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BACKGROUND OF THE INVENTION

20 Living organisms have evolved a complex array
of biochemical pathways that enable them to recognize and
respond to signals from the environment. These pathways
include receptor organs, hormones, second messengers, and
enzymatic modifications. At present, little is known

25 about the signal transduction pathways that are activated
during a plant’s response to attack by a pathogen,
although this knowledge is central to an understanding of
disease susceptibility and resistance. A common form of
plant resistance is the restriction of pathogen

30 proliferation to a small zone surrounding the site of
infection. 1In many cases, this restriction is
accompanied by localized death (i.e., necrosis) of host
tissues. Together, pathogen restriction and local tissue
necrosis characterize the hypersensitive response. 1In

35 addition to local defense responses, many plants respond
to infection by activating defenses in uninfected parts
of the plant. As a result, the entire plant is more
resistant to a secondary infection. This systemic
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hydroxyproline levels and peroxidase activity (Smith,

J.A., et al., "Comparative Study of Acidic Peroxidases

Associated with Induced Resistance in Cucumber, Muskmelon

25 and Watermelon," Physiocl. Mol. Plant Pathol. 14:329-338

(1988), which is hereby incorporated by reference) and
with the expression of a set of nine families of
so-called systemic acquired resistance gene (Ward, E.R.,
et al., "Coordinate Gene Activity in Response to Agents
30 that Induce Systemic Acquired Resistance," Plant Cell
3:49-59 (1991), which is hereby incorporated by
reference). Five of these defense gene families encode
pathogenesis-related proteins whose physiological
functions have not been established. However, some of

35 these proteins have antifungal activity in vitro (Bol,
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Interaction, (Yalpani, N., et al., "Salicylic Acid is a Systemic
Signal and an Inducer of Pathogenesis-Related Proteins in
25 Virus-Infected Tobacco," Plant Cell 3:809-818 (1991),
which is hereby incorporated by reference), and acquired
resistance (Uknes, S., et al., "Acquired Resistance in
Arabidopsis," Plant Cell 4:645-656 (1992), which is
hereby incorporated by reference). Moreover, transgenic
30 tobacco plants in which salicylate is destroyed by the
action of a bacterial transgene encoding salicylate
hydroxylase do not exhibit systemic acquired resistance
(Gaffney, T., et al., "Requirement of Salicylic Acid for
the Induction of Systemic Acquired Resistance," Science
35 261:754-56 (1993), which is hereby incorporated by
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cultivar-pathogenic races attenuated by heat in host
tissue prior to symptom appearance (Rahe, J.E., et al.,
25 "Metabolic Nature of the Infection-Limiting Effect of
Heat on Bean Anthracnose," Phytopathology 60:1005-9
(1970), which is hereby incorporated by reference) or

nonpathogens of bean. The anthracnose pathogen of
cucumber, Colletotrichum lagenarium, was equally

30 effective as non-pathogenic races as an inducer of
systemic protection against all races of bean
anthracnose. Protection was induced by C. lagernarium in
cultivars resistant to one or more races of C.-
lindemuthianum as well as in cultivars susceptible to all

35 reported races of the fungus and which accordingly had



fungal, bacterial, and viral diseases by prior localized 30 infection with
ei ther fungyool@gieria, or viruses (Hammerschm dt, R, eicitser22629
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Phyt opat hol 09?72: 9 2? (1982); GCessler, o4 tHo Getron of
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Vi rus In S tem c_Resistance.in .Cucunbers Agaj nst Sphaer ot heca
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infection JW t | age r IS, Virus was
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effective agah{n%z Loot ga hogegs. er curcurbits, rncl udi ng
wat er nel on an LkmeVBACRatE BEERDYY dnSnrEaYared by rerierencadai ndt C
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Lagenar § um & £ € py 2 inGBn:EnIBEUET B, bR Bteg Pro | Bdusbih of
i ncor por at ed ¥§Sisfareacepchanisms againstSydteematiprasmection in tobacco
has al sozbeen 35 inducgdcagal NskraaM de naldiiot iy U AeASEGmbLYC, J., et

Against Collectotrichum Lagenarium by Colletotrichum

Lagenarium," Physiological Plant Pathology 7:195-9

(1975), which is hereby incorporated by reference),
showed that cucumber plants could be systemically

25 protected against disease caused by Colletotrichum
lagenarium by prior inoculation of the cotyledons or the
first true leaf with the same fungus. Subsequently,
cucumbers have been systemically protected against
fungal, bacterial, and viral diseases by prior localized

30 infection with either fungi, bacteria, or viruses
(Hammerschmidt, R., et al., "Protection of Cucumbers
Against Colletotrichum Lagenarium and Cladosporium
Cucumerinum," Phytopathology 66:790-3 (1976); Jenns, A.
E., et al., "Localized Infection with Tobacco Necrosis

35 Virus Protects Cucumber Against Colletotrichum
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-7- al ., "lImuni zation for D sease Resistance in Tobacco," Recent
Advances i nWDS8842Y Sci ence 9:179-213 (1983), whi ch is heRepys97/22629

i ncorporated by reference). Necrotic | esi ons caused by tobacco npsaic
virus enhanced 5 resistance in the upperél eaves to di sease caused by the
virus (Ross, A F., et al., "System c Acquired Resistance | nduced by

Localized Virus Infections in Plants Virol ogy 14:340-58 (1961); Ross,
A F., et al., D=yenamiwn, " WEQLMP a o liloR07412 Viruses
of Plants 10 @771)27 643966 Wi gb g1 e h%&@%eﬂ“ﬁ%&%ﬁ:%%%%bam na and

ref erence). opht’hora parasitica var. _nicotianae
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"Effects of L 0, b b Tobacco Mbsai c
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Phyt opat hol og¥ofil egtzdachynroBayenaniun By ePhépeblocal izedo Ipdreattecdrby

reference) . Iafiditredixs: obuhea, ki bhodiol oaPEaudaTangs peahanidhy,
(Lovrekovich, L., et al "I'nduced eactl on Aga ‘Di sease in
Tobacco LkGved D38t EHOGR Y h PREESKIPIedCRECt ePLadl - Nat" B exum 823 4
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Physi ol ogi caI FtsargmRat e DgyailOe 480 50uCt@BEY, Motk Wirus, "hereby
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Y%{98/24297 (1982); Basham, B., et al., "Tobacco Necrosis Virus

Induces Systemic Resistance in Cucumbers Against
Sphaerotheca Fuliginea," Physiological Plant Pathology

20 .23:137—44 (1983), which are hereby incorporated by
reference). Non-specific protection induced by infection
with C. lagenarium or tobacco necrosis virus was
effective against at least 13 pathogens, including
obligatory and facultative parasitic fungi, local lesion

25 and systemic viruses, wilt fungi, and bacteria.
Similarly, protection was induced by and was also
effective against root pathogens. Other curcurbits,
including watermelon and muskmelon have been systemically
protected against €. lagenarium (Caruso, F.L., et al.,

30 "Protection of Watermelon and Muskmelon Against
Colletotrichum Lagenarium by Colletotrichum Lagenarium,"
Phytopathology 67:1285-9 (1977), which is hereby
incorporated by reference).

Systemic protection in tobacco has also been

35 induced against a wide variety of diseases (Kuc, J., et
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(Tuzun, S., bndggedaiby Uﬁnﬁdﬂﬁéc\flms S'iléfrechjl-enﬂ éns Pliarit sRer onospor a
Tabaci na an Yh 4 1F t 0 f Zokaccg n

Agai nst BIUSV§?BQB |nh# jiﬁjgﬁ]‘fgbf?F¥?§%%at%o?ogy Igg'()éi (fP§g%§&%%lch
is hereby Effgesppofalesady Ir%‘?ﬂé?rén%@ima%@§ " slam_éf_my@@a_a,f_m
appr oxi Imtelypz azwesles (qagrda)er Wiiedh C@ﬂérﬁéréb§nhﬁcorpo(r-5lt@&1b?5 et al.
"Movenent of Fact or ‘53 ected . wth Per onospora abaC| na

adam i ch” TSESFERER) cal ISP GTMAT AGRREE L BGE MEREd.
Pl ant PathologbazﬁnQZHnaJRﬁﬁnﬂbmom&wchabacheaaﬁyr&ﬁucedbae@rdﬂUﬂtinh
reference) o ngt conf r _absol ute

i muni ty aga?ﬁst [ nfagclzltll r@@%%&l&p%%sgt &%Qggggrglgt’ 8 %‘[ hgl ‘di sease and
del ays synpt bEndegsiopmedt Laassh iged an@uﬁﬁétemﬂésP@ﬁt§p2e0nmﬂga®nsﬂn of
spor ul atison phytp#dlihora pParM2 P8/ 2429dr. nicotianae by Tobacco Mosaic
PCT/ US97/ 22629 - 9- pat hogens are all
decr eased. T“érh}?séég@d’t&r% HaylPrACCO Iﬁ%ﬁ‘ﬁﬁﬁnﬁﬁtﬁfﬁ?e%é@@%rus "

When cucunbepnvmbeoqllwl Pldhoopethiologyi mscalzat—eon (396*9\0/6)6%1&% el he

initial inocylation i my tion i ced. b enarlun1 ste through
fl owering an% rdi tFnSl( Kuc@%taec‘:e? ?dﬂoc llégg I % otection of

Cucunber AgaNngpt@InlaefIahaazhmrhy_a{@dmmwnmosalbyvd;mubepm Sysnemic
Lagenar ipgm "REQXEQ AlRok g;)%r@gt Brdrse Pééﬁ@%}ags""ﬁh‘&hahs Eluce Y n

i ncorporated by re erenc Protection col be In ‘once plants

had set Phytepathpdogy pllam%7 whe (HABH! zebich e dregwyg

incorporated by reference). Infiltration of heat-killed

Pseudomonas tabacin (Lovrekovich, L., et al., "Induced
Reaction Against Wildfire Disease in Tobacco Leaves

25 Treated with Heat-Killed Bacteria," Nature 205:823-4
(1965), which is hereby incorporated by reference), and
Pseudomonas solanacearum (Sequeira, L, et al.,
"Interaction of Bacteria and Host Cell Walls: Its
Relation to Mechanisms of Induced Resistance,®

30 Physiological Plant Pathology 10:43-50 (1977), which is
hereby incorporated by reference), into tobacco leaves
induced resistance against the same bacteria used for
infiltration. Tobacco plants were also protected by the
nematode Pratylenchus penetrans agéinst P. parasitica

35 wvar. nicotiana {(McIntyre, J.L., et al. "Protection of



season by steminjection with sporangia of P. tabacina. However, to
prevent system c bl ue nould devel opnent, this t echni que was onl

ef fecti ve WiD8824282 pl ants were above 15 20 cmin height.  PCT/US97/22629
Renoval of the inducer leaf fromimunized cucunber plants did not
reduce the | evel of inmunization of ®re-existing expanded | eaves.
However, | eaves which subsequently energed fromthe apical bud _were 20

progressively | ess protected than their predecessors (Dean, "R. A’ et
al ., "I nduceBoBgscenPeaprstte Rhigrprpithora GletabéFicy Naref Mostuicnam and

Movenent of pecultivirdinpatHAydoratiotegy ¢6196614R L8Rt Ly is

her eby incorBorat ed b referenceg. Simlar results were 25 _reported by
Ross, A F., PEpévd@nchps ReRedfandcald thology, RS8R ~2 179 ruses
of Plants ppwhidh- 3¢ GE&Dy incompurdted beredferaneeporated by reference,
wi th tobacco (local, |l esign host) . ni zed_agai pst t cc |.C

Vi rus by%pri or infecti &Y%%i atrgi)’acfc'cé%gai %EV??US. ?h%gj (‘?8% Eﬁ?ﬁteﬁ‘éw

| eaves whi chIrfresged ionomfs Garscexoristel Perohospotrabfaba qulman tisiammami zed

by steminj egbio0W Wacleion dARPAIONIEIE, b GBl Y RIOLECLE] (Tuzun, S., et
al ., Transfer of Induced Resistance 1n_To , ul d
(Pgronpspor-‘ :,' anAdaabibyte @l [Agricphtupsabt Belancelz 672360304 (1985),
whi ch is her eDygbhCokRalcd 8 Mereby inMdP862428d by reference, were

PCT/ US97/ 22629 . . . .- 10 - reference).

