of pesticidefresistance_for arthropod
30 pests was_listed'as 281, for plant pathogens 67, and for
~ weeds 17. These numbers have steadily increased to the
present day.- Thus, the need for biological control
-agents, especially those w1th broadbase act1v1ty 1s
~especially important. I ' o -



2o The pr.esent i nvention: |s d|rected to overcon1ng s

t hese problems in the art. K © SUMVARY OF -THE | NVENTI ON
The  pr eserwoioRBeEsLi on rel ates to a met hod of - insect conPCEIUSPYP360H ant s.
Thi s met hod i nvol.ves appl yi ng " a hypersensitive response elicitor

pol ypepti de or protein in a non-infgctious formto plants or plant
seeds under -10 conditions effectlve to control insects on the plants or

pl ant's grown from the plant seeds. ' ~ As an alternative to

anIylng a hypersenS|tTﬁFBpreséfFF&ﬁméneibﬁllﬁrdmﬁéyﬁéattdFoQEﬁ@dﬂﬁﬁ

pl ants or S in er_to control insects on plants or 1

- plants growthre?s(empmo}%ger%sd ?rrl'é%s%”etmc plants or plant = seeds can be
cutilized.  Wen utilizing transgenlc plants, . this involves providing a
transgeni c plant transf-orned gy 'f*bﬁiiﬂ&ﬁj&g@g&gﬁiﬁenCOdlng a :
hypersensi tive. response rotein and growing the ..
pl ant 20® under conditions effective to permit that DNA nmolecule to :

control insects. Altera igieldent? AdvIsOEh Crol 2PbsSE60a met hbANgleor med
with a DNA nol ecul e encodlqgge hypersensitive response elicitor

pol ypept i de 2B ESotRGTHTn RiRARtRd Thl%ﬂae%heﬁteave?qveeu RPPLXigIGnt i s
t hen propagat efderardic idke =Ptk SEElc e p6DRgebt 088 8L pebitdd O

cont.r ol ' |nsects sent I nvenption is dlre%Fed to

effecting. 5hfqgnﬁﬁ§ﬁcq%ﬂﬁﬁanHﬁéh?ﬂp JLy FhiRlanh sekdfprede _
‘i nsect Xnt cohdad:ammch regf e ttibvee pmesmﬁtrasWe:ttﬁs@@tQOonemenpmaﬁes or -

preventlng ealy t t t whi ch t he. hypersen5|t|ve
response eI l%g&@ %%Hengl sgperee(é/)sentl ng direct insect damage to
pl ants by feed| ng Ashjém Flmfiﬂgfe rmoamvlwlm@parhypenﬂesachlve :

‘plants, kil &eeg;dne%eeﬁdart% 'EHl%zﬁéth;L&‘é‘ &x}%‘f&%ﬁ??%g%féﬁey 8g wth-

i hsect Iarval eedi-ng, on suchplants, -
PCT/ US98/ 03538Aant seeds in order to control insects on p%ﬁ@@@nprng i nsect s

frlom camni Eua@tfgogtrdwrarﬂz@m the we@@t li&ﬁé&é&ﬁé'ﬁ!&ﬂtﬁe&rspi&ﬁ@
r el easi ng p

_ tOXIns t,.c resent. jnvention al so ents - -
subsequent &l§@555*ﬁéﬁﬁ§é%ﬁ§ %Pr%ﬁ&ﬁ%?*ﬁ?f?%ﬁﬁ?gﬁﬁk PxFEEFvon;
this involves prov1d1ng a transgenic plant transformed
with a DNA molecule encoding a'hypersensitive.respoﬁse
elicitor polypeptide or proteln and growing the plant

20 under condltlons effectlve to permit that DNA molecule to
control insects. Alternatlvely, a transgenic plant seed .
transformed with a DNA molecule encodlng a hypersen51t1ve

~ response elicitor polypeptide or protein" can be provided
- ‘and pianted in soil. A plant is then propagated from the
25 planted seed under condltlons effectlve to. control
1nsects _ _ ) _ o
.. The present invention is directed to. effecting
any form -of 'insect control for plants. For example,
R insect control according to the present 1nvent10n .

30 ° encompasses preventlng 1nsects from contactlng plants to
which the hypersensitive response ellc1tor has been
applied, preventing direct insect damage to plants by
feeding injury, causing: 1nsects to depart from such .

_ ' pplants,_kllllng insects prox1mate to such plants,

35__interfering with_insect larval_feeding on'sucﬁ plants,



5 -~ As a result, the present |nvent|on prOV|des -~ significant
economni c beneflt to growers: o BRI EF DESCRI HE
'DRAW NGS ‘We@F837752 .~ . Figure 1is a plot for the field Stﬂ;}&}gﬁ«s&
Example 4. - _ Figure 2 shows the mean nunber of pepper fruit

| ost to bacterial soft rot for control, 3Koci de, Koci de + Maneb, and
hypersensi tive response elicitor ("harpln") 15 treatnents predisposed'by

Eur opean Corn Borer, gure 3 shows the_nean nunber of pepper_'~

fruit (QﬂeYﬁgﬁﬁﬂgd%%%@%ﬁsb§rﬁﬂrﬁﬁeaﬁléépﬁ BoE&r PRGRtEont r ol |

Koci de, Koc rpieveﬂv&m@,c@I@nhxpﬁgsmse&tgef&eﬁxp%&easmg«eIprg»ttdﬁohﬂns,r pi n")
treatnents an n nber Ia e pepper

fruit darrag&f’cofy é{}?%&ﬁ?\s%\gnl%%?@:l?’araiﬁﬂt PEEVERSE; &élbse i.de. + |
Maneb, - and lMiperasenddnage riespobaet el rebtidting foharipiseck UWfEddEimﬁ 25 .
DETAI LEQR DESCRI PTI ON TH r ese |nvention_
reIatesE$o a net hod OSE ?%%%g?ncgﬁ%rBFeFSPthEHFQtIO?hFP I nvol ves
appl yi ng s igrhiyfierayen st ¢onemieshensfitl Loi guwowpwsypeptide or protein 30
in anon-infectious formto all or part of a plant or a plant seed -
under conditions to control insects on plants . or pl ants growmn fromthe
plant seed. AlternativeBRIEFhBESCRIRIION |RHE; DRA] Be elicitor

protein or pol ypeptide can. be applled to plants such that seeds
recovered from 35 such plants are thensel ves: effective to control insectsh
WO 98/ 3H¥52 Figure 1 is a plot for the pgeldsssneye®f

-4- Example s an alternatlve to applylng a hypersen5|t|ve.

response elicitor polypepti de or rot n to ant eeds

order to control & op tnfug! €he heah' AR of peBpdl ARHE 0
order to control ;sz;@maz Efi ook Blhed” orognBePin i e,
transgenic mamtbs ahnd %‘fé%ut}’ e%&%#ghgg %1&5@9899'1'"%a91p9.91t"

t ransf or ned € enco ypersensitive response '

“elicitoks po|tyr@a5tma;et%rp1rﬁ®x%wsedadbxgraumgeane%ransorer

Figure 3 shows the mean number of pepper fruit -
(all sizes) damaged by European Corn Borer for control,
Koc1de, Kocide + Maneb, and hypersens1t1ve response
elicitor ("harpin") treatments

20 . _ Figure 4 shows the mean'number of large pepper
fruit damaged by European Cern Berer for control Kocide,
Kocide + Maneb, and hypersens1t1ve response elicitor
~ {"harpin") treatments

A : | _

25 ' DETAILED DESCRIPTION OF THE INVENTIOﬂ
. The present invention relates to a method of _
insect control for plants "~ This method 1nvolveshapply1ng
a hypersens1t1ve response elicitor polypeptlde or proteln

30 in a non-infectious form to all or part of a_plant or a’

' plant seed under eonditions_to control insects on plants
or plants grown from the plant seed. Alternatively, the
“hypersensitive response e11c1tor proteln or polypeptlde
can be applied to plants such that seeds recovered from

35 such plants are themselves effective to control 1nsectst



under condltlons effective to pern1t that DNA nmol ecul e to 10 ~control-

i nsects. -Alternatively, a transgenic plant seed. - transformed with a DNA
mol ecul e -8pE9gkEx a hypersensitive ~ response elicitor pObawREmwdﬁmor
protein can be prOV|ded and planted in soil. A'plant is then- -
propagated from the pl anted seed ungler condltlons effective to permt-
that 15 DNA nolecule to control insects. ' The hypersensitive
response elicitor - pol ypeptide or proteln utilized in the present

i nvention can COVU§§QQEQaI£E$H$€i§§”§btéﬁﬁl&@ﬁ?oasﬁy?ék%bh%&tlve
pol ypepti des or protelns derived froma_w de varie f ungal and

‘bacterial pHIFRFARS el rHE 0| Bk eRiesde  OF PrﬁFSEElﬁ? RABES %0 elicit
I ocal necrogjlsanm s in oﬁdéﬁt@o@cﬁhﬁaﬁwdlﬂgebhe ehi eheogalan@ga\raﬂ es of

sui tabl e eri al "sour ces .of eptide or prot |n elicit

Chel ade. Er Bl e it SeedRerbragssratiopTages ot plan

fol | owi ng ba@reﬂs asan Hveni wit £l e 0V oflaen utlﬂmngatrlanygenubepl,arﬁsm ni a
stewartii I I s Pse

SoF ancen umEBi ol v 8 LAY Rt "2 SLENIBRRRL 8V DA o ERSHARNRIPS

An exanpl e mfltzh fau TR mlﬁr@el@fe@podln@y@eh:zpﬁssensetwepvns@oelaec| tor
protein or MG %J.ey%?%/él&)%y L5 @éﬁnuaﬁﬂ' ﬁé@iﬁ PeEkes18he

Phytophthora I ncl’u ora hora rypt ogea,-

Phyt opht hor@rxﬂ%aﬁﬂﬁltwm %t?vave |P,¢rm35 bﬁ t BFAt Metgcrdgadiser na,

and Pth@thQQ&&d&tiﬂﬁgﬁﬁﬁ”fiAlternatlyxl§8/§7Z§gnsgen1c plant seed
PCT/ US98/ 03604

embodi ment %%mlq%\,@r}w%ﬁﬂm?gle en?ﬂ@lﬂgp@rl%@?ir???élrtéé’ﬁonse
eli cibt or. polmnds& e:nrlcltoapr%weptslwpbreplrbazihecahibe pﬁroplliaaid_s_eed
can be . er, Q S I ng. - capplication
of an isol ata@di éﬁ odrl' Jﬁbli&)’e ti ﬁ %Jrg\ﬁ“y i% gﬁ%{ln?rg??%é??cﬁfgﬁh tg’fe '
bact eri a whipdfandechaeshuseler coniditabenanef feetivantboperuiti thagenes
encodi ngg a DNA.Q%E@J nsidd ébﬂ€€§gngﬁ%é%¢§|tor pol ypepti de or pratein;

and 3) appllcatlon acteria cause disease in 10 .sone plant
speci es (but not in tﬁ&ﬁahYP%%ﬁQﬁﬁ%?&MeaF%SPOHSQpﬁliﬁayoﬁnd natural |y

~contain ag ﬁlfiﬂﬁd& dﬂﬂq:rotefrynﬁf:sﬁwéalﬂﬁ tREPPPEBeti EhiBhtion
pol ypept i de " or prote| addition, seeds in_accor ancggmnth t he

present -  S3R REHE DR pF SAPSRGAI ChifiaG8  been 15
t.reat ed vmtIpaiypqpnrﬂaundr\prctﬂqmunsﬁezivedtﬁromratwlde varmetgob¢pept|de

i acoosdanget it S M ESENa] WAMAGns . such polypeblifdl BEOU TENt

of the prese lnven
_ proteins are able to e11c1t local necrosis in plant

tissue contacted by the elicitor. Examples of suitable
bacterial sources of polypeptlde or proteln elicitors
1nc1uﬁe Erwznza, Pseudomonas, and: Xanthamonas spec1es
25 (e.g., the follow1ng bacterla Erw1n1a amylovora,
Erwinia chrysantheml, Erwinia stewartll, Erw:nla_
' carotovora, Pseudomonas syringae, Pseudomonas o
solancearum, Xanthomonas_Campestris,_and mixtures
- thereof). | o D
30 : ~ An example of a fungal source of a
- hypersens1t1ve response e11c1tor proteln or polypeptide
is Phytophthora. Suitable species of Phytophthora
c include Phytophthora pythium, Phytqphthora crxptogea,
Rhytqphthora c1nnamam1,_2hytqphthora cap51c1,
35 Rhytqphthora megasperma, and Phytqphtbora c1trophthora



t he hypersen5|t|ve response elicitor poiypeptides or - prbteins can be

I solated fromtheir correspondlng 20 ‘organisnms and applied —
plant. See®4098/3578% i sol ati on procedures are wel |l known, Pé@"ﬁ%@@%ﬁ%ed in

Arlat, M, F. Van Gjsegem J.. C Huet, J. C Penollet, - =~ and C A
Boucher, “PopAl, a Protein which [ nducés -a Hypersensitive-li ke Response
in Specific Petunia 25 GEnotypes,is'Secreted via the Hp Pathway of .
Pseudononas sol-anacearum " EMBO J. .13:543-553 (1994) He, S. Y., H

C. Huang, ‘and A Col | Fbe, embsdinentnaf $he mpasent mvel@f'ywngubere o

‘Harpin[err]eng gﬁéfgengﬁe&vbsx%%%ts%dewl%ﬂé@r 'ﬁcply% pt 126V\@ and Elicits

t he Hypersensiti Response in 30 l-ants 6 1993) and
Wi, Z.-M  Protgin is E&B}leé ta thgmprEntpoxyplipnferseed sanpe A

Col I mer, craﬁf‘ﬂe& outhBaelra, nuh%ﬁ'lhla;fEMa@ié ornﬁflﬁdm@wei)sensutsu ve
Response Pr odu t he Pl ant, Pat hogen .Er wi ni a ora, Science

257: 85- 88 (i@@gica PBh°§r@nhéﬁggﬁt§%ﬁq¥ﬁﬁﬁﬁﬁﬁEHQ%YQéB' rBhce.  See al so
pendlng LJE@rEBéEnL 2) appllcaﬂﬁb&8k37takter1a which do not cause
PCT/U898/03g | L cation Seri al

. 6-
Nos. 08/ 200; biﬁaﬁﬁdaBQ/Bﬁﬁ BfEnSf gd Wlth Qﬁ%ﬁﬁpcrgéﬁgoéated by
ref erence. hfpefeeabhy;ve reﬁ@m@ﬁerehﬂﬂ;hQﬂﬂQﬂkﬁP&g@%ﬁ%eﬁslPrvbeuasponse

elicitor - ogypgﬁ,ﬂ bnPH rg%ﬁé{}sér&féééga ghe S

pr oduced r eCombi han puri escr| n
ot her éﬁbod$ﬂ%ﬁt§1@ﬂttﬁ§e§#§§edpu¢nﬂaﬁn¥ﬂ1t ose (i Viykieh SERRYtR¥® response

elicitor poéﬁﬁfﬂé&feaﬁﬁ natuRaQl§ @oftaike PIrRSRNlendd@td oheéan be applied
to plants ant ,seeds by appl bacter,j a conaglnlngpgenes 10
encodi ng t hBYRGHE §§ﬁ§???v€eF€§B§ﬁséi%éiEQﬁnpﬂiﬁgﬁRﬁﬁ /LT PIQFeHPot ei n.
Such bacteria aaaitbencaaebas dh secoridange w1uhlﬁhgxpfes@nthe pogypepf:de
proteln so that the r cont act a s cells.
I n "t hes&™ ‘éﬁﬁgaf’ﬁeﬁ%‘ the %ﬁ%’%&‘?@ﬁ% t?“v alraen'Spsonselée}Fl m? b%%ﬁ :
' polypepB|Qetneapedtwmnh|a bypeorsedishy iviee despicarsen eédicitoplpnotedn on
seeds or just B&i%ebelaatrgda@cb%ﬁg o Bicn AR ddpenpionts of

pl ant seeds. nment o actertal "application -
mode of - the - present | AReRBRoRMOCREMSRE: @F a tde myeashisLINENEHeNdi sease

and have be@Heth?ﬂé&@éﬁ%@tﬁ%egrespons@ﬁ%Q@@ﬂﬁﬁﬂ|§61 hdpht £&@@SO§HCOd|n9 a
hypersensitive - ‘respopse eI|C|t ol t,i de or rote For exanpl e,
E coli, wPEREEIBE A g dsplat 5&?@%&%{%% cr%?i%ﬁ%%“ ingiph plants, can
be tram)f or segani bsgeands app(lciéldngoapZ&ndsypm yhrmitt i seedaspodsehel i citor
p0|ypept|del&&lQEQEglprocedures are well known, as described in
Arlat, M., F. Van Gljsegem, J. C. Huet, J. C. Pemollet,
and C. A. Boucher, "PopAl, a Perein-Which'Induces a
, Hypérsbnsitive-like Response in Specific Petunia
25 Genotypes is Secreted via the Hrp'Pathway of Pseudomonas
solanacearum," EMBO J. 13:543-553 (1994); He, S. Y., H.
c. Huang, and A. Collmer, "PSeudomonas'syringaé'pV
syringae Harpingg,: & 'Protein that is Secreted via the Hrp
Péthway and Elicits the Hypersensltlve ‘Response - 1n'  |
' 30 Plants," Cell 73:1255-1266 (1993); and Wei, 2Z.-M., R. J.
“ Laby, C. H. Zumoff, D. W. Bauer, S.-Y. He, A. Collmer,
and S. V. Beer, "Harpin E11c1tor of the Hypersens1t1ve
Response Produced by the Plant Pathogen Erw1n1a
. -amylovora, Science 257:85-88. (1992), which are hereby
'35 incorporatéd by reference. -See also pending U.S. Patent



~and then applied to plants. Bacterial species other than E. coli can
- also be used in this enbodi nent of the present invention. .
-I'n anot hegycrgspasiment of the bacteri al 30 application nod&’ctlf/Usﬂw3{m4esent
i nvention, the bacteria do cause di sease and naturally contain a gene
encoding a : ~ hypersensitive responseseI|C|tor pol ypepti de or protein.
. Exampl es of such bacteria are noted above. -However, in ‘this

enbodi ment, these bacteria are applied to plants or 35 their seeds mhlch
o are not sug tl'ctéltﬂérp sdeish seé8¢€ 08/200, 024%88637'353 024, which
PCT/ US98/ 03 carried by the’
bacteri a. qmﬂ'h%&ﬁﬁﬁe%n$9¥P?E%F%@m@%vﬁ?%@rencecau?€§f8F§§&¥é in apple or.

Eear ‘but n?ioWé‘lréz.O”&Ile 1solat‘@&\ﬁflﬁﬁer§élﬁilbﬁﬁﬁereépmlsle ehueugoa: .
yper senS| | sjponse | I onat ccordin I N QCCOor dance Wt
e o RIS mrRidas oh Sreletis hocrhe oRrceent Lavensigtorte *° "tan be
appl|edStop@aﬂﬁdedﬂﬁﬁ&dmhinamfl& amdephnﬁﬁﬁed as gesmrhbedtbe&bwcau5|ng

di sease in that SpeCI ersenS| gl ve re ponse

ol iciror o pet RERST FIRLTRES) OF uF HE QP ERPobEnt AERRT ftan 10
am no aci dtémqummmssspwohrefgocmssm1d:n:oNopolypspt1de bol | ows:

Met Gn il | | |
: t Gn SrH¥eild %oéyaué*'ﬁréiléné ﬁl\%%t%% &SR bsu g;xlga té glﬁp _ G y
Leu Lys G pu @lanh seeds by mpphsingdpacteria contalnlng gengg

25 10 encoding e hypersenéi%h§EYré§§o§Eé eﬁhcf§8rL él&ﬁép@@@eser Thr
Ile Asp Lys Leu Thr, 20

45 or HHOLRIL { o SUFh RRFLeEiA I\PB‘ES"Ph’%eCf?P@}eAPQ EeGratitg n q y
Leu or expdrting the polypep®bde or protein so. 6Hat25he Gly Ala
$8r Ser. ellc%.tl‘oeruﬁqr}/ contasc?t o) a.ntGI %Lgfar%yseegﬁhgea.§ As%nGI y AI adn.
Ay Aa SemhkaeIgmqunmen#sAkﬁhé%hypggsens1tlve response elicito85. :
90 r Pehbaple S th "Phe’
Asp Lys AI§°%¥F%£§£§L:¥&.PrOte1n é%fpé%dnééa ﬁ% e AL aphEHe PEL EM

110 planta or on seeds or just prlor to introduction of the_

bacterla to the plants or plant seeds. _
' In one embodiment of the bacterlal appllcatlon
mode of the. present invention, the bacteria do not cause
20 the disease and have been transformed (e.g.,
:recomblnantly) w1th genes.encodlng a hypersensitive-
response elicitor polypeptide or pretein'_ For'example,
| E. coli, which does not elicit a hypersen51t1ve response_
in plants, can be- transformed w1th genes encodlng a |
25 hypersen51t1ve response e11c1tor polypeptlde or protelnfl
and then applied to plants. Bacterial'species other then
E. coli can also be used in thlS embodlment of the" '
: present invention. '
.In another embodlment of the bacterlal
30 appllcatlon mode of the. present 1nventlon, the bacterla -
'~ do cause disease and naturally conte;n a gene encoding a.
hypersensitive response elicitor polyPeptide or protein.
Examples of such_baeterie'are noted above. However, in
this embodiment, these bacteria are applied Ee_plants'or_
35 their seeds which are not susceptible to the disease



210

Thr

215

Leu Leu Q. HIS Asp Thr Val Lys Leu Thr Asn G n Ser Asn @n 35
115 120 125 : Leu Al a. Leu
Asn Al 4 SOt Thr G n Qy Asn Met 130 %I}"’%%’“%s 135
- 140 . 40 .~ Asn Ala Phe Gy Ser Ay Val Asn Asn Al a Leu Ser____Ser_ Ile Leu
dy ' - 145 150 - 7 - - 155 S 160
Asn Ay LeuGIyGInSer Met Ser @y Phe Ser @dn Pro.Ser Leu Ay '
165 - . 175 45. ' AIaGyGy Lean
Ay Leu Ser cafylﬁﬁab@ Fhe baprerisn gFpyexample, Erwinia amylovpgm
185 causes di8@ase in appld )beSLféﬂ' ab'LH: Eh&h%toﬁaiovaﬂ Ay dn
AsnAIaAIaLeuSer. %11
205 °WE¥8rSeF“E§h%9£te§é‘1a Pt Js}'é’rtA%ph@?r%SﬂsﬂEﬁvﬁrg His Phe
Val respon%iaO:Ln tomato. Aco?:’hfilngly, in accord@fice with thid0
98/ 3775 b £t o B PCT/ US98/ 03604
8 embadiment gty E?pPEreée@Rr ety FEH PR e ¥R %rhe Met
Asp can2Bé applied to tomathQ:lants or seeds t@3é&nhance-
240 growgunwz)ﬁm 0 Guk il dorgeea%é' :m’stlﬂ@ dofyg AN Lys Asp dy
Trp 5 2. - 255
Ser Ser Pro Lys Thr AﬁﬁneAW@@rlm Aesponsé\ elieitSer Lys @ '
260 g5 Pindd Bhan#SRaBSAr/SP Y
ti or roteln from in chrysan m a
Vet Thr a ypf\}gpgg AsB Cys Phe A'g 0 Y
280 . ~amino a<=1218§equence Corr,ﬁsc?%c}lrts VEMSEQ | eIIEysNgerlAﬁa Val ‘Al a
Ay Asp Thl’f@[!o&gn Thr - 290 295
300 15 ~ Asn Leu Asn LeuArgGyAIaGyGyAIaSer LeuGy-IIe
Asp Al a. - 305 310 315
320 maa Azal 1)\alThE eASps als Hie IAlj:aGJAzsm}NBstsp%u Isen ‘Gly skys Leu
Al-a 20 Z : 325 10 330 - _ 335
Asn A éL 'Gly Leu Gly Ala Gln Gly Leu Lys Giy Leu_Asn Ser Ala Ala Ser Ser
: : 20 25 _ 30
Leu Gly Ser Sei_‘ val Asp Lys”Leu Ser Ser Thr Ile Asp i.ys Leu Thr
20 - '35 . . 40 45
Sér .Ala. Leu Thr Ser Met Met Phe Gly Gly Ala Leu Ala Gln Gly Leu
o 50 . 55 . 60
25 Gly Ala Ser Ser Lys Gly Leu Gly Met Ser Asn Gln Leu Gly Gln Ser
65 70 L 75. : 80 -
.Phe Gly Asn Gly Ala Gln Gly Ala’ Ser Asn Leu Leu Ser Val Pro Lys
30 _ o 85 o : 90 95
Ser Gly Gly Asp Ala Leu Sexr Lys Met Phe Asp’ Lyé Ala Leu A_sp Asp
- 100 _ 105 - . 120 :
Leu Leu Gly His Asp Thr Vﬁi Thr Lys. Leu Thr Asn Gln Ser Asn Gln
35 115 . 120 125 o
Leu Ala Asn Ser Met Leu Asn Ala Ser Gln Met Thr Gln Gly Asn Met
_ 130 : 135 . 140 . :
40 Asn Ala Phe Gly Ser Gly Val Asn Asn Ala Leu Ser Ser Ile Leu Gly-
145 150 - 155 - 160
Asn Gly Leu Gly Gln Ser Met._Ser Gly Phe Ser Gln Pro Ser Leu Gly
45 ' - 165 170 . B 175 :
Ala Gly Gly Leu Gln Gly Leu Ser Gly Ala Gly Ala Phe Asn Gln Leu
_ . 180 N 185 190 .
' 'Gly Asn Ala Ile Gly Met Gly Val Gly Gln Asn Ala Ala Leu Ser Ala
50 : 195 : - 200 : _ 205 :
Leu Ser Asn Val Ser Thr His Val Asp Gly Asn Asn A:Eg His Phe val
' : 220 _



This hypersensitive response elicitor pol ypept i ‘de or- prot ein has
a nol ecul ar ‘wei ght of 34 kDa, is heat stable, has a gl yci ne content

- of great ewobssr785% and contains ~  substantiall y no cyBEEURSA3604The
Erwi ni a chrysanthenmi - hyper sensi tive response elicitor polypeptide or

~ protein 30 i s encoded by ‘a DNA nol ecid-e. having a nucl eoti de- sequence
corresponding to SEQ ID. No. 2 as follows: : CGATTTTACC CGGEGTGAACG
TGCTATGACC GACAGCATCA CGGTATTCGA CACCGITACG -~ 60 35 ° GCGITTATGG '
CCGCGATGAA CCCGEAFQAG GLEASEOGST cBEMEECEECAYATOUCELSKTy Gln PRO Met Asp
GATCTGGTAT TTCAGFITGG GGACACCGGG2EGTGAACTCA TGATGEMGAT TCAGCCGGGG 240180

25

TOORATOGTT GooTEI s AR R AT G T GRCARE %500 *°
. CCGTCGGATC CCGGCAGITA TCCGCAGGTG ATCGAACGIT TGITTGAACT GCCGGGAATG - 360

ACGT TGCCGT SEESEAT EEA LYACERCASRGSPCECDSTORIR AL\ GASEIRA LenFeaGhyEC
420 CGATCATTAA GATAAZGRCG GCTTTTTTTA TPPECAAAACG GTAACGETEA GGAACCGTTT

328 50 10 CACCGTOE6GI<3T RAC A AMSAAGEATS, GAT GAEGATG 2aGT A@&SQ@Q&AE@GGOGT G

540 | GGCATCCGTTZVI&ZAGATACTT TTGOGSICAC CTGACATGAA FEBAGGAAACG
AAATTATGCA 600 AATTA G DM GA TTTGGGCGTC
TCCGGTCTGG GGCT Gly M6 % %%%&i% T EERASECThE
TTCATCGETG GGTTCCA TGGATAAACT GAGCA ATCGATAAGT
TGACCTCOGC GCTGASH HEE ASCAEGTAECCROABERIGCELy AlA86er Leu @GOELAGEEGALa
CTGGGOGCCA GCTCBARGGG GCTGGGGATGIAECAATCAAC TGGGCRRGTC - -840 320

45

)

) _98{ 3775220 TTT%&a Val_I_Val Gl% Asg L,ys Ile Ala Asn Cﬁ'ﬁ GCﬁr Leu %PP % %84\9&3604
" CCGGECGECEA 900 - TGCGTTGT CA AAAATGT TTG ATAAAGCGCT GGACGATCT G

- CTGGGTCATG ACAC@GT@Q@ - 960 5  CAAGCTGACT AACCAGAGCA ACCAACTGGC
TAATTCAATG CTGAACGCCA GCCAGATGAC - 1020 'CCAGGGTAAT ATGAATGCGT

CoCoACRSon TN e PeEReT LA PEFEREAL AP M (O

GCAGGGCCTG Wsﬁeﬁmmmmmmcemmm 1200 |
has a glyc:.ne content of greater than 16%, and contains
substantially no cyste::.ne - The Erw1n1a chrysanthem:r.

hypersensitive response el:.c:.tor polypeptide or prote:Ln

30 is encoded by a DNA molecuie hav1ng a nucleotlde sequence
L correspondlng to SEQ ID. No 2 as follows
CGATTTTACC CGGGTGAACG TGCTATGAcc'GAcAG¢ATCA CGGTATTCGA GACCGTTACE - 60
35 GCGTTTATGG CCGCGATGAR CCGGCATCAG GCGGCGCGCT GGTCGCCGCA ATCCGGCGTC 120
GATCTGGTAT TTCAGTTTGG GGACACCGGG CGTGAACTCA TGATGCAGAT TCAGCCGGGG | 180
o CAGCAATATC CCGGCATGTT‘GCGCACGCTG crcécfccrc GTTATCAGCA GGCGGCAGAG = 240
40 'TGCGATGGCT GCCATCTGTG CCTGAACGGC AGCGATGTAT TGATCCTCTG'GTGGcceeTG 300
CCGTCGGATC CCGGCAGTTA TCCGCAGGTG ATCGAACGTT TGTTTGAACT GGCGGGAATGl_ éso
45 . ACGTTGCCGT CGCTATCCAT AGCACCGACG GéGCGTC¢GC;AGACAGGGAA CGGACGCGCC - 420
CGATCATTAA ‘GATAAAGGCG GCTTTTTTTA TTGCARAACG GTAACGGTGA GGAACCGTTT = 480
_ CACCGTCGGC GTCACTCAGI AACAAGTATC CATCATGATG'CCTACATCGG'GATCGGCGTG 540
>0  GGCATCCGTT GCAGATACTT TTGCGAACAC CTGACATGAA TGAGGAAACG AAATTATGCA 600
ARTTACGATC AAAGCGCACA TCGGCGETGA TTTGGGCGTC TCCGGTCTGG GGCTGGETEC | 660
55 TcAGGGACTG'AAAGGACTGA Amrccsccéc'wwéAwescrc GGTTCCAGCG TGGA&AAACT _720
GAGCAGCACE ATCGATAAGT TGAdcic¢Gc GerGAcrrcs ATGATGTTTG GCGGCGCGCT  ' 780
GCTCGAAGGG TGEGCCAGTC 840

GGCGCAGGEE

CTGGGCGCCA

GCTGGGGATG AGCAATCAAC



GGGGCA,GAAT GCTGCGCTGA GTGCGTTGAG TAACGTCAGC ACCCACGTAG ACGGI'AACAA 11260
15, CCGCCACTTT GTAGATAAAG AAGATCGCGG CATGGCGAAA GAGAT G(%%%% :
1320 - ©  -WPOABTIRTCCG GAAATATTCG GTAAACCGGA -ATACCAGAAA GAT

GTTC_GCCGAA 1380  GACGGACGAC AAATCCTGGG CTAAAGCGCT GAGTAAACCG - _
GATGATGACG GTATGACCGG 1440 20  -CBOEAGCATG GACAAATTCC GTCAGGCGAT -
GGGTATGATC AAAAGCCCGG TGGCGEGTGA 1500 TACCGGCAAT ACCAACCTGA
ACCTGCGTGG CGOGGGOGGT GCATCGCTGG GTATCGATGC 1560 25  GCCIGICGIC
GGCGATAAAA ‘FAWGA%G"G‘F‘E%E‘?(%%‘F RERACTEISCEITRRPPEIRAYA CoCeRgRp 900 -
ATCTGTGCTG G663 AAA W@%@WA@'&E@@ETTC 960 1680

TTATTATGOG GTTTAIGOGG TTACGTGGAG CGGTTAATCA TCGTCATCG‘/; 1740
30 c%ﬁ*TTW&fWTWCﬂ CAf&’r“rCCTc
1800 e - SCRTGEA CATATAGRGAA 1080

SrTTCaTee oot ARG G oo,

GTAATGCGGT EW@W’I‘T@&Q@@TTGGGT AATLT@ACTACKTGETEITCATAD

AAAGCTGTCT |
ST B IO AT o o AT oo TS

GTTCGTGNIC ATESFRITIFCETASFEPEEBRERTCCEICGAITSGERRR GAGATCAECC AGTTTATGER  1930|] 45 |

-The. hyper sensidrn¥érs SSRONSR: ithfddcbéa ATaccacKIAl dHIEHETCERL cRfcdRb@iei N 188f | ved
from Erwinia anyl ovora has an ani no aci d sequence correspondi ng to

SEQ I, NGACRRCRS ARATCCIG qTaRpSoccT GAGTARACCS GATGRRACESTMBE Rsn FAPC Ser
Ay Leu Uy cotdrncters diunaidaice @ToAddeaATSEEETATGATC AARAGCECGG TGGCGGGTGA 1500

10 | TQ%Q‘GG%AJ égA%%‘GA ACCTGCGT&J gGCgGXCGgTy @%@Gcﬁ:g Gﬁ'yccﬁ‘?& AsS QS%y Leu

Leu Ay Thr
30 25  GeCTRSrCTAl GEUGATANAR TAGEGRAGKTy GPGHGTEISH MGQTQQGGA @CGjCCEWAGI yle&d dy

Asn Aff_%TGTGC’liG GCCTé%AAA GCGH CGA GA&Q GGGGAAGCCT GTCTCTTTTC 45.6 8(6 0
An Asn Asp Va a dy--Leu Leu Thr Gy Met Met
© 50. 30 TTATTATGCG GHRFATGCEG TTACCTGGAC CGGTTAKR§A TCGTCATCGA TCTGGTACAA 1740
ACGCACATTT TCCCGTTCAT TCGCGTCGTT ACGCGCCACA ATCGCGATGE CATCTTCCTC 1800
. GTCGCTCAGA TTGCGCGGCT GATGGGGAAC GCCGGGTGGA ATATAGAGAA ACTCGCCGGC 1860
35  CAGATGGAGA CACGTCTGCG ATAAATCTGT GCCGTAACGT GTTTCTATCC GCCCCTTTAG 1920
CAGATAGATT GCGGTTTCGT AATCAACATG GTAATGCGGT TCCGCCTGTG CGCCGGCCGE 1980

GATCACCACA ATATTCATAG AAAGCTGTCT TGCACCTACC GTATCG'CGGG AGATACCGAC 2040

40 :

- ARRATAGGGC AGTTTTTGCG TGGTATCCGT GGEGTGTTCC GGCCTGACAA TCTTGAGTTG 2100
GTTCGTCATC ATCTTTCTCC ATCTGGGCGA CCTGATCGET T T o ‘2141

45 -

A The hypersens1t1ve response e11c1tor
polypeptide or protein derived from Erwinia amylovora has
an amino ac1d sequence correspondlng to SEQ. ID. No._3 as

_follows- : o
50
Met Ser Leu Asn Thr Ser Gly Leu Gly Ala Ser Thr Met Gln Ile Sexr
1 _ 5 20 o .15
_ _ Ile Gly Gly Ala Gly Gly Asn Asn Gly Leu Leu Gly Thr Ser Arg Gln
55 _ .. 25 30 :
~ Asn Ala Gly Leu Gly Gly Asn Ser Ala Leu Gly Leu Gly Gly Gly Asn
. 35 _ . 40 45 '
60 ° Gln Asn Asp Thr Val Asn Gln Leu Ala Gly Leu Leu Thr Gly Met Met

50 55 60 - -



V\098/37752 - o o - B PCT/U898/03604

- 10 - Met Met Met S_e'r I\/bt I\/thIyGIyGIyGIy Leu Met Ay Gy
Ay Leu wo9sasz 65 70 -7 7ECTIUS98/03604
80. Gly Gly Ay Leu GIyAsn Ay Leu Gly Gy Ser Gy Qy Leu Ay
- Qdu 5 85 . 10 90 95
Ay Leu Ser Asn Ala Leu Asn Asp I\/bt Leu Gly Gly Ser Leu Asn Thr ' _
100 . 105 ' : 110 10 . Leu dy Ser Lys Gy':_
a .y_.Asn Asn Thr Ma_ttheSQ\‘lethér-ﬂHt D@éﬁ’lGS?rG]Br Gly Gly Leu Met Gly Gly KLYy Leu -
120 - 65 125 : 70 Leu Asp - @ n A% Leu Gly Ile Asn8°3er Thr
Ser A n Asn Asp Se
140 15 ¢ vy &y Gﬁﬁ’r“ﬁi’sﬁléﬁe%ﬁl" §@?’ S, kg © lé'é SLYBL
An dn ' 145 - - 150 © 155 '
160 , Etw I-Eeusq_xyéswé’tlam Sen JGHJM¢¢ @eWE‘Sl}GGhYS‘ar EE’H PPneTIG y Asp
Ay 2_0_ - 1651 o 170 ' ' 175
An Asgody Thrp Gl %1?-%18%95 @y &6 AQ'LYAS‘H th»mCi,& Eﬁp ﬁl}rasi Ber Pro
180 .81 5 Au G n Asn Al a
Tyr Lys Lys Ay Val Thr As? Ala Leu Ser Glg
200 Leu Agéo%ln Ala Leu Gly &gg Aot @fhﬁ\s%rcﬁnlfeﬁﬁl é%? B@Pnsi%u Leu
ay AsrisGy Ay Led 210 215
220 3 ) ThﬁS}ér@]}y Chih z@bysé} xrhAsserAhap Gey Eétr A& wﬂOeMeuAmnG;;n Ser
Ser Leu o 1145 225 230 235 160 °
(2.;12 35, CqY Lce;uyLysy feS I)f's Lgéj glu AN Métel%%eéef%& Prfh% c\,/ﬂL ﬁ%ps]y r 255
.Leu-GIy Asn Ala Val @y Thr Gly 1le Gly Met Lys Ala Ay IIe dn
260 - @ln Asp@Bly Thr Gln Gly Ser Sex7@ex &)y Gly Lys pal& E:gm %nG:Wsp Ile .
Gy Thr H's Arg H's Ser S&P°Thr Arg Ser Phd®s = 0275
280 " Gly 614%n asn Ala Ty ¥§L %nciys:aﬁ 'MuAﬁgpAflg fha sMEteﬂl a Lys
Gu _IIe Gly Gln Phe Metss

_ .Leu Met Gly Asn Gly Leu Ser_Gln Leu Leu Gly Asn Gly Gly Leu. Gly
i . 210 : 215, ’ 220 '
_ Gly Gly Gln Gly Gly Asn Ala Gly Thr Gly Leu Asp Gly Ser Ser Leu

225 . 230 - 235 240 -

' ' Gly Gly Lys Gly Leu Gln Asn Leu Sexr Gly Pro Val Asp ‘Tyr Gln ‘_Gin '
. 35 - - 245 _ o . _' o 250 o S - 255.-

Leu Gly Asn Ala Val Gly Thr Gly Ile Gly Met Lys Ala Gly Ile Gln
. 260 - 265 270 -

40 " Ala Leu Asn Asp Ile Gly Thr His Arg His Ser Ser Thr Arg Ser pPhe
(278 T 280 285

_ Val Asn Lys Gly Asp Arg Ala Met Ala Lys Glu Ile Gly Gln Phe Met
o 290 | o285 300 -
Asp Gln Tyr Pro Glu Val Phe Gly Lys Pro Gln Tyr Gln Lys Gly Pro -
305 . . o : 310 . - - . 315 ’ ' . - 320
Gly Gln Glu Val Lys Thr Asp Asp Lys Ser Trp Ala Lys Ala Leu Ser
50 - : _ 325 ' 330 335

Lys Pro Asp Asp Asp Gly Met_.'r'hr Pro Ala Ser Met Glu Gln Phe Asn
340 ".3ss - . 330

‘55 . : Lyé_ Ala Lys Gly Met Ile I.&s Arg Pro Met Ala Gly Asp Thr Gly Asn
o 355 - 360 o 365 ; _

@Gly Asn Leu Gln Ala Arg Gly Ala Gly Gly Ser Ser Leu Gly Ile Asp
. 370 _ .. 378 . - _ 380 :
60 . —_— _
: Ala Met Met Ala Gly Asp Ala Ile Asn Asn Met Ala Leu Gly Lys Leu
385 : 330 ' : 395 ' ' . 400

. :Gly' Ala Ala-
65 .



290 -
AQu

310 . -

Thr
330
Ser
350
Asn
Ay
370
Ay
390

55

Asn Le

val - Phe a Yy Lys.
“WO98/37752
Asp Asp Lys Ser-

Met. du dn Phe - _
‘Lys Ala Lys Ay Mt

295 -
Pro dn
315

Tyr

300 45 -

320

Gln Lys. Ay Pro .

Trp Ala Lys AIa L.'eu Ser 50
LysiPro Asp Asp Asp Gy Met Thr
345

335.
‘Asn

.340

| Asp' An "‘T'y.r .
dy Ef'ﬁ’“é?’ﬁ“%? Lys

This hypers8hsitive response eldfflitor polypeptide 8865

least 10
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- 11 -
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descri bed i

5

ThP§°F|?E)€r
‘s, o

&

ﬁﬁigﬁlteas

YN IS O 1, 0L gyOL g

RavE 5985

This hypertlhsitive respSh¥eL8ibfidor
- PCT/ U598/ 03604

polYREBtAfEe PTe RFOtRIS #@@m@n@q%ymyﬁaﬁﬁwaéeor
protein: haSTﬁe”H evkahgwRiighl refs
appr oxi mat ely
m nut es.
has subst angéabkrybed dwswWeiinez.-M.,

% Ki¥or

nd.,s heat stable at 100 err
&ﬂ's’é“éhad’i‘if

Ptide or of

Cfor at:

Pro

325
Pro Al a

IIe Lys Arg- Pro Met Al a Ay Asp_Thr Gy

u gogef‘hah§§5a%l@c§llgxy wcé\‘flg}%c?ég‘{bw gykbé\[ l’Afﬁlgt aIVEt Al a

Asp Al 2of | approxAsatikdy Al.3, e@nddis Iheat etbable at 10886 for. at

I east 10

_ l%cﬂ‘%%ptf\‘aé or. protein
RIhey h)M}S,er’GJ tHyvezumsPdHnsp.eli.ci t or

Ba

e fully

uer,

- S -Y.. He, AEli‘oh.tms'r pf a&n@h SyWrM;tlveﬂa%qﬁppnsquro@q:gdtby thet he

prersen5|t
anyl ovora, "
reference.
has a -

15

25

20

30
35 -

40

45

50 -

55

BB A o, gl Mg

ATGATCARRA

GGGTGATACC

GGCAACGGCA ACCTGCAGGC ACGCGGTECC

ngEL¥RNI a

I'ncorporated b

(19A28) , whichNAsmblez@kive :amqagaﬁeﬁ sb:porey%@p@n@e or BPotel n v
DNA molecule encoding this polypeptlde or proteln has a |
'nucleotlde sequence’ correspondlng to SEQ. ID. No. 4 as o
-follows :

AAGCTTCGGC ATGGCACGTT TGACCGTTGG GTCGGCAGGE TACGTTTGAA TTATTCATAA 60
GAGGAATACG TTATGAGTCT GAATACAAGT GéqéTGGGAG'CGTCAACGAT GCARATTTCT . 120

" ATCGGCGGTG CGGGCGGAAA TAACGGGTTQ_CTGGG¢ACCA GTCGCCAGAA TGCTGGGTTE 180
.GGTGGCAamT CTGCACTGGG GCTGGGéGGC.GGTAATCAAA ATGATACCGT CAATCAGCTG 240
GCTGGCTTAC TCACCGGCAT GATGATGATG ATGAGCATGA TGGGCGGTGG TGGGCTGATG 300
GGCGGTGGCT TAGGCGGTGE CTTAGGTARAT GGCTTGGGTG GCTCAGGTGG CCTGGGCGAA 360

~ GGACTGTCGA ACGCGCTGAA'CGATATGTTAiéGCGéTTCGb TGAACACGCT GGGCTCGAAA 420
GECGGCARCA ATACCACTTC AACAACAAATITCCCCGCTGG'ACCAGGCGCT GGGTATTAAC 280

~ TCARCGTCCC AAAACGACGA_TTCCAccrcc"GGCACAGATT CCACCTCAGA CTCCAGCGAC 540
_CCGATGCAGC AGCTGCTGAA'GATGTTCAGC;GAGATAATGC-AAAGCCTGTT_TGGTGAfGGG' ' 600
CAAGATGGCA'CCCAGGGCAG_TTCCTCTGGG GGCAAGCAGC CGACCGARGG CGAGCAGAAC " 660
"GCCTATARAA AAGGAGTCAC TGATGCGCTG TCGEGCCTGA TGGGTAATGG TC?GAGCCAG 720

_ CTCCTTGGCA'ACGGGGGACT'GGGAGGTGGT CAGGGCGGTA.AJGCTGGCAC;GGGTCTTGAC .. 780
GGTTCGTCGC TGGGCGGCAA AGGGCTGCAA“AACCTGAGCG GGCCGGTGGA CTACCAGCAG 840
TTAGGTAACG CCGTGGGTAC CGGTATCGGT ATGAARGCGG GCATTCAGGC GCTGAATGAT 900 -
ATCGGTACGC ACAGGCACAG TTCAACCCGT TCTTTCGTCA ATARAGGCGA TCGGGCGATE 960
GCGAAGGAAA_TCGGTCAGTT_CATGchcAG_TATCCTGAGé_iGTTTGGqAA'GCCGCAGTAq :_1020.
 CAGAARGGCC ' CGGGTCAGGA GGTGAAAAcc'GATqACAAAT CATGGGCARR AGCACTGAGC 1080
AAGCCAGATG ACGACGGAAT GACACCAGCC AGTATGGAGC AGTTCAACAA AGCCAAGGGC 114D

GG&CCATGGC 1206



nucl eoti de sequence correspondlng to SEQ ID. No. 4 as 15 follows; -
AAGCTTCGGC ATGGCACGIT TGACCGITGG GICGGCAGGG TACGTTTGAA TTATTCATAA 60
GAGGAATACH J-ddFaGTCT GAATACAAGT GGGCTGGGAG CGTCAACGAT GCAAXGTIUSIB/036820 20
ATCGGEOGGTG -CGEGCGGAAA TAACGGGTTG CTGGGTACCA GTCGCCAGAA TGCTGGGTTG 180
GGTGGCAATT' CTGCACTGGG GCTGGGCGGC GGTAATCAAA ATGATACCGT ‘CAATCAGCTG 240 25
GCTGGCTTAC TCACCGGCAT GATGATGATG ATGA 4TGA TGGGOGGTGG TGGACTGATG 300
GGCGGFGGCT TAGGCGGIGG CTTAGGTAAT GGCTTGGGTG GCTCAGGTGG CCTGGGCGAA 360
GGACTGTCGA W%MAT@¥&WE%GTWCMEWMO 420 30
GGOGGCAACA ATACCACTTC AACAACAAAT TCCOCGCTGG ACCAGGCGCT GGGTATTAAC - 480
TCAACGTCCC FRRARRREGRCEFECHACETRE  EGCACAGATT CCACCTCAGA CTCCAGOGAC?%8540 35
CCGATG%SX AGCTGCTGAA GATGITCAGC GAGATAATGC AAAGCCTGIT TGGTGATGGG. 600
CAAGAT e GCAGAAC 660
COCTATAAA AT AT R A P R R Caccne 790 40
CTCCTTGGCA mmmemm@ancd@@@m@mmxIPM@m@mae?so

GGTTCG'I'_CGCW W%ﬁ@ﬁ@ 840 45
TTAGGTAACG GGGTAC éGGTAT ATGAAAGCGG TTCAGEC TGAT - 900 B

ATCGGTACGC KeAeﬁmeAéOﬁeﬂﬂeccsT TCTTTCGTCA ATAAAGGCGA TCGGGCGATG 960
GCGAAGGAAA TCGGTCAGTT -CATGGACCAG TATCCTGAGG TGTTTGGCAA GCCGCAGTAC - 1020

50 CAGAAA \ GAGC
3080 AT R A A RO o N e R e
. AGCCAAGGGC - 1140 ‘55  ATGATCAAAA GGCCCATGGC GGGTGATACC GGCAACGGCA
ACCTGCAGGC ACGC@@'@@@ val 1'2@07611 Arg Pxo qu/\el%?lst??@rz Thr Gly Ser Thr Ser

PCT/ US9& 03604 - 12 - 3% GGTGGITCTT
CGCTGGGTAT TGATGLLA] HQ@G@@EGGN @Q@MJMa%EAJMa ci? e Leu Met
CTTGGCAAGC TGGGCGCG% JTAACCTT . Rt 1288 .

. The hypersen3|t|ve response elicitor = y
Arg Asn Gly Gln Leu Asp Asp Ser ‘Ser Pro Leu Gly Lys Leu- Leu Ala

50 - _ 55 -« . 60
Lys Ser Met Ala Ala Asp Gly Lys Ala Gly Gly Gly Ile Glu'Asp val
_ 65 70 - - 75 o 80
Ile Ala Ala Leu Asp Lys Leu Ile His Glu Lys Leu Gly Asp Asn Phe
- : 85 o 90 _ - 95
Gly Ala Ser Ala Asp S:e.i': Ala S'er Gly Thr Gly Gln Gln Asp Leu Met
30 _ 100 ' 105 : 110 .-
Thr Gln Val Leu Asn Gly Leu Ala Lys Ser Met Leu Asp Asp Leu Leu
115 L So..o'1200 0 125
35 ' -+ | Thr Lys Gln .Asp Gly Gly Thr Ser Phe Ser Glu 'Asp.. Asp Met Pro Met
130 I 135 140 : -
L_e\z Asn Lys Ile Ala Gln Phe Met Asp Asp'Asn,Pré Ala Gln Phe Pro
B © 145 o 150 EEEE -1 - 160
Lys Pro Asp Ser Gly Ser Trp Val Asn Glu Leu Lys Glu Asp Asn Phe
: 65 _ ' S, 170 S : - 175 :
_ : Leu Asp Gly Asp Glu Thr Ala Ala--Phe Arg Ser Ala Leu Asp Ile Ile
45 o 180 o 185 o 190 .
" Gly Gln Gln Leu Gly Asn Gln Gln Ser Asp Ala GIy Ser Leu Ala Gly
T 195 ’ E 200 . _ .205 _
50 . . Thr Gly Gly Gly Leu Gly Thr Pro Ser Ser Phe Ser Asn Asn Ser Ser
210 o 215 . 220 -
Val Met Gly Asp Pro Leu Ile Asp Ala Asn Thr Gly Pro Gly As’p: Ser .
. 225 _ 230 - - o235 240
55 . _ : o : :

Gly Asn Thr Arg Gly Glu Ala Gly Gln Leu Ile Giy'Glu Leu Ile Asp
' _ 245 ¢ _ - 250 : 285 -



-poI ypept i de or prot e| n deri ved from Pseudormnas syrl ngae

has an anmi no

GGCACTCGAC

'ATCATTGGCC AGCAACTGGG, TAATCAGCAG

aci d sequence corresponding to SEQ ID. No. 5 as follows: 10 -
Met G n Swosar78er: Leu Asn Ser. Ser-Ser ‘Leu G n Thr Pro- Al aPGEUS98/03604 1
5 S h 10 . 15 Al.a Leu Val Leu Val :
~ Arg Pro Glu Ala Au Thr Thr Gly Ser Thz3 Ser 15 ' .20
<25 30 Ser Lys AI aleudnd u Val VaI Val Lys
~Leu AIa_Gu Au Leu Met. B
45 20 - Anxg AW I@uyGGI ri:‘»elreualAé»puA\:;lpl sby Gserrth éaeEeféﬂ-nl’gr L%’F§ Vel Lel
Al a . 50 : - .Lys
Ser IVEt Ala Al aAé?ﬁ'hg :yrcj-ﬁ§nA.érﬁ' éig/ Tﬁ!:'YSeCP:‘ Xla |P%nQ;1!y 3P é@l Ser Ala Gln 65 '
.70 '5 : - 2dse Ala Ala Leu Asp
Lys Leu.lle Hs du L S'Leu dy As
90 - . Asp Lg?/gASP Gln Leu Le\gGgyﬁJg éﬁ‘i‘ IRMaL R L%grclﬁd &ese‘il"d‘&a Thr
Ay dn an Asp LedRet 30 | 100 105
110 - 10 T Tehnyéhsp 1aAsTy Gy it&us&arrzlryssﬁwall\@tn Een Spalsp Leu
Leu - _ 305 115 . 3w 120 315 ' - 125 380- o
. Thr Lys dn Asp_d r_ Phe_Ser ASIQ t
130 Ala GiLgS As.asﬁi E Leu ﬁ?oger 33§Aﬁgu I}ﬁ% ln GW Thr f\f:% AI a
" dn Phg5Met Asp Asp Asn Pro AI a A n Phe Pro i 145 . _
150 : Asn Glh5&la Ala Ala ' 160 40 - Lys Pro Asp Ser Gy
Ser Trp Val Asn Gu Leu Ly4°A u Asp ‘Asn Phe’ - 165
. 170 175 _-LeuAspGIyAspGIuThrAlaAlaPheArg
-Ser_AIaLeuAspIIeIIe45 R 180 - -~ 185 o
190 20 ThisChyp&reefisitive Geﬁpme(}eth@mt@emoﬂsrp@ial@yOSer Leu Al a
Ay . 125mo1gcul hZQ& 34 35% 5Pt:1.s richhr Gly
Ay Qy Leup%ftelrﬁrhl?’rongeP 53}" Sﬁewgé' : '
215 in glycmzzdabout 13. 5%)vamd|vétaoés5y qa@&q:rreﬁ 1A | FErPEHnar o Asn
Thr G y Pr OF\g:Vhé:?plﬁ?Brmatlon abot25 the hypersens:.tﬁv't@ response
235 240 55 goy Thr Ar;;aGl C% Agla Gly Adn
Leu Ile d ye.'g.ﬁlr:@ﬁ fieglxgs from Pseu monas syrin e%% oun
250 ~ 25 He, S. Y.25H. C. Huang, and A. Collmer, “Pseudomonas
' ~ syringae pv. syringae Harp:.npss'- a Protein that is
Secreted via the Hrp Pathway and Elicits the
Hypersens:.t:l.ve Response in Plants," Cell 73: 1255 1266
_ (1993), which is hereby incorporated by reference. - The
.30 DNA molecule encodlng the hypersensitive response
elicitor from Pseudomonas syringae has a nucleot:.de
sequen\ce correspond:.ng to SEQ. _ID._N_o. 6 as follows.
'35 ATGCAGAGTC TCAGTCTTAA CA.G.C.AGCTCG.CT'GCI;AACC('; CGGCARTGGE CCT;l‘GTCCTG . 60
| GTACGTCCTG AAGCCGAGAC GACTGGCAGT ACGTCGAGCA AGGCGCTTCA GGAAGTTGTC 120 -
_ . GTGARGCTGG CCGAGGAACT GATGCGCAAT GGTCAACTCG ACGACAGCTC GCCATTGGGA 180
40 = AAACTGTTGG CCAAGTCGAT GGCCGCAGAT GGCAAGGCGG GCGGCGGTAT TGAGGATGTC 240
ATCGCTGCGC TGGACAAGCT GATCCATGAA AAGCTCGGTG ACAACTTCGG CGCGTCTGCG 300
is  GACAGCGCCT - CGGGTACCGE 'ACAGCAGGAC CTGATGACTC AGGTGCTCAA TGGCCTGGCC | 360 '
* ARGTCGATGC TCGATGATCT TCTGACCAAG CAGGATGGCG GGACAAGCTT CTCCGAAGAC 420
| GATATGCCGA TGCTGAACAA GATCGCGCAG TTCATGGATG ACAATCCCGC ACAGTITCCC - 480
50  AAGCCGGACT CGGGCTCCTG GGTGAACGAA CTCAAGGAAG ACAACTTCCT TGATGGCGAC 540
‘GAAACGGCTG CGTTCCGTTC 600
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13 - o ArgGIy Leu @ n Ser- VaI LeuAIaGIyGIyGIy Leu Gy Thr
'-Pr o] __\/al “WO'98/37752 _ 260 : - - 265 PCT/US98/038040
Asn'Thr ‘Pro G@n Thr Gy Thr Ser Ala Asn Gly Gy dn Ser Ala Gn 5
275 - 280 - 1285 Asp Leu Asp an Leu
‘Leu Ay Gly Leu Leu Leu Lys Ay Leu GIuAIa : 290
1295 . 300 10 . "~ Thr Leu Lys Asp Ala Ay Gn Thr Ay Thr
Asp Val G rmcBesccBes GAK@FCTEGC AGGGACGGEHEGAGETCTGS GCACTCCGAG XhBTTTTTCC 660 - 315 -
VP ancancibl Qobrdbfis NGgRlork HcbedhmBholhlcobfihcheY @ Ny T

- Asn G n5Al eGGEhATASEG GTGGTGARGC GGGGCAACTG_ATCGGCSH@: TTATRERCCE THeEECToyarer servsnt | ve
response el bt Qe U¥biRBid dﬁcﬁ& :
34-35 kDa. It 1sri cﬁ ¢ gc?g?rsge% out %ﬁg@gp g%?ﬁs cystel ne and

tyrosi ~ GCGAATSGEG [FRFAGTREGST WPWT&G@IWW BSAGEPALER ACTGGISARR SpOR9L
elicitor deddct‘ﬁh&é Qb RePEEORASECCEY [cARKABGS céc%@fm bredadcect®, g0 Y- 0. H
. C Huang, and A. Col |l ner, "Pseudononas . ringae pv. SWIingae

Har pi n[ er r | GCCCRAABLS, CERCETPRLT; CATCAGTACS. CTS%”@F%’%Ge \FFEFEPHSRFITTEHR hwayP2@nd

Eli ci t 35t hescerea Hypersensitive Response in Plants,” Cell 73:125553266.
(1993), which i.s hereby incorporated by reference. The 30 DNA nol ecul e
encodi ng t he hypersen%hei ygperspositsive re@pouSBolelf:chomclkeudormnas '

syringae h i Ol D. No. 6 as
P11 noae NasoRyPust SRl 2 proretfluRRas CORLEOMIBHMEE | D e X
CCTTGTCCTG 2@banacearumcGiatRrecTuil BRGECLAGRE IBADTEGCAST SARORSEAECA © '

AGGOGCEHCA SERAGIICTRo, 7188 £0110WEGAAGCTGG COGAGGAACT GATGOGCAAT
GGTCAACTCG ACGACAGCTC GCCATTGGGA 180 40  AAACTGTTGG CCAAGTCGAT

GGCCGCAGAT GGCAAGGCGG GCGGCGGTAT TGAGGATGIC 240 ATCGCCTGCCGEC
TGGACAAGCT GATCM}#-’tTGﬁA WMGW’E@C&&G@G&G&C{& Pro&ﬁl@ Leu Gln
i 15
25 - Asn Leu Asn Leu Asn Thr ‘Asn Thr Asn Ser Gln Gln Ser Gly Gln Ser
_ o - 20 - 25 : 30
~Val Gln Asp Leu Ile Lys Gin Val Glu Lys Asp Ile Leu Asn Ile Ile
= 35 - - 40 B 45
: Ala Ala Leu Val Gln Lys Ala Ala Gln Ser Ala Gly Gly Asn Thr Gly
- 50 - 55 - 60 .
: ‘Asn Thr Gly Asn Ala Pro Ala Lys Asp Gly Asn Ala Asn Ala Gly Ala
35 65 . ' - 70 o _ 75 .. 80
Asn Asp Pro Ser Lys Asn Asp Pro Ser Lys Ser Gln Ala Pro Gln Sez;
T 85 . . 90 . . s5
o { : : . : : '
. 40 Ala Asn .Lys Thr Gly Asn Val Asp Asp Ala Asn Asn Gln Asp Pro Met
Gln Ala Leu Met Gln Leu Leu Glu Asp'Leu.Val Lys Leu Leu Lys Ala
_ _ 115 1200 - 125 -
Ala Leu His Met Gln Gln Pro Gly Gly Asn Asp Lys Gly Asn Gly Val
130 : 135 . 140 '
- Gly Gly Alé Asn Gly'Ala" Lys Gly Ala Gly Gly Gln ‘Gly Gly Leu Ala
- 50 145 ’ 150 ) . 155 : ' 160
" Glu Ala Leu Gln Glu .Ile Glu Gln Ile Leu Ala Gln Leu Gly Gly Giy
. 165 : : " 170 . ' 175 '
‘55 . Gly Ala Gly Ala Gly Gly Ala Gly Gly Gly Val Gly Gly Ala Gly Gly
C : 180 . : 185 190

_ Ala Asp Gly Gly Ser Gly Ala Gly Gly Ala Gly Gly Ala Asn Gly Ala
co "~ 195 o 200 _ 205



GACAGGGCCT , CGGGTACCGG ACAGCAGGAC CTGATGACTC AGGTGCTCAA TGGCCTGGCC _ 360 45'

AAGTCGATGC TCGATGATCT TCTGACCAAG CAGGATGGCG GGACAAGCTT CT 81036 S
GATATGECGAYOEBFEEACAA GATCGOGCAG TTCATGGATG ACAATCCCGC ACAG ‘éso ‘50
AAGCCGGACT . CGGGCTCCTG GGTGAACGAA CTCAAGGAAG ACAACTTCCT TGATGGCGAC 540 '
GAAACGGCTG CGTTCCGTTC GGCACTCGAC ATCATREGECC AGCAACTGGG TAATCAGCAG 600

WD 98/ 37752 PCT/ US98/ 03604

14 - AGTGACGCTG GCAGTCTGAC AGGGACGGGT GGAGGTCTGG. GCACT CCGAG
CAGTTTTTCC - 6@P le @% ﬁ@?&t&? EEX R ﬂT?f@CGGch
CGGTGACAGC 720 GGCAATACCC G ATCGGCGAGC .

TTATCGACCG TGECELECAYy AspAB{l Asn GlyTﬁHE'BAIT(EI]} mw@mgﬂmmsp
CCCGTAAACA CCCCBERAGAC CGGTACGTCG230 840 GCGRAPGCCG GACAGTCC(240 -

TCAGGATCTT .GAT

CAACGCTCAA CISA‘CI'% %w%@r%&?@“ Lyg gg £2 -
GCGCAAATCG CCACCTTGCT GGTCAGTACG CTGCTGCAAG .GCACCCGCAA TCAGGCTGCA 1020
15 GXITGA - Ala Leu Val Gln Met Met Gln Gln Gly Gly Leu Gly Gly Gly Asn Gln 1026

The hypersensitive respons®¥%%licitor 15 ypeptide or prdt%in derived

from Pseudormnaaua gin gl @q;agearﬂw eﬁg 238 @m ﬂenaa%dséﬁwem Ser Gl

correspondi ng to- : 2as fol oms 285 Met
dy. Asnl5le adn Ser Pro Ser. Asn Leu Pro Ay Leu

5 Ala Ag) Pro Gly Ala Asn Gln PrTSGlyzger Ala Aspagﬁpl_(‘é]d) )§§ﬁ iee'ru Asn

TW'%nTm,%nSa- nGnSa(]yanSa

er Va

25 Gly GBA Asn Asn Leu GlMabtexXdainAEe Metl Aspevdly ¥ali mys\/&u.u@a.l Lys
Asp |l e2®eu Asn 3d5e |le 310 - 35 315 - 40 320
.45 30 | Val Gln Ile Leu €ln Gln Met Leu Ala Ala Gln Asn Gly Gly Ser Gln
325 330 335
25 Gln Ser an Ser Thr Gln Pro Met . |
© 340
It is encoded by a DNA molecule hav1ng a nucleotlde
sequence correspondlng SEQ ID. No. 8 as follows:
30 o S
' ATGTCAGTCG GAAACATCCA GAGCCCGTCG AACCTCCCGG GTCTGCAGAA CCTGAACCTC 60
. AACACCAACA CCAACAGCCA GCAATCGGGC CAGTCCGTGC AAGACCTGAT CAAGCAGGTC - 120
35  GAGAAGGACA TCCTCAACAT CATCGCAGCC CTCGTGCAGA AGGCCGCACA GTCGGCGGGC 180
. GGCAACACCG GTAACACCGG CAACGCGCCG GCGAAGGACG GCAATGCCAA CGCGGGCGCC 240
0 AACGACCCGA GCAAGAACGA CCCGAGCAAG AGCCAGGCTC CGCAGTCGGC éAACAAGAcc 300
R GGCAACGYCG ACGACGCCAA CAACCAGGAT CCGATGCAAG CGCTGATGCA GCfGCTGGAA o 360
GACCTGGTGA AGCTGCTGAA GGCGGCCCTG CACATGCAGC AGCCCGGCGG CAATGACAAG 420
45  GGCAACGGCG TGGGCGGTGC CRACGGCGCC AAGGGTGccé.écGGcCAGGG CGGCCTGGCC 480
' GAAGCGCTGC AGGAGATCGA.GCAsamccrc GcccAGcTcG Gcsgécscse TGCTGGCGCC. 540 -
50 " GGCGGCGCGE GTGGCGGTCT CGGCGGTGCT GGTGGCGCGG ATGGCGGCTC CGETGCGGAT 600
GGCECAGECE GTGCGAACGG CGCCGACGGC GGCAATGGCG TGAACGGCAA CCAGGCGAAC 660
GGCCCGCAGA ACGCAGGCGA TGTcAACGGr_GCCAAcGGCG CGGATGACGG CAGCGAAGAC - 720
55  CAGGGCGGCC TCACCGGCGT GCTGCAAAAG CTGATGAAGA TCCTGAACGC GCTGGTGCAG 780
ATGATGCAGC AAGGCGECCT CGGCGGCEEC AACGCAGGCGC AGGGCGGCTC GAAGGGTGCC 840
50 GGCAACGCCT CGCCGGCTTC CGGCGCGAAC CCGGGCGCGA ACCAGCCCGE TTCGGCGGAT 900
~ GATCAATCGT ccGGCCAGAA.CAATCTGCAA TCCCAGATCA TGGATGTGGT GAAGGAGGTC 960
_ GTCCAGATCC TGéAGCAGAT GCTGGCGGCE CAGAACGGCG GCAGCCAGCA GTCCACCTCG 1020
65 TGTAA " ' 1035

" ACGCAGCCGA



Aalys @ yJAI@ %‘Xeg y- G 8. %¥m&ie£euaﬁha850A Bouch%@‘5 "Po&Al

Ala Ala Leu Val G n Lys Ala Ala Gln Ser Al a Gly dy Asn Thr Gly'

A3 Leu 1 hEFLEOT RPRIRRBEIS o, PROReAR, PrE var TRom dpudqmonad”

50. . 55 . 60 .. Asn Thr Ay Asn Ala
Pro Al a Lywo:9smr7s3 y Asn Al'a-Asn’ AI a G y Ala 35 -~ 65. PCT/US98/03604

70 - . 75 : - 80 . ~ Asn Asp Pro Ser Lys
Asn Asp Pro Ser Lys Ser A n Ala Pro _GligSer o - 85
90 _ 95 40 = Aa Asn Lys Thr Ay Asn VaI Asp Asp Al a
Asn Asn A n Asp Pro Met - 100 - - 105 .

illo - Furtk:n ﬂuﬁoi:ﬁutwéh Gegai:aﬂngeuh@ uy»ﬁseﬁrsleensl‘éalveutfedzﬁbhé@u Lys

a

solanaceat8f® is set forth in A4Qat, M., F. VA GljsedemAsn Ay

'Le

Gu lle5d Pxaprein ewhethlfad@Pﬂs LauHgpgreppsdtyve- like Response in-

Sp§c1f1c ﬁggunla Geno%}/p . 1§7§ec§§ted via €he B G ylgloa Ay

Pathwayyoﬁ_ggseudomonas sg{lanp‘gﬁagugp & g:_ggr_g 9-3A|5é36155/3:ﬁ y Ala
dy G y A a(¥egud ywhiéh is hereby incorpoi8®ed by reference. 200

Gy AIa

265

20

10
Met G E!SG n d yTl'@ %ete{}edsyu @ey !@tylk%ﬁlaé ’}llal Ala Ile. Ile Ala Ile Leu Algg

15 .