Pl ants r@genklr&t édrFita A KEROT I PR 7¥rion of ehobacer ifrkidded pl ant s
showed a si gagaiasgt bie@dueiduld (i.d N, bbletababdnadnpgr edeto iplidtS on

regenerated fg | eav of .non-i ni zed rents. .Yau regener ant s
onl'y showed “StRelfibed ESBAn S P DI Arr e Bgaa i thgrR edioRnd

devel opmrent pnémgpomel sEeirmsamEIee r editenas Crheently dagestiegatrithathowever,
did not reach,t NeTol g VLY | u a.shonihi reduction in
sporul ati on ?%5 g_ﬁéigﬁﬁe grxltrﬁent vvadsjérée%?’)r’?%%gl?nggs?ﬁ}.gA%flll%gﬂtagteﬁil -

"Nont r aA$ni sSEBREADY DY tREGR FAROEeG Frowt b gndc feyetopaess -Expl ant s of

| nduced Resi $hai68 ze@ tobRISHIHKH S, H9SEYEA] glasBAytepathhel &3e16p: 1222-5
(1985), whi ch.is hereby incorporated b

reference). ]
Protection of*BEEINEE:Sand St ARRTTHTR ?L%y g%feE?ﬁgéri'nhﬁﬁeagI%?sfshouse
and in the fisbde@Garuisodry wdidht, ed 3%, ihErehdePint Exkeistn wafightcunber

Agai nst | gt otr] | [ . Rhyt th
712002 (1899 T-Sricid RRRE AT W et MFARER, Tramun S5 W one

67: 1290- which 1 q C ) re n one
trial, 2fe tdlal 20he Efifertarea e IntgehdpnanvéshpPereaaspaicunber was

I ess than 2%rabaldied RSP M LasPD i oheatednCerbveh of Tobacco and
Protection Against Blue Mould in the Field,"
Phytopathology 74:804 (1984), which is hereby
incorporated by reference). These plants flowered

25 approximately 2-3 weeks earlier than control plants
(Tuzun, S., et al., "Movement of a Factor in Tobacco-
Infected with Peronospora Tabacina Adam which
Systemically Protects Against Blue Mould," Physiological
Plant Pathology 26:321-30 (1985), which is hereby

30 incorporated by reference).

Systemic protection does not confer absolute
immunity against infection, but reduces the severity of
the.disease and delays symptom development. Lesion
number, lesion size, and extent of sporulation of fungal



plants. Simlarly, only 1 of 66 protected, chall ehged pl ants died,

wher eas 47%9%g4}1pr0t ected, chall enged wat er mel ons di edeC1/os®ERex9si ve
field trial's in Kentucky 25 and Puerto R co, steminjection of tobacco

W th sporangi a of P. tabacina was at 4east as effective in controlling
bl ue nould as the best fungicide, netalaxyl. Plants were pr ot ect ed,

| eading to a yield increase of 10-25%in cured tobacco. 30 - =~

I nduced resi 3% L6qaaa AYle RAA fdAraisedi r UBRS disec8BRBALT k0 n3g, BPr essed
as suppressi gl sease Mtom& or pathogen nultiplication or both

(Car uso, e uceét by morq P Besi stance of Cucunber to
Ant hr acnose and Angul ar wieaf cSnmmkkyrsP&eelﬂ@n@ﬁasn35 b&@hltwmns and

SOCEI_} Etsgt?/r Egggg]nléggin%rllo%mB éDWeel.}?sl ngt?éalr the 1E1t1a1 ln%él’-‘ﬁértﬁ 1984 hol ogy

14:191- 205 (19M@hniPesdiorMindiced .by C. 1&yenemiumAdqsitedd tlhasulgkance of

Cucunber to Pseu S n pressed+sin &
Synpt ons, butEf 9,2@&%{% arﬂ”%ﬁ%@%ﬂgl glﬁ&?)f E‘Eatt %? gl" 'Ac'g&%rlghyt opat ho}f ogi a
5 Academ ae SErehecAiom Hﬁwgb,rqw@i@enamamyt Q@@lwo@;gmm Lageyuipsum
A E., et al. g%ﬁ%éﬁﬁ}ﬁﬁﬁ'ﬁé@@ﬁ&i@m, 'r'mPB theaens1dueed 533 -6

6

System cal | y Local Infection o Cucunber w CCO Necrosis
Virus, Collet P'7'c7l9|um‘”hlc}}_dg%rféﬁ’¥%f‘ﬁ¥o?‘n?%EBHBﬁ'BﬁQSb&’aé‘ﬁgﬁma :

Phyt opat hel ogpaot@cthRgi tcﬁdlail&@oﬂ&géZQnBécé&WEQ):e pﬂlaeﬂtsarrmmegeeby
i ncor por at ed 2 ve, resear ch

. ef )
Loroeroi ool Brai ol W0iecn mants; wenn DL EoEe SR IR I SR ¢
wi th infecti ogeapanhhyenserd trpegbien udiel sporhnglar@ef JES talmamsei ul i n

under st andi ng %&\évv%\ést o AGHU e%stemggsbﬂlgnﬁlgu\ﬂr Ig%.‘,eell ﬁ%ﬂﬂ"g Sich

resi stance wi ‘nfectl ous agemts s not_ conmerci al because
such pl ant - pathehaiquentwast aaky webkeat vekwhenpLasgt §>1ants TR rade®

inventiond s dpregt adh b Quer comng this 20 deficiency.
SUMVARY OF THE | NVENTI ON ﬁlnventlon relates to a

se
method of 25 produci ng §imaakebisthiRi & ﬁg grgeﬁ‘gt FG8h Tk zge o
pl ants grown &ueminae &_ﬂm’lﬁzs Tdlé net hpddhoeokhes levelapd yimmgiraization

hypersensi ti ng][ es on(sg&sl el té)e%ggég_%egggggsconé‘%%,ew ellfga\;%% which

non-i nfectiou s un Ions ‘wher
pol ypepti de osups@qyanuiyngmggged from the apical bud were

20 ‘progressively less protected than their predecessors
{(Dean, R.A., et al., "Induced Systemic Protection in
Cucumber: Time of Production and Movement of the
’Signal’," Phytopathology 76:966-70 (1986), which is
hereby incorporated by reference). Similar results were

25 reported by Ross, A.F., "Systemic Effects of Local Lesion
Formation," In: Viruses of Plants pp. 127-50 (1966},
which is hereby incorporated by reference, with tobacco
(local lesion host) immunized against tobacco mosaic
virus by prior infection with tobacco mosaic virus. In

30 contrast, new leaves which emerged from scions excised
from tobacco plants immunized by stem-injection with P.
tabacina were highly protected (Tuzun, S., et al.,
"Transfer of Induced Resistance in Tobacco to Blue Mould
(Peronospora tabacina Adam.) Via Callus," Phytopathology

35 75:1304 (1985), which is hereby incorporated by



30 cells of the plant seeds. As an alternative to applying a

hypersensitive response elicitor polypeptide or protein to plant seeds
in order WO pat hogen resistance to plants grown FF%%%?T@%%eds,
transgeni c seeds can be utilized. This 35 involves providing a transgenic
pl ant seed transforned WO 98/ 2429¥0 -

PCT/ US97/ 22629 - 12 - with a DNA

nol ecul e encoding a hypersensitive response, ., eljcitor polypeptide or
protein and E?%ﬂ??ﬂ@eyhatPéé@GSiﬁegen%ﬁﬁquwNﬁﬂeﬁ&5$%et%%%tBF§p5§9ﬂed from

the planted s&8fes ofUnRRLNGRA Hlang Lifemidy e L1 gL éaRBt PEEABLion
resistance 5 to.the Anot her aspect o%athe%gresent

| ant .

i nvention refBtREue mnggacﬁ’mﬁéln-troeﬁlﬁrgrﬁ:er‘?%? FrC pfane Leayeso

whi ch a abnmont éninhatiseldy peareets .t | Woures posgenetant s oonly sholggepti de
or protein h ' . T e [ ntion has the
potentia to?éd&ggargggkgﬁgEﬁ%%rseggé ]ﬁHP% qﬁ%ﬁ%’3&2%?03%§§°ﬂntreatable:
treat di seasésvejspeahtabing sparudad iwsulwerrtredincedo Othereat separately
due to cost:;apdspyOhloblS tRRede:URR not ddinhaye agnunpredictabl o
effect on the environnment _and 15 even the plants. ~The present invention
can inpart congkypirancaliibonel auSindgaant wiedsckienhdRnful to the

envi ronment epoPalhegeAl Gnt SnlhexPlediimeiftedfadatdifortedt (EaEEH, Oy .o ,pl ants
S|tuateqonear thﬁ Iogﬁtlon t hat, Lreated seeds are Eéaﬁted. Si nce the
' *20 t

present nvefitid PREGRASIIgSS PI T HQU BRI PR OERR BPMis fully and
rapi dl y bi odegoadabkd, Tobacery Bxpizernts will thdwutedeResiscantantoat ed.

DETAI LED DES%%_ wgﬁgH" 4L pLe
i nvention re a,§§5§§°§§@§q§§_ of ' Cﬁ%ﬁéﬁ%%?%ﬁigf%%t7%é%%§2méiZﬁgﬁﬁﬁért
pat hogen resvBighcést berebyplimsornpramed i teeexeres) - Thi s nmet hod

i nvol ves appl yi ng s hyRessensidd Wdeanonseh el i£idAhe PSLYREPt i de 30  or
protein_in a non-infectious formto a plant_ seed under condi tions

f !
ef fecti v@ t e FhPEFLVEi dBadbe gdpshryre And in hrentigldwiCrREBAPrhe seed.
As an alternptive te appl,yinrged dhypestsensidn Wef Cuctmis@pNAgachkEi t or
ol ypept | de Ar, BEOLEL] b OPUANe 28 3y 1 ALgEatfuhart Pathogen
Phytopathology 67:1290-2 (1977), which is hereby

incorporated by reference). In one trial, the total

20 lesion area of (€. lagenarium on protected cucumber was
less than 2% of the lesion areas on unprotected control
plants. Similarly, only 1 of 66 protected, challenged
plants died, whereas 47 of 69 unprotected, challenged
watermelons died. 1In extensive field trials in Kentucky

25 and Puerto Rico, stem injection of tobacco with sporangia
of P. tabacina was at least as effective in controlling
blue mould as the best fungicide, metalaxyl. Plants were
protected, leading to a yield increase of 10-25% in cured
tobacco.