. Ala 1Ile Ala Leu Pro Ala Tyr Gln Asp Tyr '
20 . . . 25 :

- This sequence is an amino '__terminal ‘sequence having only

26 residues from the hypersensitive respens_e elicitor

25

polypeptide'or -protein of Xanthomonas ca_iﬂpestri_s pv.

glycines. It. 'matches with fimbrial 'subunit proteins

determ:.ned in other Xanthomonas ‘campestris pathovars
The hypersens:.tlve response elicitor

| polypeptide or proteln from. Xanthomonas campestr.zs pv.

.pelargonii is heat stable, protease sensitive, and has a

‘molecular weight of 20 kDa. It includes a_.n_ amino acid

sequence-correspending to SEQ. ID. No. 10 as. follows:

Ser Ser Gln Gln Ser Pro Ser Ala Gly Ser Glu Gln Gln Leu Asp Gln
1 . - .. 10 . - 18

Leu Leu Ala Met -
20 '

An

Asn

205 60 WO 9§£377 B
PCT/ US98/ 03604 € hypersensitive response e11c1ti>§' , _ Asp
dy d yoAspddypefatids no®l préseifd firdhaXaathGmpnBso cBmpetris pv. '

210 - : VaI
dy Aa As r?]é(c:.rﬁs li%% a0 ata_jmos%cr:l% segé%gcg correspg?éll?xg '6 @b
230 ' ID. NO 3 QSSfOllOWS 240 An Gly Gly Leu
Thr. Gly VaI Leu d@n Lys Leu Met Lys IIe Leu Asn ' :

245 ‘Al a Leu VaI GI n Met

o .

: Isolatlon of Erw:.nla carotovora hypersens:.tlve_

| response elictor- prote:.n or- polypeptlde is described J.n

" Cui et al. , "The RsmA Mutants of Erwinia carotovo.ra



Ala Gln Gly Gly Ser Lys Ay Ala Gly Asn Ala Ser Pro Ala Ser Gy

275 - 280 ... 285 15 _ Al a Asn Pro (]y
Al a Asn Gwoﬁsmﬁy Ser Ala Asp Asp @n Ser Ser : PCT/G898/03604 :
295 300 - GIyGInAsnAsnLeuGInSer GInIIeI\/Et
Asp Val Val Lys Gu Val 20 . 308 37 - - 310

315 320 . ~Val dnlle Leu G n Gn Met Leu Ala Al a
Adn Asn Ay Ay Ser d@n ' .. 325 330

335 25 subs@.n cﬁﬁl‘o&"hfoﬁersﬂ'i‘alﬁ BeETD Mérexpress hrp Ng,. and 340

L’LJZSSQ-ﬁ-S?%élée SR R L#?%%igﬁ; S°f<§:ﬁea?a?ase$%§%mm
A TR T (X ‘q]m&i;l!%A g5 , W ch 1is hM@mAACA

CCANCAGDCA GLANTOQT: AGTOUTIEL S0CCTRN CORCEAETTC: syel Morihoe |
%CA@G mmm@e @Aﬁhmnoem@@oe@cal .2618 0
GGCAACGTCG A C% CAAiia ECCAE,GGAT %@HEE EG CGCTGAg fExe %? E im1§360 |
GACCTGGTGA m@mmfh --'~ 420
45 GGCAAC@@@@

480

540 .
600 50 10

CCOATCACEE 6&&«/@86 W %%%?@%@@Y%%'
CTGATGAAGA TOCTGAACGC HYTRGBREGA i Vg (responsATERTGLAGE PEOLEEBECDT
AAGCALG i
CGCCGGCTTC BRATESEIAS m%‘?@o&ﬁmﬁ@m Ssaéogg 'aioéggié' -
GATCAATCGT CoRBLoseRy GRVtoREhe N ehmaaoant coRivterh thaxacsesrdci, 960
- CTCCAGATET RS 8 Gy G56RACEA L LPRATIGEQCare 1020

escrfgnasln Kaman, . et al. "Extracellular Protein - 1035

Ellc1tors from Rhytqphthora " Most Specificity and
:Inductlon of Re51stance to Bacterial and Fungal
Phytopathogehs," Molec. Plant- Mlcrobe Interact , 6(1):15-
20 = 25 (1993), Ricci et al., "Structure and Act1v1ty of
"l Proteins from Pathogenlc Fungi Phytqphthora E11c1t1ng
‘Necrosis and Acqulred Resistance in. Tobacco," Bur, J.
" Biochem., 183:555-63 (1989), Ricci et al., "Differential
Producdtion of Parasiticein,'and,Elicitcr“of Necr051s and
25 Resistance in Tobacco, by Isolates of Phytophthora
paraéitica," Plant Path. 41'298 307'(1992), Baillreul et
al, "A New Elicitor of the Hypersens1t1ve Response 1n '
he Tobacco: A Fungal Glycoprcteln Elicits Cell Death, _
:Expre351on_of'Defence Genes, Productioh-of'Salicylic
30 Acid;'and Induction of'Systemic Acquired Resistance,"
Plant J., 8(4)°551—60 (1995);.and'BCnnetcet“a1
'1"Acqu1red Resistance Triggered by E11c1tors in Tobacco
and Other Plants," Eur. J. Plant Path. 102:181-92
(1996), which are hereby 1ncorporated by reference.



WD 98/37752 o | ~ " PCT/ US98/ 03604

= 16 - Further information regardlng the- hypersen3|t|ve r esponse -
elicitor- (vwb9pEsi de or protein derived from Pseudononas PCEYS 8 um
is set forthin Arlat, M, F. Van Gjsegem - .. J. C. Huet, J. C. Penvollet,
and C. A Boucher, " PopAl ‘a 5 Proteip which Induces a o
'prersen5|t|ve Ilke Response in Speci fic Petunia Genotypes, is Secreted
via the Hrp " Pat hway of Pseudononas sol-anacearum " EMBO J. 13:543-533

(1994), which is herelmhe ramwpeoreéhmittqrg afrs enosmplary. Other  The
hypersen5|t| : Qn e It lLypept i de r'_'te .
Xant homonast VARbESRR Sagt b et RO OIS (M L LEGRR e
correspondi hhatoe3EQit a HMDenﬂans;uxyé(ﬁésnmnse under whﬂhh geneble G u

L Met || 13 | I B 5
18“ _ eex\-{édeﬁlf é'na 11‘?:1|to§'a'%.llrl%e éﬁ’pll%ééﬁam]%n TfréeG o Tyr
20 . 5 preparatiopg fromm@tyé*@mmataamaﬁnw@ nwa\:e@eéga;nce

‘having onl ye1icigbx' aeitdwasyf r@mel.na Judenfisddiye sLseONse ehémi tor

- pol ypepti de,or ,protei-r of Xanthonongs estris pv. . glycines. It -
mat ches wi tﬁnFFE’éFF‘QF ?@&?ﬁﬁp&’l&t@t éﬁ%" ?%fé’tee%m ned in other Xanthononas

canpestris pathovars. Fragments of theTta&:dwerményﬁtimpo@spoﬁbem tor
pol ypepti de_ ot otein t honon estris pv. elar Qni

hoat ot abi e Lhr SFBtc pol RRRe s SR M AL dd weblioe CeRENERER 56 L Da
| t |ncI:uDdesfamlaﬁxengthcedlwtwqtfmweod:dreﬂ:emhbg@s @®BEQ ID. No. 10 as

fol | ows: enco‘ﬁggsggg By" tHe mehod %fs%rhé“';?re%éh@efn@,gb%ﬂ A n Leu Asp

dn Leu Leu
Al a Met ' Sujgable fragments camdeymraduwtedriy rfevesrdt ovora:

: -hypersen5| tinésns ' Eﬁsﬁ(h'ésﬂfl@sltqt @a'i,lbl’c):".l"c’str@sl1 oF g YR léi?cé&:.ﬁ@%“ bed in
Cui et al. "The Ri Mut'ant s .of, Erwi ni a %f oaf%gra :
| known elicitor protein are produc vy conventional

15 wmolecular genetic manipulation by:subclonlng gene
" fragments. The subclones then are expressed in vitro or
in vivo in bacterial cells to yield a smaller protein or
peptide that can be'tésted for elicitor activity |
accordlng to the procedure descrlbed below.

20 As an alternatlve, fragments of ‘an e11c1tor
protein can be produced by dlgestlon of a full- -length
elicitor proteln with proteolytic enzymes llke_ '
chymotryp51n or . Staphylococcus proteinase A, or tryps1n
lefefént proteolytic enzymes are likely to cleave

25 elicitor proteins at different sites based on the amino

- acid sequehce.of the'elicitor protein Some of the .
fragments that result from proteolys;s may be actlve |
elicitors of res1stance ' . o _

_ In another approach based on knowledge of the

30 prlmary structure of the protein, fragments of the _
elicitor proteln gene may be synthesized by using the PCR
technlque together with spec1f1c sets of prlmers chosen,"
to represent partlcular portions of the proteln These
then would be cloned 1nto_an approprlate vector for



WD 98/.37752° L PCT/U898/03604 .
- 17 - subﬁéa carot ovora Strar n Ecc?l O/erexpress hr p N'[:Err%and
Elicit a ARG tive Reaction-1ike Response. in Tobacco UFRIE3604-
MPM , 9(7):565-73 (1996), which is hereby ~ ~ incorporated by reference.
‘The hypersensrtlve response 5 eIrcrterIﬁreteln or polypeptide is shown in
Ahmad et al . "Harpin is Not Necessary for the Pathogenicity of Erwinia
stewartii on l\/al ze," 8th Int'l. Cong. Mol ec. Plant- "M .crobe Interact.
Jul'y 14-19, {@%e%ﬁﬂ ARAn@xpEesgion of afanpigated mmptt\iai:esszary for the.
- Pat hogeni ci tp'r@ﬁeﬁﬁwr nia.10 stewartii on Miize,”™ Ann. Mg. Am  Phyt opath
'Soc., July 27-31; 1996, ich are hereby |ncorporated by reference
Hypersen3|t|ve respons@ emiep oFYBFbﬁéllﬁsC@rn alsqpdig pand des maken

En%tngﬁgtnhorameu:@blilofga%iaaéntgpht bach 2 hyt opht ora ?rie?g?s%}gerrra r@?\% - -
Phyt ophora ci O%H%%%V% 3?‘ no abaés(?faﬂb’@f&creﬁ %ﬁi’aﬁheete]di01t°¥x]?¢h%gl | ul ar
Protein. ];Emdmteds f AbtrePhyt dpblior aubNest iteeel fuQilt YLQ% - | nduct I on
of -Resi st angg c?lrﬁ?ft 5|ﬁ%%§1)ngigggggrzufgs( Phé )ppat ho ens Pr%‘?‘r“&%ture

Pl ant - M: crobe nterac
and " Act i vi t yfxggment #y ot Bhesef foaglanhegeninc tErengbePrs)epapratﬁuﬁ @yl i citing

Necr osi s anGAGEAY b cco
183: 555. 63 %1989) %%%s%faggasrég TeRect Oen at°éraé’6‘é’t|§rﬁ)%@m

‘Parasi t18ein, and Eli c@lﬂO?X%W‘P:F@c@ésﬁsuﬁﬁéu%erQEIﬁ@ﬂ:anee tihe Toipikko,
~Isol ates Offﬁhxmﬁﬁhih@fathe rééﬁéltreeaﬂésgéhge 2332380307 (1992)

Bail I reul et A New Eljcito per sensi t i ve. Response in

Tobacco: AR M%P%%o%?o?’é?‘heﬁl.%r?e 5?!3? B@QPHS solapagieasinin. of -
Defence Gené&se Midin:,t iMn, of. S&hh c@ljsedém, Agi.d. Baetl nguet.i %"Q;l_-@r@tem c-

e g 0, soncn By O 280200 plEED) AUt X o

" Ach| red Resistance 11 ggered
Pl ant s, %5 EulyRpramnmit g hlike (Regpange in Spee9sic Wetohiare hereby

|ncorporat ety onNg &g ted. 2
PCT/ US98/ 0360 v ecrete Vﬂ‘) @ﬁéeﬁzg P%ghway of Pseudomonasl_h

~above elici P@ﬁ?%%ﬁpl BYBO Fy nk3:543-53 (1994), which is hereby

‘incorporated by reference. As to Erwinia amylovora, a _
suitable fragment can be, for example, elther or both the
20 polypeptide extendlng between and including amino ac1ds 1
and 98. of SEQ. ID. NO. 3 and the polypeptide extending
'_between and 1nclud1ng amlno ac1ds 137 and 204 of SEQ ID
.No 3. ' - A
\ Variants may alse'(or alternatively) be".
25 modified by, for example, the deletion or addltlon of
~amino acids that have mlnlmal 1nfluence on the
propertles, secondary structure and hydropathic nature of
the polypeptide. For. example, a polypeptlde may be
conjugated to a signal (or leader) sequence at.the N-
30 terminal end of the proteln whlch co- translatlonally or
post- translatlonally dlrects transfer of the proteln
~ The polypeptlde may also. be conjugated to a linker or
other sequence for ease of- synthes1s, purlflcatlon, or
_1dent1f1catlon of the polypeptlde



eficitors can be identified by growi ng fungi or bacteria that elicit.a
hypersensi tive response under whi ch genes encodi.ng an elicitor are
‘expressed:wo@eB17siree . 5 preparations from cul ture supernaP@RUSI¥e3¢0he
.tested for . elicitor activity (i.e. local necrosis) by using themto
infiltrate appropriate plant tissues. 290 - - Fragnents of the above
hyper sensitive response - elicitor polypeptides or proteins as well as
fragments of 10 - full length elicitors fromother pathogens are
enconpassed by the nemhedpdbtbhm.pnegxmuypapuﬂdé(nf the present - Suitable
fragnents-c roduyce f subcl ones of
t he gene engggggtg 8 18 %r@fe %ﬁ&alprc’du&tecgﬁ%i r“!aﬂpfrlggu fé 'hy conventi onal
15 nnleculéprgéﬁsabéynamlﬁehatl@bdmﬁsﬁﬂiﬂ(Nﬂﬂﬁ;gxaﬁﬁraber%@ﬁents The .
subcl ones t re.e Vi Y b ls to
yield a sna?ﬁge? SX éBh%%%EQohﬁl dé%? ﬁﬁ%t can e‘%%gg%d %?$E§?gr - _
activity OraE@gYBPHQl@G ofe bﬁo@é@ﬁe@tdéwqrsé@rbs%qu@ced but = As

an -al ter nat h¥e, séeaemeat §nQB &hel GhrOwtd mediud B£iredsSHbeamF odysed by
di gestion of elicitor protein wth protepl ytlﬁ enzyrres

full-
e O oA py e P CBENBLATR Voo bhE PUAERIE 1R POLIRAPS |
Different ppsaéeehyt h.ﬁvéﬁt}iﬂiﬁs iar eeldx{ee.le)d ta.szJ egzatm&ﬁ maiiml OrIprehei ns at
different sites based on t

he anln? %t of tqa B|I0é%§ _
protein. - SGRESOP: tﬁﬁsecref:?g RER ?ltnhat é’ﬁﬂ epr]%‘f% 321 s“May be
‘activel0 - bbstiteld d¢k. geslitammdl) carrying a rdaombmnamt Rhapsnadh, .
based on kn e r I e h r ragnents
of the - 9%\1{ égggrgg}%gél §9Sgﬁeb S%ggtasa;/&%t Lhés hggea(f't b;eplﬁs%legh{]%ei PCR
t echni que t@@@?ﬁ@?nmtﬁnépﬁbﬁf h@nesssa@ﬁ pie menfwiforgadl to 1emeedresent :
~particul ar BQ&EéQﬂéloﬁebﬁﬁsprObﬁﬁzfggﬁg?%gfnt E@ﬁ%ﬂﬁh“éhﬁﬁeété@ego'“to an

appropriate, vector: f
PCT/U898/03%93 treatment and the hypersens1t1veu;esponse e%*&s%g§e and
expresqison & eréﬂa&éﬂeﬁypeahtd&fngatlon.pFGM§Isupernatant fract{bem cal

synt hesi s can_al sQ. be d_t .t abl. ent s ch a
's§nthe3|s |§°%§??Péago ?g goggggﬁ%lEﬁbWﬁ %ﬁg%%%n &héﬁggggﬁhr t he
€licitor belngentlonpmsdsubdectAﬁtspngeﬂvéyitnanyqnxmnuﬁnifuII | engt h
elicitor tog t a nts.
ﬁi{:ﬂ@gﬁ%ﬁig [@aq ngﬂﬁrgib%rze%ow?grfsfl%q&i% colurhl 265

These fragne e separate I onal procedures
(e.g. chroﬁﬁPéE?Eﬂh?heSBSOPREEF 18£ necessarYnNﬁhéaﬂﬁﬂﬁ?¥ﬁ a usefu

fragrreafo i Sfiraetpsﬁ%ay be Fuz@reR pQE‘ltfii%dhwerﬁﬁf'%ﬂdhé&lj@&fwm@l icitor

- The DNA molecule encodlng the hypersens1t1ve
response e11c1tor polypeptlde or protein can be _
1ncorporated in cells using conventlonal recomblnant DNA'
techndiogy.- Generally, this 1nvolves 1nsert1ng-the DNA

25 molecule into an expression system to which the DNA
molecule is heterologous (i.e. not normally present)
‘The heterologous DNA molecule is inserted into the
expression system or vector in proper sense orientation
- . and correct reading frame. mehe vector COntains'the
30 necessary elements for the transcrlptlon and translatlon_
" of the inserted proteln coding sequences. .
~ U.S. Patent No. 4,237,224 to Cohen and Boyer,.
whlch is hereby 1ncorporated by reference, descrlbes the
productlon of express1on systems in the form of

35 recomblnant plasmlds us;ng restriction enzyme cleavage _



poI ypeptide or protein from Pseudormnas sol anacearum - See Arl at M,
~F. Van G jsegem J.C. Huet, J.C. Penollet, - and:C A Bough Al,'a
Protei h VINQOIATARRuUces a 15 Hyper'sen'3|t|ve | i ke Response in %@8?%’? .
Pet uni a Genotypes is Secreted via the Hp Pathway of Pseudonobnas
sOI.anacearum ‘EMBO J. 13:543-53 (199431, -which is hereby - incorporated
by reference. As to Er wi ni a anyl ovora, a "~ suitable fragnent can be, for
exanple ‘either or both the 20 pol ypeptide extendi ng between and |nclud|ng
am no aci darl ligatnibrosvith SR 1igas®. 3Thedet e cpobipant detasmidsi ng
bet ween an%fé“%ﬂ&% &Ebé&'gg &%Z%Q“gEZQ%agéf E@aﬂﬂ@n and No. 3.

Vi

Variants may al so ternati , for exanple, the
del etion orremcmqatemi oxn unieged hel ae.egltnaeSha@elmdmnﬁ?a|anﬁamwe%n the -

properti es,or%ﬁryt@é Yarsd ré@éﬁfoaﬂé Eaﬂtgpgtewt Ral ¥higsfe cultibe.

pol ypepti de r exa Ggon t ed to a 5| gnal
(or |eader) sequence c‘?‘Pf'énP@n Ogg’t"%ﬁrﬁ“ﬁ%{l agﬁ& be H’?rgr[?%g{
co-transl atyignaldy, Oéuch a®osactinast-aruenal Rycoimbieiant! namiws Qiaxh he

protein. The ti so_be_co at.ed t a | r or o |
ot her .sequé??ceg?rb%) %’%gpk&( Eﬁ?\?%%g{:éonpﬁf P?Jgﬁﬁlll %o ce:I‘riasgnt i ficati on’

of ‘the pol ﬁpfﬁﬁctnhei with virus\O 98/ 37752

PCT/ US98/ 03604 ' The -
- protein or pol ypeptldse o't‘ lﬂ’te ECtor? lnCludﬁ\'/ent ?’or?rles noteflelrmbtty produced
in puri®i edcd.orthe follewitarabrylavertass gueht a@O@@"thﬁ%eW@? ably 80%
pure) by Ccy.;yt&&t g,\?i teg@rwgeeg Tezﬁgeahlx hhe BRakeiia vectdrol ypeptide

sen e

of the pre ntron 1s produced not “secreted_into the grovvth

medi um of rEtBHAHBRRIGAt PBR32%e| PACYCAP Y er RALYFAOPA it RYGS otk
pol ypept i dgwd1 8 hgucio, %ﬁ@?ﬁlb | PR2ODI, OpKES7Sepreted ,i rswragrowth rredl um

In the se of, uns prote to isolate the protei the 10
‘host cel . (I@Cld‘eS%rJ'R:‘blt§ §%rf‘§l ng*: kgeténbl(ﬁgﬁtt'glt%?%agene &1°snlng -

pr opagas ed,Systsamk bycsioal oqt { D993 hefitomosteheageak, La Jorlelat serelifnd the
homogenat e _i,s, n.t [if t a %{ er nat ant
I's then sut‘ﬁl’elt‘t éllgeegy :Pn{‘gﬁ'? tr-'r%ﬁtb gg?ﬁkghcﬁr’s SItI 8'r:éeﬂgs)ponse
elicitor 1PGEX, sﬂ%ﬁr%ﬁmﬁy(eeﬁtFbWugﬁtudnerTﬁé sager:nd‘ﬁ%ﬁ g% &1 i on

cont ai ni ng ghije %E%?ﬁ%?ﬁégetarDﬁfgéé'ﬁxﬁ%eégﬁoﬁré%e@ﬁoned denediti on i s,

e

subj ected to g ration_in an Epr g tely . siz extran or
pol yacr yl arfgenRe s 3 T 32 e Ve LR90) . s‘s%ry t he
~ proteing20 héfﬁ?}}|ﬁﬁbdﬂ9§o££téarbbefeﬂéfeﬁbé¢ bhndoangfxcleeuigmméﬂ%c

The nDHS$U| gncqg PEaHXpefiggﬁiééV%an be introduced 1nto

cells v1a_transformatlon,”partlcularly transduction, _
_eonjugation, mobilization, or electroporatibn The DNA
" sequentes are cloned 1nto the vector using standard
25 cloning procedures in the art, as described by Sambrook '
et al. Molecular Clonln A Laborato Manual, Cold

: Sprlngs Laboratory, Cold Sprlngs ‘Harbor, New York" (1989),
- which is hereby 1ncorporated by reference. o :
A variety of host- ‘vector systems may be
:30 ,utlllzed to express the proteln encoding sequence(s)
Primarily, the vector system must be compatlble with the
© host cell used. Host-vector systems include but are not
limited to the following: ‘bacteria transformed with
_:-bacterlophage DNA, plasmid DNA, or cosmid DNA;
.35' mlcroorganlsms such as yeast contalnlng yeast vectors,_



response elicitor polypeptide or protein can be -incorporated in cells
using conventional reconbinant DNA - - technology. GCenerall this .
. invol ves -wisesThsyy the DNA 25 nol ecul e into an expression %@/’épm"t"@%i ch
't he DNA - nolecule is heterologous (i.e. not normally present). The
het er ol ogous DNA nol ecul e is insertedjonto the expressi on systemor
‘'vector in proper sense orientation - and correct reading frane. The
vector contaiins the 30 necessary elenents for the transcription and

transl ati Okammal iGn 4Ll NSpst &t pi@f@d:ﬂeaodiﬂg seguen¢esg. ,

U.S. Patent No. 4,237,224 to_,Coh d
|ncorpgrS?MEQﬁ}4k§e¥¥ﬁH§a %ﬁ%&??ﬂ%@gthﬁtg b?ﬁaﬁghFSEloFyEESW§¥S|on

- systens lnﬂﬂfedﬁgdnwit55v1fw@onblgantbataEuvﬂsus$ungndepﬂanttw@dlenzyne

. cl eavage . 98/:37752
PCT/USQS/O@&%PCté@PbY bactéria. The express1o§1elements ofdtlh.gatlon Wi th

DNA I|qaseveéﬁurﬂavaxynﬁnrthﬁlplasnedgth andr spefpdfiritieguced by neans of
transforma e%r?d}_%g%u 6%‘%&8&&8&% Ebfelsﬁkéﬁl Gkt yped, i pehudideg

procaryoti and eucar |c ce rown in tlssue culture. 5
:Reconblnanmﬁbshesnﬂuyrawﬁos%%¢$b&¢o Eé@ﬁcthélon apfl; fxeeslatdPtas vaccina

virus. RecqiRiaits VkdAIS6s €88a.  be generated by transectlon of plasmds -

~into cells |nfected wth vir abl e ,vec¢tors .i ncl ude,
“but are not limted ]Qﬂf¥%F3¥%e9?%?FbﬁnﬁbQUF}§Ia9§cP5P§e§ﬁ&Hgé§ Viehffia
vectoryp cdotsdzesn Ghald L&v&%ﬁibfigéharenpﬁesamdnpKasgld D¥at ors such

as pBR322, pBR325 YC177 YC pUCL9,
pLG3309, pRé%(? ﬁﬁ%ﬁﬁ‘: Ré ’%gé’{l Rﬁggﬁﬁ%igyfgtfaﬁlgg% D Or KS + -
(see "Stratagene Clonrn@naérlﬁysoengf QHAahegdémeaéFntr§EPStﬁéﬁagene La

Jolla, Calif. ate c 1%821'
X pEr EESIR ?See _ @ﬁé@&grwﬂieﬁp?é b€ sNhysé @h@@ aﬁﬁﬁp% yﬁe He21

to Direct Bdprests cthefbipdied @nEEA"P°1Yme€ﬂ§eEi‘Biﬂe§§P59bYechnol ogy vol .
185 (1990)5&%M6%Eé§m%@& h€RYsi8cor pREADRA Béqﬁ@h@éénéf)euwmiyﬁndc '

_derlvatlve her eof Enblnagt nol ecul es can, be i ntroduced into
a

cells V|a19¥9ﬁﬁ¥ﬁﬁ%l¢%ﬁfeﬁ FPRUFBPPG PraREABGREYBHLC progg Cd§at i on,
nobi |'i zat | grurtHe@hEEé | Opetatyotic phembiérs. andequebmpanauagcloned into

| t he vector usi stan ard 25 cl onj n [ [ t descri bed b.
Sanbrook S€ Qﬁ L§ | Slﬂ%?ﬂ%u?%? ??%n ﬁprggsgﬁégggtgp %h 25 d
Springs Labfumttoion Lol a §pocaQBOEmcbsystRBM/¥de Cmggbpr. mhlch i s

her eby,}pnc {?ﬁ%ﬁéﬁ%f% éf%ﬁ £€8£5- are not reco?nléeaaéh@tHOOEOEQSt vector

systens ma to express_the pro el n- encodlng sequence(s)
' function in eucaryotic cells _

Slmllarly, translatlon of mRNA 1n procaryotes
depends upon the presence of the proper procaryotlc '
: 51gnal§ which differ from those of eucaryotes Eff1c1ent
. 25 translation of mRNA in procaryotes requires a ribosome
_blndlng 31te called the Shine-Dalgarno ("SD") sequence on
.the mRNA. This sequence is a short nucleotide sequence .
 of MRNA that is located before the start codon, usually
_ AUG, which encodes the amino-terminal methionine of the:
30 protein. The SD sequences are. complementary to the 3’-
end of the 16S rRNA (ribosomal RNA) and probably promote
binding of mRNA to ribosomes by duplexing'with the rRNA
" to allow correct pos1tlon1ng of the ribosome. For a
review on maximizing gene expression, see Roberts and



"-Prlmarlly, t he vector system nmust be corrpatlble with the - host cell

- used. ' Host-vector systems include but are not limted to the '
- foll ow ngwmmﬁrzl a transformed with. ~ bacteriophage DNA, PQITHSINGISBINA, or
cosmi d DNA; 35 mcroorganl snms such: as yeast contai ni ng yeast vectors;

WD 98/ 37752 ' PCT/ US98/ 03604 -

- 22 - < mamal i an cel | syst ens |nfected wth virus (e.g., ’vaccinia.
‘virus, adenovirus, etc.); insect cell systens. “infected with Virus

- (e.9., bacﬂﬁéfu_ifﬁé&ﬁ@Mb&DQ 6Bf:. @gBed 1oy ohactriich idhe
expression el enents of t ese% vect ors vary intheir strength and --
speci fi ci t EEePY iRFerporated BY Jfﬁ Ch68Fvect or systemutilized, any one

of a number of suitalbeonstedBsrvatyobnabtetrafiskatngth". (Jelee.nmhs:.:can be

ed D|T—f ere 10
'gzntrol rrarﬁplllé'\}:éf fpﬁorﬂe éex%faglgé#%ﬁgkgog s gﬁ%rp%%eiﬂ% :Telr%ﬁ and
messenger [bredNA)g ta ambded opgne, it is desirablenter se cﬁtmnEDNA is
dependent ncﬁ% oan %ﬁéggcgoogb@agﬁggohgg \Q/gbglgll o2 DNA sequence t hat

directs th nerase a 15 pronotes nRNA
‘synt hesi s. trﬁ@mm negecafypregsion ﬁlfo#ﬂeo@r’fﬁ ffer fromthose

of procarygdde f{HP L& én the Y5t heémrggseeaaﬁmmﬁe@r , 0RO IShE@ i -
acconpanyi ng geneti ¢ SI%]GJ s may not be regognl zaq I-n,_or may . not

function i ® RYRRBArYHtFeit }%rﬁr‘é‘ﬂﬁt"ﬁri“ﬁ@r eoysegrocdRFoti ¢ pronotors

o are lnoitl)reci(?ﬁﬁaéﬁﬁe ar\ﬂnéﬁ? ¢Ddning i{HNELI @BLEN &u@abﬁﬁ:ﬁ:le&'ﬂt@ﬁaﬁges, or
Simlarly, trans|ation o rocayryot depends up he presence
of the prof@sH Tﬁ’)’f‘?'ﬁc’torss?‘éﬁgl §S\/\;-1¥8h§§| PPags 5%%%0 o .
eucar yot es pridriotodent t25 promosorf | pachf prRNAtor, pribaspoteds RNa‘qw res a

ri bosone - Qﬁg]cdéflg &Héepc%!rlda%éf’ ?@oﬁ@t%@s?%fg?eﬂgéhagg héwm that is

the nMRNA. 'S -Sequence S nucl eot
|l ocated beftmrleenme inoludieg ot skl Limitedaute WRICEN Sen @SS thk2

am no-§ grm @l@ﬂénfn@é txh&y39e fkelets. dﬂta.etsﬁlgmqeme acse -
corrplerrentaytot he 3'- %n of the 16S rRNA (rib I%and -
probabl y prdimtacriptipmehadianeia PHA; PERSRES by té)ﬂ 1t he

r RNA 't oy AWV €85 BEEUPDS( tho)i Pgonbtbbeoki behere E. fkmlia  review.on
naXIH]ZIHQ (%E%to é?é%é&uéeé?ﬁypgggét 1gggt 'DNA or other - synthetic '
| ” DNA techniques may be used to prov1de for transcrlptlon
20 of the inserted gene. o : ' .
o Bacterial host cell stralns and expre531on-
vectors may be chosen which 1nh1b1t the action of the =
‘promotor unless specifically. 1nduced In certaln
' operaéions, the addition of specific inducers is _
25.'necessary for efflclent transcrlptlon of the 1nserted
DNA. For example, the lac operon is 1nduced by the
“addition of ‘lactose or IPTG (1sopropylthlo -beta-D-
'fjgalactos1de) A varlety of other operons, - such as t:p,
pro, etc , are under dlfferent controls. _ _
30 Specific 1n1t1at10n 51gnals are also requlred
' for efficient gene transcription and translation in
-procaryctic cells. These-tranSCfiption and tranélation
initiation signals may Vary in "strength" as measured-by'
- the quantity of gene spec1f1c messenger RNA and proteln
35 synthesized, respectlvely The DNA expre551on vector,



WO 98/37752 . o PCT/ US98/ 03604 -

23 - : Lauer, N@thods I n Enzynnlogy 68 473 (1979), which is -
hereby |nvuygmnaned by reference. - : Pronot ors. f&ﬁﬂ@%%@ﬂ%lr
"strength" (i.e. their ability to pronDte transcription). For the
‘purposes of 5 expressing a cloned geng, 4t is desirable to use strong
pronbtors in order to obtain a highlevel of .. transcription and, hence,
expr essi on. of the gene. - Dependi ng upon the host cell systen1ut|I|zed

any one of whicld combein®fa spirdmbdter prmapt alsomegnbeinsedy For 10 -

st ance, e el on op 08 Freglh o LLSoRaF FELRRORIER A eyl 351 05
recA promﬁufansiénmmmmdnfwuatlonpsngnabs t RerPisethnard MquH%nDters
.SLpEO| 'blpga%r?er%%?l% A HE l&%f.rl Sre?‘ﬂ%&:ﬂg' Qg gt aggﬁgbbg ra;]ﬂévlug/ zJS@g]EJ\E
transcr5pt ikases 56]Q@ehhetﬁmlgegﬁ%ﬁﬂscoﬂﬂﬁlﬂﬁ@ﬁélF? pgovidengyrid

trp-lacUvs % &ingrsfééer Thug9! hny SDPAPEDLSMSibaedwredHyt
r econbi nant

er synthetic echni ques ‘be .used,to :
provi de forcan d?%c‘ﬂ‘f—b%?—%ﬁdz}ey RPst heel hsEiPegoRERemaY B employed gacieri al
~host cel | sdy@h NSobin&KPHESSiNBlude WALt are fioy mﬁmﬁhes{emowmheh gmhi bi t
.the action of the ss_speci f calk§§ n certain

e
“operations?® ?qmF%mm+??€h°%f£§ﬁ%c€$?ccrﬁdg88?s°Fs ngggssary f or
efficigot tdf?&phagélbambaatherlﬁsemtehe E. PHAi tEgptephﬂpléh tthhe Cac -
.operon is induc t he of ckas r
_(isopropylt ggt s Addﬁg %é?gg a g EB ggtgycoﬁﬁghh o erons, such
as trp,  pyodycedcby aeeomhd@anﬁlDNAr@ﬁtOEbﬁrr§E§hn39ueS an°1Vl@$eC|f|c
I ni thation gé@ﬁkon Sr8t 8ot 5P LfAthEEdc nuchebreBbkCheY vaeRgdd.anscription

and transl ati procaryotic cells These transcription_and

“transl ation |n|t|@PF@nt§?gh§P§aH39 P&Pympﬁecgéﬁeﬁgpﬁd 1ng F¥%ured by
‘the quasti tayﬁérgéﬂslép%l {:éépaﬁééeemeelaw pbdypeptéde 37 preddiasi zed,
respecti vel ghe ex resglon vec tmo 98@37752 a

PCT/ US98/ 0 een cloned into an express:.on sygtem, it ig Trea ('X)ntt dins a

-pronot or, By ﬁﬁé@rp@ﬂhaed anyo a host cell. Such incorporation can

' - be carried out by the various forms of'transformation
nOted above, depending upon the vector/host cell system.