30 Induced resistance agailnst bacteria and viruses
appears to be expressed as suppression of disease
symptoms or pathogen multiplication or both (Caruso,
F.L., et al., "Induced Resistance of Cucumber to
Anthracnose and Angular Leaf Spot by Pseudomonas

35 Lachrymans and Colletotrichum Lagenarium," Physiological



WO 98/ 24297 PCT/ US97/ 22629

- 13 - wobgesot he seeds, transgenic seeds can be utilizedcthiésdr2629

i nvol ves providing a transgenic plant seed transforned with a DNA

mol ecul e encodi ng a hypersensitive respogge. elicitor polypeptide or
protein and planting that seed in 5 soil. A plant is then propagated from
the planted seed under conditions effective to inpart pathogen -~ --

resistance 1&ﬂttb§tgbaagy; 14:191-201 (19@mth6woaa§,per@t oérthe, present
i nvention rel afes ggn .resi stanc ggartln g plant seéd to

whi ch 5 10 CnERZEheBiE] SaauRgpe SRS ST For PSeudgBppaept i de
or protein haBabhfymapplaedExpressed in SupPredyipat sehssymyeonssppise

elicitor %ygﬁp&hggl &lglgaghno%tg b%ed |n,12§ g ggng |nzsnzlon

can correspon yPer SensiTive response S &1t o

protei ns Beri&eadémns milen by apiuat g mﬁﬂ(zﬁmbbazsgpval(pasmmgens.
Such pol ypeptsgdessora. péet SUNS ARSIl ds dOGRL @8”—"5' s in

pl ant ti ssue contactéd by thé elici g | es of

sui t abl e bactR?¥apIensar é@éugﬁdzmss@nyﬁ@é{wdé»mrbqﬁaﬁ etmfeeq:tz;onoog i ncl ude

Erwi ni a, cas@mdsapnﬁthamsb&aabhmml@mﬁﬁs (ecdr1etbef hlLAW Ng
bacteri a: gy ni a anyl ovor a, EFMAnIa chr ysant hem Erwnia stewartii,
Erwini a car ot S3$PRaL #8485 nbrgEdomonas; | YOS doninsEoRat hadagiam

Xant hononas 28edtaapeabehsisel2o-seur(@97her @dfich are hereby  An exanple
of a fungal s f h L L.Live response elicitor protein or

pol ypepti de fﬁ%?ﬁbﬁﬁﬁﬁ%ﬁhFHo¥§g %%g%a I'e species of such fungal

pat hogens incl ude Phyt opAt Hesarpaedsirbove, mqﬂaqruﬁunqnéﬁknrmgptogea
PhytOPhthora-§9§@@ﬁ?81aCEHXEQHhEEQ @t%%%@‘ynvﬁ%veémﬁﬁ ?Q%ap?%gggperna

and Phytophthora cl trophthora. € present
i nventi on whéfeth infeethgyEr BRREPERRES - reﬁ&&hﬁ?gh|&§QQ#e%oin§bL$d@rea

protein is appté edséfulhenplagerseaddsag b@wcaﬁfétféinwtacqulrea\o 98/ 24297
PCT/U897/22629 a nunber of

ways, includingtrIy2R5pI FeEkPonediciting %ﬁhaﬁ%ﬁf39349?dwlﬁ%lypeptlde or
protein; 2) abpféchidowen agenbf hacheti aowmexiridd Inotusafitske, dbseasee and are

such plant-pathogen contact can weaken or kill plants.

The present invention is directed to overcoming this
20 deficiency.

SUMMARY OF THE INVENTION

The present invention relates to a method of
25 producing plant seeds which impart pathogen resistance to
plants grown from the seeds. This method involves
applying a hypersensitive response elicitor polypeptide
or protein in a non-infectious form to plant seeds under
conditions where the polypeptide or protein contacts
30 cells of the plant seeds.

As an alternative to applying a hypersensitive
response elicitor polypeptide or protein to plant seeds
in order to impart pathogen resistance to plants grown
from the seeds, transgenic seeds can be utilized. This

35 involves providing a transgenic plant seed transformed



transfornmed with genes encodi ng a hypersensitive response 5 elicitor

pol ypeptide or protein; and 3) application of bacteria which cause

di sease i nve®IRR4RITNt speci es (but not in those to whi chPEHEFITR2629
applied) and naturally contain a gene encoding the hypersensitive
response elicitor polypeptide or pfotzin. In addition, seeds in 10
accordance with the present invention can be recovered fromplants

whi ch have been treated with a_hypersensitive response elicitor protein
or pol ypepti deith acB¥Adaeéecule wncedimeg pr dnmmrsenaifiion. response

| one enbodi Spit; et BB19peBRANC BYCHIARIr And e MPRISNRL | yeenespONSE

elicitor polypeptides or proteins’to 4) can be i1solated from
their cor?espondPngl 6P§aﬁ§sﬁ§e£n@§ﬂ@ﬂﬁﬁﬁf Hﬂ%ﬂﬁ BRiN-ed se8d| ation

pr ocedur es ar@n@efl c&ﬁawea.oae dFFedthed itd impaAfd a;satﬂ\dgezF ro@s€hh&ggem
. C Hueg J nﬁ t, 20 and C. A Boucher, "PopAl, a Protein which
Induces a t?NEE?SB i've-1i ke Response in Specific Petunia

Genotypes is Secreted vAaotherHempE@mhw&ybmeI%manhnunmnwentlsmlﬁ@haeesum

7 EVEO ). 13843 - SRRLAIOAL, oS oy p G NAN DGR QoL T er

" Pseudononas syrln agp Syringae it
Secreted via noe- Fhﬁectlop§thwmﬁnﬁ@mﬂﬂhuﬂqSIQSRPH§QN§k&nmﬁQIve Response in

I " |l by, C. H
;u?rg}fs D_Ce pZ?yﬁgéﬁlél%G@r(Hg-i%@enﬁmsV%eerZa;!\éllé% f/ Beer'—a ﬁarg H

Elicitor8f the HyperseR&rt PFesspt R&%&ﬂ%ﬁ?qwhﬁﬁuﬁkﬁtﬂPQ?ﬁF¥$%ﬂ¥°Pathogen
Erw ni a aPy &Y 0pAandCida Rea s&%7 WwiEc¥8 Wek¥P Previbedl pnentes £byble ;

i ncor por at ed ference. See S._ Pat ent | ication
Sor 5 Nos. _0BFoB5, BARCRREOBHERETOSAL iRt e RSld aige (YRS EPar ed by .
ref erence. Prefeatbbgpadateigwelner ta wstsolaatiddhyprsensite vef ragpnnse

elicitor 4297
PCT/USQ?/ZZGZBhX%)ﬁgbg a9 unpredictable effect:ﬁ? the env1r?n?EEE %es or

prot ei ns1&f téeeepr ehenpliamEent | @ﬁl&arpécesentprldmetdmremmxmnrty and

purified as d?éQibQSﬁchbQWhout using agendd1ﬁHiEH é¥@KHBfE¥$§ 06 the
pr esent inventi on, é‘frsenSl tl ve 1 e e| i Cﬁ#ﬁor g peptl de or

5 protein of ?ﬂglﬁPﬁgﬁﬁF Fﬁv NAFTT 1R eeds by
appl yi ng bactereatednbalmnn@uaﬂnsssmuuataﬁgnéur thermqmﬂﬁmwmlthae response

elicitor poly .0 ch r C
secreting or ggg%lr:gg geclls S%Je F&an§§§]l destig{r:éegrdor?%:%? é)'?‘-h :?R?% | citor
can 10 céft ac%n]ﬁpéﬁﬁsseléé edl las nalwrtaﬁeslféfcéiﬁﬁﬁlﬁdﬁﬁ sis thielly and

hyper sensi ti Vﬁa{ﬁ@@?”%@o@@g‘i‘aﬁ@bl@' WIRP R oot 8iduld ndd P&oduced by
the bacteria af a i cation to the seeds or just prior to

i ntroduction S?nFﬁ@1B§EF§rla to

DETAILED DESCRIPTION OF THE INVENTION
25
The present invention relates to a method of
producing plant seeds which impart pathogen resistance to
plants grown from the seeds. This method involves
applying a hypersensitive response elicitor polypeptide
30 or protein in a non-infectious form to a plant seed under
conditions effective to impart disease resistance to a
plant grown from the seed.
As an alternative to applying a hypersensitive
response elicitor polypeptide or protein to plant seeds

35 in order to impart pathogen resistance to plants grown



t he seeds. 15 I n one enbodi ment of the bacterial application
node of thewBrggﬁmt, invention, the bacteria to be applied PEPURPI2589/S €

t he di sease and have been transforned (e.g., reconbi nantly) wth genes
encodi ng a hypersensitive response _eli,citor polypeptide or protein. For
exanple, 20 E. coli, which do not elicit™@ hypersensitive response in
pl ants, can be transfornmed with genes encodi ng a hypersensiti-ve~ --

response eli ckigh RRLYRRRAIMLC A AUdIlc seed] BLAMHAT QLGNS JLAURL, T OF

production and secretion of . citor which 1's thenapplie }flos pl ant
seeds. 25 ExpiB¥elygsoPnaiding wdpianroeniprbteant eaadt kemnsdormedaused

to occur. Bacyethah PRACHRI dRfiRLreddiddliky £0hj 6201 %S dﬂh%f]éj in
this enbodineniﬁot t he present . inveﬁﬁ?o ) ypersen . egghot er

n . In )
enbodi nent  of et hELERET EPLAPERF 185 It RTSHE W R PLABL hRgs &hati mrast idon,

the bactes a soildo sapdent seassheancprBpagatéd £o6hatReaplam® sNGRANI a
hyper sensi tive_respanse.el.i citor. pol.ypept. de, or oteln. Exanpl es of
such bacteriaugggrngpgéﬁa%%ﬂi %ﬁﬂ%ﬁﬁg%éﬂ?P lmp?ﬁFsp3h88gﬁﬁeﬁ?%4%iﬁPce
bacteria are appthedpflengl.ant seeds 35 for plants which are not susceptible

to the di sease Aﬂggﬁgg%%%; t of th . .
PCT/ US97/ 22629 ect of the presenk invention relaff%hy

the bacteria. tFoR PREMPYEN-FOMiftanes | Brrting ptansesedidssasahiiclappl e

or pear B nRbNLANEGMRLEGUs hypdIWENST ti$aICReba6h8ET 81 khkoglicit a
hypersensitive sponse in tonato. Accordlngﬁiégln accordance with

re
this 5 enboBPH¥REPGEIEHOPFOLALIT RATIISE 2P -anyl ovor a can be

applied to tomato seeds The ihypaisgradhopen responigai slangeow t hout causing
di sease in plants of ., that eCi €S.. 1. . The hypersensitive
response el i cs?%ypfé’tl%gel ypepticae ot u;trlb]tjezl%df}%nﬁzﬁ?m}’ﬁﬁﬁegﬁr SYRHEA™ has
an ani nocani gozagseerasl ¢or regporelmgi t tivSEGspnshoelicdsor

EHO;' 3\;\?3 :SLeSr lgolypept%"esed} Iﬂx%t@n%'c?efi)’x?e&l PrbihSa! Lv@?g‘ »agﬂét'%%f‘eu

15 fepgalegngd paqterdal @3rhearnys ychepohwpepsidaisaon a Ser
Ser proteins are?@ble to elicit lo@®l necrosis in plas® 20
Iégu Ay Ser StE:'\:rLs\s/%lﬁoé%%tlé%%elae%ysetrheseqrgsi-rcb{térl:.e Asp Lys Leu Thr

Examples of suitable bacterial sources of
20 polypeptide or protein elicitors include Erwinia,
Pseudomonas, and Xanthamonas species (e.g., the following
bacteria: Erwinia amylovora, Erwinia chrysanthemi,
Erwinia stewartii, Erwinia carotovora, Pseudomonas
syringae, Pseudomonas solancearum, Xanthomonas
25 campestris, or mixtures thereof).

An example of a fungal socurce of a
hypersensitive response elicitor protein or polypeptide
is Phytophthora. Suitable species of such fungal
pathogens include Phytophthora parasitica, Phytophthora

30 crxptogea, Phytophthora cinnamomi, Phytophthora capsici,
Phytophthora megasperma, and Phytophthora citrophthora.

The embodiment of the present invention where
the hypersensitive response elicitor polypeptide or
protein is applied to the plant seed canﬂbé carried out



Ser
50
Ay
75
Leu
95

Asp -

Leu
115
Asn
140
Ay
Asn
165
Leu
185
Asn
205

Ala Leu Thr Ser Met Met Phe Ay Gy Ala Leu Ala G n Ay Leu

55 60 25 Ay Ala Ser Ser Lys
Leu GO M42%er Asn G n Leu Ay An Ser 65  PCT/USST22629° 7
80 PheG¥AsnGyNaGnGyNaSer Asn
Leu Ser Val Pro Lys 30 - 14 - 85 90
Ser Ay Gy Asp Ala Leu Ser Lys Met Phe Asp Lys Ala Leu Asp
110 35

100 _ , 105 i ,
Leu Gy ¥ 2 RYHRE 9 WENE L JOHYGIRG: Adn @RPFatken pf an
isolatddOelicitor polypeptd®e or proteinfW Al @ppSicSeioket Leu
Al a Ser C%%I\/Et Thr Ghn g AsntI\/Et . 1%0 135
40 of bachertd BREC éosé’lp GAPUFR HSPats 3L 3%R Ser Ser Ile Leu
tdabsformed with gehe® encoding a hypebSfensitive respons#60
Gy Leu ) S .G r. G r e 4
g ﬁ%ﬁ%%&%&%@c&%%@mE%ﬂﬂ%#é%%%éﬁGngy
Ser dy bRetariaAwhiPhecavseGdiseage in some plant specigg((but
not in tﬂggeSQo whicthﬂle@s%x'?ggaﬂﬂﬁéaW A4 r%%/%%@ilg y @n

Ala Ala Leu Ser Al , o
ViPigr bn og7gene encoding the hypersensitive response

PCT/ US97/ 22620 citor polypeptide or protein. In addifion, seeds in Leu

Ser
210
Ay
230
Phe
250

Asnlsl al asgéo;rgéaingsw\J{%h é%z% gz)ésAesng:Zé.anreAf{@iolg ch)rg;bé/ i:ls;gc@rﬁrﬁgp Ar g
Met Al a fizpsm Gblahte Ghychl haRee bdein Aspatied with 22%ypersensitive
Ile

Ay Lys ﬁ%pﬁ‘%g'?'%%l&lﬁofygrgggla ﬁ%&lmeptide £ d¥ RS U 245

with thespreggnt invengdorSer Pro Lys Thr Asp Asp Lys Ser Trp

Ala Lys Ala Leu Ser LYy$n one embodiment of tHOGresent inventioR6d

270
Adn

15 the P{l}?péigg’;%@t’i%% ge%p'\éer'fSeThr .G%/tcﬁl apo e;pel\éaéié;g;o_%s Phe Arg

proteins to be applied can be isolated from their
corresponding organisms and applied to plants. Such
isolation procedures are well known, as described in
Arlat, M., F. Van Gijsegem, J. C. Huet, J. C. Pemollet,

20 énd C. A. Boucher, "PopAl, a Protein which Induces a
Hypersensitive-like Response in Specific Petunia
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 syringae pv.

25 syringae Harping,: a Protein that is Secreted via the Hrp
Pathway and Elicits the Hypersensitive Response in
Plants," Cell 73:1255-1266 (1993); and Wei, Z.-M., R. J.
Laby, C. H. Zumoff, D. W. Bauer, S.-Y. He, A. Collmer,
and S. V. Beer, "Harpin Elicitor of the Hypersensitive

30 Response Produced by the Plant Pathogen Erwinia
amylovora, Science 257:85-88 (1992}, which are hereby
incorporated by reference. See also pending U.S. Patent
Application Serial Nos. 08/200,024 and 08/062,024, which
are hereby ihcorporated by reference. Preferably,

35 however, the isolated hypersensitive response elicitor



15 Ala Mt Ay Met Ile Lys Ser Ala Val Ala Ay Asp Thr Ay Asn

Thr WO 98724297 290 295 300 pPCT/US97/22629 Asn
Leu Asn Leu Arg Ay Ala Ay Gy Ala Ser Leu Ay Ile Asp Ala 20 305
310 315 - 3280_ Ala Val Val Gy Asp
Lys Ile Ala Asn Met Ser Leu Gy Lys Leu Ala 325
330 335 25 Asn Al a Thi s hypersensitive-

response el I;fcbw%elp@iaeepbrdpr@tems ofprtﬂiéipitrél@énﬁ ﬁm’ueeullelh weieght of 34
kDa, is heat st reate and

16%
Contai ns - ProadeRa ERbPPry SRy LS S N, Ip FREEREpemERany
hypersensitive responsEnebtberoemhﬂqugnnmeoﬁrtbeopeeaent invent iencoded

D No. 2 ad o FnayLlfste il St ifor sply SR REE Glonccarca

CEEWATTCSA GN@&EﬂﬁKﬁi theOpresent GOUEITARSES COCOCATEAR] CEGGEATEAGNE

oL %&E@%a@é%%@gcterﬂa?%o%mﬁ%%@éﬁé%ﬁg%%%ﬁ%

CCGGCATGTT CRRFERITE! EFUSCTESPOrGPT AFCAH O BRELpEREL de ogwroteln
TGCCATGECT Ed A FEd e 53 AGECE ACIRREIA o f A EEd 115G

45 CCGT.CGGATC CCGGCAGTITA T G AT.CGAA TTGAA

360 e T BEEAR T BEAP TRAAT SRR RO B AR X B0
CGGACGOBEC cond@ft pIAnt EEARCAEIAA .GATAAAOGES: GETBIAITEALE] GEARACG
GTAACGGTGA Y | ATC
CATCATOATG AT Bhyecbtapanee i tor bo et e og R Ral
TTGCGAACAC GrEAord@sgeRCARGARACBaALTHAT I er appbicgsion to ANETACGATC
AAAGCCCACA TELEREAEAS | L CHEPETC c PG ddde LA BT e bact@lia to

the seeds.

15 In one embodiment of the bacterial application
mode of the present invention, the bacteria to be applied
do not cause the disease and have been transformed (e.g.,
recombinantly) with genes encoding a hypersensitive
response elicitor polypeptide or protein. For example,

20 E. coli, which do not elicit a hypersensitive response in
plants, can be transformed with genes encoding a
hypersensitive response elicitor polypeptide and other
related proteins required for production and secretion of
the elicitor which is then applied to plant seeds.

25 Expression of this polypeptide or protein can then be
caused to occur. Bacterial species (other than E. coli)
can also be used in this embodiment of the present
invention.

In another embodiment of the bacterial

30 application mode of the present invention, the bacteria
do cause disease and naturally contain a gene encoding a
hypersensitive response elicitor polypeptide or protein.
Examples of such bacteria are noted above. However, in

" this embodiment these bacteria are applied to plant seeds

35 for plants which are not susceptible to the disease



SUBSTI TUTE SHEET ( RULE 26) WD 98/ 24297
PCT/ US97/ 22629 - 18 - TCAGGGACTG
AAAGGACTGAWRPBEAZSZGGEC TTCATCGCTG GGTTCCAGCG TGGATAAACT 728CT/US97/22629
GAGCAGCACC ATCGATAAGT TGACCTCCGC GCTGACTTCG ATGATGTTTG GCGGCGCGCT 780

5  GGCGCAGGGEG CTGGEGCGCCA GCTCGAAGGG GCHEGGGATG AGCAATCAAC TGGGCCAGTIC

840 TTTCGGCAAT GGCGOGCAGG GTGOGAGCAA CCTGCTATCC GTACCGAAAT COGGCGGCGA
900 - TGCGTS%I}E%T& TGTTTG ATAAAGCGCT GGACGATCTG CTGGGTCATG ACACOGTGAC
960 10 EERY RRCAART ECE X PR T PCALRY ICEATBGhAVOra :

GCCAGATGAC cHiides dised$#AABTARDT1 ATEAADRERST HhTECHACGEG tSaIEAKNCAAC

GCACTGTCGT TTCTCGG 080 GTCGA TGAGTGGCTT
CTCTCAGCCT T%@‘% %9&%%%&%"}%“5‘ ‘Hig ﬂc“GéAmqm

GTGCATTCAA CeACPHaEE AATGRGNCC GRATeEE g1y, 1200 accordmm-rthis

COGOCACTTT GHA DA AACA T (I ELOOARAT GAERT G i P07 1320

TCAGTATCCG GSANT AET GRIETACEEFoNTACCASARA mTG@mAp@ﬂP@@mA 1380

1440 0 GEOCAGOATG CACRARTTEE. Cf CARCCCAT - eET ATGRTE A

TGGCGGGTGA  SPSG3-eS- TACCGGCAAT ACCAACCTGA ACCTGCGTGG CGCGGGCEGET
GCATCGCTGG GTATCGATGC  TH Gy 138r sens i €5td GFeshengeCeA TAAA YT AGCCAACAT