- 20 Suitable host cells include, but are not limited to,
bacteria, virus, yeast, mammallan cells, 1nsect plant,
and the like. _ _ _ '

- The method of the present invention can be

-utiliied to treat a wide"veriety of plants or-their seeds
25 to control insects. Suitable plants include dicots and
monocots. More partidularly; useful crop plants can
" include:. alfalfa,-rlce, wheat ~ barley, :ye,_cotton,
- sunflower, peanut, corn,’ potato, sweet potato, ‘bean, pea,
_chlcory, lettuce, endlve,:cabbage, brussel” sprout beet,
30 parsnip, turnip, cauliflower, broccoli, turnip, radish,
':spinach, onion, garlic, eggplant, pepper, celery, carrot,
squash, pumpkin, zucchini,fcucumber;-apple,'pear; melon,
.. citrus, strawberry, grape;-respberfy, pineapple, soybean,
tobacco, tomato, sorghum, and sugarcane. Examples of

35  suitable ornamental plants are: Arabidopsis thaliana,



‘conbi nation -of various "strong" transcription and/or - translation
|n|t|at|on signals. For instance, efficient ~translation in E .coli -~
requi rés MOSBBESHuence about 7-9 5 bases.5" to the |n|t|aF{HHm?§83W4(ATGQ
to provide:a - ri bosone bi nding site.. Thus, any SD- ATG conbi nati on t hat
can be utilized by host cell ribosonmes2Bay be enpl oyed. Such

conbi nations include but are not limted to the SD- . - ATG conbi nati on
fromthe cro gene or the N gene of 10 .coliphage.lanbda, or fromthe E.
~coli-tryptopeantpaulisG, peturgdaor pelgewmnlmddupdnmaetylaany SD- ATG .
CO”b'”at'Onchryfaﬁﬂﬂéﬁﬂmtﬂbéfﬂ&tﬁﬁﬂ“ﬁ?ndwﬁﬁﬁﬁthher technlques i nvol vi ng

I'ncor poration synt heti'c nucl eoti de e used Once the -
i sol at ed DNA nol ecul e Thfc RFERER einFn%N%%r%%n%ff??ﬁlVésﬁSﬁéésélF0|tor'

pol ypept i dew@RePiakdicty of hatsdaad, C|Iﬁ6h.ecbthf‘;§@sé§ @xptn&sp@asemt em it is
ready to . be incorpqrated In@ﬁﬁé-hOSt %% % corgoratlon can
be carried dOVERYiPRe VRASSES 1 Wt A% ‘I’B‘? i Ghe®8 IRBEEGAnove,
dependi ng uamaotbﬁcompaydduxﬂhylﬂm Mn&ﬁuﬁ&aZOsnémleabhd bbsgscel | s
i ncl ude, but _are no acte i rus t mmal i an
cell's, insetEPTHPEA" ed By %&be ﬁ?eoqt%g garéeg siug. baﬁga S}ﬁgd of the -
pr esent |nvmarshnsd@m'b@nd gnaylgaﬁdbncﬁlm@hi @lakdervachpigaof plants or

their seeds 35 cky oy gy ylwq&ana[tcrop%@n@&aﬁe bEchudlgrdieays and

nonocot s Fe pa . use ants can
rice, Vfeat ThBahPsy, naﬂge % ¢rpme °fsﬁ#ﬁ$%ﬁ@$3t%ehﬁUFXtﬁéﬁhvepotEﬂ?

~sweet pot at exaﬂ ag,; Rer Europ‘éHIPQ:fdrn|1%J§él§elseadrhé{§orcﬁébﬁgéf boasgsel

sprout, beet, rsnlp, turnlp, cauljflo broccol.i, r radi sh,
spi nach, onﬂéﬁntg a R, [ﬁi c€€%$§ OR 4PYSF, 2 2b8" @%B&
punpki n, -zugpbeles - d.umnﬂaarng mem, pet, dmd ohima besnsr aad. edﬁ.b\ueerry,

" grape, raspber pi ne & t.obacco, tonat S um -and
sugar cane. &%ﬁ 5FP §U| qﬁ?e ‘or Qmﬁﬁ@ﬁt%lg%?g agny $%§§b|d0p5|s
t hal i arley’ spec1esm0 Q@ﬁ&t&ﬁhal insect larvae and adult feeding.

PCT/USQB/OB?Q ts ich feed on- and damgge de variet: §f'ntan|'a
petuni a, pe argonlun1 pol nsettl . Ni sant%enunl CarXatlon and zinni a.

The presentvﬁgveﬁhlﬁ$|&?dﬁﬁmﬁﬁl\ﬁ¥uﬂﬁ§rﬁnc¥Pde the dEOVRPVERY: of | nsects.
For purposegegbibR i €Sefecd ddMERE h%gﬁtl NSEEL SatFPUbHR) Aélbamﬁada d ass

I nsecta)" al SO enconpasses Phylun1 usca (snails and s u%
r epresent ed 1 BREPRRPSF0t Bt SFarlRATRARRET hPRRY FTYYOL™, &R BRge| ug and -
gray gargenlsbgel:, Gaétﬁ:&g%l’ a:fthﬂ:l deaggot ( Nt Bsadansobhyd UBeélE]!raT, odarn

(r oundwor s ot nerat odes);y 10 o1, N05ind ENe%: dind0NB OhotRES EaRESES T

al f-a,

armyworm, flea beetles (varlous adult spec1es feed on
:cabbage, mustard and other cruc1f1ers, cucumber,
'eggplant tobacco, potato, melon, and splnach), green
25 peach aphid, onion maggot, onion thrips, pepper maggot,
pickleworm (melon worm) , potato leafhopper, potato stem
borer, potato and corn stalk borer, striped cucumber
beetle, spdtted ‘cucumber beetle, northern and western .
'oorn root worm, thrips, tarnlsh plant bug, tobacco aphld'
l 30 tomato pinworm, tomato mole cricket, and rootknot
nematode ; Small fruits -- meadow splttlebug, strawberry
'bud Weevil, strawberry root weevil, tarnish plant bug,
and strawberry spider mites; Grapes -- grape berry moth
grape cane gallmaker, climbing cutworms, ‘grape
35 leafhoppers (three species), and grape canc girdler.
' Collectively this group of insects and allled spec1es



exanpl e, the European corn borer is a major pest of corn - (dent .and
‘sweet corn) but also feeds on over 200:plants speci es including green,
wax, and -Wwoesdreens and edi bl e soybeans, peppers, pot atRCT/HSR$/0S6Mat o
plus- many weed 15 speci es. Addltlonal i nsect | arvae and adult feeding

- pests which feed on and danage a wde ygarj ety of veget abl es and snal |
fruits include the follomﬁng: -Vegetabl es -- seed corn naggot, rice
~arnyworm alfalfa | eaf hopper, aster |eafhopper, beet arnyworm cabbage

20 | ooper yiakhage: & OPhe rﬁﬁ@@@tec&%@i@ﬂplﬁoiﬁp@rbaﬁﬂ 8roQp’ BE pesAAI Worm -
cotton or nelon aphid,_ dia fl'ea beetles

c I
(various adf® vgERTRR ?%eds%gi)f Fr‘&’a'ﬁbaﬁﬁg ﬁﬁgPﬁrB‘:‘g‘éﬁﬁEEﬁﬁ‘er crucifiers,
cucunber, workﬂﬁﬂ&@ﬂt t obacco, potato mel on, -and spinach), green 25
peach aphid, oni on rips e r. oo pkckl rm
‘(mel on worm, potato f'h%%b % %?opfgg%qg qugﬂglbn STt &Q)é'r? corn
stal k bBremppmrcaEmbmunﬂnﬁbe hypebsemsntlsporESQOBaeuﬂbeclbeetIe northern
and western o) h t t ohacco aphi d,
30 tonato%@%ﬂﬂéggiéé S%dﬂPé l%r#%ﬁs?e 85 EdeéGE tﬁBSuﬁh Igtode Smal |
fruits -- meadetyppf tp:e@%dmsWawrallbga mesvi PE sheampanty oot

weevi |, tarnigh o anin@lkgdmg 1é£€'e§tr§w@ﬁéryréetgereﬁbt eSTh@saﬂﬁa%r" grape

berty nDth grage cane | maker cllnblng E ”ﬁ rape 35,
| eaf hopper siRuthmae p%%?bs}nv%ﬁe d%%%lE’éﬁEl@ r8 e hyPBrEPBELS/IS this
group-9f | Scn S8 e Pd &1 €6r SPSTyPEptide or p¥6t98b31ﬁ58 the plant.

PCT/ US98/ 0360, epr. the
nost econoﬁqrﬂ?R;?rﬁRP}%ﬂ?tbﬁ?anEkO%%stCIudefg%gGe t%SP %ﬁggggﬁ;fruit,
and grape ppceingn injewoionw desting, and leaf ihsaﬁepho@nmknm&;qwesent

| nventlon 1Y QiNdd % pic2PBE %B}éifga\?%onhgaﬂﬁgegiﬁeé' ti ¥RehepR@BRA R Citor

polypeptlde or protéern can b arri variety of
procedur es pitent as¢ede, pint aeeordenee awithsthe aPPéaFé§l°Pnclud|ng Ieaves

St ens, 3 500t Gh&d fmentd N2 FRY resé@t‘tlﬂeéﬂtﬁl@h), tR¥OhypeirBbilstitdtiedn of t he
hypersen5|t|ve 10 response. e?|0|tor ﬁ ﬁgﬁgp Erot I n 2] ége pl ant .
Sui t-abl e aﬁﬁﬁRﬁR$%wF%%?hBﬂ§ PheFeHR ﬁﬁg?e 8fir &€ Q&F ing,

I nj ection, b#ﬁlowmbraﬂﬂghepfesbﬁﬁél@pr@yﬂngnabeatlngt01mhewsebmc|tor _ _
applicatio es pl ace, ntre ccordance with
t he apph(xﬂqéﬁtﬁ%' bﬂ?ﬁ%ﬁfo%f ??%ﬂ%¥e§3ﬁ ﬁgéeﬁﬁﬁgicatﬁ ypersensi tive
response(ﬂprooeﬂurestean e ngypsgnedebyahhbeeagbnlééd in @@ﬂ(ﬁﬁﬁw hi gh
pressu58fﬂgfg%{EEdcgﬁe§ngre'Qﬂféstgneffect contact of the. '

| hypersen51t1ve response, e11c1tor polypeptlde or proteln |

‘with cells of the plant. or plant seed. Once treated with

the hypersens1t1ve response elicitor of the present -
-1nven€ion, the seeds can be planted in natural or.

25 artificial soil and cultivated using conventional = -
procedures to produce plants. 'After plants have_been
propagated from seeds treated 1n'accordance with the
present invention, the plants may be treated with one or -

_ more applications of the hypersens1t1ve response e11c1tor
' 36 protein or polypeptide to control insects on the plants
" Such propagated plants may, in turn, be useful in
produc1ng seeds or propagules (e.g., cuttlngs) that
. produce plants capable of insect control.
- The hypersensitive’ response elicitor
35 polypeptlde or proteln can be applled to plants or plant



dusting, or injection.. Other suitable application  procedures can be
envi.si*oned "by those skilled in the art 20 provided they are able to effect
contact ofwiar7s2 hypersensitive response elicitor  pol ypeptmmusasmpaw ei n

“wi'th cells of the plant or plant seed.” Once treated W th the .
hypersensifive response elicitor of the.present = - .invention, the seeds

can be planted . in natural or 25 artificial soil and cul tivated using
conventi onal - procedures to produce plants. After. plants have been
“propagat ed LLAsSaeiRddSMd N AN OFHENESeBERD E.Heentloﬁr a3emfe idgvention, -
the plants may be treated with gne or " nobre a I catiQns of t he o
'hypersen5|tPﬁearé§ﬁﬁﬂﬁ?eﬂ¥§ﬁtQﬁh%K)m%ﬁ%?é?%sor ggFﬁﬁﬁﬁFPﬁé Yo &frol

i nsects on hipepisdtsitive Mbﬁ@p@ﬂﬁ&ﬁﬂoﬂpﬁl‘?p&pyldeno‘i‘up&,ot‘hﬂruseful

:olnant S g;gg%ctlng*eseed _’.or%pr-o$%1ﬁga%§fy( gplaﬁgtst }fﬂgﬁh%gfegeﬁ‘?ﬁ C!11’Sesponse
el i ci t or5. 35befmigy @apliiced at pixﬁﬁremntmeappl ied to plants or plant '

WD 98/ 37752 ition suitab for €§I§U§3§/ Bigl.g(&%s ort

seeds i n accordance le}h ?‘?Peosresent nven%‘eon al one or
wi't h ot her - pdeati flesds An amrd@nge wheh thhypppéqumpneemt

elicitor polynepd ‘iﬁreélgnegrﬂ'é g% éhtloﬁgéel?eaﬁﬁel éeﬂgﬁEPééﬁTs%){vbo p! a/r;ts with

ot her materral s er ent
_composi t i onTreFreRsS qlo#c%‘?%tl?qu\@ﬁh‘ﬁ-‘réeo@r propeaRt 1BeddSarKigfdcor dance_

with ”heoap@un.@c%hﬂ@ &tﬁ&%f@r&nolnd@fw&e@rpregaabusnsemht@_aneqnt ains a
hypersensi ti response el tor t%pe ti mg Erotgl n bn a carrier.

- 10 - Suitabl & é’%lrﬁeér's h AT PW TS - obBL18oPUPPELESNt, EOR s, or
~dry powder Scordp&:d:lﬁn&:rerd:mmatmm g:téw:er thanpbsit hMnhygperaensigrisat er -t han
‘500 nM hypersensi tive el i cyLor.-p i de or protein. -
Although noFeFé’&ﬁﬁsr c?ljt‘f‘ﬁ %WQ@?Q% %ra §§¥§§§#ai-n.additional

addi ti ves including f &Xtihduwah not reqnsex:edcl thisf angbobdtionemaaci de,

-herbi ci , | ud
er 'C'ﬁ[eg%ﬂﬁaﬁwmﬁ%ﬁ %' {AR Ryl tféi:EEHzéEC ude -

“(NHerr _ An exarrp swta e insecticide is -
Mal at hi on. insegddiqi Jffé’sd?no"ll%iﬂ%t%ﬁh @n. hegbicide, and g her

‘suitable adﬂilsdt\(ﬁ%s Hﬂ{éﬂﬁ:@Uf faiitkble FégeNlsze¥Bt LthaUudgene, ) MNELi ng
agents. and @b Sdin e of SRRl RaRd frk b R zen (O Tact 1 Tare
hyper sensi.t iveefaAs sl eides tiicpady pegptae. or protein 25" can be applled '
to pl argoseeds w th Ot&%efowz%gﬁfgaé\ddltlves include bufferlng
agents, wetting agents,.coatlng agents, and abradlng
agents. These materials can be used to facilitate the
proceés of the preSent_inventionj . In addiﬁioni the
. hyperéensitive responSe-elicitor'polypeptide or protein
25 can be applied to plant seeds with other conventional B
seed formulation and treatment_materials,'including.clays
and polysaccharides.- E _;; ' ' '
In the alternatlve embodlment of the present
._1nventlon 1nvolv1ng the use of transgenlc plants and
30.'-transgen1c seeds, a hypersens1t1ve response ellcltor
polypeptide or protein need not be applied toplcally to-
the plants or seeds. Instead transgenlc plants C
transformed with a DNA molecule encodlng a hypersen51t1ve
response elicitor polypeptlde or proteln are produced
35 “according to procedures_well known in the art, such as by



seed fornulatlon and treat ment naterlals |nclud|ng cl ays and

pol ysacchari des. ~In the aIternatlve enbodi nent of the present
I nvent i-on yW@ekisi g the use of transgenic plants and 30. trposgsssaséseeds, -
a hypersensitive response elicitor: pol ypepti de of protein need not be
applied topically to . the plants orzgeeds I nstead, transgenic plants
transfornmed with a DNA nol ecul e encoding a hypersenS|t|ve " response
elicitor polypeptide or protein are produced 35 according to procedures
wel I known i1\o1 Dge 2Ek: oUARrBBabterium medléggéﬁyfgﬁg¥%rmatlon

PCT/ US98/ 03604 bi ol i stics-or
Agrobacterlﬁﬁﬁﬁﬁh?ﬁteé FP&H§PéFnﬁUPSﬁsenS1qEM%n¥%§?Q§S%Hﬁ¥%ﬁﬂ¥Pr :

hyper sensi tpagnbepaﬂaég eki !rb@élns apal ¥PePhdae e Uil eidguandeshe

nucl eic acid seg [ e COdI are dlsclosed supr a.
Groe’ s 1 BRBPRELE! SREasP: RNE” pY pe i Re ke R P 4 he O
t hensel Bes teaanbgeniitt plahed of- ahasrd&peeamdﬂproduaadnuﬁhe(pmanmsocedure

Whih the PLERERCE1OLs" BER0BRCCu1 i SOEAY 10 IRIMRSIACINA] Ve Teshonse
elicitor resu nsec e-pl an Al ternatively,
10 transgermn*geeusoaaé proceduse Wit the mrm@g:m ®f thegane. These

seeds can. t@ﬁ@oéfn@'QHEeﬂyFErEQﬁsiQhbeaQ@sponégﬂéTﬂéﬂﬁﬁi‘FééﬁlﬁiﬁgentiOnay
procedures to produce ransgeni c g@ants he transgenic plants are

propagat ed in C?FBﬁPihepraﬁ?éastP§n§ nPdag¢eds AtEFIE Y ons 15
ef f ect hye t@r&ﬂ@@éﬁtcl EéédbsareV‘bebev@Q‘ed\Mf&hinﬂg:HeO thensgeraund by theory,

- such-growt nhance I a sult from
expre55|on3%f aphg- erﬁgF?Srgeegsp8F§p§BFPdg ﬁﬁF&Fﬁfa%'(ie soil and \yap-
transgeni c phhvisated pbanyg senﬁen&ienaie@r@@edhmeac¢mr¢amdmcmttlthe :
‘present in e add o] t

~materials agPéﬁQQenRQ élanFo trggk E%Eh&g%%@cbg%é %% (ﬁ%ﬁ#%ﬁ?é@@@
hypersen5|tfn@mrbbponéeneeﬁcFr@nsgénySeﬁﬁﬁdé @MQQﬁmﬂgndltloﬂg;applled

‘These qihere FRLEELIGESto! BohUELNTi Adech Rer f@Aliel nvR RATIRNRE &) ikd tors, can
be applied to the ~_transgeni ¢ plants and pIant seeay,ey t he above-not ed

“-procedures, ?%%@uEYnEhﬁPﬁﬂioFuFBw95P¥§§uF€ R i on,

‘coating, dttﬁédﬂﬂteandrl fEpr gestlt Sicohl ebcbressmnabtfentlﬁ aﬂt:s::ltaaae been
propagated fr he, éransgenlﬁ 30 plant seeds, the plants nmay .be treated
with one orP Ptidg BFi PAPFBAE  of the hypersensitive response elicitor
to control insects. Whueh pranbgenhp plantbeahde@ﬂamnmseeds an&nu&&dlonal

pl ant Bbeatﬂgnacggfagﬁcéewgth Eﬂéeﬁgégéggsinventlon, they

additionally can be treated w1th the same materlals as

‘are used to treat the plants and seeds to which a
hypersensitive response. ellcltor polypeptlde or proteln
is appiled  These other materials, 1nclud1ng
- 25 hypersen31t1ve response elicitors, can be appl;ed to the-
. transgenic plants andzplant seeds'by the'abovanotea. '
'.prqgedures,:including-high'orHIOW'pfessure_spraying,
injection, coating, dusting, and immersion. Similarly,
after plants have beeh'propagated from the "tramnsgenic
30 plant seeds, the plants maytbe treated with one or mbre
applications of the hyperéensitiVe'response,elicitor to
control insects. Such plants may also be treated with
conventional plant treatment agents (e.g., insecticides,
fertilizers, etc.). The transgenic plants of the presen; .
35 invention are useful in producing seeds or propagules



f'ert_ill i zers, etc.). The transgenl c pl ants of the present . 35 inv'entic')n are .

useful in produm ng seeds or propagul es - - WD 98/-37752

PCT/ USO8/ WEEIRpBTI52 29 - ' (%CH”S”é‘HP?‘ﬁ ngs)
f rom whi ch.pl ants capabl e of i nsect control would be produced.
EXAMPLES 5 Exanple 1 - ' Control-l 2%y -the Spread of Aphids From

Col oni zed or Infested Tobacco : Two to three | ower | eaves (at

position 4) of a 10 tobaccao_plant were infiltrated with hypersen3|t|ve ,
‘response ellecidt-or autingmkhtentybhchipbanter eppabile of img®qter tobacco

“plant infilddmed Wdin® B’Q\A%@m&lm . _phosphate buffer was used as a
~control. * Any visible - ds on these two ptants were then kill ed. Th_e

two 15 pI ants were placed on a lab bench with a light on at - ni ght.
Five days after infiltration of hy peexzamsiEs ve .response elicitor, a

.- heavi | y5 aphi d-i nfected" t obacco pl ant . was noved fromthe greenhouse to
the | ab bepxtamplehe -  @unttolifiegy athe| Spteddisopl Bokilds| Psemt 0 and
“between the 20 hyper sen<dliorel zeas panskn e s ted dTebaeaded pl ant "and t he

~ buffer-infiltrated plant with many of the |eaves of the uni nfected .
‘plants overl app| ng vm'NotﬁrDstehmetlwenfkeaeels (atppasttionf #4di ldff @t e

MOVemBfy O 2%1 d ramd *}&pltw{&&t@g\:@ ?%erslﬂ%l'ﬂ Ger of aphids

on hypersenS| t I ve response elircitor- treat e p| ants were
counted = resmeRss GLiRitIpratpuroneereyatiorhetr 88urm/Md -shown in

Table 1. - apnother tMBRH3Phét infiltrated with 5 mM potassium
PCT/USQS/O%%%%phate buffer was ‘used as a conLrol] Any visible
aphlds_on these_two plants_were then kllled.n The two
15 - plants were plaoed'on a lab bench with a lightzon att
' rnight. Five days.after infiltration of hypersensitive
response elicitor, a heavily aphid- infected tobacco plant
was moved from the greenhouse to the lab bench. The
aphid- lnfected plant was placed close to and between the -
20 hypersen51t1ve response e11c1tor treated plant and the
buffer- 1nf11trated plant W1th many of the leaves of the
" uninfected plants overlapplng ‘with those of the infected.
plant to fa0111tate ‘movement of the aphids from the
_ ~infected plant. The number of aphlds on hypersens1t1ve
25 response ellcltor— and buffer treated plants were counted
once everyday for about 10 days The result is shown in
Table 1. ' ' '
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- 31 - ~ Fromthese results, i t is cl ear that the hypersensitive
response wiog8ixres2-treated plant has many .fewer aphids tRCHIU$9§403604

buffer-treated control plant, suggesting0that the aphids did not.like
to col oni _ : b [Tesponpe] el Trjeaf e¢ @) ants. At
the | owe reg a{sybst anti 0 i ds even
in t YP$ G tgr =f seat o~ Siince
i nfiltraf zof elellicjtor ed | eaf 4,
this indi titve respoy tlor rated
signal f Alty off et o] drd to
t he top. _ t|wgds fal fo]olise hat
aphi ds. di pd |t g the hypgr sengi tli v ponse
elicitor 19 2| =] "¢oblon| Fat|on phi ds i n
Hyper seng nge [Elj cftar-{Trpated T o Pl ants
20 _ : er|ved et rat et Apre fet many dead
aphids o f i . efrtagrtpt t1-eptead co | eaves.
To furthg i gtipn} dphj dg werle hriifli cj -
I nocul at ¢d : By _ J ngevkell cter of eat eg b cco pl ant
25 The _ d$ viere coyntledr ohce "} ery day
for 4 days.| - ]Eoi VE SJ%”SEDE iozic'ft or{'T t ment and
Aphi d & | o¥ill HoeloY:! oot o3 T _ nfiltrated
wWith ensitifvel resporse} e at- al congenfr @t ifonf of 40
[err] @ Aftel 24ahrs, of iy oNedrosig Mag opseryded. of Sgven days
af ter Shypesjsensi tli Vie™| <] #|eSpd Mott inf|lqrygtipn{ aphi db &rom an
i nf esfre Al or cdlgﬂzed)’-pl B {rgnsffefred|tol the|threp dWpper 35
| eaves, o he hyferisensijtejve| re: ‘eli«di ¢jor} to egt edo| of 7l ahtm
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- 32 - - : Tabl e 2 sunmarizes the results of this exarrple

It shows that, after two days, nost of t he inocul ated. hi ds. %56% dead
and sohe YOS IOV ed away fromthe ‘hypersensitive res% 4
elicitor-treated plant; however; 5 the nunber . of the i nocul at ed aphi ds in
the control plant remai ned about_ the same. Table 2 - Number of
Col oni zed Aphids in Control and ' - Harpin-Treated Tobacco
‘Plants 10 A B . C D E F

Leaf - Day Prom Dhesé resDé,;tsz it Ijaay dear tlosy the hypersens:.tlve H C

;B_ 0. eﬁpghsgleiggltgr t;fatéa Qﬁ?nt;ﬂ? iman%7g%wer2§ghl§ 225 60'

28 - . thgn the @yffeg&trggtedz@:optrolgleqnt suggestingpothat
Total 80 " 44 éﬂh1d§3d1@1not611ke to(¥$léhlze onfﬁhe ﬁQpefBénQEEQ%%S in
“the table arellvea pi_n-induced pl ant Cont r ol

_plant '5 TESBRABRFE sllcltméeeetséem%&fee#&aﬁfé% Jf%ﬁﬂﬁhﬁeﬁ 25
‘Soaked SeedzeavesResheiranivalso aA@mhitantlal number of aphedsi @en in
About 80 togﬁc seedsn%Nltcotlana t abacu 'Xanéh%n% ée soaked in
har pi n. sol utf*Bn ¥YBEEGETSS &Py FFPRCSS 1%1W TR AR bRBSphat e buf fer,
pH 6. 5) forsahoetlhﬁlltrahaumsof ﬁm@ersdnsituvnrrexpﬂnﬁbsebdelmeme sowed
in a 6" t t iy f I t t usinga =~ 5 nmM
pot.assi um pﬁos%ﬁ%egﬁt)‘% %Fav%l\n ?Hoﬁ: s ln-I(-ir]irﬂ?cvvas c1ﬁa tETi,f‘gas a control. The
~ pots wdie | hypbusedsifiyegresponss edh&?mr-cﬁeraﬁlt%ﬂmer%%welofOZS[err] C
with 14. houinQéMthggﬁstanceT\ﬁ%?f[ Y:rﬂ%'y S A ivOW raddlE ShwEES thbhe

t obacco seedlings treated wth harpin was significantly greater
WO 98/37752the top of the tobacco plant. _ PCT/ US98/.03604
-3 - It was also observed that aphids died 2 days

" after they moved to the hypersens1t1ve response e11c1tor—
15__treated plant ' )

' Example 2 - COlonzzatlon of Aphlds in Hypersens;tlve
: Response Ellcltor Treated Tobacco Plants

20 - .~ From Example 1, it was observed that there-were
' ‘many dead aphids on the_hypersensitive-respbnse-elicitor—
treated tobacco 1eaves'” Tc further confirm this
observation, aphids were art1f1c1ally inoculated on a
_ hypersen51t1ve response ellcltor treated tobacco plant
25 - The n&hber of living and dead aphids were counted once

every day for 4 days.

. Hyperaensitivefkesponse'Elicitor_Treatment and -
Aphid Inoculation: Two lower leaves of tobacco plants
30 were infiltrated with hYpersensitive response elicitor at
a concentration of 20 ug/ml After 24 hours, tissue
‘necrosis was observed. . Seven days after hypersen51t1ve
‘response elicitor_inflltratlon, aphids from an infested
(or colonized) plant wereﬁtransferred to the three upper -
- 35 .leaves_of.the hypersensitive response elicitor-treated -
-_plant. . o ' . : ' : .



‘than that of control plants. Twenty seedlings subjected to each

treatment were transplanted to 8" .pots 28 days after sowing. The

.seed| | NgS.WEbgIIREN | ncubated in a ‘growth.roomat a tenpéT/aISﬂﬂf@6M
about 23[err] C using 14 hour 5 day Ilghts By the tine the seedlings
wer € transpl ant ed; aphi-d |nfect|_c_)n3 s observed in the control tobacco
seedlings, but not in the harpin-treate seedlings. The .. source of

“aphid infection was previously infected adult ‘tobacco plants in the :
same growth chanber. ohn1the @rawatible QUNrdadites BONRES aguhplbobacco
plants were gl aced around the seedlings being tested to ferv as a :
nat ur al Isoghewsothagfhi aftese FMe @RS oMt (e R ARAGE AR g

- transpl ant edphthe wewreereala emm(abméwdﬁuﬂhémﬂmﬁxéa awapeﬁﬂbmnﬂnewas

count ed. As shovvn in Table 3, 17 ou of 20 15 c% n}\_’é wer e '
i nfected by @ﬁ?&?%ﬁvﬁgw et WRBRVE 10 13.
However ;5 OntheZanbe&f of tha0 :erqmlr&ﬁe&aipﬂmqﬂ aim sx:hmr@omttfe]:tpﬁahy the

aphi ds. This i ﬁ{h bacco plants from harpin-treated
seeds are fﬁ?mﬁ’ﬁflg t 53 aphid infection than 20 control

pl ant s. ' WO 98/ 37752
PCT/ US98/ 038043 o 2 er of Col A %é ;%ﬁl%ﬁﬁ
- ph?ds in Cont

- Tobacco PI an? Befierat edggfﬁﬂﬂ@‘f@&ﬁb O ggcco Plants _ Seeds Are

Resi stgny To Aphid Infection -

Har pi n-Treated 5 Pl an gphu dq P ant_No___ -Nnn;her: 0
| g\phl as ’:I; A : B‘Iﬁ cﬁ . ! D 4.4 E 0 . F2

. z LU C J . . L L .