GTCGCT AA CGCCTGATA . 1620 GATAAA
GCGGAA@ AR%’% ¥ Eﬁ“‘i‘ﬁé“’miésé’gré?ant

GITTATGCGG THACTRCERAG CCEEIFANTERA dJOEFEATCHAL HETECT BEMA ID.lw. 1l as

ACGCACATTT T I TCGCGTCGIT ACGCGCCACA ATCGCGATGG CATCTTCCTC 1800
GICGCTCAGA TT GATGGGGAAC GCCGGGTGGA ATATAGAGAA ACTCECCGEC 1860
Met Gln Ile Thr Ile Lys Ala His Ile Gly Gly Asp Leu Gly Val Ser
15 1 5 10 15
Gly Leu Gly Ala Gln Gly Leu Lys Gly Leu Asn Ser Ala Ala Ser Ser
20 25 30
20 Leu Gly Ser Ser Val Asp Lys Leu Ser Ser Thr Ile Asp Lys Leu Thr
35 40 45
Ser Ala Leu Thr Ser Met Met Phe Gly Gly Ala Leu Ala Gln Gly Leu
50 55 60
25
Gly Ala Ser Ser Lys Gly Leu Gly Met Ser Asn Gln Leu Gly Gln Ser
65 70 75 80
Phe Gly Asn Gly Ala Gln Gly Ala Ser Asn Leu Leu Ser Val Pro Lys
30 85 90 95
Ser Gly Gly Asp Ala Leu Ser Lys Met Phe Asp Lys Ala Leu Asp Asp
100 105 110
35 Leu Leu Gly His Asp Thr Val Thr Lys Leu Thr Asn Gln Ser Asn Gln
115 120 125
Leu Ala Asn Ser Met Leu Asn Ala Ser Gln M=t 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
45 165 170 175
Ala Gly Gly Leu Gln Gly Leu Ser Gly Ala Gly Ala Phe Asn Gln Leu
180 185 190
50 Gly Asn Ala Ile Gly Met Gly Val Gly Gln Asn Ala Ala Leu Ser Ala

1385 200 205



40 CAGATGGAGA CACGICTGCG ATAAATCTGT GCCGTAACGT GITTCTATCC GCCCCTTTAG
1920 wWOABAIAGATT GCGGTTTCGT AATCAACATG GTAATGCGGT TCCGCETWNS97/22629
CCCCEECCGG 1980 45 GATCACCACA ATATTCATAG AAAGCTGICT TGCACCTACC
GTATCGCGEG AGATACCGAC 2040. - AAAATAGGCEC AGITTTTGCG TGGTATCCGT
GEGRGTGTTCC GACCTGACAA TCTTGAGTTG 2100 17 - GITCGTCATC ATCTTTCTCC
ATCTGGECGA CCTGATCGGT T 2141 50

The hypersensitive Lgspansg, &lhCldOims uis valOhYPRALILS Aln B gLl yed
from Erw ni a anyl ov iba _ n amzﬂe aci d 'sequencezgorrésponding to

SEQ ID. No. 3 as fol | ows: Met_Ser_ Leu Asn Thr Ser
Ay Leu d y ‘Al a Se|ASH’h¥Y5N€f~u AsR H%Gﬁrbdet Ala Lys Glulgle Gly Gln Phe Mgt Asp
10 2235 87 24297 240
PCT/ US97/.22629 Gln Tyr Pro Glu Ile Phe Gly Lys Pro Glu-TykQGln Lys Asp Gly Trbl e

Ay Ay Ala Gy Ay Asn Asn Gy B8 Leu Ay Thr % Arg An 255

a hr Asp AspOL ger T 21P89s Alid Qu\/sl.-ftt y
Ay Asn set’ Ala Led éseﬁ_epaoéys &% ny 5%5 ys Ser Trp Ps Ne
o 45 Val Asn dn Leu Al

GI Asp Thr Gy
Leu Leu Thl‘ g y MetPrRepsp Asp Asp Gly Met5']61r Gly Ala Ser Met Asp s Phe Arg Gin

60 10 15 Met Met Met éer Met I\/thIyGIyGIyGIy Leu I\/EtGIyGIyGIy
Leu 65 Ala Met Gly Met I1&(uys Ser Ala Val Ala Gly/Bsp Thr Gly Asn Thr

80 Ay Ay &Y Leu Gy Asn &% Leu Gy Gy SéP°Ay Ay Leu Ay
Qu Asn Leu Asn Leu85rg Gly Ala Gly Gly 21a98er Leu Gly Ile Asp 21295
15 20 Gy LewsSer Asn Al a Lew1Asn Asp Met .Leusdy Ay Ser Leu ¥

-II__QL Ay Ser Lys d 4@ ya%\svr?jiA(glr?’ RER M TS hf&%o A&H 88O yiée&%a

115 120 125

25 Asn Ala

This hypersensitive response elicitor polypeptide oxr
protein has a molecular weight of 34 kDa, is heat stable,
30

has a glycine content of greater than 16%, and contains

substantially no cysteine. The Erwinia chrysanthemi
hypersensitive response elicitor polypeptide or protein

is encoded by a DNA molecule having a nucleotide sequence

35

40

45

50

55

corresponding to SEQ.

CGATTTTACC

GCGTTTATGG

GATCTGGTAT

CAGCAATATC
TGCGATGGCT
CCGTCGGATC
ACGTTGCCGT
CGATCATTARA
CACCGTCGGC
GGCATCCGTT

AATTACGATC

CGGGTGAACG
CCGCGATGAA
TTCAGTTTGG
CCGGCATGTT
GCCATCTGTG
CCGGCAGTTA
CGCTATCCAT
GATAAAGGCG
GTCACTCAGT
GCAGATACTT

ARAGCGCACA

TGCTATGACC
CCGGCATCAG
GGACACCGGE
GCGCACGCTG
CCTGAACGGC
TCCGCAGGTG
AGCACCGACG
GCTTTTTTTA
AACAAGTATC
TTGCGAACAC

TCGGCCGTGA

ID. No.

GACAGCATCA
GCGGCGCGCT
CGTGAACTCA
CTCGCTCGTC
AGCGATGTAT
ATCGAACGTT
GCGCGTCCGC
TTGCAAAACG
CATCATGATG
CTGACATGAA

TTTGGGCGTC

2 as follows:

CGGTATTCGA
GGTCGCCGCA
TGATGCAGAT
GTTATCAGCA
TGATCCTCTG
TGTTTGAARCT
AGACAGGGAA
GTAACGGTGA
CCTACATCGG
TGAGGAAACG

TCCGGTCTGG

SUBSTITUTE SHEET (RULE 26)

CACCGTTACG
ATCCGGCGTC
TCAGCCGGGG
GGCGGCAGAG
GTGGCCGCTG
GGCGGGAATG
CGGACGCGCC
GGAACCGTTT
GATCGGCGTG
AAATTATGCA

GGCTGGGTGC

60
120
180
240
300
360
420
480
540
600

660



Leu Asp G n Ala Leu Ay Ile Asn Ser Thr Ser A n Asn Asp Asp Ser
130 wo 98124297 135 140 25 Thr Sper/gkibls ASP
Ser Thr Ser Asp Ser Ser Asp Pro Met An @n 145
150 155 160 Leu Leu Lys Met Phe
Ser Qu lle Met An Ser Leu Phe Ay Asp BBy- 165
170 175 30 A@n Asp Ay Thr GI n Ay Ser Ser Ser
Gy Ay Lys Gn Pro T 185
190 TCGG?‘G‘QTE? WG‘%%‘?‘FAA@TEC‘?%GGEy%TW%G%GyGWFCW FETTARACTY eu SEAO
Ay 35 * eaccaccacel®feeaTaner TeAccTccae GeTROrTCE ATGATGTTTG GeaeedO8cT 780
Leu I\/EtGIgAsnGly Leu Ser G n Leu Leu Asn Ay Ay Leu Gy
210 5  GGCGCAGGEESCTEGGCGCCA GCTCGAAGGGZ(E%'GGQ@TG AGCAAT@AAC TFGECCRETAE y (4P
Asn Ala Gy ThiprEh¥cdgUodeReclct SRIceREArl&eeTaTce GTACCERRAT CCEECaECaA
230 535 . 240 G y Lys dy 18u
dn Asn ng SEICCErYCTRROANRITCTRYS FIAAREFGFTEFGRACGATCTG CTGGETCATG ACACCGTGAC 24
250 CAAGCTG 511.§AGAGCA accanch@ EtréSeAb R YRk ¥oddtarGy !
Gy Mt Lys AIaGIy;%]%e n 260 CCRRT g%zg
270 CCARECTAT mm@qssrl FEECCAGCCENFCTPACHRCYCFACTCRGT SERTTTREGAr g Baro
Phe 50
15
val Asn Ly2 @ EgGTcArr %CAGR%GIA KfAGTEc;/c:STT Glc: Pc;cc& TCT&TGGCf_.ﬁ_lG c%%cic%éér'r 1140
290 GCAGGGC@@SAGCGGCGCGG GTGCATTCAA:so@GTS@GGT AATGccmmg; &arcgecr o GRae
Val Phe Gy Ly n P '
310 2o Shaeta SGJQ/Jccgdl !:'Yc%cgrc}’m %Grc_mc ACCCA%{Q%GyAE&Gr']I‘A&%A Val 1?395
Thr Asp Asp LyscSencTitpeAlcaTiarss AA@RTLETIECGSEATGGCGARA GAGATCGGCC AGTTTATGGA For )
330 ' : 560, . . @y Mt Thr Pro
Aa Ser Met G '{‘JCA&T%T%‘%(EG%AHATTCG GTAAACJ:é/G% E’fAQ:cﬁ‘ézﬂmAé%&,@%PGGA TTCGCCGAA 3
350 25W0 @RGRAXHNLE ARATCCTGGG CTAAAGCGCT GAGTAAACCG GATGATGACG GTATGACCGG 1440
PCT/ US97/ 22629 - 20 - Lys Al a
Lys Gy Met |%Gq_C9§C%GgGW%%C ﬁ(:é\G&:@ATAg%G'LPﬁCr}AT@ WSGCGG TGGCGGGTGA 1500
20 TACCGGCAAT ACCAACCTGA ACCTGCGTGG CGCGGGCGGT GCATCGCTGG GTATCGATGC 1560
GGCTGTCEGTC GGCGATAAAA TAGCCAACAT GTCGCTGGGT AAGCTGGCCA ACGCCTGATA 1620
ATCTGTGCTG GCCTGATAAA GCGGAAACGA AAAAAGAGAC GGGGAAGCCT GTCTCTTTTC 1680
35 | TTATTATGCG GTTTATGCGG TTACCTGGAC CGGTTAATCA TCGTCATCGA TCTGGTACAA 1740
ACGCACATTT TCCCGTTCAT TCGCGTCGTT ACGCGCCACA ATCGCGATGG CATCTTCCTC 1800
‘0 GTCGCTCAGA TTGCGCGGCT GATGGGGAAC GCCGEGTGGA ATATAGAGAA ACTCGCCGGC 1860
CAGATGGAGA CACGTCTGCG ATAAATCTGT GCCGTAACGT GTTTCTATCC GCCCCTTTAG 1920
CAGATAGATT GCGGTTTCGT AATCAACATG GTAATGCGGT TCCGCCTGTG CGCCGGCCGG 1980
45  GATCACCACA ATATTCATAG AAAGCTGTCT TGCACCTACC GTATCGCGGG AGATACCGAC 2040°
ARAATAGGGC AGTTTTTGCG TGGTATCCGT GGGGTGTTCC GGCCTGACAR TCTTGAGTTG 2100
GTTCGTCATC ATCTTTCTCC ATCTGGGCGA CCTGATCGGT T 2141
50
The hypersensitive response elicitor
polypeptide or protein derived from Erwinia amylovora has
an amino acid sequence corresponding to SEQ. ID. No. 3 as
follows:
55

Met Ser Leu Asn Thr Ser Gly Leu Gly Ala Ser Thr Met Gln Tle Ser

1

SHRQTITIITE CUERT (R~ 2R)

15



355

380
Leu
Gy Ala Ala

approxi mately 4. 3, 3¢ &5, Reatast @) QsﬁtAsliOQi el Créd9e1
Thi s hypersenS|t|me response F

dy Ala G\X'oqs&[u%e}

360

385

Ser

p]’flat

m nut es.

has substanti al

20 polygeptlde Fo
fully deScribed in Wi,

365

Leu Ay Ile Asp 5

prersensitive Resdese

e

anylovo ? f
e

foll ows:
TTATTCA
CGTCAA

GCTGGGCGGC GGTAATCAAA ATGATACCGT CAATCAGCTG . 240 GCT
TrecaETeRT e T

Met
erencgs

60

TCA T GATGATEATFRY,
TAGGOGGTGG

cecocel)

30

35

40

45

50

55

60

Leu
Gln
Gly
Leu
Gly
225
Gly
Leu
aAla
vVal
Asp
305

Gly

Lys

390
This hypersensitive Tesponse elicitor polypeptide or
15 protein has a nol ecul ar wei ght of about 39 kDa,

cyst ei ne.

EPATEK
AGGTAAT GGCTT
GGACTGICGA ACCCCLAeAwpCal ATSTHA GCEHE TEECS¢AMNCACHSCTE 1GGHEN @epsp Sed20
GGCGGCAACA ATACCACT PGCAACAACAAAT TCCERBCTGG ACCAGGCCCR4&GGTATTAAC

TCAACGTGEC AAAAC%.C%% 13T %%&T SEALTEAGA L TH N Gn

Leu Lys Met

Asp
Glu
Met
210
Gly
Gly
Gly
Leu
Asn
290
Gln

Gln

Pro

Gly
Gln
195
Gly
Gln
Lys
Asn
Asn
275
Lys
Tyr

Glu

Asp

Thr
180
Asn
Asn
Gly
Gly
Ala
260
Asp
Gly
Pro

val

Asp
340

Phe
165
Gln
Ala
Gly
Gly
Leu
245
val
Ile
Asp
Glu
Lys

325

Asp

J.

La

by,

S%Eng

180 35

e

G GCTCAGGTGG

Ser
Gly
Tyr
Leu
Asn
230
Gln
Gly
Gly
Arg
val
310

Thr

Gly

Glu

Ser

Lys

Ser

215

Ala

Asn

Thr

Thr

Ala

285

Phe

Asp

Met

Ile
Ser
Lys
200
Gln
Gly
Leu
Gly
His
280
Met
Gly

Asp

Thr

Ay Asn Leu G n Ala Arg
PCT/US97/22629 375

395

icitor
The hypersen5|t|ve response elicitor
%m La\érqlve%hf AT J5Eni R &'e&rﬁ}})b%PaGéYs Gly Gly AgRe

, R D. W Bauer,
S.-Y. He, A Col bIEErAsnaMb Shr\i(Zal asn GBReteu AHarquynpeElLeGi tey G(Dfr Mdte Met
Producééd by the Plant P&phogen Erwi ni a
5227 85,88 41
701 Scu & en
proteln has a nucl eoti de sequence correspondlng to SEQ
30 AACCFIEGERY AFCEEACETT CIGAGRCF GG 1GTS8GCASES YT ASGGIFGEA
GAGGAATIRCG TTATGAGTCT GARATACAAGT GGGCT

T CCAAAETJ GEu serld8n Ala Lewd
CTGGGTACCA GTCGCCAGAA TCCT@EET TG

C H

Gl

Met Gln
170

Ser Gly
185

Gly val

Leu Leu

Thr Gly

Ser Gly
250

Ile Gly
265

Arg His
Ala Lys
Lys Pro
Lys Ser

330

Pro Ala
345

155

370

Met Met Ala Gy Asp Ala Ile Asn Asn Met Ala Leu

it has a

Zuanf

L wle!

ypep‘?P

Ay Lys

400 10

~pl- of
Thr S@E Af?aﬁﬁnlo

ypeptibde Or protein

ng&gpgrated
ID No 4 as

& IAAGEGIIGrny
105 GGTGCCAATT CT@EEACTGEG

Ser Leu Phe Gly

Gly
Thr
Gly
Leu
235
Pro
Met
Ser

Glu

Gln
315

Trp

Ser

Lys
Asp
Asn
220
Asp
vVal
Lys
Ser
Ile
300
Tyr

Ala

Met

Gln
Ala
205
Gly
Gly
Asp
Ala
Thr
285

Gly

Gln

Lys

Glu

Pro
190
Leu
Gly
Ser
Tyr
Gly
270
Arg
Gln
Lys
Ala

Gln
350

TAC

Asp
175
Thr
Ser
Leu
Ser
Gln
255
Ile
Ser
Phe
Gly
Leu

335

Phe

GGCT
@sn4§Fr Pro

360

480 45
c1n40

160

Gly
Glu
Gly
Gly
Leu
240
Gln
Gln
Phe
Met
Pro
320

Ser

Asn



CCGATGCAGC AGCTGCCTGAA GATGTTCAGC GAGATAATGC AAAGCCTGIT TGGTGATGEG 600

50 CAA 8CAGGGECAG TTCCTCTGGEG GGCAAGCAGC CGACCGAAGG GeAnmissenddao
660 WD 98/ 24297 _

PCT/ US97/ 22629 - 21 -
AAGGAGTCAC TGATGCGCTG TCGGGCCTGA TGGGTAATES TCTGAGCCAG 720
CTCCTTGGCA ACGGEGEGGACT GGEGAGGTGGT CAGGGCGGTA ATGCTGGCAC GGGICTTGAC 80

200 TTAGGTAAE O GRS CRGTAT T ge AR %%g%%@mm

GCCTATAAAA

900 ATCGGTACGC ACAGGCACAG TTCAACCCGT TCTTTCGTCA ATAAAGGCGA TCGGGCGATG
960 10 5 GOGAAGERXAATTEST (AGTH TA AT YR TGEPTFRIEAALe Asp
GCOGCAGTAC 1020 CAGAAAGGCC CAGGA GGTGAAAACC GATGACAAAT

CATGGGCAAA AGCACTGAGE Met MaB(n1alBly AAAGIEAGATGsAGBAQGEAATA GACASIGAELL Leu
AGTATGGAGC AGITCAAGRA AGCCAAGGGEC 39240 ATGATERAAA GGCCCATGEC 400

GGGTGATACG GLAGGEC ACGCGGTGCC 1200 GGTGGITCTT
CCCTGGGTAT TGATGCCATG ATGECCGGTG ATGCCATTAA CAATATGGCA 1260 20
CTTGGCAAGC TGEECECGEC TTAAGCTT 1288

The hypersensi t'Il ni% M7 eornsseenseit ‘C\;Ifet O:Lfesponsé)o'ly

from Pseudomonad® syriingae 25 anam o acio

n derlved
ndlng to

e i

SEQ ID 15 mrotsimshds|agwgtecular weight %tabtgut S& HDau Sér haeu aAsn

Ser Ser Ser Legp1Gdt BppfsLiddtepts 3D, and is heat stable at 1D0°C for

10 & ]1}510 e Al‘h Len Val Leu.tVaI Pro du Ala GQu

Thr Thr Ay Se? Ttﬁeas% minutes. is ypersgnusitive r ponse 5g

30 35 SeridiftsoiAl polgeeid ided ar \fatotv@in \fels IsigodtentAlad 1@ thdd U Leu

Met cysteine. 35 The h ersensitlvé"q:esponse elicitor 4°

Arg Asn GIX Adn Leu Asp. Asp Ser”"Ser Pro Le g/ Leu Leu a

50 po yp%tl e or protein e:re:@r rom ErWJ.nJ.a amylovora is
more fully described in Wei, Z.-M., R. J. Laby, C. H.
Zumoff, D. W. Bauer, S.-Y. He, A. Collmer, and S. V.

Beer, "Harpin, Elicitor of the Hypersensitive Response

Produced by the Plant Pathogen Erwinia amylovora,"

25 Science 257:85-88 (1992), which is hereby incorporated by
reference. The DNA molecule encoding this polypeptide or
protein has a nucleotide sequence corresponding to SEQ.

ID. No. 4 as follows:

30 AAGCTTCGGC ATGGCACGTT TGACCGTTGE GTCGGCAGGG TACGTTTGAA TTATTCATAA
GAGGAATACG TTATGAGTCT GAATACAAGT GGGCTGGGAG CGTCAACGAT GCAAATTTCT 120

3s ATCGGCGGTG CGGGCGGARA TAACGGGTTG CTGGGTACCA GTCGCCAGAR TGCTGGGTTG 180
GGTGGCAATT- CTGCACTGGG .GCTGGGCGGC GGTAATCAAA ATGATACCGT CAATCAGCTG 240
GCTGGCTTAC TCACCGGCAT GATGATGATG ATGAGCATGA TGGGCGGTGG TGGGCTGATG 300

40 GGCGGTGGCT TAGGCGGTGG CTTAGGTAAT GGCTTGGGTG GCTCAGGTGG CCTGGGCGAA 360
GGACTGTCGA ACGCGCTGAA CGATATGTTA GGCGGTTCGC TGAACACGCT GGGCTCGAAA 420

a5 GGCGGCAACA ATACCACTTC AACAACAAAT TCCCCGCTGG ACCAGGCGCT GGGTATTAAC 480
TCAACGTCCC ARAACGACGA TTCCACCTCC GGCACAGATT CCACCTCAGA CTCCAGCGAC 540
CCGATGCAGC AGCTGCTGAA GATGTTCAGC GAGATAATGC AAAGCCTGTT TGGTGATGGE 600

50 CAAGATGGCA CCCAGGGCAG TTCCTCTGGG GGCAAGCAGC CGACCGAAGG CGAGCAGAAC 660

QUIRETITIITE QHEFT /RN E 2R)

60



Lys Ser Met Ala Ala Asp Ay Lys Ala Ay Gly Gy lle Au Asp Vi

65 W0 9824207 - 70 ng@‘lUS97/22629

Ile Ala Ala Leu Asp Lys Leu IIe Hi s Gu Lys Leu Gy Asp Asn Phe 45

85 90 ZI%E Ay Ala Ser Ala Asp

Ser Ala Ser Ay Thr Ay @ n A n Asp Leu t 100

105 110 50 Thr Gdn Val Leu Asn Ay Leu-Ala-tys Ser

Met Leu Asp AgR-rh@AhaaChacGAGTCAC TGATGCGCTG rcadddoTea TGGGTAATGG reTeak2the 720