0 4 Leaf [11 Day 0 Day41 Day 2 oDag 3 - 5 Day "

g . o g'_@-n 7’@ H .c'}iL?’ c |§ @3
5 - 8 {1 23 (22|18 - 9206 2011 19 |0 921
g 15 1510 1112 36 . 14 %%7 3 . 25 og' 25 | 01 438 "

0 13 “ - 3 31 25 112 1326 |2 ~22{ 1 24 14 20

8 16 " % | rotal | go 0,67 aa 11"2_73 11 67 |12 eslg 189 ||

0 17 : 0 18 2 18

Q . 20 The numbers in the table are live aphids

~ H: Harpin-induced plant
C: Control plant
Example 3 - Tobacco Seedilngs'Generated from Harpin-
25 Soaked Seeds are Re51stant to Aphzd

Infection

‘About 80 tobacco seeds;(Nicotiana tabécum'Lg h
- 'Xanthi’) were soaked in harpin'SOIution (about 25 pg/ml
30 of'5 mMﬂpotassium-phosphate buffer, pH 6.5) for about 16
_hours. Then, the harpih~soaked seeds wefe750wed in a 6"
pot”with artificial soil. .The same treatment using a
5 mM pota551um phosphate buffer w1thout harpln was used :
, as a control. The pots were 1ncubated in a growth
_35 chamber at a temperature of 25°C with 14 hour day llght
Twenty days after sowing, the size of the tobacco _
seedlings treated wlthhharplh was significantly: greater



19 - .0 19 025 20 2

20 - 0o - Total : 94 L 0
Exanpl & 4WO98F1782 d St udy Regar di ng The Effect o PCTms”mso}
Hypersensitive Response Elicitor - ' Appl i cation On | nsect
Control - 5 - . An experi nent -was eonduct ed at the Honer C.°
Thorrpson Veget abl e Research Farm | ocated in Freeville, NY. The

- experinmental design was a randoni zed conpl ete bl ock with four

repli-catiorshani thag pfaccntpel pdmnts.. (Rientyisegdlings subpeasedc, wit h '
22 inch Spaewgaflﬂ téehe@%ﬁ%%@es tra%\%mhﬁea nag ug at sde spsgagdgy s’ ow of
peppers ran the length o | ot _between the two treatnment 'rows to
provi de i noeftem Fevinge tghgetse@idééd&s wergithertpreapateds i8pdt of '

-pepper (Xa Ha§oéﬁﬁa%5br it®mp erallt\ﬁré/@ﬁ Ceﬂié\iﬁ a3 @@Q@@in@aﬁ@) hou§ee
Figure 1 g ﬂ % and ac oss the road f mthe p%)rpger trlail

comer cPal F#¥%| 41ghtgent BYofF %1&? i R oY traggpleap ﬁfi
European .cogphbar enfdeting Wae sbasdfved Hie the @eppesl vesbatyo” Jupiter”
was, sel ect e DSERHSE, Ohukt gps, 5 MR ot L L4 Vad SaPERLST | chnkeaf
PCT/ US98/ 0366drce of aphid infection. m -prev1oussb§edimf|gstaéredult o o
transpl ant.e cul uced _
TreacPha pepbdctpepihatd 9 (e Bane P dllubdery T UBR LabLpdCed
were 10 trmelpl aft perolond zegr esydit MbaﬂCQjaylaZB:%mderﬁeplﬁceépreader '
row was addiiional Lﬁe' geeah%%@ %ﬁl@/ cdheld ho seﬁ?@tmnanﬁétﬁﬁamestrl s

pv. vesicatoria pepper race-in order to provided nore, di sease pressure.
for the peppe@sce Ofy §R§l§ﬁ -ei BR¥ENsidfys after the seedlings were

gpp|Egatboptﬁéngﬁpéh&éﬂ§lthéenh&be&e&ﬁpﬁﬁhﬁﬂsC&ﬁcéaéﬂ tebRtBovas made on
ay e

I t r.od d d d
total of 1 osSarbashope Sorothas: od EHoLcd AR tE o 17 RBhiPE 202"
Koci de1st 3cohtAol(Blakts derat ibflewtedvimeraphidd unglh:ltileeanumberqbfA and '
(4) Har pl n. apﬁtfgscgggﬁén beft%%&lc' dec:(;((?@ de =J‘£5? Kﬂ‘l"}g ?1!}/? %‘ (maneb) :
ard ‘bacteri a :

f ungi ci de are mat er’i aI s Teconmen for’
spot -cont r 020 happppetreaked @éamgamc:mﬁe&i:qﬁ; by tl@lﬁ‘?h-ﬁd@orp ,

Val dost a, thl&“ihﬁl%ﬂ@é_r'tﬁaﬁr epRREP plant £ i b Cteated

Int er- Aneri cal, Houstan
: seeds are far more res:.stant to the aph:.d infection than

20 control plants.



20 treatnents were applied with a CJerr] pressurized boom -sprayer at
approximately -40 psi wth'21.5 gal/A being . del i vered through four L
TeeJet - XRwik09&78d at fan nozzles.  spaced 20 inches apar tPCT/YRIO3pMsy | ded
excellent foliar coverage. Followi ng initial harpln treatnent, all 25
treatnents were applied weekly until. tde experinent was concl uded. " No .
addi ti onal .pesti ci des, including . insecticides, were applied.. The first
appear ance of di sease.in the test plants was on day 54. Two pepper
" harvests weraaamd:e on da:gblﬁ.lzcﬂd’l@ldﬁytébenéfﬁtﬁed dkedm IParpimt adeketine - o
“incidence (i.e. nunber cecdsmnire iR¥=minitatht To WghidaltBectioheal spot) per -
treat nent, total nunber and - wei.ght of fruit harvested by category - S
(1 arge, nedlun1 . Sonttol and unmar ket abl e), dHagpidnTreated nunber of fruit
- showi ngsEUrQREBMECOr n bonaberdaftagsiaxpr eesat ®s. fr asyuebed ot mpiigisvest abl e
because of fruit breakdown. by4bacterlal 1 - WD 98/ 37452
PCT/ US98/ 03604 : "2 -"36 -. . 1soft rot Erwinia
‘car ot ovora subSp carotovora11 The |nvdivenent of EuroPean corn borer
‘becane SV|dent4a1 about y 50. Conse ently, the anngnt of soft rot
for al | tr@atnents was regorded at the glay 57 and day §7 5 harvests.
~Similarly, it -becane apparentaon the day 577 . har vest that Eur opean corn
borer damage dbuld al so be .5 assessed by § arval f €éedi ng .e. frass) on
pepperlgrU|t 10 The Europe ‘corn. borer ermnnters as t e_Iast | arval
instar;~and, I the spring, the larvae pup . Adults 10 romthe
' nultl-genera111w13trajn energe in late Nhylzo early Juoe and. again in
August . - |f. euxlngle generati®un strainl3s present, thef the emergence
will kK in 1 Hovevgl, in some figlds of the Nortpeast, single and
-nultl-g neraii§W|stra|ns may pe present together. Female 1 nDths fly into
susceptible crops to lay theio eggs, and 17 each female may lay up to 500 -
"eggs during i¥&s |lifespan. = 2After hatchi#y, the tiny borrs craw to
“protec%Ed ar ~on-the pl%nt to feed, %?ICh in the casg of pepper, is
under e @g{gﬁ attachment .ofsthe pod to the stem They 2@p |ater borer
into the pod, allowi ng bacteria to enter and Crapidly multiply in the
noi st and huni d environnent wi thin the pod. Bacterial soft rot can

destroy the pod - in a manner of days. Differences in Euro ean corn borer

damage and Examelerdons anbhg 1@r§§?ﬁ¥n3§9ﬁﬁélﬂﬁcghae f&FCES he tinme of
the second harvest. Data %ﬁ?%réﬂ%f 2¥eq RGSP°n9§|§ﬁFF E®%ce established by
one-way analysis of varianteplication On Insggk: LpRY eaf spot foliar

Infectlgns occurred An experlment was conducted at the Homer C.
Thompson Vegetable Research Farm 1ocated in Freeville,
NY. The experlmental de51gn was a randomlzed complete
block with four repllcatlons, with 8 plants per rep,
- using s1ngle ‘rows on plastlc, w1th 22 inch spacing-

10 .. between plants A single 1nocu1ated spreader row of
peppers ran the length of the plot between the two
treatment rows to prov1de 1nocu1um for the target disease
of bacterial leaf spot . of pepper (Xanthomonas campestris

. pv. . vesicatoria, pepper race) See Flgure 1 . Upwind’

"~ 15, and across the road from the pepper trial was a '
.commerc1a1 field of dent corn which provided a natural
source of Buropean corn borer during the season,__The
pepper variety “Jupiter"'waSgselected because of itsph.
-strong susceptibility to bacterial leaf'spot. Pepper.



t hr oughout _the pl ots, but the amount of disease did not - allow for any
- significant differences. Final disease 30 ratings were nmade on dg&%ﬁiﬂ

~ The har pi WOB¥3T7ARNt provi ded control equivalent to. the PCI
treatments. of Kocide or Kocide + Minex, and-all. were better than t he _
wat er - sprayed control. The nunber of Eur'sopean ‘corn borer (ECB) .danmaged .
fruit that were.rotting on the plants on 35 day 97 were recorded they .
coul d not be harvested because ' . WD 98/ 37752

PCT/ US98/ . OBSGedllngs were transplanted to the 8yeld on dagf Owat ery '
col | apse. EQ%tE% 1”1 cﬁiﬁl‘%ﬁn R&ﬁ é\?&‘@ i torehé'ﬂﬂoﬂe ewdPds, a‘“d
al t hough not srgnr | cant ferent tfromthe other treat nts - '

(P=0. 229), mﬁén§rmurﬁreV1°‘%ﬁ1}prJd'tfe%ﬁ¢Qﬁl Pepiten” weeRdLABIBaMEL® sprays was

evident. 5 tggaspheted?)to ﬁr@téﬁreamcﬁéwoenoaayhﬁsaaaanthef damage -
caused by European corn borer feedr ng

of frui taﬁﬁqhow ng .
f eedi ng ManEPEeGLer; FW wag,@ad ltm%ﬁrq‘i’t%’é‘%‘éﬁa??ar Pnhgﬁyséﬁstw ally
less fruit Qtamgﬁamonagw@@se@&hérpw ﬁéﬁﬁéatBr@aoﬁéﬁJpeMi‘acéOImﬁr ed wi.th .
“all 10 ‘other .tre rrentsd%fcf Fiqur %%% The nunb er 9 l‘ﬁ,h% fruit
with borer GEREFe "L GTS ﬁ’rc‘é & Pressipe ! 6’4”85’ PEfF&yed with
har pi n (‘Seerbwguoa ze)lther side. - The benefit of .using harpin-to reduce:
t he damage caused [y, bg E € din 15 two
ways. First, substanti eﬁ | yeﬁ ess i%ac{ eri a ?eﬁt’%@é%ﬁ%’gn to | oss of
fruit 0t heesp@rl@evv@élmtar vherharpimwas rrma@e eppﬁaﬁdzﬁeeb?%OIeSecondl Y,
‘the nunber ghf Gdidouium Wdd! ditRsduded eérfé';tepéaa hhdCocthipsal Wag chh |

- lower in - afpin treated plots than all other treatnents. -The 2 '
greatest i nﬁ&&talof-’ﬁnafr%rh treakimanis WeER oFRFreds att bryater ﬁB§atYI$€1 great er
‘production et:nlumrragm fRodIdeACtOSS BbJA; (3PiR6cLaéegeriesb angaesx

greater vyi eI d of, h I ch. have the highest dollar"
value.  25TUBGHMH 1 aig:r(tpt’olarﬁ#j gﬁ}n RO FOH‘] ﬁgBFFcat i on .
of HP- hX00[ funlyildyidier sm:nsude \enRadrikecide + Manex (maneb) Efungticd deo

Cot t | v\l' o
' depogrnt tha?rgo%;a%ﬁ%é:fdggdatq%z(ﬁ%mt %a%'oﬁm%%%% fgyebgcégn?’f%gg © eld .
trial to despetti wentinelefiregenyer. qundmoiermqnufgrpeusedsbm ve Response :

(Elicitor fregBruinichyy. VRIS (EenBios dhence Qr_prodﬁeeaeby vesh.)
on cotton (var |'a) was seeded in replicated % pIo s ST
_ Crystal Chemlcal Inter- Amerlcal Houston, T
+ 20 treatments were applled with a CO, pressurized boom -
| sprayer at approx1mate1y 40 psi with 21.5 gal/A being
delivered through four TeeJet XR 11003 flat fan nozzles.
spaced 20 inches apart. ‘This provided excellent foliar
_ coverége Follow1ng 1n1t1a1 ‘harpin treatment, all _ 
. 25 treatments were applled weekly untll the experlment was
concluded. . No addltlonal pest1c1des, including
1nsect1c1des,'were applied. The flrst appearance of
disease in the test:plante was on day 54. Two pepper
~harvests were made on day 61 and day. 97. Data. taken
30 included the incidence’ (1 e number of plants 1nfected _
' with bacterial leaf. spot) per treatment, total number and o
weight of fruit harvested by categbry (large, medium, .
-smaii, and unmarketable), and the total number of fruit
showing European corn borer damage exptessed-as frass or
' 35-_unharvestable_because_of]fruit breakdown by bacterial ]



(3 2 x 25 feet) in-a randomi zed corrpl ete bl ock desrgn " Treatnents -

mere HP-1000[ err] at 20, 60, and 80 [err]g/m (a.i.) . and a chenical .

i nsect irci gpoogisasm XL (DuPont Agri cul turaI - WO 98PGITYES8/03604

PCT/ US98/ 03604 : - 38 - . Products,

W ! mngton, DE), at 8 oz./ac. Folrar 3¢ -treatnents were applied begr nni ng
at cotyledon to three true |l eaves and thereafter at 14 day intervals
using a. back- pack sprayer. = Aphid counts were nade i mediately 5

_prior to s(ps@ﬁtap@tlsﬁtvmma ahray&ovgarra:1 Sopbspnd cfh&-dftmr&:ra after the first
‘treatnent (DAT y e _ran y ect ed Ie r plot were
‘col | ect ed a}nYﬂ%%???§¥B°% EPHPBSaEaﬁﬁFPn8°&§Fé?e%ﬁm?t Eaéig/éiper pl ot at

t he - f|nabosan@aynQOdateonséquently, theNamb&ﬂDbelsofaarmm oy 14), =
aphi d count e CLQS by 28 DAT 1
(two. spraysgjét%ler){'F %‘f“‘ ﬁEL%gg %¥chg‘§gﬁ Q'. % sa; |ds per | eaf

wer e srQnrfh@awe$psgre&tm&lan1¥$ah§ pcame @P@@ﬂ@@tpmmt§ﬂnbﬁbaréﬂ7to t he -

HP'1000[errﬁar@é§@t€ﬂa9|ﬁﬁ?giéan(céghebéker B m& ?FD%BU? rah%ﬁ?liprays

applied) (i.e. I d counts had sen al | treat rrent
rates %/%?eﬁﬁﬁﬁldblfohﬁ%”ga e#eeéarlgmée & [Fragisgniony eamnsyr | ek f or
HP- 1000[err']rhérmt~6§e§ﬁt &eﬁncnaﬁafedvtewlme&eaee XHeenridst laﬁwfae.ﬁt ment.

Finally, at, 42 DAT 1 four on day the nunber
of "aph s RSt ERr R, th BRE"ERe3RE, o The d9aroe Sl ST S,

over whebm aftom thérﬁﬁlﬁtngenerath.uﬂr sgralie eherigealins ladamhy sect i ci.de.
At this pornt ado e d er r.por icultura

Di vi si on, '%l‘ Lﬁé)) l‘%/%ggapiﬁl Sgé%?)é 259%af%1 S%Lgt S oeneer]:p"’ﬁ-‘rr e aphi-ds
fromall tre‘exmtssapmsaet theni ahemwexgmceumlﬂorpe@ﬂopryrteihfonly
These data gOgLeate %ﬂagoﬁet teelaéeate@hw h!Brthealé“E 1% o lagipterred

light to noderate ap ressure _and . ct was significantly
better thaﬁ“%l%%a&%%?ﬁageoncﬁEﬁ?éﬁﬁ WﬁgebﬁrPFG@enAs&ﬁSeXEF%?r] Female

WO 98/ 38752noths £ly into susceptible crops to lay- thBeY g, 03604
- 39 ~ each female may lay up to 500 eggs during its lifespan.

" .After hatching, .the”tiny;borers_cran to protected_areas_
on the plant to feed, which in the case oftpepper,'is
‘under the calyx attachment of the pod to the stem. They

' 20---later borer into the pod, allowing bacteria to enter and -
rapidly multiply in the moist and humid’ env1ronment
within the pod. Bacterial“softfrot can destroy the pod
in a manner of days. rDifferences-in-European corn borer
-damage and infestations among'treatments was recorded at

25 the time of the second harvest Data'were'analyzed and
s1gn1f1cance established by one- way analysis of varlance:
-Bacterial leaf spot foliar infections occurred
throughout the plots, but the amount of disease did not
allow for any s1gn1f1cant differences. . Final dlsease '

.30 _ratlhgs were made on day 97. ' The harpln treatment

. provided control equivalent-to_the commercial treatments
of Kocide or Kocide + Manex, and all were better than the
water- sprayed control. The number of European corn borer

{ECB) damaged fruit that were rotting on the ‘plants on

35 day 97 were recorded; they could not be harvested because



Tabl e 4 - Ale d Count per Leaf on 'Cc')t'tc.)n After

Treatment with Asana XL[err] or HP--1000['er r] 5 = o
" Nunmher " of -WQWBE%ISPer Leaf[err] . - NET/EH849e04

Appl i ed/ Days After Treatnment . Treat ment © Rat e[err] . 1/ 14DAT1- .

2/ 28DAT1 '3/ 35DAT1 4/ 42DAT1 - Ayana XL 8 oz/ac = 0.2 a 32.2

a '110.0 a 546.9 a ‘HP-1000[ err] 20 [err]g/m 0.2 a 7.8 b
22.9 b 322.1 a HP-1000[err]” 60 [err]g/m _ 0.1 a 4.9 b '

- 34.6'b ¢ 168f3vatkYxy cdIR-aHBo] erTl}e ms[aemrt]:géated plo@sahad fZawZe:b :
-25.8 b ]]Ms ij/\aq e '
-signifi cant% 53fnfgerj‘r)er1]$[§é’]cr accor ?)u% H: %/Eg}‘ E‘?%Eg@i 2Rat e for
Asana XL i sdn(frferentf diram dikel qﬁhﬁm&reamenter (PPﬂl%Q[)er the amgmictive

i ngredi ent - 1% prﬁﬁéct)lon provﬁ‘é’d*%ftl@ the h&Ppi ROk QE¥§" LR KR der
Mtes by I 1 ar |cat|on of HP-1000 err] to Cotton.

20 5 (See Figuxs %)ausem??ﬂ}i‘%ﬁ grtienceft bhet AROUNt Afequci ng
potenti al caema\geeldkusléu wmmmw&n bbger fee@ihgOWwael tH 1000[ err],

cotton (var. al-a) seed 4X) . field pl 3.2 X 25'
Feet) i o BEMERT R Sattt MRS FSRELRY RATEPPaPE CFPER e

I ncl uded gthh&Qﬁ[mmﬂeaaﬁedZ(frtﬁ{h Yoard] @.ﬂoe{;mmﬂ:gamYamdsa €lreditc @lamage '
i nsectici de tis ee r aty

'0z./ac. HPT f%ré’ccl’{gerrsl tég‘gl{yrrenjts wete %pwgeﬂ Q§Q§488m§§}e<i W'ltther vg

_:JSI ng. alQJacIothEk ts?Haay@nttﬁag(Sﬁﬂ rigien Ihe BOEhernpm QS‘ ef tllaﬂ’-?;;rue
eaves %ﬁ ek tf{;’ao%?ﬁ(lp é&‘%“as s1?19£‘f1 EnE ey éh‘éfﬁs the Tirst.

P A

application’0 retreat nent evaltation for strawberry
spi der nitedP=0. q%tmrﬂ@%mié@t%ﬂ}am%nnéﬁéel Ré@urst &)y before the

first spray and again e beret el oRNds Al dauspsh! eb +hauss chie st

t reat ment ( opul at1 ons were m ne by
col | ecti-ng a&fo’erﬁ%ﬁ?@é’x ati'}'tﬁ)rﬁ‘ifr‘%?%g%nc%’ﬁ‘?tﬁﬂr?ﬁa'ﬁ@§ ‘p"@%aﬁF&F w)
| eaves Ager e thiou siags Wi tﬂn:ﬁstm t@wmmmcm@e Badterialli sbédgedtn tes

' \I/D\BC[I_/eUggg}‘ 8% %cﬂ' Tig r| b oss Oonf Ofﬁn.t :Ln the Vgeg éi{sggznoted when

harpln was applled weekly. Secondly, the number of fruit
with dlrect borer feeding (i.e. frass) was much lower in -
* harpin treated plots than all other treatments. The -
20 greatest impact of harpln treatment on economic factors
was the greater productlon of undamaged fruit across all
. size categorles, and the greater yield of healthy large
fruit. whlch have the hlghest dollar value '
\ .

25 Example 5 - COntrol of Aphld from Follar'Appllcatlon' '
' ' - 'of HP-1000™ Hypersen51t1ve Response - -
Ellcltor to- Cotton._

-

‘Cotton aphlds (Aphls gossypll) leave a
- 30 .“honeydew" deposit that contamlnates the lint and reduces
' ‘crop value A field trlal to determlne the effect of
HP- 1000TM Hypersen81t1ve Response E11c1tor from Erwinia
- amylovora (Eden Bioscience Coxrp., Bothell Wash.) on
cotton (var. Acala) was seeded in repllcated (4X) plots |
35 (3.2 x 25 feet) in a randomized complete block design.
. ' Treatments were HP-1000™ at 20, 60, and 80 ug/ml (a.i.)"
- and a chemical inseeticide;'Asaﬁa XL> (DuPont Agricultural



r ot ating gl ass plate, pretreated with a wetting agent to whi ch t hey . |

adher.ed. The nunber of notile adult mites were ° - counted under a 30X - -
bi nocul ar w@)gg,@ﬁ,gppe ~This figure ~ was then converted tPCHUS8/0368HS
unit. 5 A count of I|V|ng or notile adult mtes per - leaf’ -
at the five assessnent times did not_ ear to show Si gnlflcant
treatnent effects at any of the eval uati on times (Table 5). = 10 Tabl e
5 - Nunber of Adult Mtile Mtes per Leaf After '

Tr eat nent éq&%%%‘r&fiﬁln§%oﬁF’ﬂ§90[££rh oz./ac: follar

Nunber of notile mtes
eval uat i on tHeRHEENLS WelT‘?e%EPr%h%d lmasé{lawp at ceBxifdoanAmthrﬁyATl

14DAT1  2lAdde leavesZQQQY€$§féifterGaQZiQCda§ 4ntBrdals using a. 0.0

0.0 HP- 1000[ err] "- 20 0.0
Hp- 1000 er BRI (qg7aret 3 HEhLA godnls werg Madegipniatagely - O°
HP- 10005 = §ricar rdcg/spray3a19pllcaﬂldns at014, 28,038, and04Q Ays

et kRt %gfﬂea%%n?r%ﬂm@%"“‘é%*eg)phﬁ%‘éié‘ﬁyr BePry Temdondinon o

“Hender son etelscted ﬂesa‘ses pethow\cueaeldeélﬁgaedsatBtbwnf\iwga;t Mtes," J.

Econ. .Ent. \kgam 91 41350dn YOLGHS] ?ePeF§B¥ Lpcefpgor at ed by
refrence (™ erso o ca cul ate percent nor y 30 reveal ed the
mte contré'-'llfv%ls IATR Téﬁltd%*é?\/\een ... treatnments. (Table 6). . =~ = WO
98/377@8 : ' At 14 DAT 1 (i.e, on dayP§34U59§h@a6@6unts were

41 - Hendersor&s Met hod i s ﬂefl ned
Ta x Cp __ relatively low agrogs i ttWB’f‘F‘aFPF;? , oyt _by,28 BAT 1 100

where; Taweo dSpiees applhed) e(dréesonodayedshf the number of
aphids per leaf were significantly greater in Aéaﬁa_XL'
treated_plots'compared:to the HP- 1000™ treated plots
i5 (Teble 4). By 35 DAT 1 (three _sprays applled) (i.e. on
day 35), aphid counts had risen for all treatment rates,
yet aphid counts per leaf was still significantly lower
- for HP-1000™ treated cottqh compared to the Asana XL°
. treatment. Finally, at 42 DAT 1 (four sprays applied)
20 (i.e. on day 42), the number of aphids per leaf had
| inereased to a level that threatened to overwhelm'all
treatments,:including the'chemicel standard insectieide.
‘At this point, Pravado aph1c1de (Bayer Corporatlon,
'7'Agr1cuitural Division, Kansas City, MO) was applled to
25 _'all plots to eradicate aphids from all treatments and the
trial was continued for crop yield only.
e These data indicate that cotton treated with
' HP-1000™ deterred light to moderate aphid pressure and
that thlS effect was 51gn1f1cantly better than a standard
30 | chemical 1nsect1c1de, ‘Asana XL°. '



treatment, 10 : Tb = Nunber of notile nites counted prior:

totreatment - o Ca = Nunber of mtes in the control
(check) ae9sa7masat nent of the test. 15« : PCHUSPR03604,
Cb = Nunber -of nites in the control- _ C (check) pl ot
before treatnment of the -39 -~ test plots. 20 When
percent nortality was cal cul ated at 4 DAT 1, mte control from :
treatment with HP-1000[err] was over two tinmes greater conpared to

Zehpyr (Tdibaislé)4 -By AR Gount &5 Leafit on| CokSont Alfftegubst anti al | y
better from HP- 1000[err]’1‘reatme-raatmm AsanafBhb’ Z.apﬁ;&-[bﬁ@? At 14 DAT 1,

~mte control for ~ ~HP-1000 at 80 [err]g/nl reached its maxi mum at j ust
under 84% .roughly conparable to that seen for the Zephyr[err]
‘treatnmept. fFor the remarning 1f days, ngr b 30 . HP; 1000] err' '
treat rreﬁt s [tended to decline r¢l akgvespzﬁ“'fﬁépléed,%é ﬁ@i@f@ieﬁﬁlg@g megjt -
W t h Zephyrfferr-t—Teagtred—1609trtecontT 238

WD 98/ 37754 Treatment | Rate? - | 1/14DAT1 2/28DAT1 3/ -_-‘,-,z,; _

- 42 - Ta b nt { ol I I

Tr eat nent A?}a rCCCa{f.Z{?C J.",a%ur g/gt 'y'gz'%dlé1 t M08 QD:%%:CT LS
‘Method. || HP-2000™ | 20 wg/ml | 0.2 Rercept tantbol| of22ndt il q rdiazes[=r ]
eval uation ft im m | t ngn tep , ¢ 4PATL 4 7[956\1 6 3]—§D Tl
28DATL 2 Mﬁ‘ﬁ 23%’3 .‘?3,%1- -l WL LR
-66,-7_ 10 HE2 D000 rglo pg@ |!:£ gl&/i_n : z 7] b me b wg a I
40.0 - HP— 10(%0 iarr] grr 1®tt £ § . 83. ’i 60.0
.10 Zephy cﬁ:ord ollow d% ez"r ers areagb?nisigan iffereng g
[err] Perce orG\Qi‘ P8 Bl - DRMICLS (oSt WaOthdr be bt

[err] Rase far.iZeph yr |s for for mul ated product rate for HP-1000[err]. .is
for active |ngred|ent (a.i. ). 15 :

Exggple 6 - _._Control'offStraﬁberry Spider Mites by

S " Foliar Application of HP-1000™ to Cottom.
20 - T -
Mites cause foliar damage to cotton thus

reducing potential crop yield. To assess potential mite
control of HP- 1000™, cot-t'on' (var' Acala) was seeded in
: repllcated (4X) field plots (3.2 x 25 feet) in a |
_25' "randomized complete block fleld trlal Treatments'
- “included HP- 1000“ at 20, 60, and 80 ug/ml and ‘a chemlcal

.1nsect1c1de for mites, Zephyr (Novartls, Greensboro, NC),'
at 6 dé Jac. HP-1000™ treatments were applied at 14 day
flntervals using a back-pack sprayer beginning when the
30 crop was at three true leaves : Zephyr' was applied once,
on the same date-as-the'first appllcatlon_of HP-1000™. A
pretreatment evaluation for strawberry spider mites
(Tetranychus turkestanl) was made 1mmed1ately before the
first spray and again at 4, 7, 14, and 28 days after the
35 first treatment (DAT 1). ,
' - Mite populations were. determlned by collectlng
twenty- five randomly. chosen cotton. leaves per plot. All
leaves were brushed with a mlte brushlng machine and. -
dislodged mites were unlformly dlstrlbuted onto a



‘These data indicate that the node:of action for nite control is - :
different between HP-1000[err] -and Zephyr[err]. Conpl ete control by
treat nent - wigtdssZephyr[err] was not 20: .achi eved.until 28 DAPCT/U8/0B6p4
treatments with HP-1000[err] resulted in relatively "steady" mte
contr ol throughout - the 28'day eval ygf ion period. This suggests

HP- 1000[ err] may ‘trigger an internal insect resistance process
fundamental ly different than chenical insecticide 25 -activity.:

Exanple 7 - rotdﬁi&@@lf@@%@té\ﬁltpfeﬁyeﬁﬁeﬂfb%ﬂtﬁf hCketting agent to '
I n Tomatofr%t m Fol i err] 30

| 000
Fresh market?” %t%%y%égﬁ rﬁﬁg%tl?u%?ﬁ of mBFéﬁFeadH‘}tlﬁll% ing -

in 25 foot. rummtreﬂalumd&:eda 530X binoeslan wmicaocdoopeed CThipl Etieaird ock
design fiel n f | was not specifically

desi gned: 35% go %%%s%on‘?\-‘gs%c csir"z‘ggst %’gei%gému%‘#gat ment with HP-1000[err].
Fol i ar applications ofAHPUWBOOPErIiving20randtide| adnly/ mitesr pexr

appl i ed begllrayf.n @ttﬁé [lvd ry&é@@ﬁ{@&taes?m{espsgaeﬂoe égea.r ¢ drhervals
for 8 sprays. ditironal treatnment - I nc rd_eommerci al

- fungicide m%ﬂﬂ’é%%@o‘f@?t}ment Effec‘?\ﬁ) 3/ anysef the evaluation

PCT/ US98/ 036Q4hes - (Table 5) . © - 43 - (Zeneca Ag
- Products, WImngton, DE) +Manex[ err] +KOC| de[ err]) for control agai nst
bact eri aI bl i ght disease. After the first four spays.were applied, a

field eval uatdkire VRS- Numbee of AdidtTiMet idnd Mies e maif Mﬂaé:s
danmaged 5 (girdl ed) byreaedient wb.tmi)lze:phyrfkei- gBeapveM.scus

vicinus, scudder). Data presented in Table 7 indicates t hat .
HP- 1000[ err] treated plants had considerably |ess i rdl-ing fromnole
cricket feeding. ntrnue evaluatrons of thris triral were not pogsible
due to 10 {onplete crop |oss from viYiEber pomprble mites pexqigat 7 _ g
Reduced Steyn Grdling of Tomat ges by Ml e evaiuvation timing .Cricket frgm

revealed the mite control was’ dlfferent between
(Table 6) '

treatments

| -Appl Iea Lon ol et e © T1 opars | 4pars | 7oars | 14paTi | 28pATI
' Zephyx® 6 oz/ac 3.4 0.2 0.4 0.0 0.0
HP-1000™ | 20 pg/mi | 2.0 0.6 0.3 0.0 0.0
HP-1000™ | 60 pg/ml | 3.7 .5 0.1 0.2 0.1
: HP-1000™ | 80 pg/r_:_xl 3.0 1. 0.4 0.0
_ 1Rau:e for Zephyr is for formulated product, rate for HP- 1000"' is for
active ingredient (a.i.). _
25 _ o
Howe\'re\r",' using the method of Henderson et al., "Tests
- With Acaracides Agalnst Brown Wheat Mites," J. Econ. Ent.
Vol. 48(2): 157-61.- (1955), which is hereby 1ncorporated by
refrence ("Henderson") : to calculate percent mortallty
- 30



Treatrrent . Rate[err] " No.: P ant glrdl ed[err] % chg. Vs. UTC
| 1 |

utC _ - Bra

1 quarf/ac‘!"098/37752 122 . . -20 20 +Ma.nex[err] 2 |-b§F3éP§9§’55‘]°4 :
+Koci de[err]. 1.5 pints/ac HP- 1000[ err] - 40 [err]g/nm _ 4
-73 HP- 1000[ err] 40 [err]gFmal - R ' -53 25
[err]Rates for Bravoe[rr], Manex[err] and Kocide[err] are for fornulated
product ; rates for- HP-1000 are for a.i. - [err]Average nunber of _
pl ant's frorrHEOdglrm spé’tetrléirdlleaatieflr&)d as:Exanple 8 - ° Reduced Feeding
~Activity of Arny V‘brmln Rice fromFoliar Application
of HP-1000[err] " 'Rice. seed (var. M 202) was presoaked for 24
35 hours in a sol utl on of ‘HP- 10(5'l¥[éFrcfbat a concentration of .20

[err]oglim (a c) eld, ri ce was—then seeded into ‘randoni zed (5X)
field pI%tsPTB’ ?nf5 Mogdalityn ‘uﬁtreﬂled" Ca c’énl'?%l treatnent was al so.

| uded fol h I t
41 days after 40" HGER ?%S%veﬁﬁéw@f o0} BaRi aRibE GTERR radrﬁ'e' 1

feedi ng of -ar nyvvor m (. Spodopt er a ptf'ﬁeé? I’ar vae. To . _
98/.377 9 - '
- 44 5"‘20 : qu.antl f_y t he d[\amage gngr ﬁ ﬁ tlz]iﬁdog%lt)gésg %?:%33 prl?l llers .
'vveretakenfromHP-IOOO[err] trea ed as untreated plots. '

Sarrpl es were ranked for dapage - Nu@ggrgfngl{,_gst hg tokl eWmegcale: 5

= no'tiller leaves damagefcheck) after tredtment of ®M2 tdddier
Ieaves 4 th feeding damage plots and -~ =  two tiller leaves with

feedi ng damage = - 4 three tiller leaves with feeding 10
damage | - 5 b = fowiber ofl mitkkein! ehuesonitilol
feedi ng damage 15 Resul t's f(meéhpsplbanheﬂgﬁemreaﬂ:h@mtamﬁ yt-zlwl for .
treatnent differences. Data presetneetl phoffabl e 8
20
"When percent' mortality was Calculated at 4 .DAT'J_.,' ‘mite
control from treatment with HP-1000™ was over two times
greater compared to Zehpyr® (Table 6). By 7 DAT 1, mite
- 25 control was still substantlally better from HP-1000™
' treatment than for Zephyr . -At 14 DAT 1, mlte control for

HP-1000 at 80 pg/ml reached 1ts maximum at just under

84%, roughly comparable to that seen for the Zephyr®
' treatment For the remaining 14 days, mlte control by T
30 HP-10Q0™ treatments tended to decline relative to the
B Zephyr' . Treatment w1th Zephyr reached 100% mlte control
by 28 DAT 1 (Table 6). - | | |



“indicate that rice plants treated with HP-1000[err] had ® significantly
| ess feeding damage than the UTC plants. 20 HP-1000[err] treated rice was
virtually.wabgesRed by armyworm - feeding. - Tabl e 8 pcrTAUSesioased
Armywor m Feedi ng on Rice After Seed - Soak  Treatment with’
“HP-1000[ err]. 25 ~ Treat nent ' Rate[err] ' Medi an Rating[err]
-UTC ' .3 (tvvo%lller I eaves danmaged)

HP- 1000[err] - 20 [err] g/m- + . 1 (no tiller |eaves damaged) 30

[err]Rate ifafips GCLI Ve ddi.Reh ¥ wpii ehdart - h).[:.tegr&]aDCEtEBﬁn%%o'np
medi an val ues anong A dkh I LRURS HIS- BOGO™ Sis CRbh¥udbhf gg,ent accordr ng

"to  Mann- Wi t'ney RanlgesdBrkrsd s MetkbPO01. 35 : Exarrpl e 9 -
Reduced Feedi-ng Act [ VI ty of "Aphi ds in . : Tobacco from. -
Fol i ar Applfea rﬁmﬁ]’qﬂ=1
Tobacco>3sedd! i ngs were treat ed_wr h Pwa‘n@I gentrol ofspobidke @it¢4- 1000[frr]
at rates off 15, 30, and 60 [erf]g/m (e@aithlonT&%:. grst applicatfon
was nade t . bb‘LUfId apPTUXT et et ' pr
transpl ant ijin JDAT1 7DAT1 -

PCT/ US98/ 0F604 - -
) (3X) fl el d p—Créry-S—a8 t5:§|é6 " Sczghsd T ettt CCUﬁt roaua |
t obacco won nnmoa’bhu deo ug/mere nmedel [Oat aSpresented’8.5 Tabl e 9.0l | ul

. -]

t hat Hi- 40QQbgkr § o4 kit sybstarfti akhbys, requcegh tshe dn_mggt.oof 5 _
feedin act 1 Mmoot tobgCcTo wWor TmjarTd—aptm o _ Tabie 9 = duced -

Feedi ngOActl Tol$aee(RAMF m 3A60 66.7 | 89hid] ~ ment
~with HP-10QQ[err acco. 10 Tr eat nent Rat e

No. tObacc%&Z"‘&f?ﬁ%ﬂ“&f‘l&ﬁﬁéﬂ&?ﬁ&é‘?ﬁfﬁi‘, rate for HP-1000" is for
, ‘active 1ngred:|.ent (a.i.}). . o '
15 _ | o | |
_TheSe.data indicate that the mode'of:action'for mite
control is different between HP-1000™ and Zephyr®.
Complete control by treatment with Zephyr® was not
20  achieved until 28 DAT. Weekly treatments with HP- 1000™
: resulted 1n relatively “steady" mite contxrol throughout _
' the 28 day evaluatlon period. - This suggests HP-1000™ may
trlgger an internal insect re51stance'preeess _ _ |
fundamentally dlfferent than chemlcal 1nsect1c1de_,h
25 act1v1ty. .