125 . Thr Lys - A n Asp GX g Thr Ser Phe Ser Asp Asp Met Pro

Met CTCCTTGGCA)ACGGGGGACT GGG GGTG T SFRAGGGCGGTA ATGCTGGCAC GGQF CTRGAC 780

Iizg Asn Lys lc’;s%ﬂ‘é‘s?c@@ ’?GE&%GE@E Aéé@cﬁ&ﬂzx Aﬁx&c’i"éz@c@\' @Gc@b@r&aiecﬁd&mcm 840

98/ 24297 TTAGGTAACG CCGTGGGTAC CGGTATCGGT ATGAAAGCGG GWWF%@@GAT 200

,-ASZZP;] ArccaThid: E%@A@%cﬁébc% reckirBedf@h ﬁéﬂA@é&A‘-%&bdﬁ%&’@ u Asiko
n e

Leu Asp G\ Yy ASEABGGARPN TCEEREAGER qnﬁesache S@frcm%eﬁetﬁmggsmpecmc@mgc [
an é kel e BAPLY
dn dn Ser As’bG%Aa&%S GEEETAEEY Gﬁlmmak% Q%arencanar cafdelc A&&T ik G Y1d

200 15 AAGCCAGENSH ACAACGEAAT GAT—'HECPGCY IGWT@%GCLWWC% F\GWA@GS& Sek140
Phe Ser Asn Asn Ser . Ser

220 TEATCRRARA éGgC(RSTSG%rGGG GA‘@{CP GG@AC%CA %\scrcﬁééc GA)?GCEI’ TG%S 12 00

Ser Bé‘ﬁ;GTTCTT CGCTGGGTAT 2RATCCCATE ATGGCCGGTG RBECATTAA CAATATGGCA 24011@
dy Asn Bt Ar AQu Ala Ay An leu lle Ay Qu Leu lle Asp
245 gmscég TGRGEECaGE TTAAGE 5 : Arg Ay Leu Gn Ser 238
Leu Ala Gy Ay Ay Leu Ay Thr Pro Val 20 260
é65 ay g A 270 The hypers%%fm‘ﬂlrveorx@s@dhsﬂwreﬁmtm Ser Al a Asn
y y n Ser a
285 25 tﬂgﬁ Q% BEF Sy d(ﬁr”ﬁé el d‘”“?_nas (ﬁy FIRG u
Al a as 280 amino acid squLEQB:e correspondmgm SEQ ID- Thr Leu

Lys Asp Ala Ggy G Jthre J e dr Asp Val A n Ser Ser Ala

Met Gln Ser Leu Sexr Leu Asn Ser Ser Ser Leu Gln Thr Pro Ala Met

30 1 5 10 15
2la Leu Val Leu Val Arg Pro Glu Ala Glu Thr Thr Gly Ser Thr Ser
20 25 30
35 Ser Lys Ala Leu Gln Glu Val Val Val Lys Leu Ala Glu Glu Leu Met

35 40 45

Arg Asn Gly Gln Leu Asp Asp Ser Ser Pro Leu Gly Lys Leu Leu Ala

50 5% 60
40
Lys Ser Met Ala Ala Asp Gly Lys Ala Gly Gly Gly Ile Glu Asp Val
65 70 75 80
Ile Ala Ala Leu Asp Lys Leu Ile His Glu Lys Leu Gly Asp Asn Phe
45 85 a0 95
Gly Ala Ser Ala Asp Ser Ala Ser Gly Thr Gly Gln Gln Asp Leu Met
100 105 110
50 Thr Gln Val Leu Asn.Gly Leu Ala Lys Ser Met Leu Asp Asp Leu Leu
115 120 125
Thr Lys Gln Asp Gly Gly Thr Ser Phe Ser Glu Asp Asp Met Pro Met
130 135 140
58

Leu Asn Lys Ile Ala Gln Phe Met Asp Asp Asn Pro Ala Gln Phe Pro
145 .. .. 150 155 160

SUBSTITUTE SHEET (RULE 26)



305 310 315 320 30 Al a
G@nlle Ala Thr Leu Leu Val Ser Thr Leu Leu dn Gy Thr Arg:

325 WO 98124297 330 335 Asn dn KF&'%%’WZ& 35
340 Thi s hypersensitive response elicitor polypeptide or

protein has a nol ecul ar wei ght of 34-3%%Da. It is rich 40 in glycine
(about 13.5% and | acks cysteine and tyrosine. Further infornation
about the hypersensitive response elicitor derived from Pseudononas
syringae is founs R¥o Asp fgr Sy Ser Trp Vol PERfy Lo LS &ot Prerisn Phe
"Pseudononas syringae pv. Syringae Harpin[err]: a Protein t%ﬁi is 45
Secreted via therdd psPativaye @nd 4 alaallshehe arg bBypensensi hsyeriRegponse
in Plant8," Cell 73:1255-128% (1993), WA¥ch is hereby ineorporated by
reference. The nol ec ne t ef itive_respon
elicitor from Pse GMln %‘f}? :gr%ﬁ & %gnagd%ug%é%gd f%%i é Lﬁ%ezpl E?y
corresponding to SEQ. ID. No. 6 as foll ows: VI)98/24297

PCT/ US9¥P£ 22629 Thr Gly Gly Gly Leu Gly Thr Pro Ser Ser Phe B@r_Asn Asn Ser Ser
ATGCAGAGTC TCAGTCTTAR®? CAGCAGCTCG CTGEAAACCC CGBCAAT(IBéz@:CTTGTCCTG 60
GITACGICCTG AACCGRAGHE: Al mmmﬁ@mﬁ 15 Hap sed 20

5 GTGAACGCTGG CG&AGGAA GATGCCCMAT GGTCAACTCG AC@ﬂCA &iﬁmc

180 15 AAACTGITGG CCAAGWCEA GAT GECAA GCEECEEWAT TGAGGATGTC
240 ATCGCTOEEST cﬁﬁaé&’ CAEARETR eeg%geé@rdece
300 10 GACAGCGCCT CGGGTA! ACAGCAGEAC TGACTC AGGTGCT
TGGCCTGEECC 368rg Gly LeAAGICEATGRITCEATCAT Gy TITGAGCAAG QACEAT GEEGVal
GGACAAGES T CTCCGAAGAC 428° 15 GATATGCCZR® TGCTGAACAA GAT@BZGCAG
TICATOOATG ACANTEOOR, ACACIITOC Gay 78er ana ABCPOPRACT ORI
GGTGAACGAA CTCAAGHAAG AGRACTTCCT TGATCOSh

CGTTCCGITC GGCACTCGAC ATCATTGECC AGCAACTGGG TAATCAGCAG 600
25 Asp Leu Asp Gln Leu Leu Gly Gly Leu Leu Leu Lys Gly Leu Glu Ala

290 295 300

Thr Leu Lys Asp Ala Gly Gln Thr Gly Thr Asp Val Gln Ser Ser Ala

305 310 315 320
30

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

325 330 335
. Asn Gln Ala Ala ala

35 340

This hypersensitive response elicitor polypeptide or
protein has a molecular weight of 34-35 kDa. It is rich

40 in glycine (about 13.5%) and lacks cysteine and tyrosine.
Further information about the hypersensitive response
elicitor derived from Pseudomonas syringae is found in
He, S. Y., H. C. Huang, and A. Collmer, "Pseudomonas
syringae pv. syringae Harpin,,: a Protein that is

45 Secreted via the Hrxp Pathway and Elicits the
Hypersensitive Response in Plants," Cell 73:1255-1266

(1993), which is hereby incorporated by reference. The
DNA molecule encoding the hypersensitive response
elicitor from Pseudomonas syringae has a nucleotide

50 sequence corresponding to SEQ. ID. No. 6 as follows:
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660

720 25
780

840

900 30
GICGAGCGCT

GCACCCGCAA TCAEECAERSA

1026

pol ypepti de or
se

anmino aci d>
Met Ser Val

35

1

20

Lys d n Val

40

60 55

Al a

80

Ser 20

WO 98/ 24297

- 24 -
25
30
40
45
50
55

AGTGACGCTG GCAGTCTGGC AGGGACGGGT GGAGGTCTGG GCACTCCGAG CAGITTTTCC
WAGAEHEGT COGTGATGGEG TGATCCGCTG ATCGACGCCA ATACCGEFEUSEHRIFEN

CAGC

GGCAATACCC GI'GGTGAAGC GGGGECAACTG ATCGGECGAGC TTATCGACCG TGGECCTGCAA
TCGGTATTGG CCGGTGGTGG ACTGEGECACA CCCGTAAACA CCCCGCAGAC CGGTACGTCG
GCGAATGGCG GACAGTCCGC TCAGGATCPP GATCAGTTGC TGGGOGGCTT GCTGCTCAAG

GGCCTGGAGG CAACGCTCAA GGATGCCGEEG CAAACAGECA CCGACGTGCA =~ -+

960

GTACGTCCTG AAdTEGhyRE
roteln derlved

gt

o~ TR GEACCTIGET CET ARTARTERIGRS

ICRETESICARY ACCEEEGIB GAGSICEET T GGAAGTTGTC

J Gg&f&ﬂg%ﬁgg%rcﬁ[fcsmggé%f&a%@&ﬁ{!&&as Mo |

CJAmAﬁ&aTTddacéiuuTSemm BBOCG&%BAiEHGCBBGGd@GOGGGGyGGEHT GABGATGTC
Leu Asn Ley AS’FFCFEFG% TEFRCPAERT §@FCﬁTﬁA@ HReELFef Cékﬁ%gcﬁc;

60

120

240

n
CGCGTCTGCG ﬁg%O

GACAGCEECT CGGGTACCGG ACAGCAGGRO CTGATGACTC AGGfdatcAH msdhtpsémnj | | e360

G u Lys Asp

Ile Leu Asn Ile Il

AAGTCGA'%: TCGATGATCT TCT%%AAF aCAEgﬁTW @%Aﬂ?gTTAFaCC&AéG}Eﬁ n Se4r20

Asn Thr

Ala Ay Gy Asgnrhiteckdsd Tecreancan carceeeddl TTCATGGATG ACAATCCCED ACAGTTTCCC

Gy Asn Ala Pro Ala Lys Asp
AIFCGGACT CGGGCTCCTG GGFGAACGAA CTCAAGGAAG AC

d
cCT

Asn Ala Asn Ala G

480

gao

cARbcBE R %QT&@I‘T%%&ECA@&GA&F’AHAQT&C hycnaSeEcdirAaiadckt 0 G ¢vo

AGTGACGCTG
AACAACTCGT
GGCAATACCC
TCGGTATTGG
GCGAATGGCG
GGCCTGGAGE
GCGCAAATCG

GCCTGA

GCAGTCTGGC AGGGACGGGT

‘CCGTGATGGG TGATCCGCTG

GTGGTGAAGC GGGGCAACTG
CCGGETGGTGG ACTGGGCACA
GACAGTCCGC TCAGGATCTIT
CAACGCTCARA GGATGCCGGG

CCACCTTGCT GGTCAGTACG

90
GGAGGTCTGG - GCACTCCGAG
ATCGACGCCA ATACCGGTCC

ATCGGCGAGC TTATCGACCG

CCCGTAAACA CCCCGCAGAC

GATCAGTTGC TGGGCGGCTT
CAAACAGGCA CCGACGTGCA

CTGCTGCARG GCACCCGCAA

TGATGGCGAC
95
CRESITIRGT / 2269
CGGTGACAGC 720
TGGCCTGCAA 780
CGGTACGTCG 840
GCTGCTCAAG 900
GTCGAGCGCT 960
TCAGGCTGCA 1020 -
1026

The hypersensitive response elicitor

polypeptide or protein derived from Pseudomonas

solanacearum has an amino acid sequence corresponding to

SEQ.