' Example 7 - Reduced Feeding Activity of Mole Cricket
e in Tomato from Follar Appllcatlon of
. Hp-1000™ _

30 - o o
I IR .Fresh_ market tom_atoes‘_ (var. Agri-set) were

' planted at 12-inch spacing in'25-fbot rows replicated 5
times in a randomized eompleted block desién field trial.
This disease_control trial was not'specifically'designed.

35 to assess insect resistance from treatment with HP-1000™.
Foliar'applications of HP- 1000m at 20 &nd 40 pg/ml were

”applled beglnnlng at flrst true leaves and repeated at 7”
day intervals for 8 sprays. - Additional treatment -
1ncluded a standard commerc1al funglc1de mixture (Bravo



-jwormslloo plants'vmth aphldsfeed|ng "-'UTC B ¥ .' - ' .-'20

13 " HP-1000[ err] 15 [err]lg/m-" =~ 10 _

‘HP- 1000[ erw-98/37789 [err] g/m R 4 o B PCT@’f@éﬂT‘err]

60 [err]g/m 10" -- 7T 20 Exarrpl e 10 -—Tomat 0 .
- Seedlings Treated with HP- 1000[err] - 43 - . : "Show Tol erance to -
- Nemat odes. Tomat o seedlings (var. Rutgers) were germ nat ed

“in-flats and grovvn for four weeks before transpl anting 25 into pots, two
pl ant s per piﬂenac&qolAg;aRmﬂmgax Wilmsngton; ADE} ﬁ-éﬁnsprcaﬁKongdes)eeﬂdbrngs

o were Lieat egopdihy iy #Ag%@ét?rﬁzlc@é ial Bﬁléﬁﬁrh%@as\é' a h%fexs%i% ng. ~ (ne

week after transp ant eac I.nocul .appr oxi mat el y
10, 000: r oot flrsmﬁaummmewemmppweévdég%@lﬁamv&)luagg}@n RS

e o s Samled o el ant
and the % untf@rl%#legigl |k§y fee +n% °En‘?‘%t?| Sﬁ%V\gF’Feé's‘Sﬁ‘pttl‘?é’lrséﬂ’c% from =~ .
.][lemit Odek-l' v@ﬁﬁé}l&f@ddeﬁheprm fieséhagasmema}ﬂben t:JrﬁiIcﬂtdﬁA]E[l 35
our weekly - € _ er
all treatme E{f%e({e@‘g ‘T""Igmecj[ g%‘éé 3%% &B‘ra'éhgrnk}ﬁer}e)&?al uated for
root wei ght gls:’mnmm:gm mcahel cridlest feedingrw Copeinpednt. Four. weeks

after inocul ati t he 8/ 3775 _
PCT/U898/03§&?fﬂatlons of this t¥¥af &ng %ot pOSﬁéble due to nunber of

gall's pko - plcamp hete sctrqmthsmlmn T’DI'US lanPtiOOO[err] treated plants.

~than for the control plants, yet .the shoot wei ght was S|gn|f|cantly _
‘greater for HP-1000[err] treat ed pl-ant s (Tabl e 10). - Table 10 -
Nunmber of Galalsd gafd ShooRelbic@lt stlem Girdling of Tamat5§@+b ogsi at ed
Tomatoes After Treatnent cgibiket from Application HE HO(ese}. 10
Treatnmerg = Ratef[err] No. Galls/plant - Shoot wt.[err] (g/pl ant)
~Urc - - 427 . 32.8'a . HP-1000[err] 25
[err]g/ni rﬁﬁ - 355 D e = e
S Treatment | - Rate’ No. Plant girdled?®: % chg. Vs. UTC
' ure R 15 L
Bravo® 1 quart/ac | - 12 o =20
20 || +Manex™ ‘| 2 1bs/ac | o v
- +Kocide® | 1.s pints/ac-' o .
mp-1000™ | 40 pg/m | 4 73
|| BP-1000™ 46 ug/ml N I 1 - -53
" lRates for Bravo , Manex’ and Kocide® are for formulated product,
rates for HP-1000 are for a.i.
o -’Average number. of plants from 50 plants per repl:u.cate
10 _ _ _

Examgle 8 - Reduced Feedlng Act1v1ty of Army Worm in
) Rlce from Follar Application of HP- 1000“

- eeaa.

_ Rlce seed (var. M- 202) was presoaked for 24
- 35~ hours in a solut:.on of HP- 1000"‘ at a concentration of
20 y,g/ml (a. i.). Treated r:Lce was then seeded :1.nto

randomlzed (SX) field plots 10 x 15 feet An- untreated

control treatment was also 1ncluded no foliar sprays

were applied to this trial.  Observation at 41 days after .
40 . planting revealed 51gn1f1cant damage to leaves due to - -
| feedlng of armyworm (Spodoptera praefica) larvae . To-



15 [err]Rate is for anount of active ingredient, a.i. [err]Means foll owed
by = - different letters are significantly dlfferent according to
-Duncan“s wo:9s37vkel, P=0. 05. 20 This indicated that even RETHUSB/I6Hat odes-
were infecting © HP-1000[ err] treated plants, plant growth was still
enhanced by the HP-1000[err] treafgyrent. Eight weeks after '

i nocul at i on, (four additional foliar HP-lOOO[err] sprays appl i ed)
shoot melght was still significantly higher for 25 HP-1000[err] -treated.

pl ﬁgts st fmﬁpfypila@t@araégé one htfAdukat anWotntlyR@Hl@&etd;g %8{) Flge ] -
nunber of fr ant _was al i - err] .
treat ed Lii%#&éw?ﬁ%ngkiﬁ)fr°m3%En$ébﬁ g¥ea£% 5?a§ghgh5¥ﬁ Wi ght and

Ayerage_Nunhmwredted plots. SamplesFware pankEBaﬁbroﬁaRﬁ@e nocul at ed
Tonat oes acco%:f%? to the%éﬁio"f[iﬁgtgg” with HP-1000[err]. . 35

Tr eat ment (g/ plant)  No. Fruit/plant
urc 5 ---- 69.9.a 0.875 HP- 1000[ er r]
25 [err]g/n1 o 8% 8 b - no tiiZer 1&Qvekeaahsab is for amount of
active ingredient, a.3 ‘[EIV]Nhéﬂé tor1 avetel¥es wit %E

eue Ry IRidLys are
si gnificantly different acgcordipgoteibuaeanesives wilRTfeBdindb damage | WO

98/37752 - 4 =  three tiller 1eR¢EEUR98H036RAIn

- 47 -10 ~These results |nd|@@m§géhat ‘treatnent with HP-10051err]
appears to enable thestomato plfehs 69 aldl eialer Leaves wiedati ve i npact
of the nematodes. ~ 5 Exarrpl efdddingEfibmageof Erwi ni a anyl ovora

Hyper sensitive ' Response Elicitor on Repellency of
Cucumbers to Striped Cucunber Beetles. - The hypersensitive

respont® elicitor protein 10° encoded by the hrpN gene of Erwi nia amyl ovora
("harpin") Resules @w@mm%yrmkm*@awem thenhanglyred é@are ina’

_treatment differences. Data presented in Table ‘8
indicate that rice plants treated with HP-1000™ had
significantly less feéding damage than the UTC plants

20 HP-1000™ treated rice was v1rtua11y untouched by armyworm .-

feeding.
.Table-B'-' Reduced Armyworm Feeding on Rlce After Seed
. ' Soak Treatment with HP-1000™. : _
25 ' . : - :
Treatment - ter | Median "Ratingz- L -
UTC o '. 3 (two tiller leaves damaged)
. ‘HP- ' 1 |1 (no tiller leaves damaged) -
30 . _
' Rate is for active ingredient applied {a.i.). *Difference in median
values among the two groups is statistically different accord:.ng to
Mann- Wh:l.tney Rank Sum Test, P = 0.0001, .
35 - - B
" Example 9 - Reduced Feeding Activity of Aphids in
_ ' Tobacco from Foliar Appl;catlon of
HP-1000™
40 ' 7 Tobacco seedllngs were treated with two follar

sprays of HP-1000™ at rates of 15, 30, and 60 pg/ml |
(a.i.); The first application was made to seedlings, the -
second approximately 42 days later after transplanting



hlgh expre55|on vector in Escheri chi a. coI| - ngh pressure Iqu|d
chromat ogr.aphy anal ysis of the . .- ceII-free elicitor preparatlon wa used
‘to deter mMW@983%545 harpin content. ' Treatnent di lutions wefE ﬁﬁﬁéd in
water. Harpin was applied as a foliar spray ta. caged cucunber pl ants,
Mar ket more 76, |ot #1089, to assess itg&s - ability to repel the striped -
cucunber beetl e, Acalynna V|ttatun1(Fabr|C|us) - Harpin fromeE

anyl ovora was 20 applied in water at. 0, 5,- and 10 ng/l to cucunber plants
- 21-days aftentsowepgmnaaidril&kaiw%hhudmms(Fﬂwmt@ahadafterbghh cotyl edons

“and 6-8-1ul Lgc%aagg,gﬁl'c%ac&%ﬂ Pldfiides. £or E@&&&@&C@&Lﬁaahenagmdapp' ied to

three plants treatnents were replicated three tines.
‘Seven 25 dﬂ?geamﬁéﬁ tré&ﬁﬁemﬂeﬁﬁnﬁﬁﬂ1kﬁ Tﬁhi%dﬁl%lbéétré§ep§hat plant

wer e 'ntrodﬁ§6Qo%w%lxle3étmthe émr&ﬂﬁfyaléa\feéd thet ambaad E‘ff days
~before feedlng damage to th ejp ants was eval uat ed. .The, nunber of

cotyl edéns BRECLRE ﬁGﬁB@F Y ROkt £ BR{FN JTEHD ﬂ%ﬂa@@ F@on1beet|e'
feeding was 30 determi ned. A ratlng scale of 0-6 (where 0 = no obvi ous
feeding; 1 $aB1&5% danagreddced<Fablidgneeivity of50%baccolamge;add= >
50% damage; 5 = > 75% dapphed SPEmOTEehembnt widdsHrcAIED™romlead due to
feeding) was used to estTabaeco. . the ext ent of damage from beetle feeding
on thei¥ cotyledons and |eaves.- = Tabl e 12 sunmari zes the

ef frect of hypersensitive tive response ‘elicitor protein concentration on
WO 98/37752 : ' : -

| eaves was h&ersefy pjopor ti onal
12 - Effec T:. Trgatlr ummer] F
- Hyper sensi t \2 .cspnn°< é??ﬁ/?gr .
Danmage IGaus e@tpblpqoﬁt 30 _pg/ml |
cvittatum 10f o q000™ _
Leaves - : F ) . _ . s ) _
Per cent . Per cent - Damage - (ng/l) o Danmaged
Danaged . Rating T - o o

inber

Beet#e

20 Example 10 - Tomato Seedl:.ngs Treated with HP- 1000™
R ' Show Tolerance to Nematodes.

, " Tomato seedllngs (var 'Rutgers) were germlnated
f1n flats and grown for. four weeks before transplanting

.25 - into pots, two plants: per pot, repllcated_elght times.

B At transplanting, seedlings wére treated with HP-1000™ at
25 yg)ml via root soaklng ‘One week after'transplanting,-
each pot was 1nocu1ated w1th approx1mately 10, 000 root

, knot nematode, RKN, (Me101dogyne hapla) eggs

30 Thereafter, weekly root drenches of HP-1000™ contlnued

. ~ until four weeks. After four weeks, one plant in each '
'pot was evaluated for .root welght and the number of galls
(i.e. infections s1tes on the roots from nematode _
parasitism). The remalnlng plants were then treated'w1th

35 four weekly.follar_sprays_of;HP i000™ (25,pg/ml_a.1.).

After all treatments had been applied, these plants were
”then'evaluated.for root weight, shoot weight, and numbexr
.~ of fruit per plant. Four weeks afteriinoculation,_the'



0 34 : 42 . 5.42 . .5

50 s 18 o 3.40 - = _ 10 . . 67

5 . W098/37782 20 20 [err]Nine plants per treat ment PETAUSPRMS604 OCks

of three each. Darrage was assessed. on a 0-6 scale where 0 = no feeding
injury, and 6 = cotyl edons and | eayges_dead because of extensive beetle
feeding. 25 Mor e danmage probably occurred on the | ower ' :
cotyl edons, because nost of the foliar harpin spray was directed to the-

upper fol i aggngag bE yamasge%egltah%t W3S TR BiiyRst ifdd v woul d_be -

found in . the U£800 . eaves ward or_sysStenmic harpin _effect).: The

cotyl edons Her tFﬁé§e§eP}a&FFr bRy & o0 £ hfe O e MRS L 668t danmage
occurred ontheaynsoafwahgntswhbab1§@ﬂftee®tu@e@&e¢ﬂeﬁlfor HPi1wo dFF gher
~concentration of a ? L 'mg 8 effectiveness of the treatnent on

| eaves i ncrea®3beasPLABtS ;LS i &Oncentratlon i ncreased.-
The effect. of harpinis significant for two reasons: 1) damage from .
beetl e fee ucur ons, punpki.ns, '
and sumrer dg%l 18WI nt %i{g?%er lefégfg% eggﬁgéfggﬁggﬁ %t%ucurrber
WD 98/ 37752 _

- 49 - - with, harpw?resuqted in the pI ants becom ng | ess -
attrac%bve (repul sive or repellent) to insect feedi ng and - '2) damage

fromthe bag —-—-———---—————-——-—_m———._---7_—-__.___% ______________________ —ese
sane beet | g . cehafpakht e |
preventi ng [FEed m i ne . 1 i ST T 5T t he
di sease 1 b ducEd bl g :
nar pi - Ty et o Tedbi ng.
Thus, the nonber o1 _app L1 OT v S

i nsect 18ensRete éscéew bt of aq‘qlgjhtlrtm@redmuce@l :orzbelanmﬁwaﬂeded/\fbwh har pi n.
Al t hough t hﬁ;ﬁﬁ%ﬁﬁ ppFeas HeefiFedirrpdy fifferentyyacgpydipg tq REnPR Fose of

1 lustration, 'S Uhder st ood that such detail is solely for that
- pur pose, and 15 vari ations can be made. thereln by those skilled in the
art wi t hout _departing fromthe spirit_and scope of the i nvent.i on which

'FS def ?Hed Hig hénqlb‘F?BWinEhéFaF'ﬁﬁn though nematodes were :|.nfect1ng
“HP-1000™ treated plants, plant growth was still enhanced

by the HP-1000™ treatment. Eight weeks after
inoculation, (four additional foliar HP-1000™ sprays _
o 'appl.ied) shoot weight was still significantly higher for
25 HP-1000™ treated pl'ants'vs." control 'plants._a—lec
_' inoculated with RKN and the average number of fruit. per
plant was nume:rlcally h:.gher 1n the HP- 1000™ treated
plants (Table 11).

.30 ‘i‘able 11 - Average Shoot WeJ.ght'and Average Nﬁmber of
: Fruit per Plant of RKN-inoculated Tomatoes
After Treatment w:.th HP-~ 1000“‘ _

- 35 Treatment : ' Shoot wt.? (g/plant) |  No. Fruit/plant
ure —e=- | 69.9a . |

' ﬂ'HP-lOOO"" |'25 pg/ml | 89.8 b | 1.25 - II

40 . Rate is for amount of active ingredient, a.i. *Means followed by -
different letters are s1gn1f1cantly different accord:.ng to Duncan's
" MRT, P=0.05. . .
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(A) - APPLI CATI ON' NUMBER: AP&B FI LI NG DATE:
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ATTORNEY/ AGENT | NFORMATI d\ilucumbers to(Rfrimee: CosraRer, Be
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(i %) FE COCAMEERSHE EXE | KRORRATECRIACAEOY Protedn

fermentatlon of the cloned gene in a
hlgh expression vector in Escherichia coli.
ngh pressure liquid chromatography analy51s of the ,g

cell- free elicitor preparatlon was used to determine its-

~harpin: content Treatment dllutlons were prepared 1n &1

water. Harpin was applled as a follar spray to caged,..
cucumber plants Marketmore 76, lot #1089, to assess 1ts

-ablllty to repel the strlped cucumber beetle, Acalymma

20

vittatum (Fabricius). Harpin from E. amylcvora was

applied in water_at 0, 5, and 10 mg/l to cucumber,plants_

21-days after sowing seed in the greenhOuse (plants had -
both cotyledons and 6-8 fully expanded leaves/plant)

- Bach concentration was applled to three plants per block

- 25

‘plant were introduced.manually_' The insects were allowed

and the treatments were replicated three times. Seven

~days after treatment a mean of 4.6 adult beetles per

" to feed for 7 days before*feeding_damage to the_plants

30

was evaluated. The number.of cotyledons-and the number
of leaves showing any damage from beetle feeding_Was
determined. A rating scale of 0-6. (where 0 = no obVious

'_feedlng, 1l = < 15% damage, 2 = < 25% damage, 3 = <,50%'

- damage; 4 = > 50% damage; 5 = > 75% damage; and 6 = leaf

35

: hypersensltlve response. e11c1tor protein concentratlon on

desiccated or dead due to feedlng) was used to estlmate
the extent of damage from beetle feedlng on the
cotyledons and leaves.

- Table 12 summarizes- the effect of

- (9
LETeintn amyAovora Hypers(emasmep CATI ON
NUVBER: US 60/ 039, 226 Respongg)EH ¢l fexr DpFERepelieBCYo OF (V| i)

C) - REFERENCE/ DOCKET NUNBER



(i) SEQUENCE CHARACTERI STI CS: (A LENGTH. 338 anino acids

(B) TYPE: amno acid . - (O. _STRANDEDNESS: : (D) TOPOLOGY:
linear: -wo9s8@598/ 37752 - o : - PCT/US98/03604
PCT/ US98/ 03604 ' - 51 - " (ii) MOLECULE
TYPE:. protein (xi) SEQUENCE- DESCRI E’TLIQ\I_ SEQ IDNO 1 Mt G n Ile Thr
'_-IIeLysAIaHlsIIeGIyGIyAspLeuGIyVaI Ser 1 = 5
10 . 15 Ay Leu Ay Ala G n dy Leu Lys Ay LeuAsnSer Al a

Al-a Ser SerJ.nsect damage20 The mean percent 25f damaged cotyledoﬁﬁ Leu Gy,
Ser ‘Ser. Val Asp, Ly%i Leu _Ser Ser Thr Ile As! ? ]Lé lLeu_ Thr-

40 was” in difectgRroRortign Hg mtc%%eﬁVEVnN a Leu Ala
Gl1(3y Leuwherea@ the ‘damage to leadbfes was inversely pfﬁpofiyoﬂh& Ser Ser
Lys Gly Leu S u Gy G@n Ser 65 70 :
75 tg %a%Rntoné%%tga%l@n Gy Ala Gn Gy Ala Ser Asn Leu Leu Ser
Val Pro&ays - : 90 95 Ser
Gy Gy ASpTéiﬂeL&% Ser ﬂfeé@tofgc?réﬁi?lh S cibfimbel #8014 with a 100
105 110 Yvél BnEQrEY§51€B& ¥S tel Thr -Asn
Qn Ser Asn an sequent Feedin g Dasflge Caused by the 125 Leu
~Ala Asn Ser Met Leu Asn Qtﬁaﬁﬁa ShoukBbrTBeetls Cayaldshmbbirittatind
135 10 ' 140 [mrﬂ;mehp Ay Ser G y Val Asn Asn Ala Leu Ser
Ser I'le Leu Gl-y 145 : 150 .~ 155 '
160 Asn Gy Leu Gy Gn Ser. Mt Ser @y Phe Ser Gn Pro Ser Leu. Gly '
| _ | " Leaves
Harpin Cotyledo_ns1 - L
15 Concentration Percent Percent - Damage
{mg/l) ; Damaged Damaged '
0 34 | 42 : © 5,42
5 B so . | o 18 3.40
20 - T
- Nine plants per treatment in three blocks of three each Damage was
assessed on a 0-6 scale where 0 = no feeding injury, and 6 = :
cotyledons and leaves dead because of extensive beetle feedn.ng.

More damage probably occurred on the lower
_cotyledons, because most of the foliar harpln spray was
directed to the upper follage and it was assumed that
'~ '30 more harpin activity would be found in the upper leaves
(upward or systemic harpin effect). The cotyledons_were'
thus very attractive for beetle feeding. Less damage' R
occurred on leaves of plants that had been treated with
_.] the higher concentration of harpln '~ Thus, ‘the
35 effectiveness of the treatment on leaves 1ncreased as the
| harpln concentration 1ncreased _ ' '

The effect of harpin is 51gn1f1cant for two
reasons: 1) damage from beetle feeding on cucurblts,
espe01ally cucumbers, melons, pumpking, and summer and~

40_' w1nter_squash;-is reduced[-because'treatment of oucumber'



165 170 ' 175 Ala Ay Gly Leu Gln Gly Leu

SerGIyAIaGIyAIaPheAsnGIn Leu 180

190 G’y Aw@sEBar2ie Gy Met Gy Val dy.An Asn Ala Ala LeLP@éPSW"aW

195 200 . - 205 Leu Ser Asn Val Ser Thr Hs’

- Val Asp Gly Asn Asn Arg His Phe VaI - 4910 - 215 :

220 Asp Lys Qu Asp Arg Gly Met Ala Lys Gu Ile Gy d@n Phe Met Asp 225
230 235 - 240 dn Tyr Pro Gu Ile Phe Ay _
Lys . Pro a uviEytrh Gamrhins- ﬁepuﬂ:ngﬂ.p the plants beconddfy less 250

ggg Ser_ Ser é?crroacjfé'f\é%S réﬁ&léﬁ@el‘éﬁ' §g£§;88n§|) t%%r@sgﬂ/&gf&%{n%%nqh

'Gy Al a Ser %tdamqggygrmeth@gba:herlal wilg78lisease is likely 280 be

205 A8 Ml ucdindbubyseRbbe ALl abeflael Yettor tnnadisn Tl

" PCT/ U598$03g@§pons:.ble for the disease. By preventingp f_eedlng, Asn Léu
Asn Leu Arg t@a»hs%iaséiian @Y e §S&té§!ﬂu@ ¥‘ebb%n§%l?>lé| %or thdPigease

310 Val Val GIyAsp Lys Lle
Ala Asn Met cg.],lq._el:tp G?d‘E‘Er%dL‘é’ﬂ g}amlnated Th:n.s study $hows 't
330 rpin maBDe use&\SﬂoAﬂacreaé&) muaaawasmageﬁaam |k£_9{.NO 2:

() scame R e, poy e AT 52
10 1nsect1c1des to partlcularly insect-sensitive- cucurblts
o might be reduced or ‘eliminated with harpin.
Although the invention has been deséribed‘ih=
o detall for the purpose of 1llustratlon, it is'understood
that such detail is solely for that purpose, and '
15 variations can be made therein by those skllled in the .
art without departing from the spirit and_scdpé'of the
'invehtion which is defined by the following claims. -



(D) TCPCLCGN I'i near . (i) MOLECULE TYPE: DNA (genomi C)
“SEQUENCE DESCRI PTION: SEQ I D NG 2:
GACAGCATCAVQGEFABI CGA' CACCGITACG
'GCGGCGLECT, GGTCGCCGCA ATCCGECGTC
CGTGAACTCA TGATGCAGAT TCAGCCGGEEG

60
120 GATCTGGTAT TTCAGTTTGG
18Q 5GAGCAATATC COGGCATGTT

CTCGCTCGIC GTTATCAGCA GGCGGCAGAG 240 TGCGATGGCT GCCATCTGIG
AGCGATGTAT TGATCCTCTG GTGGCCGCTG 300 CCGTCGGATC 'CCGGCAGITA
ATCGAACGTT TGTITTGAACT GGCGGGAATG 360 - ACGTTGCCGT CGCTATCCAT

 GCGCGTCCGC AGACAGGGAA CGGACGOSEQUENAEOLISGARGATTAA GATAAAGGCG
TTGCAAAACG GTAACGGTGA GGAACCGTTT. * 480 CACCGICGGC GTCACTCAGT
CATCATGATG CCTACATCGG GATCGGCGTG 540 GGCATCCGIT GCAGATACTT
CTGACATEA/CENBRADARNEORMATIANGCA ~ 600 ° AATTACGATC AAAGCGCACA
TTTGEGCGTC TCCAGTCTGG GGCTGGGTGC 660 TCAGGGACTG AAAGGACTGA
TTCATCGCTG CErTERPREECANECAEREARETL Rﬁgear@mmm
" GCTGACTTCG, ATGATGITTG GCGGRCGCGCT CTGGGCGCCA
- GCTGOOGAT G b AR BRE COT GERVENETON : 8£U5Eﬁﬁ@@§@mﬁ

CCTGCTATCC GTACCGAAAT CCGGCGGCGA o PERGENPEEHNE

CGATTTTACC. CGGGTGAACG TGCTATGACC
GCGTTTATGG CCGCGATGRATUSSHIRFCAG

(xi).

GGACACCGEG

GCGCACGCTG
CCTGAACGEC
TCCGCAGGTG
AGCACCGACG

CCTTTTTTTA

AACAAGTATC
TTGOGAACAC
TCGGCGGTGA
ATTCOGCGGC
TGACCTCCGC
GCTCGAAGGG
GG GTGCGAGCAA

W@%@M@E@d

ACCAACTGGC

Donro & ErCHBEEER BROHARIERs 180 SChtatrany ATGuATaCoT TORatAaS

TGTGAACAAC
PCT/ US98/ 0

WO 98/ 37752

S pORDERCE DRSS 080

£, <6

(n)

(B)
{C)
(D)
(E)
(F)

STREET: P.0O. Box 1051 Cllnton Square
CITY: Rochester '

STATE: New York

COUNTRY: U.S.A.

ZIP: 14603

(V) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk = .
(B) COMPUTER: IBM PC compatible
-(C) OPERATING SYSTEM: PC-DOS/MS-DOS

ADDRESSEE: Nixon, Hargrave, Devans % Doyle LLP |

(D) SOFTWARE: PatentIn Release #1.0, Ver51on #1 30

. {(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

(Vll) PRIOR APPLICATION DATA " .
(A) APPLICATION NUMBER uUs 60/039 226
(B) FILING DATE: 28- FEB 19597

(v111) ATTORNEY/AGENT INFORMATION .
(A) NAME: Goldman, Michael L.
(B) REGISTRATION NUMBER: 30,727
* (C) REFERENCE/DOCKET NUMBER 19603/1522

(ix) TELECOMMUNICATION INFORMATION:
: (A) TELEPHONE: (716) 263-1304
(B) TELEFAX: (716) 263-1600

- (2) INFORMATION FOR SEQ ID_NO:l;;3f

(i) SEQUENCE CHARACTERISTICS :
~(A) LENGTH: 338 amino ac1ds
(B) TYPE: amino acid :
- (C) STRANDEDNESS: _
(D) TOPOLOGY: linear .



CAACGGTCTC GGCCAGTCGA TGAGTGGCTT! CTCTCAGCCT
GCAGGGCCTG AGCGGCGCGG GTGCATTCAA CCAGITGGGT

GGGGCAGAAWGENERELTGA GTGCGTTGAG TAACGT CAGC_

CCGCCACTTT GTAGATAAAG AAGATCGCGG CATGGCGAAA
- TCAGTATCCG GAAATATTCG GIAAACCGGA ATACCA%AA
GACGGACGAC AAATCCTGGEG CTAAAGCECCT GAGTAAACCG

CGCCAGCATG GACAAATTCC GTCAGGCGAT GGGTATGATC

TACCGGCAAT AGCAACCTGA ACCTGCGTGG CGCGGGCGGT
~ GGCTGTCGIQ iGRCHIAREUL B ACTEIBAGHITFo &8 CICT GGGT
- ATCTGIGCTG GCCTGATAAA GCGGAAACGA AAAAAGAGAC
TTATTATGCG GTTTATGCGG TTACCTGGAC CGGTTAATCA
- ACGCACAT TT{ xEQCEEQJUENCE (QIESTRIFTI ARGCSEQACR

GTCGCTCAGA TTGCGCGGCT GATGGGGAAC GCCGGGTGGA

" CAGATGGAGAeCAGET GLeCTHATARANESTAR EteIIsACLY
'CAGATAGATT GCGGTTTCGT ARTCAACATG GTAAT
- GATCACCACAIATAT GA Aﬂia®&&£¥§ﬂ§T£2h'L AGE
AAAATAGGGC AGTTTTT TGGTATCCGT TCC
" GTTCGTCATC ATCTTTCTCC ATCTGGEGOGA

CCTGA
(2) | NFORVRT BV ECR ¥EQ'RD B 3¥5 3¢ Ser SEF)

(A) LENGTH: 403 am no acids

TCTCTGGGGG CAGGOGECTT -
AATGCCATCG GCATGGGCGT 1200 -
ACCCACGTAG ACGGPOALSA8/03604 260
‘GAGATCGGCC AGTTTATGGA 1320
GATGGCTGGA GTTCGCCGAA 1380,
GATGATGACG GTATGACCGG 1440
AAAAGCGCGG TGGCGGGTGA
GCATCGCTGG GTATCGATGC 1560
AAGCTGGCCA ACGCCTGATA - 1620
GGGGAAGCCT GICTCTTTTC 1680
TCGTCATCGA TCTGGTACAA. 1740
RDCEEGATGG CATCTTCCTC 1800
ATATAGAGAA ACTCGCCGGC - 1860
QY THSTAFSSIGOVELTSEFAG = 1920
TCCGCCTGTG 1980
AERASGCREEGACATAGIZAC
GGCCTGACABOTCTTGAGT TG+ 2100
2141

%Eﬂklﬁ@% IéiﬁAhi\h%ﬁl_Sﬂ

(B) TYPE: am no acid

1140

1500

2040 -+

(C) STRANBERNEBSZLeu Thr Ser Met M D)théme@r Allaj neapla Gln Gl{rme):.NO._ECULE
TYPE: proteins® (xi) SEQEENCE DESCRI PTI O\FO SEQ I D NQ 3:

_ ger Leu Asfﬂ a %%E: %:y L&gl'blg Meﬁlcﬁysﬁé’t §Q£
70

.Asn Asn Gly Leu-Leu Gy Thr Ser Ar GI n

25 , Phe Gly A$n3@ly Is\%a Gln Gly Ala Ser I;:n

' Ser Gly Gly Asp Ala Leu Ser Lys Met Phe
100 105

. Leu Leu Gly His Asp Thr Val Thr Lys Leu
B ' 115 - ' B 120

'Leu Ala Asn Ser Met Leu Asn Ala Ser Gln
130 . 135 -

Asn Ala Phe Gly Ser Gly Val Asn Asn Ala
145 | ~ 150

Asn.Gly Leu Gly Gln Ser Met Ser Gly Phe

165 - 70

" Ala Gly Gly Leu Gln Gly Leu Se:_" Gly Ala
_ \ 190 . o 185

Gly Asn Ala Ile Gly Met Gly Val Gly Gln
T 1es 72000

Leu Ser Asn Val Ser Thr His Val asp Gly
210 - L. 215

Asp _.Ly's' Glu Asp Arg Gljr Met Ala i.y's' Glu
225 230 e

Gln Tyr Pro Glu Ile Phe Gly Lys Pro Glu

245 T 250 -

- Ser Ser Pro Lys Thr Asp Asp Lys Ser Trp
- 260 265
Pro Asp Asp Asp Gly Met Thr Gly Ala Ser
: 275 _ 280 - -

Ala Met Gly Met Ile Lys Ser Ala Val Ala
290 “o285 :

1

Met

f% thcgiy5%§§hsﬂ.a d yf(H 9.

Leu Leu Ser Val Pro Lys
.. 95 .

Asp Lys Ala Leu Asp Asp
. - . 110

Thr Asn Gln Ser Asn Gln

125 .
Met Thr Gln Gly Asn Met
" 140 : i

Leu Ser Ser Ile Leu Gly
1ss . . - 160
Ser Gln Pro Ser Leu Gly

| 175
Gly Ala Phé Asn Gln Leu
. 190 .
Asn Ala Ala Leu Ser Ala

205 o : :

Asn Asn Arg His '_Phe Val

220

Ile Gly Gln Phe Met Asp

+ 235 - 240

Tyr Gln Lys Asp Gly'Trp_ o

255

Ala Lys Ala Leu Sexr Lys
: : 270

‘Met Asp Lys Phe Arg Gln

285

Gly Asp Thr 'Gly Asn Thr
. _300'.' C :



ATGARTGCGT

WO 98/ 37752 - PCT/ US98/ 03604
54 - AsnAIaGIy LeuGIyGIyAsnSerAlaLeuGly LeuGIyGIyGIyAsn
35 : WO:98/37752 40 - 45 dn Asn Asp ThrPWUSWWB6a n Leu
Ala Ay Leu Leu Thr Ay Mt Met 55 60" Met Met
Met Ser Met I\/EtGIyGIyGIyGIy Leu NEtsgl y dy @y Leu 65 - .
70 : 0 GIyGIyGIy LeuGIyAsnGIy Leu -
Ay dy Ser Gy Qvy LeuGyGu : - 90
95 dy Leu Ser Asn Ala Leu Asn Asp Met Leu Gly Gly ‘Ser Leu Asn Thr
100 .  Asn Leu Asn 2P arg 61 Ala Gly Gly B9 séreﬂe\GG‘iysﬁe h¥s &y Gy Asn
Asn Thr ThxosSer Thr Thr Asns Pro 320 120. .
125 Leu Asp v I vAlla LeuA Glﬁl III:?eﬁn Eer ThrS Ser ny Ser '
a Va a sp Lys a Asn e
130 ?@5.3% g‘g@ thP SELY G¥P gg Pﬂép Ser Thr
~Ser "Asp Ser Ser Asp Pro t dn dn 145 77
155 Asn Ala 160 Leu Leu Lys Met Phe Ser Qu IIe Met G n Ser Leu
Phe Ay Asp dy 165 170 - 175
_GInAspGIyThr GInGIySer Ser Ser GIyGIyLysGInProThr du - - -
180 ' 185 - 190 GIyGIuGInAsnAIaTyr Lys
Lys. Q{2 NVaINRORMAEEON| EOR_eaEQeIDGW 2: 195 200
205 Leu Met G Asn Ay Leu Ser G n Leu Leu Ay Asn Ay Ay Leu Ay
210 (1) QUElECi CHAR-ACTERISTICS 2220 dy. Gly Gn dy Gy Asn Ala
Ay Thr Gy Leu ﬁ!é}) G@ér ?‘1L]éﬁs? gairs - 230 |
235 () g{} L gl ¥ Leu G n Asn Leu Ser @y Pro Val
Asp Tyr Gn @n 5 TOPOLOGY llnear 20 255
(ii) MOLECULE TYPE: DNA (genomic)
s (xi) SEQUENCE DESCRIPTION:. SEQ ID'NO:2:.
' CGATTTTACC CGGGTGAACG TGCTATGACC GACAGCATCA CGGTATTCGA CACCGTTACG 60
GCGTTTATGG CCGCGATGAR CCGGCATCAG GCGGCGCGCT GGTCGCCGCA ATCCGGCGTC | 120
GATCTGGTAT TTCAGTTTGG GGACACCGGG CGTGAACTCA TGATGCAGAT TCAGCCGGGG 180
CAGCAATATC CCGECATGTT GCGCACGCTG CTCGCTCGTC GTTATCAGCA GGCGGCAGAG 240
TGCGATGGCT GCCATCTGTG CCTGAACGGC AGCGATGTAT TGATCCTCTG GTGGCCGCTG - 300
CCGTCGGATC CCGGCAGTTA TCCGCAGGTG_A‘I‘CGAACGTT "TGTTTGAACT GGCGGGAATG 360
ACGTTGCCGT CG(\:TATCCAT AGCACCGACG GCG_CG_TCCGC AGACAGGGAA CGGACGCGCC 420
CGATCATTAA GATAAAGGCG GCTTITTTTTA ';'TGCAAAACG GTAACGGTGA GGAACCGTTT 480 .
CACCGTCGGC GTCACTCAGT AACAAGTATC CATCATGATG cc'rACATCGG GATCGGCGTG 540
.GGCAT(_':CGTT GCAGATACTT TTGCGAACAC CTGACATGAA TGAGGAAACG AAATTATGCA 600
ARTTACGATC AARGCGCACA TCGGCGETEA THTGEECETC 'TCCGETCTEE GECTEEETGC 660
TCAGGGACTG. AAAGGAC'I_-GA ATTCCGCGGC TTCATCGCTG GGTTCCAGCE TGGATARACT 720
GAGcAGCACc ATCGATAAGT TGACCTCCGC GdTGAdTTcG ATGATGTTTG GCGECGCGCT 780
GGCGCAGGGG'.C_TGGGCGCCA GCTCGAAGGG GCTGGGGATG AGCAATCAAC TGGGCCAGTC 840
. TTTCGGCAAT GGCGCGCAGG GTGCGAGCAA CCTGCTATCC GTACCGAAAT 'c_:cc;_G_chcGA : 900 -
' TGCGTTGTCA AAAATGTTTG ATARAGCGCT GGACGATCTG CTGGGTCATG ACACCGTGAC ' 960
CRAGCTGACT AACCAGAGCA ACCAACTGGC TAATTCAATG CTGAACGCCA GCCAGATGAC - 1020
CCAGGGTAAT TCGGCAGCGG TGTGAACAAC GCACTGTCGT CCATTCTCGG 1080



Gy Asn Al a Vﬁl

- PCT/ UgR8663604 GCTGCGCTGA GTGCGTTGAG TAACGTCAGC ACCCACGTAG ACSETAACAA

Leu dn Ala Arg G
- CCGCCACTTT

Ala L

- .375
400.

TYPE:
ToPa 6@9""’?%’1"&?‘*

nucl ei.c

Al a
GTA AT%%R?

a

_ I NFORMATI ON FOR SEQ I D NO
G%RA@EEGGMMTCCTGGG c'rAAAqCAy‘T | ARG CCE 2EF3r GARGACTH §FABEACCGE

SEQJEN‘iEcéIEﬁ(&Rl EEHAQ&T@EQCJ:'EMN@;@ CGCGEGCGET GCATCGCTGR

GTCGCTGGGT AAGCTGGCCA

GGCTGTCGTC

ATCTGTGCTG

TTATTATGCG

ACGCACATTT

'GTCGCTCAGA

CAGATGGAGA

. CAGATAGATT
© GATCACCACA

" ABAATAGGGC

GTTCGTCATC

GGCGATAAAA
GCCTGATARA
GTTTATGCGG
TCOCGTTCAT
TTGCGCGOCT
CACGTCTGCG

GCGGTTTCGT

ATATTCATAG

AGTTTTTGCG

ATCTTTCTCC

TAGCCAACAT
GCGGAAACGA
TTACCTGGAC

TCGCGTCGTT

GATGGGGAAC

ATAAATCTGT

AATCAACATG
ARAGCTGTCT
TGETATCCGET

ATCTGGGCGA

AAAAAGAGAC

'CGGTTAATCA

ACGCGCCACA

GCCGGGTGGA ATATAGAGAA

GCCGTAACGT
GTAATGCGGT
TGCACCTACC

GGGGTGTTCC

CCTGATCGGT

- (2) INFORMATION FOR SEQ ID NO:3:

(1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 403 amino ac1ds
(B) TYPE: amino acid:
(C) STRANDEDNESS:
(D) TOPOLOGY: linear.

" (ii) MOLECULE TYPE: protein

. omeal

GGGGAAGCCT

TCGTCATCGA

ATCGCGATGG

GTTTCTATCC
TCCGCCTGTG

GTATCGCGGG

GGCCTGACAA

0

(x1) SEQUENCE DESCRIPTION SEQ ID NO: 3:

1

5

10 -

Cq\AATTCC‘( GF?AWE’%&?EI%E@%%FG&O&Q&ESGGGTGR .

GTATCGATGC -

ACGCCTGATA

GTCTCTTTTC -

TCTGGTACAA

CATCTTCCTC

ACTCGCCGGC
GCCCCTTTAG

CGCCGECCGE

AGATACCGAC

TCTTGAGTTG

15

‘Leu GyThrGIyIIeGyIVEt LysAIaGIyIIeGIn._?-' -

260 265 . _'. 270 Ala Leu Asn Asp ll'e Ay Thr Hs
Arg His SO SRTIENT Arg Ser Phe - 275 - - POE{HIS98/03604 |
285 Vval Asn Lys. GIyAspArgAIaI\/EtAIaLys Au lledy A@n Phe Mt o

290 ' 295 : . - 880- Asp @n Tyr Pro Gu Val Phe Gy

Lys Pro @ n Tyr G n Lys'Ady Pro 305 - - 310 315

320 Ay d@n Gu Val Lys Thr Asp Asp Lys Ser Trp Ala Lys Al a Leu Ser -

325 330 7335 'Lys Pro Asp Asp. Asp Ay -Met Thr.
+ Pro. ;ucaAemgquthngaettqn PHEGWQ§ﬁTT CTCTCAGCCT. TGRJEEGGE CAGGCGGCTT ~ 33840

350 L y

300 MReblderb E&@@%& chbattin AloH Gl Anidctafdd Gég%%gg%w 3360

126]:y Asn

S S L
onatagtas qBROTEAR ARG oicE, ARPETATEEA ps LAGR et

%ATTCG %§§hACCGGA ATACCAGAAA éﬁ%&GCTGGA A GTTCOCCGAR 39880

%Hmﬁ%?&éc&seiéa

(i) SEQUENCE
1440 (B)

: D

1560_

1620

1680
- 1740-
.-1506.
1860

. 1920

1980

2040
2100

2141

Met Ser Leu Asn Thr ser Gly Leu Gly Ala Ser Thr Met Gln Ile Ser

Ile Gly Gly Ala Gly Gly Asn Asn Gly Leu Leu Gly Thr Ser Arg Gln

25

- 30



AAGCTTCGGC ATGGCACGTIT TGACCGITGG GTCGGCAGGG TACGITTGAA TTATTCATAA . 60 .
GAGGAATACG TTATGAGTCT GAATACAAGT GGGCTGGGAG CGICAACGAT GCAAATTTCT 120
AT CGGCGGT v CHAITEAAA TAACGGGTTG CTGGGTAGCA GTCGCCAGAA TGCTREXAWW/03604 130
GGTGGCAATT CTGCACTGGG GCTGGGCGGC GGTAATCAAA ATGATACCGT CAATCAGCTG 240
- GCTGGCTTAC TCACCGGCAT GATGATGATG ATGAGGAT GA" TEEECGGTGG TGEECT GATG 300
GGCGGTGGECT TAGGCGGTGG CTTAGGTAAT GGCTTGGEGTG GCTCAGGTGG CCTGGGCGAA 360
GGACTGTCGA ACGCGCTGAA CGATATGITA GGCGGTTCGC TGAACACGCT GGGCTCGAAA 420
GGCGGCAACA ATACCACTTC AACAACAAAT TCCCCGCTGG ACCAGGCGCT GGGTATTAAC 480 .
TCAACGT CCRsAAMACGAZGReuT EGCATE TR SEEAGAGHIT TEACRT EAGEIETEGABRRAC 540
CCGATGCAGC AGCTGRB¥GAA GATGTTCAGC @AGATAATGC AAAGCCEBTT TGGTGATGGG - 600

CAAGAT . 660
AT AR AT T R bR A SR L NG 720
CTCCTTGGCA ACGGGGGACT. GCGAGGTGGT. CAGGCCGGTA ATGCTGGCAC GGGICTTGAC 780
GGTTCGT CGBET GRICREC/SerABSCHECCAlY SACGILEAGCLESABCCFUGRIETRGCASTAG 840

TTAGGTAACESCCGTGGGTAC CGGTAPCGGT ATGAAAGCGG "8CATTCAGEC GCT GA,&?GAT 900

ATOGGTACCE, TECMORORT, TCT s8I 3 1960
% TATCC?% TGIT © GTAC 1020
mwm@lmm@ SRR A %%@Wée%mmmeﬁ%%%% 1140
AAGCCAGATGX 1140
WO 98/. 37752 PCT/.US98/ 03604

- 56 - IAI@ECAAAA.WI@@EI% GNEARG GEEAMEORTA MEGTECAGEC ACGCGGTGCC
1200 GGT GGT TCTT 1&8CTGGGTAT TGATG@@P\TG ATGGCCGGTG M‘-'GCCATTAA CAATATGGCA
1260

Leu Asp Gln Ala Leu Gly Ile Asn Ser Thr Ser Gln Asn Asp Asp Ser
: 130 C 135 o - 140 .

Thr Ser Gly Thr Asp Ser Thr Ser Asp Ser Ser Asp Pro Met Gln Gln
145 150 . 185 - . 160

o Leu Leu Lys Met Phe Ser Glu Ilé Mét 'Gln Ser Leu Phe Gly Asp Gli/
= : 165 - . 170 _ 175

Gln Asp Gly Thr Gln Gly Ser Ser Ser Gly Gly Lys Gln Pro Thr Glu
180 o . 18s 190 -

Gly Glu Gln Asn Aia Tyr Lys Lys Gly Val Thr Asp Ala Leu Ser Gly
185 200 . ' 205 - _

- Leu Met Gly Asn Gly Leu Ser Gln Leu Leu Gly Asn Giy.Gly Leu Gly
210 : 215 7 . 220 : :

Gly Gly Gln Gly Gly Asn Ala Gly Thr Gly Leu Asp Gly Ser Ser Leu
225 7 230 7 235 - 240

© @ly Gly Lys Gly Leu Gln Asn Leu ‘Ser Gly Pro Val Asp Tyr Glu Gln
- U7 2as . , 250 . . _ 255

' Leu Gl-y'A'sn Ala Val Gly Thr Gly Ii_e_ Gly Met Lys Ala Gly Ilé Gln
260 _ - 265 . _ - 270
Ala Leu Asn Asp Ile Gly ‘Thr His Arg His Ser Ser Thr Arg Ser Ph_e '
. 235 _ 280 . . 285 ) :

Val Asn Lys Gly Asp Arg Ala Met Ala Lys Glu Ile Gly Gln Phe Met
s 290 ' 295 ) .~ . 300 )

. Asp Gln Tjr Pro Glu Val Phe Gly Lys Pro Gln .'-I‘yr Gln Lys Gly Pro
305 - 310 - T 315 ' 320

Gly Gln Glu Val Lys Thr Asp Asp_ Lys Ser Trp ala Lys Ala Leu Ser
. . 325 _ - 330 o 335 .

Lys Pro Asp Asp Asp Gly Met Thr Pro Ala Ser Met Glu Gln Phe Asn
- 340 o 345 . - 350 _

Lys Ala Lys Gly Met Ile Lys Arg Pro Met Ala Gly Asp Thr Gly Asn
: 355 : 360 . : 365 . '



CTTGGCAAGC TGGGCGOGRC. TTAAGCTT
(2) | NFGRMATI ON FOR SEQ | D NQ 5:
(A). LENGWOoS#hsani no acids

: 1288 ﬁ
(I ) SEQJENCE CHARACT ERI STICS: .
(B) TYPE:: am no ac iPGFTIUS98/03604

(C) STRANDEDNESS. (D) TODO_OGY i near (i) MOLECULE

TYPE: protein . (‘xi) SEQUENCE DESCRIEPTI ON: SEQ I D NO 5: ~ Met @n

Ser Leu Ser Leu Asn Ser Ser Ser Leu G n Thr Pro Ala Met - 1 _ :
5 - 10 ' -~ 15 Ala Leu Val Leu Val Arg Pro .
Gu Ala Gu Thr Thr dvy Ser Thr Ser _ 20 25 -
30 Sery lays IN\ﬁGLELAl@ Ardocly \illa 9oy Xyl Sduy$ehelheuAGBy Glle Sp Leu Met

35 . - 370 375 45 A8 Asn Gy Gn Leu Asp Asp
Ser Ser Pro. leu -

60" Ly% g’r %e%: kﬁ AALI gu‘lé ﬁeLAsn 2 fp"‘éay“é ?llfllgs(iyo Asp Val

65 - lle Ala.
Al a Leu As@lxytéamﬂwlle HIS Glu Lys Leu Gly Asp Asn Phe o

85 g 90 95 Gy AI a Ser Ala Asp Ser Al a
Ser ' 100 . 105
110 YZ) TWFQ%!PHA@ELPNLE'QRA%FQGIP N9U4A| a Lys Ser Met Leu Asp Asp Leu Leu
115 . Thr Lys G@n Asp-dy Ay Thr

25
Ser Phe Ser (8 (S §T1cs1 130 135

GACACCAGCC

AGTTCAACAA

f @gﬁ“ﬁgﬁ A |
140 g Ac elc @gegﬁi A%p Asp Asn Pro Ala G n Phe Pro
145 . - : 160 Lys Pro
Asp Ser Gly Ser ‘(539 g 0 EY Elh grf)gs GI u Asp Asn Phe -
165 .- 175 - Leu Asp Ay Asp Gu Thr Al a
Al a Phe Ar %@rMé‘Lﬁdﬂﬂﬂ ASBE!:! 8nhl §genomic) ' 180 185
- 190 nLeuGIyAsn n dn Ser AspAIaGIySer Leu Ala Gy
195 200 - 205 .
- (x:L) SEQUENCE DES_CRIPTION' SEQ ID NO 4:
' ARGCTTCGGC ATGGCACGTT TGACCGTTGG GTCGGCAGEE TACGTTTGAA_TTATTCATAA 60
. GAGGRATACG TTATGAGTCTfGAATACAAGT GEECTGEGAG CGTCAACGAT GCARATTTCT 120 -
ATCGGCGGTG CGGGCGGARA TAACGGGTTG CTGGGTACCA GTCGCCAGAA TGCTGGGTTG 180
_GGTGGCAATT CTGCACTGGG GCTGGGCGGC GGTAATCARA ATGATACCGT CAATCAGCTG 240
GCTGGCTTAC_TCACCGGCAT GATGATGATG ATGAGCATGA TGGGCGGTCG TGGGCTGATG 300 -
 GGCGGTEGCT TAGGCGGTGE CTTAGGTAAT GGCTTGGGTG GCTCAGGTGG CCTGGGCGAA 360"
GGACTGTCGA ACGCGCTGAA CGATATGTTA-GGCGGTTCGC TGAACACGCT GGGCTCGAARA 420
GECGGCAACA ATACCACTTC AACAACARAT TCCCCGCTGG ACCAGGCGCT GGGTATTAAC 480
- TCAACGTCCC AAAACGACGA TTCCACCTCC GGCACAGATT CCACCTCAGA CTCCAGCGAC 540
CCGATGCAGC AGCTGCTGAA GATGTTCAGC GAGATAATGC_AAAGCCTGTT TGGTGATGGE 600
CAAGATGGCA CCCAGGGCAG TTCCTCTGGG GGCAAGCAGC CGACCGAAGG CGAGCAGAAC 660
' GccrATAAAA AAGGAGTCAC TGATGCGCTG TCGGGCCTGA TGGGTAATGG TCTGAGCCAG 720
CTCCTTGGCA ACGGGGGACT GGGAGGTGGT CAGGGCGGTA ATGCTGGCAC GGGTCTTGAC -~ 780
. GGTTCGTCGC TGGGCGGCAA AGGGCTGCAR AACC?GAGCG'GGCCGGTGGA CTACCAGCAG 840
TTAGGTAACG CCGTGGGTAC CGGTATCGGT ATGAAAGCGG GCATTCAGGC GCTGAATGAT 900
ATCGGTACGC ACAGGCACAG TTCAACCCGT TCTTTCGTCA ATARAGGCGA TCGGGCGATG 960
' GCGARGGAAA TCGGTCAGTT CATGGACCAG TATCCTGAGG TGTTTGGCAA GCCGCAGTAC 1020
CAGAAAGGCC CGGGTCAGGA GGTGAAAACC GATGACAAAT CATGGGCAAA AGCACTGAGC ‘1080
' AAGCCAGATG ACGACGGAAT AGTATGGAGC AGCCARGGGC 1140



WD 98/ 37752

-57- 'ThrGIy Ay Gly Leu Gy Thr
Ser . -WOBB77S2 - - 215 '

230 -

235

Ala Ay Gn Leu'lle Gy Gu Leu Ile Asp
Arg Ay Leu -Gn Ser Val

- 260 _ _
270 . ATGMAIMGGQCGATBGQ! GWTG@N;CCT BECISEGENA ACATECATCY ARGFCErGrcSer NO@ Adn.

250. _
Leu Gly Thr Pro Val

275
Ay

255.

Pro Ser Ser

Asp Pro Leu Ile Asp Ala Asn Thr dvy 'Pro Gly Asp -Ser
. ’ _g@_

220

PCT/ US98/ 03604 -

Phe Ser 'Asn Asn Ser

“PCFRISRRIOE

225
2

45

Gly Asn Thr Arg Gly Glu.

Leu'AIa Gy dy dy

26

300 crm&ﬂhcb%eb&@ca@&pw%cﬁy dn Thr Ay Thr Asp Val’
315

- 305 .3

10

"Ile'Ala Thr Leu Leu Val

325 (2) INFORMATTIRD FOR SEQ ID NO:5:335
340  (2) | NFORMATI ON FOR SEQ I D NO-6:

Ser Thr

Leu Leu Gn Ay Thr Arg’

5

L SOTRUERT, SPECe T ey grocccello apgrohita Sthihiledd g

Leu Ay

An Serl_mr Ala
- 320

Asn dn Al'a Al a. AIa

Al a Glh

(i) SEQUENCE CHARACTERI STI cs:
‘nucleic acid

(A) LENGTH (@02SBQIENGE| QHARACTERISTICS(B) TYPE'

(C) STRANDEDNESS: (&)
MOLECULE TYPE: DNB)X
- ATGCAGAGTC TCAGTGEY

IiQTH 341 amlan

DB cidpPOLOGY:

lin

ear

(ii)

mino acidyi) SEQUENCE DESCRI PTION: SEQ I D NO 6:
CTGCAAACCC CGGCAATGGC CCTTGTCCTG

(D) TOPOLOGY:

inear

(ii) MOLECULE TYPE: prp_te:l.n_

(xi) SEQUENCE DESCRIPTION:

Met Gln Ser
T

"Ala Leu Val
Ser 'Lys Ala
35
~ Arg Asn Gly
-1

Lys Ser Met
65

Ile Ala Ala
R .

-@ly Ala Ser

Thr Gln Val
- _ 115

Thr Lys Gln.

130

Leu Asn Lys
145 ;

Lys Pro Asp
Leu Asp Gly

Gly Gln Gln
' 195

Leu

Leu

20

Leu
Gln
Ala

Leu

Val Arg
Gln Glu

Leu Asp

Pro

val

. 40

Asp

55

Ala Asp
70 -

Asp Lys

. 85

Ala
100
Leu
Asp
Ile
Ser

Asp

180

Leu

Asp Ser
Asn Gly
Gly Gly

Ala Gln
150

Gly Ser
165

Glu Thr

Gly Asn

Gly
Leu

Ala

‘Leu

Thr
135

Phe

Ala

Gln

Sexr Leu Asn Ser
5 o

d1u
Val
Ser
Lys

Ile

Serx

Ala

120

Ser

Met

val

‘Ala

SEQ ID NO:5:

Sexr

Ala

- 25

val.

Ser
Ala
His

Gly

105

Lys

Phe

Asp

ASn

Bhe

10

‘Glu Thr Thr

Lys Leu Ala

Pro Leu Gly

Gly Gly Gly

75

Glu Lys Leu

20

Thr Gly Gln

Ser Met Leu

Ser Glu Asp

140

Asp Asn Pro

155

Glu Leu Lys

1170

Arg Ser Ala

- 185"

Gln

200

Ser

Aép Ala Gly

Ser Leu Gln

Tl;xr
Gly |
Glu
Lys
e
Gly |
Gln
Asp
125

Asp

Ala

Glu
Leu

Ser
205

Pro
Serxr
30

Glu

Le\_.l

Glu

Asp.

Asp
110
Asp
Met

Gln

'-Asp

Asp

Ala
15

Thr
Leu
Leu

Asp

Met

Ser

Met

Ala

val

'ao_'

Asn
85

Leu
Leu
Pro
Phe
Asn

175
Ile

180

Leu

Ala

Phe -

Met -

Leu

Met

Pro
160

_Phe"
Ile

Giy'

60



GTACGTCCT.G- AAGCCGAGAC GACTGGCAGT ACGTCGAGCA AGGCGCTTCA GGAAGITGIC 120
GTGAAGCTGG "‘CCGAGGAACT - GATGCGCAAT GGTCAACTCG ACGACAGCTC GCCATTGGRA. 180
AAACTGWTCKW&ﬁE@ﬁE{EﬁT GGCCGCAGAT GGCAAGGCGG GCGGCGGTAT TGAGEEST/MUBE8/0369410
ATCGCTGOGC: TGGACAAGCT GATCCATGAA AAGCTCGGTG ACAACTTCGG CGCGTCTGCG ™ 300
GACAGCGCCT CGGGTACCGG ACAGCAGGAC CT GAIG%&% AGGTGCTCAA TGGCCTGECC 360
AAGTCGATGC TCGATGATCT TCTGACCAAG CAGGAT GGACAAGCTT CTCCGAAGAC 420
GATATGCCGA TGCTGAACAA GATCGCGCCAG TTCATGGATG ACAATCCCGC ACAGITTCCC 480
AAGCCGGACT 'CGGGCTCCTG GGTGAACGAA CTCAAGGAAG ACAACTTCCT TGATGGCGAC 540
WO 98/ 3775fhr cly Gly Gly Leu Gly Thr Pro Ser Ser Phe Ser Asn Asn RGF/ $4898/ 03604
58 - . GAAAUGGCCTG CGITCCGITErEGECACTCGAC ATCA?IGECC AGCAACTGEG TAATCAGCAG

600 AGT GICT G CAGITTTTCC

o0 AR B S A A S SRS i

720 GGCAATACCC GJGGTGAAGC GGGGCAACTG ATCGGCGAGC TTATCGACCG TGGCCTGCAA

780 TCGGR“ET@@!G@@GB@GHHB¢WNEE££M&MGEt@éﬁAﬂM(ﬁuﬁﬁ!ﬁKiﬁ@ﬁEéOGGWACGTCG

840 GCGAATGGECG GACAGTCEEE TCAGGATCTT GARBAGTTGC TGGGCGGCEFS GCTGCTCAAG
900  GGCCTAARER, GAACELT GAS IRATGEGEG: wqg&m

960 - ece AAATCG CCACREol GCT GEWCAGTACEh

1020 - GCCTGA '

1026 (2)%%@5@ B FER BEOTRD S§¢) Ra Asn cly By Hecienegs Gln -

CHARACTERI STI CS: - (A) LENGTH. 344 amino aC|ds : (B)

TYPE: am ngspaced asp @ln Leu Leu Gly %IM@NE&&u Lys Gly Leu Glu Ala
) 290 ) 295 300

B Thr Leu Lys Asp Ala Gly Gln Thr Gly “Thr Asp Val Gln Ser Ser Ala
305 310 . 315 _ - 320

'.Ala Gln Ile Ala Thr Leu Leu Val Ser Thr Leu Leu Gln Gly 'I‘hr Arg
325 o 330 _ 335

Asn'Gln Ala Ala Ala
340

(2) INFORMATION FOR SEQ ID NO:6:

- {1i) SEQUENCE CHARACTERIQTICS
(A) LENGTH: 1026 base pairs .
(B} TYPE: nucleic acid .
(C) STRANDEDNESS: single
(D) TOPOLOGY linear

(11) MOLECULE TYPE DNA (genomlc)
\

(x1) SEQUENCE DESCRIPTION SEQ ID NO:6:

ATGCAGAGTC TCAGTCTTAA CAGCAGCTCG CTGCAAACCC CGGCAATGGC CCTTGTCCTG . GOE

GTACETCCTG AAGCCGAGAC GACTGGCAGT ACGTCGAGCA AGGCGCTTCA GGAAGTTGTC”.' 120
GTGAAGCTGE CCGAGGAACT GATGCGCAAT GGTCAACTCG ACGACAGCTC GCCATTGGGA 180
ABACTGTTGG CCAAGTCGAT GGCCGCAGAT GGCAAGGCGG GCGGCGGTAT TGAGGATGTC 240
ATCGCTGCGC TGGACARGCT GATCCATGAA AAGCTCGGTG ACAACTTCGG CGCGTCTGCE 300
GACAGCGCCT CGGGTACCGG ACAGCAGGAC CTGATGACTC AGGTGCTCAA_TGGCETGGCC 360
AAGTCGATGC TCGATGATCT TCTGACCAAG CAGGATGGCG GGACAAGCTT CTCCGAAGAC 420
GATATGCCGA TGCTGAACAA GATCGCGCAG TTCATGGATG ACAATCCCGC ACAGTTTCCC - 480 -

AAGCCGGACT CGGGCTCCTG GGTGARCGAA, CTCAAGGAAG ACAACTTCCT TGATGGCGAC - 540

#l



(D) TOPOLOGY: linear - (ii) MOLECULE TYPE protein - (xi) SEQUENCE

DESCRI PTI ON: SEQIDNO? Met Ser Val Gly Asn llle An Ser Pro Ser Asn
Leu Pro Gxgobiﬁjb 1 5 PAfIUS98/03604 .

B uAsn LeuAsnThr AsnThr Asn Ser @n A@n Ser Ay @n Ser
-20 . 25 _ gg) - Val d@n Asp Leu Ile Lys dn
VaIGIuLysAspIIeLeuAsnIIeIIe 35 40
45 AIaAIaLeuVaI GnLysAIaAIaGnSer AIaGyGyAsnThrGy

50 - . _ Asn Thr GlyAsnAIaProAIa
: Lys A%Rzaﬁrééc@é %G@Téc@ﬁ‘?: é&&c@céﬁmﬁ'ﬁcmmscé%emcmss TAATCA%CAC; 0- o0 '
- Lys Asn ‘Asp Pro Ser Lys Ser
G n ARGTEXAsSCEs chserrc'rGGc AGGGACGGGT GGAGGTCTGGB’SCACTCCGAG CAGTTTTTC®O0 660
95 _Ala Asn Lys Thr d n Asp Pro Met

100 AACAACTCGT CCGT & G TGA CCGCTG ATCGAC#%EB A%ACCGG%gcncgﬁ?gAE%ﬁF Met zgq] Leu

Leu Gouchsiacke srdalreirdt bestchRtrd Wecdbddace TTATCGACCE TAGHRTGCAR 780 - 120
125 Ala Leu Hs Mt An dn Pro Ay Ay Asn Asp Lys Ay Asn Ay Val
130 TCGGTATTGG CCGGTGEESE ACTGGGCACA CCCGTAARGY CCCCGCAGAC COYTAGBFCS7752 840 -

PCT/ Ugg ézg)ré@% GACAGTC GC JCAGGA GIrc'r'r GAT%QGTT%? TG&GCG crT %{E%TCAA 5 ofd Y QY

Al'a Asn
150 GGCCTGGEAGE. CAAch'llcﬂa GGATGCCECE CAAACAGGQJSG:CGACGTGGIAUGWGaGtmr G ngdou Ile

Tho ColabiiatS echicBriddd &%%CGG#%%WA@@G%T%G&CW &80 val

?9% Gsxccz‘&pa d y Ay _ - 180 | 1026

- (2) 'INFORMATION FOR SEQ ID NO:7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 344 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS:
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

‘Met Ser Val Gly Asn Ile Gln Ser Pro Ser Asn Leu Pro Gly Leu Gln

1 .5 _ 10 1s

Asn Leu Asn Leu Asn Thr Asn Thr Asn Ser Gln Gln Ser Gly Gln Ser
' L 20 ' 25 L 30 . . o

Val Gln Asp Leu Ile Lys Gln 'Val.'.Glu_ Lys Asp Ile Leu Asn Ile Ile

35 . 40 Y - S
-Ala Ala Leu Val @ln Lys Ala Ala .Gln ‘Ser Ala Gly Gly Asn Thr Gly
50 . §5 . . 60. . :
Asn Thr Gly Asn Ala Pro Ala Lys Asp Gly Asn Ala Asn Ala Gly Ala
65 . 70 ' - .. 80

Asn Asp Pro Ser Lys Asn Asp Pro Ser Lys Ser Gln Ala Pro Gln Ser
85 - 90 : 95 :

" Ala Asn Lys Thr Gly Asn Val Asp Asp Ala Asn Asn Gln Asp Pro Met '
100 - 105 o 110 '

Gln Ala Leu Met Gln Leu Leu Glu Asp Leu Val Lys Leu Léu Lys Ala
115 ' 120 ' o .125 '

Ala Leun His Met Gln Gln Pro Gly Gly Asn Asp Lys Gly Asn Gly Val ST
© 130 _ 135 . o 140 : o



Al a Asp

AACCT CCCGG At (IFCASAANUCRSAEIE T a
CAGTCCGTGC2RAGACCTGAT CAAGCA3ETC

CTCGTGCAGA We@ml |

Gln

- Ala Leu Val

Ala Gln Gly
275

Ala Asn Pro
290 -

- Gly Gln Asn
- 305

| _ _Vai Gln Ile

. Gln Ser Thr

Gln Met Met
260
Gly Ser Lys

Gly Ala Asn

Asn _Leti Gln

310

Leu Gln Gln
325

Ser Thr Gln

340

Gly
Gln
295

Ser

Met

Pro

GIyGIySerGIyAIaGIyGIyAIaGIyGIyAIaAsnGIyAIa ¥
200 ' ' AspGIyGIyAsnGI

Val Asn

195 205

Gy Asn GwoABaT™3n Gy Pro Gn Asn ~ . 210 PCT/Y$9§/03604
220 : AIaGIyAspVaI AsnGIyAIaAsnGIyAIaAspAspGIySer G u Asp
225 - - 230° L2285 - - 240 Adn dy
Ay Leu Thr @Ay Val Leu A n Lys Leu Met Lys Ile Leu Asn :

245 250 - 255 Al a Leu Val Gn Met Met Gn
dn dy Gly Leu Gy Gy dy Asn dn - 260 . 265
270 “Alcay Gexy @y Xarny GBerAlayWSGnymla GlLy G&ynGm 81BcHLyPhen Ala Ser dvy

275 - 145 280 .285 " 155 Ala Asri Pro G%°Ala Asn Gn-
Pro Ay Ser r 5

300 . Gl @%ﬁ%ﬂ%‘guﬁg caﬁ[;g;g.n Ilr? ﬁ‘é%%%tc;ﬁlsael\l/aﬁlyvﬁs Ly%gGl u VaI :
305 - . ~Val -dn
lle Leu A §2@ #avstly.u&g Ala RrAla ﬁlx\s‘lf};;gGG}Y o) G Gy rt_\-;a 3ty 6ly |
325 g ' ' ~ dn Ser Ser Thr Gn Pro
Met Ala Asp Gly&ﬂﬁr Sef 2§1y| M@\leQ\lAfml$E@.}} BLA@sE: Gly Ala (I )
SEQUENCE CHARACTERBSTI CsS: . 200 (A) LENGTH: 188% base pairs. o

(B) TYPE: nuclelc ST SS. .. sinal - (D
TOPOLOGY: YA Bsn BHY Wb 35 E&Y gfb%%s" St ’{]r% §1n nem (xi) ™ (D
SEQUENCE DES 'ON: SEQ I D. NO 8 ATGTCAGTCG GAAACATCCA GAGCCCGT CG

AsB(B1yAADAGEAAGY GDARBACETA 28BAATCGGGC
120 GAGAZRBACA TCCTCAACAT #ARTCGCAGCC |

LJ_-§Qs1n Lys

250

Gln Gly Gly
o 265

Ala Gly Asn

280

Prb Gly Ser
Gln Ile Met

Leu Ala Ala

Leu Met Lys Ile

Leu Gly Gly Gly

_ _ 270

Ala Ser Pro Ala
285

Ala Asp Asp Gln
300 ’

Asp Val Val Lys
315 -

-G1n Asn Gly Gly

330

Met -

(2) INFORMATION FOR SEQ ID NO:8:

(:L) SEQUENCE CHARACTERISTI Cs:
(A) LENGTH: 1035 base palrs- _
(B) TYPE: nucleic acid
(C) STRANDEDNESS:
(D) TOPOLOGY: 11near -

single

(11) MOLECULE TYPE DNA (genomlc)

(xi) SEQUENCE DESC'RIPTION-':. ,S_EQ_ ID NO:8:

Leu Asn
255

Asn Gln

Ser Gly

Ser Ser

Glu Vval -
- 320

‘Ser Gln

335

ATGTCAGTCG GAAACATCCA’ GAGCCCGTCG AACCTCCCGG GTCTGCAGAA CCTGAACCTC

AACACCAACA CCAACAGCCA GCAATCGGGC CAGTCCGTGC AAGACCTGAT CAAGC’AGGTC

GAGAAGGACA TCCTCAACAT CATCGCAGCC CTCGTGCAGA AGGCCGCACA GTCGGCGGGC

60

120

180



WO 98/37752 o PCT/U898/03604 '
- 60 - -GGCAACACCG GTAACACCGG CAACGCGCCG.GCGAAGGACG GCAATGCCAA CGCGEGECGECC
240  AACGALEORAT 18- AAGAACGA CCCGAGCAAG "AGCCAGGCTC . CGCAGT CCCCPEAASINIIOL
300  'GGCAACGTCG ACGACGCCAA CAACCAGGAT CCGATGCAAG CGCTGATGCA GCTGCTGGAA
360 GACCTGGTGA AGCTGCTGAA‘GEIEIIIIE(SE&é@g GCAGC AGCCCGGCGG. CAATGACAAG
420 GGCAACGECG TGEECGGTIGC CAACGECECC GCCG GCGGCCAGGG CGGRCCTGRCC
480 - GAAGCGCTGC AGGAGATCGA GCAGATCCTC GCCCAGCTCG GCGGRCGGECEG TGCTGRCECC
540 GECGEECECEE GIGECGGETGT CGGCGGTGCT. GGTGGOGCGG ATGECGECTC CGGTGOGEGET
000 CERGR AR SR i SRS R SR BERR ERAAERUECACHAC
660 GGCCCGCAGA ACGCAGGCGA TGTCAACGGT GCCAACGECG CGGATGACGG CAGCGAAGAC
720 - Cﬂ@%ﬁ%ﬁ%ﬂtG?Eﬂ@%ﬁEEGFC@E*@@RN%KGA@$GKTGﬂﬂ@ﬂaﬂﬂspaNN@@@CGCTGE$@EAG

780 _ coce
840 COMOELT G R ok
000 CATCASTREAT ACCRENCACARCEARTIE GHATIORDA BT @S TRTAT EFOERAGAACGAGETC
960 GTCOCAGATCC. TGCAGCAGAT  GCTGGOGRCG CAGAACGACG. GCAGCCAGCA GTCCACCTCG:

cpL)
§i1
2

1020 GRPARPEACIREFRAGC CRACGECEEE ARGGGTGCCE GCGRCCAGGE CGGCCTERCC 480
1035 GAA&G&WA@GEQ@A&E@&@ MBRAscTes GCGGddGbG@E@e‘E&&ECC 540
CHARACTERI STI CS: (A) LENGTH.- 26 am no acids (B)

TYPE: GGRGFECERG GTCCCCETET CGGCGQ'J@FTMB@GGCGGCTC CGGTGCGEED) TOPEROGY:
“|inear DES PTI ON:
GGCGCAGG&d b&'G&%E&chﬁsc&_%/ JeacPédinfirtace Tfuc\c;gffﬂ\/al E%@X%F

SEQ | Leu e Gu Leu Met elle alle

Leu A| @scccscp.@. ACGCAGGCGA TGTCHACGGT GCCAACGGCG CGGATGACGG CAGCGARGAC ~ 728
CAGGGCGECC TCACCGGCGT GCTGCAAAAG CTGATGAAGA TCCTGAACGC GCTGGTGCAG - 780 |
'ATGATGCAGC AAGGCGGCCT. CGGCGGCGGC AACCAGGCGC AGGGCGGCTC GAAGGGTGCC 840"
GGCAACGCCT csccc;ccrfrc CGGCGCGAAC CCEGECGCGA- ACCAGCCCGG TTCGGCGGAT 200
GATCAATCGT CCGGCCAGAA CAATCTGCAA TCCCAGATCA TGGATGTGET GAAGGAGGTC o 960 |

' GTCCAGATCC TGCAGCAGAT GCTGGCGGCG CAGAACGGCG GCAGCCAGCA GTCCACCTCG 1020

ACGCAGCCGA TGTAA ' ' - o 1035

-(2) INFORMATION FOR SEQ ID NO:9:

{1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 26 amino acids
(B) TYPE: amino acid :
(C) STRANDEDNESS:
(P) TOPOLOGY: linear

(ii) MOLECULE.TYPE:'protein

(x1) SEQUENCE DESCRIPTION SEQ ID NO 9:

Thr Leu Ile Glu Leu Met Ile Val Val Ala Ile Ile Ala Ile Leu Ala
1 5 . 10 5

- Ala Ile Ala Leu Pro Ala Tyr Gln Asp Tyx
20 . :

(2) INFORMATION FOR SEQ ID"NO:loé'

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 amino acids
(B) TYPE: amino acid:
- (C) STRANDEDNESS:



AIaIIeAIa Leu ProAIaTyr an AspTyr' o .20

25 ('2) | NFORVATI ON FOR SEQ | D NO. 10 o (1) SEQJENCE CHARACTER| STICS:
(A) LENGTIWO383782 no aci ds ' (B) TYPE am no aci dPCT’US”m'604 (Q
STRANDEDNESS: - . - V\D 98/ 37752 i' _ - . _

PCT/ US98/ 03604 . . S 61 - - 6l- (D)

TOPOLOGY: linear (ii) MOLECULE TYPE: protein - (xi) SEQJENCE DESCRI PTI ON:
SEQ ID NO 10:- -Ser Ser dn dn Ser Pro Ser- AIa Ay Ser Gu dn dn Leu Asp’

Adn 1 5 ' 10 15 LeuLeuAIal\/bt
20 : WO 48)3TTFDLOGY: linear = . - L ) _

- PCT/ US98/ 03604 . ' - - 62 - o V\HAT IS
CLAI MED: (ii) MOLECULE TYPE: pikotstiod of i nsect control for plants

conprising: -5 - : applying a hypersenS|t|ve response
| '(x1) SEQUENCE DESCRIPTION SEQ ID NO 10:

Sex Ser Gln Gln Ser Pro Ser Ala Gly Ser Glu Gln Gln Leu Asp Gln
1 . 5 - 10 - is

- Leu Leu Ala Met
20




“elicitor polypeptide or protein in a non-infectious form to a plant or
pl-ant- seed under conditions .effective to. control insects on the plant
or plant s wosssr76x om t he pl ant seed. 10 - . 2PCT/BSIB3hd
according to claim1, wherein the  hypersensitive response elicitor
pol.ypeptide or protein - corresponds §g-that derived froma pathogen

sel ected from  the group consisting.of Erw nia, Pseudonbnas, 15

Xant hononas, Phytopht hora, and m xtures thereof. ' - 3. A

-met hod accordlng to claim2, wherein the hypersen3|t|ve response
elicitor poWumwptsdeannnD@teln corresponds to that derived from

Erw nia chrysant hem . 20 - 4, " A nethod according to. claim2,
wherein the - hypersensitive response elicitor polypeptide.-or protein
corresponds to that derfived fmetimoBr wifnimssmt! @ourtarol £25 plants 5. A
met-hod acco gh gg §Ia|n12 wherein.the = hypersensitive response
elicitor pép% e~or protein - corresponds to that derived from

' Pseudonﬁnas syringae. ~applying a hypersemstiftdyeacsspingeto cl ai m 2,
wher ein thee§9c1§ape éfﬁ}ﬁégt}{ﬁer 8303 %e%' Gl 9; @ﬂ%ﬂ@ﬂ%&%ﬁ fahein "o

corresponds to t erlve rom s onDnas - ol anacear um
98/ 37752 to a plant . or plant seed under conditions gfifmsgve to

- 63 - -control insec¥s of Eﬁ%hﬁiaﬁEC@&dpﬂﬁﬂﬁs(ﬁfﬁwﬁzﬁrdﬁmﬁﬁén the
hyper sensi tiye resgﬁase elicitor polypeptide or protein corresponds -to

that deri veRr#Rbn¥S&ft hononas canpestris. 5 8. A nethod
accordaiog to claim2, wherein the hypersensitive response elicitor

- pol ypepti de or protei aC o] a Ph opht.hor.a speci es
9. A nethod accordlng to CI§E%§§8 %%SP%%ﬁnghg 6Wbﬁt :ﬁﬁ%ﬁn?&Ffron1
the group cmngessenglbivq|cespoasa elicitor polypeptlde or protein -
: corresponds to that derlved from a pathogen selected. from

. the group con51st1ng of: Erwznla, Pseudomonas,
e 15 Xanthomonas, Phytqphthora, and mixtures thereof.

| 3. A method accordlng to claim 2, wherein the
';hYpersensitive response elicitor polypeptlde or protein
‘corresponds to that derived from Erwinia chrysanthemi.

20 _ . .
| _ _ '4._: Aimethod according to claim 2, wherein the
ohypersensitive response elicitor polypeptide or protein
corresponds to that derived from'Erwinia amylovora.
25 _:” 5. A method'acoording_to claim 2, wherein the . .

' hypersensitive response elicitor po1ypeptide or protein
_corresponds to that derived from Pseudomonas syringae. -

_ 6.. A method accordlng to claim 2, ' wherein the
30 -hypersensitive response elicitor polypeptlde or proteln
o corresponds to that derlved from Pseudomonas

solanacearum. ' o

T



monocot s. ' ~10. A nethod according to claim9, wherein the
pl.ant 'i s sel.ected fromthe group consiStrng of alfalfa, 15  ri.ce, wheat,
barl ey, ryggog@is#n, sunflower, peanut, corn, potato, sWREITUSIBOY,
bean, pea, chicory, lettuce, =~ endi ve, ~cabbage, brussel sprout, beet,
‘parsnip, turnip, caul i fl owner, broccxgj ~turnip, radish, spinach, onion,
garlic, eggplant; pepper, celery, carrot, squash, 20 punpki n, zucchi ni,
cucunber, apple, pear, nmelon, citrus, - ‘strawberry, grape, raspberry,
‘pi-neappl €, soybean, tobacco t omat 0, . sorghum and sugar cane.

11. A nethod according tOpP'm‘ét’Bood ézrf@csﬁaﬂngheozaamnanr, meselmttanbfrom
t he group consisting of rose, aul i a, etun pel ar. 0@ It
poi nsetti a, hypereengidriife rﬁﬂﬁPQEﬁ?mﬁihﬁﬁt%ﬁdp9£ de”or protel 12.
- A et hod acgg&@gg@dﬂagﬂﬁhrﬁhht\Mﬁrf»éd3ﬂromlEahshamenaseaam@aannm@.said
appl yi ng mhlch is"carried . out by .spraying, injection, or |eaf -abrasion -
at a tine proxi mate to when said applying takes pl ace: '
13. A nethod accordlﬁg t0 Xlmetthdd awmmsdanStoptaﬂ&mséed§h§M§Mﬂ%%h%m

during said.,a X /. tid tein
PCT/ US98/ 03 f@‘é‘ rétponse e11¥¥t8§ ﬁZigﬁep ide or gg¥1|ed out by

sprayi ng, |mcmneapondENQQrﬁ)Phkﬁm?hghoéﬁ speciffier si on.
14. A nethod according to claim1, wherein the 5 hypersen5|t|ve response’

elicitor polypeptlde or protein I S |ied to plants or plant eds as
‘a conposition fur ther c?brfi!ﬁ“?lé‘?‘ﬁga%c‘egg}}“@rto cPaim 1,%wHer %'-eh

met hod pgcordifg 11 dalidetedd mha ethie l§rotipeconstsetngs ofelda.«:toem famdn the

' group conS|st|ng of - - water, aqueous :solutions, slurrles and powders
_ ~ monocots. : o o _

10. A method accordlng to cla1m 9, wherein the
_ _plant is selected from the group consrstlng of alfalfa,
15 rice, wheat, barley, rye, "cotton, sunflower,_peanut,__
o corn, potato, sweet potato, bean, pea, chlcory, lettuce,
- endive, cabbage, brussel sprout beet, parsnlp, turnlp,.
cauliflower, broccoli, turnlp, radlsh splnach_ onlon,
"garllc, eggplant pepper, celery, carrot squash,
_20j.pumpk1n, zucchlnl, cucumber,'apple, pear, melon, citrus,
.strawberry, grape,'raspberry, plneapple, soybean,
. "tobacco, tomato,-sorghum, and sugarcane
_ o 11, A method accordlng to clalm 9, whereln theg -
25  plant is selected from’ the group cons1st1ng of rose, B
' Salntpaulla, petunla, pelargonlum, p01nsett1a,
chrysanthemum, carnatlon,.and 21nn1a B '

'12. A method accofding'tc claim 1, Wherein'i )
30 plants are treated durlng sald applying which is carried
."_out by spraying, 1njectlon, or leaf abrasion at a time
prox1mate to when said applylng takes place

13, _Almethod according to'claim-lg wherein
35 . plant seeds are treated during said applying which ls

01T
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16. -A nethod according to claim'14, wherein  the conposition cont ai ns
greater than 0.5 nM of "the 15 hypersenSitive response elicitor polypeptide

pr ot ei Ryo 98137752 17. A met hod according to clai np¢E/USIS63504 N
the conposi tion further contains additives selected from t he group
consisting of fertilizer, |nsect|C|de 29 fungicide, nenatacide, and
m xtures thereof. ' ‘%mthod according to claim1,
wherein the hypersen3|t|ve response elicitor polypeptide or protein
isinisolated form 25 19. A method according to claim1,

‘wher ei n the @@g&e% éﬁ)\é%(}; qﬁooc sée‘éé 6ﬂ°rc<9£t1. dﬂgpta@gtgﬁgprg&el n

is applied as bacterla | sease an transfor med
mnth a geneh@ﬂﬁﬁﬁ#ﬁ?the hypersensitive 30 response elicitor polypeptide
protein. g 20. A nethod according to claim1, wherein the

hypersen5|t|ve response eI|C|to de or roteln s applied as
bacteria which cause di%eade %§ﬁ%§%§é§é % e, 1buWhﬁB?lB ose
subj ect-esl th}@@:@eﬁmlwm,re’spbnse el:.ciMb:S&zSc(ﬂ?ﬁSé‘ptlde or proteln ' 3
PCT/ US98/ 03604 ain a gene
encodi ng t hé hf‘?@r’l‘g‘g&ﬁ \Pelatné:sspofsc?lant et ec‘?"f Oal’s p%lco%%?sﬁe o{r’1 protein. -
21. A net hddradeor dionprticicianiandgrudmrein 5 said applying. causes
infiltrati.on of fhe polypeptide or  protein into the plant.

22. A nethod according to claim1, wherein said applying is etfectlve
“to prevent insects trdﬁilkomﬁﬁhR§|38F?ﬂQ#ﬂ$ @ QkaLh 1he W ®§¢§§n5|t|ve

responsfy  th@ iceirhQler S ARRIlIR*Eed from the group consisting of
water, aqueous solutions, slurr;es, and powders.

16. A method according to claim 14, wherein
the composition contains greater than 0.5 nM of the
15 - hypersensitive response elicitor polypeptide or protein.

17. A method accordlng to clalm 14, wherein
the comp051tlon further contains addltlves selected from
the group consisting of fertlllzer, insecticide,

20 fungicide, nematacide, and'mixtures thereof.

18. A method according to claim'l, wherein the
hypersensitive response elicitor polypeptide or protein
is in isolated form. ' o
25 _ . S .

_ - 19. A method accordlng to c1a1m 1, whereln the
hypersen51t1ve response elicitor. polypeptlde or protein
is applied as bacteria whlch do not cause disease and are

:”transformed with a gehe_encoding the hypersensitive
30 response elicitor polypeptide or protein.

'~ 20. A method according to claim 1, whereln the
hypersen51t1ve response ‘elicitor ‘polypeptide or proteln
.~ 1is applied as bacterla-whlch cause disease in some plant
35 species, but not in those subjected to said applying, and
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23. A nethod accordlng to cIa|n122 mhereln " plants are treated durlng

said applylng 15 - 24. ‘A nethod according to cIa|n122

~wher.ei n ‘WOQ&QﬁEZSeeds are treated during said applying, s&F 6%” i
further- conpri sing: : © planting the seeds treated with.the
20 . hypersensitive response eI|C|tor|41aEuuraI or artificial -~  soil and .
propagati ng plants fromthe seeds planted in the soil. 25 o
25. A nethod according to claiml, wherein. said applying-is effective

" to cause i'nsects to depart from plants to which the hypersensitive

response el tontedin a geneapidating 32 hypersensipive response accordlng

~to-claim25 e f?g during said applying. - .
27. A net ho%wg:ccti::e%rdrpr?&ytp%@ I m 2}% ﬁ I‘%?ﬂ pl ant seeds are -treated
during said applying, said method 35 -further conpri-sing: : VO

-98/37752 : 21. A method accordlng EETEVSOR/ 036Qherein

planting the seeds_treated with t g@
hyperseﬁ%ltF?édréﬂﬁ%ﬁﬁ?gﬂq%Hﬁ?ﬁ 4##£iﬁ¥ﬁ%&°%r°%r?h?lEP%VPePtl i PTand
_ propagat|ngpgb@ahg'mhﬁat&uésyxgﬁtplanted 5in the soil. - -
28, A nethod according to claim1, wherein -said applying is effective’
to kill insects proximte plants to whi ch .the hypersensitive response
“elicitor is 10 applie®. A method accor@bng ¥onelabdw accwherednto claim -

_ 28 Wherelnsald Qb@Tf&ﬁHEié é?%é%tfbg'églBP%QeRPpiﬂéQSts from
' 10 contactlng plants to whlch the hypersens1t1ve response
' e11c1tor is applled '

23, A method accordlng to clalm 22 whereln
-plants are treated durlng said applylng '
15 .
24. A method accordlng to clalm 22, _whereln
dplant seeds are treated durlng sald applylng, sald method'
further compr1s1ng
_ ' ' plantlng the seeds treated w1th the _
20 hypersen51t1ve response e11c1tor in natural or art1f1c1a1 '
" so0il and B _ _ o
R | - . propagating plants from the-seeds planted = .
in the soil. | ' ' ' '

25. t 325. A method accordlng to clalm 1, whereln
-~ said applying is effectlve to cause insects to depart
from plants to which the hypersensxtlve response e11c1tor‘
is applled ' ' '

30 ' 26, A method accordlng to clalm 25 whereln-
plants are treated durlng sald applylng

217. A method accordlng to clalm 25, whereln

.plant seeds are treated. during said applylng, said method
35 further compr1s1ng '
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15 30. ‘A nmet hod according to claim28, wherein . plant seeds
are treated during said applying, said nethod further conprising:
planting twe9semds treated with the . hypersensitive r espBEEAISEY/H3604 or i n
natural or artificial 20 soil -and ' : © propagating plants
fromthe seeds planted in the soil. gg 31. A nethod

accordlng to claimi1, wherein 25 said applying is effective to interfere
‘Wi th insect | arval feeding on plants to which the hypersensitive
‘response elicitor is applied. 32. A nmethod of insect

- control for plants 30 COﬁppU&hngng the seeds'treatedrwrnhCEMQ"a transgenic
“plant or ﬁ seed t ransfor ned DNA nol . ecul.e encoqh : -
1c1a1

hyper sensi t ersenségbgﬁsgegp PEPEo &ﬁ%ﬁ&ﬁnﬁanﬁﬁuﬁﬁ%n%ﬁ
98/ 37752 soil and i PCT/U898/03604

- 67 - .
| ant s pr oducedpfpgng}tglﬁggllgt %q'atl{t%n Rt aégéﬂsocglan ed

transgenlc nsgeni ¢ ant - see
condi ti &ns &nf bbej eide control insects. 5 33. A nethod
~according to claim32, wherein the hypersen3|t|ve response ekicitor
pol ypepti de or proteln corresponds to that derlved fro athogen
sel ected fromthe grodf-cofsMetihRE GCcerfiimgato H&#??E

Xant homonaSsaEByappmyﬂﬁgalsaeﬁfebtweeeol@ultlhqmcts prox:Lmate 34. A
‘met hod. accor g ﬁ m % wg rein §y ersensi tive response
elicitor poPyP E Fi b8 BpLc BF Xpﬁr&?ﬂs&é?dgﬁd PMEE S THRRE Hom
-Erwi ni 2015 applyednt hem . A met hod. according to claim
33, wherein . the hypersen5|t|ve response eI|C|tor polypept|de or
29. A method accordlng to clalm 28, whereln
plants are treated durlng said applylng

15 . 30. ‘A method accordlng to claim 28, wherein
' plant seeds are treated durlng said applylng, 'said method
further comprlslng _ .
plantlng the seeds treated w1th the
" hypersensitive response elicitor 1n_natural or artificial
20  soil and | _ . ' o
| _ propagating'plants from the seeds planted
"in the soil. ' o ' e
| 31. A method according to claim 1, wherein -
25 said applying-is'effective'to interfere.with insect
larval feeding on plants to which the hypersensitive
response elicitor is applied. | '

32, A methodfof_insect_eontrol for plants
30 - -comprising: S _ ' ' '
prov1d1ng a transgenic plant or plant seed
transformed with a’ DNA molecule encoding a hypersens1t1ve

response elicitor polypeptlde or protein and

g



proteln corresponds to that derlved frontErmnnla 20 anylovora

- 36. A-nethod. according to claim 33, wherein t he hypers i
response ¥QWA'd¥2 pol ypept i de or - prot ei n ‘corresponds tog%%hé@fﬁ/ed

from Pseudononas 25 syringae.. - .37. A nethod according to

- claim33, wherein - the hypersen5|tkv67response elicitor polypeptlde or
protein corresponds .to t hat derived frontPseudonDnas 30 sol anacearum

- 38. A method according to clai m 33, wherein . t he hypersen3|t|ve

_response elicitor. polypeptide or . protein corresponds to that derlved
from Xant honbnas 35 canpegrPwing ‘the transgenggy PAFGILS or

_PCT/U898/03§Qads en1c }ants Eroduced from the'tf@%s enic plant ' 39.
~A:nmet hod accordi alm 33, wherein - the hypersen3|t|ve response. -

'eI|C|tor[Mﬂ%&@%t?@@eﬁrcond15F89§|ﬁf§GFﬁé§EbﬁGSQH¥QH9% INE9SR- from a
Phytophthora species. = 40 A nethod according to claim

- 32, wherein : the pl ant s S ted fr si sting pf dicots
and nondcot s. SN g% a ﬂcﬁgF a Ebfgt % «ﬂ%ﬁ?ﬁgﬁp wher ei n
t he pl ant |Shsehﬁpéfdensmﬁnvhergspupseoeiusﬁmmg~@blypepﬁﬁddfar rice,
~wheat, barleg n 0 sweet’ '
pot at o, é?gd%%%g %ﬁ%é g’;?t’nag {" der :’é\?glf&«c S’a&b %‘grgel sprout,
beet, parsrseiedfsdtﬁromptheagrpﬁpowens1B¢0@@ohf EMmmnqﬁ, radi sh, spi.nach,
‘onion, garlpge, ngagatggt . xBRRBBRhonSg!, e@hyt‘b?ﬁ’ﬂt@foréqw’ V%xtulpégmk' n,

ZUCChInI, cucu l'e, pear, melo rus, - strawberry, grape,
-raspbeiﬁy ?h¢%%@%le soybean t obacco, tomato, sorghum and sugarcane
: _' A net hod accordlng to clalnt40 ‘Wwherein -

34. A method_accordlng_to claim 33, wherein .
-~ the hypersensitive'response eliCitor’polypeptide or'7"
5 -proteln corresponds to that derlved from Erwznla
15 chrysantheml '

. 35, A method accordlng to cla1m 33, whereln'
the hypersens1t1ve response elicitor polypeptlde or
' protein corresponds to that derlved from Erw:nla '

20 amylovora

_  36. A methodgacCOrding to claim 33, wherein
: the'hypersensitive responsegelicitor'polypeptide or
_protein corresponds to that derived from Pseudomonas

. 25 syringae.

| 37. A method accordlng to clalm 33, whereln'
" the: hypersens1t1ve response elicitor polypeptlde or
protein corresponds to that derlved from Pseudomonas
| 30'-rsolanacearum ' |

38. A method-according to claim 33, wherein
.the hypersensitive response elicitor polypeptide'or
- protein corresponds to that derlved from Xanthomonas

35 campestris.
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the plant is selected fromthe group con5|st|ng of rose, Sai nt paul i a,

petuni-a, pel argoni um poinsettia, chrysanthenun1 carnation, and zinnia.
25 ..+ -wosss77s23. A method according to claim 32, wher ePETAIS98/03604 _
transgenic plant is provided. 44. A et hod accordlng to
claim 32, wherein.a 30 transgenic plant ieed i s provided. _

45, A nethod accordlng to claim32, furt . conpri sing: . WO
98/ 37752 _ _ - PCT/ US98/'03604

- 69 - - - applying the hypersensitive response :

elicitor pol ypeptlde 039.0rCﬁahétﬁédtalﬁc@raﬂﬁgat:@dcpéi\ﬁt33, whiegredfef ect -
i nsect contr

od, accor Ia|n132 mhereln
said | neect IRETRRRRHEAYS SARGIRT of LOAEGE: PRSYECPEARENPE -
47. A neth mcbdsugréspmcm nedhabederivéd feeandai Phgtbphahiore causes
I nsects to d%part from: transgeni c pl ants. : 48. A net hod
‘accordi ng t FEESR 32, wherein sai d insect . control kills insects. 15
49. A n®thod accordlng to.claim32, wherein said insect control

' nterferes wit h i nsect4d ar Vﬁlmétel%jd ngccordf.’ﬂgpténclalm 32, wherein
~ the plant is selected from the group consisting of dlCOtS
and monocots.

0 ' 41,_ A method accordlng to claim 40, whereln
the plant is selected from the group consxstlng of
alfalfa, ‘rice, wheat, barley, rye, cotton, sunflower, .
peanut, -corn, potato, sweet potato, bean, pea, chlcory,
lettuce, endive, cabbage, brussel.sprout, beet ;- parsnlp,'

15 turnip,'cauliflower,'broccolig-turnip, radish; spinach,
onion, garlic, eggplant;'pepper, celery, carrot, squash,
pumpkin, zucchini, cucumber, apple, pear, melon, citrue,f
strawberry, ‘grape, raepberry, pineapple,-soybean,
tobacco;.tomato, sorghum}'and_sugarcane. | '

20 .
42. A method according to claim 40, wherein
~ the plant-is selected from the group consiSting of rose, .
Saintpaulia, petunia,.pelargonium, poinsettia,
chrysanthemum, carnation, and_Zinnia.

. 25 _
. 43. A method accordlng to clalm 32 whereln a
_transgenlc plant is prov1ded ' :

. 44. A method accordlng to clalm 32, whereln a

30 transgenlc plant seed is prov1ded

45. A'method_according to claim 32, further

. comprising:
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applylng the hypersens1t1ve response

'e11c1tor polypeptlde or proteln to the propagated plants--
 to effect 1nsect control :

_ 46. A method accordlng to claim 32, whereln'
sald 1nsect control prevents 1nsects from contactlng

plants.

47. A method accordlng to clalm 32 whereln
said 1nsect control causes 1nsects to depart from

-transgenlc plants

as. A method accordlng to clalm 32 wherein

'sald 1nsect control kllls 1nsects.'

49 A method accordlng to claim 32, wherein

.sald 1nsect control 1nterferes w1th 1nsect larval feedlng:

on_plants

=
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