Met

val
Ala
Asn

65

Asn

ID. No.

Ser Val
Leu
Gln
Ala
50

Thr

Asp

7 as follows:

Asn Ile Gln
S

Gly

Leu Asn Thr

20

Asn Asn

Asp Leu Ile Gln

35

Lys

Vval Gln Ala

55

Leu Lys

Gly Ala Pro Ala

70

Asn

Pro Ser Lys Asn

85

Asp

Ser Pro Ser Asn Leu

10
Thxr Asn
25

Ser Gln Gln

val
40

Glu Lys Asp Ile

Ala Gln Ser Ala Gly

Lys Asp Gly Asn

75

Ala

Pro Ser Lys Ser Gln

90

SUBSTITUTE SHEET (RULE 26)

Pro Gly
Ser Gly
Leu Asn
45

Gly Asn

Asn Ala

Ala Pro

Leu Gln

Gln Ser

30

Ile Ile

Thr Gly
Gly Ala

Gln
95

Ser



Al a
100
Leu
120
Asp
140
Al a
160
Ay
15

dy
Al a
195
Val
215
Asp
235
Leu
255
Asn
Al a
275
Asn
295
Asp
315
Adn
335
340

Asn Lys Thr Gy Asn Val Asp Asp Ala Asn Asn A n Asp Pro Met
105 110 Gn A I.kgﬂﬁ%(iln
Leu 4 LYV%!BZ'LZEL Val Lys Leu Leu Lys Ala 5 Pe 7 ?
125 Ala Leu Hs Met dn G@n Pro Ay Gy Asn
Lys Ay Asn @y Val 134 - 135
10 GIyGIyAIaAsnGIyAIaLysGIyAIaGIyGIyGInGIyGIyLeu
145 150 155
d uAr @Sbekb’SGl‘hr @ly AdneV@ dsE A5pl e hew RAhGIE hsn_é’uo Grer Ay
©165 105 170 175
Ay Agd, Ghy ﬂ@mﬁ Y616 devAbgu @1y Q%g&l YaValysGah By L@Laaﬁ y
5 120 © 125
Asp Ay Ay Ser GI y AI a
. i;@q His Me ng GJfA\I %:3:2 fég%l% ﬁgn Asp L é\s%ly@?n @q ‘,’Lﬁsln Ay
Asn Ay Asn An Ala Asn Ay Pro @ n Asn
10 GlpXpy RER Asn Gly Raq Ly \FlASH aVEly g%gl G@PyGJAd ﬁlmuG\éﬂ Al a
Asp Gy Ser d d*Asp 27 230 160
Gld4a Leu Gin Glu fldeth\eid el geu Abi dEhyraabiyeuyGry, Lys
Met Lyls5 Il e Leu Asn 165 170 245 175 250
30 AodyLEd ¥ A5k Raleln Mila @D &i}ncﬁi Yaflatylely BY A Ve
dn 1802 ~ 190 70
GInGIyGIySerLsGIYAIaGI AsnAIaSer ProAIaSerGIy35 _
_ Ala y Gly Ser Gly Ala % Gly.Ala Gly Glx| ?%)?Séﬁn Py @.ay Al a
An PrzooGy Ser Ala A%?)S Asp G n Ser Ser
' asgO€hy 40y Asn Gly @Y AGh relsasrASin A2al ASnneljerr&ddinl heén Met
Val Val Lys G u Va#to 305215 2200
25 213281y asp val asn cMRln1G Ainl &8, hed 2GhMF B M. LAY ALg Al a
AsnGyGySerzzG;I Y RSp TRS BER 030 é\% Rex 2410§l 30
45 er Thr Ser T
50 It is eﬁ@o a6y U Fof & gggll‘eeuh%%/:%ﬁg aRIE YT dae Lo Asn
sequence c®0responding SEQ ID. No. 8 as foll ows:
Ala Leu Val Gln Met Met Gln Gln Gly Gly Leu Gly Gly Gly Asn Gln
260 265 270
Ala Gln Gly Gly Ser Lys Gly Ala Gly Asn Ala Ser Pro Ala Ser Gly
35 275 280 285
Ala Asn Pro Gly Ala Asn Gln Pro Gly Ser Ala Asp Asp Gln Ser Ser
290 295 300
40 Gly Gln Asn Asn Leu Gln Ser Gln Ile Met Asp Val Val Lys Glu Val
305 310 315 320
Val Gln Ile Leu Gln Gln Met Leu Ala Ala Gln Asn Gly Gly Ser Gln
45 325 330 335
Gln Ser Thr Ser Thr Gln Pro Met
' 340
50 It is encoded by a DNA molecule having a nucleotide
sequence corresponding SEQ. ID. No. 8 as follows:
ATGTCAGTCG GARACATCCA GAGCCCGTCG AACCTCCCGG GTCTGCAGAR CCTGAACCTC 60
55  AACACCAACA CCAACAGCCA GCAATCGGGC CAGTCCGTGC AAGACCTGAT CAAGCAGGTC 120
GAGAAGGACA TCCTCAACAT CATCGCAGCC CTCGTGCAGA AGGCCGCACA GTCGGCGGGC 180
60 GGCAACACCG GTAACACCGG CARCGCGCCG GCGAAGGACG GCAATGCCAA CGCGGGCGCC 240

SIIRQTITIHTE CUWETT IR E 20y



ATGICAGICG GAAACATCCA GAGCCCGICG AACCTCCCGEG GICTGCAGAA CCTGAACCTC 60
55  AACACEAYMBRIBIDAACAGCCA GCAATCGGGC CAGTCCGTIGC AAGACCTGAT EBEAMSATRI6Z9

120 GAGAAGGACA TCCTCAACAT CATCGCAGCC CTCGTGCAGA AGGCCGCACA
GIrcGECCEEC 180 GGCAACACCG GT2 CACCGG CAACGCGCCG GCGAAGGACG
GCAATGCCAA CGECEEECECC 240 60 B "98/ 24297

PCT/ US97/ 22629 - 25 - AACGACCCGA

GCAAGAACGA  COGEAGE ARen ARSARI¥hCo S dCREc AROEA B aTced®@ancancace 300
GGCAACGTCG ACGACGCCAA CAACCAGGAT CCGATGCAAG CGCTGATGCA GCTGCTGGAA 360 5

GACCTGGTGA AGTRCERHACREACEREAPGCIIICATERIA CESAAEASGAEETSATARNY GATRINIGAR 420 360
GGCAACGGOGST ACRAGRERGRCANIETRORR - HRBRCAGRR LEROCTOROE S0 o0
GAAGCGCTGC A GCAGATCCTC GCCCAGCTCG ECEECEECEG TeCTEECECC 540 10 .
GGCGECGCGG G FEOAASTET CORNECERTHET CESTECRITCAREISTELESEECTC CRERT GEEXIEECC 600 480

GGOGCAGGCG GT G OG- S GAACOREAA. 660

mﬁﬁmcr@%%% %Tmmsmmcno k3
CAGGGOGECC TCARRGERET: cOTTRCANHG CETGAT A GATAAOCTEAADRE CGCTGEREBAGCCT780 600
SRS L A A A s
GATCAAT CGIL SCOGRECAGA HCAAKEEERAA TERIGAGAT GACHICOATCTOTT BAAGOAGETIACACOE0 726
?&% $é%%%c%%%s%%@%ﬁ%%&%%&%&g 10%%80

Furt her i nf or netdxracx@yanciocagethechyresse RaCtAGEEGT @SPEIERETC GArGedTaTict Or 840

p0| ypept | de OrGgéA%théCr]T‘ ggééG\é%gTé rC(()":gICGI%%gg %@E&SGCGA ACCAGCCCGG TTCGGCGGAT 900
GATCAATCGT CCGGCCAGAA CAATCTGCAA TCCCAGATCA TGGATGTGGT GAAGGAGGTC 960

25 GTCCAGATCC TGCAGCAGAT GCTGGCGGCG CAGAACGGCG GCAGCCAGCA GTCCACCTCG 1020

ACGCAGCCGA TGTAA 1035

30
Further information regarding the hypersensitive response

elicitor polypeptide or protein derived from Pseudomonas
solanacearum is set forth in Arlat, M., F. Van Gijsegem,
J. c. Huet, J. C. Pemollet, and C. A. Boucher, "PopAl, a
35 Protein which Induces a Hypersensitive-like Response in
Specific Petunia Genotypes,-is Secreted via the Hrp
Pathway of Pseudomonas solanacearum," EMBO J. 13:543-533
(1994), which is hereby incorporated by reference.
The hypersensitive response elicitor
40 polypeptide or protein from Xanthomonas campestris pv.
glycines has an amino acid sequence corresponding to SEQ.
ID. No. 9 as follows:

Thr Leu Ile Glu Leu Met Ile Val Vval Ala Ile Ile Ala Ile Leu Ala
45 1 5 10 15

Ala Ile Ala Leu Pro Ala Tyr Gln Asp Tyr
20 25

50
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sol anacearumis set forth in Arlat, M, F. Van G jsegem J. C. Huet,

. C. Penollet, and C. A Boucher, "PopAl, a 35 Protein wWoLg es a
HypersensWﬁgx?@ ke Response in Speci fic Petunia Geno %’te}ém?ﬁ%
Secreted via the Hp Pat hway of Pseudononas sol anacearum " EMBO J.
13: 543-533 (1994), which is her‘el%ﬁ incor porated by reference.

The hypersensitive response elicitor 40 pol ypepti de or prot ein.from

Xant hom)nas anpestris pv., | yci nes_has_an_am no ac se

cor r espondi M o%@@en& 15 D"i‘nl\%?y °©akSFBHP .sequence “%n%%Leu Ile
G u Leu thrbbadﬁﬂs\ﬁﬂlYMﬁrdmethéeh?par5éastedvﬁlaeé@onse ellicitor

5 1 Al E eu Pro Ala
Tyr Gn Asp ?ltypeptji%e or protein of2 anthomonas efjggrl’go%\)‘

SUBSTI TUTE sﬂmﬂqanLE Dp)matches wifho8iphzdal subunit proteins

PCT/ US9Y 2262 exmined in other Xanthomonas cam%@strls Paﬁﬂ@v%z%?quence i's
an am no term nal sequence having 26 resi dues only fromthe

hypersensitive respons']eh%l}F}fii’%’é?en“tbﬁFyEéEPPHéeoPI&Fétté’irn of Xant hononas

canpestris polypeptdld€idesprdte it £hem Wahfahbnﬁhcalsalca&gb@wﬁspr oteins 5
determ ned 1 n ot her Xang h%rmnas cabni)est at hova The
hyper sensi t e F & Pbits e 21183t oF+2 epoP§B %?rg&est?f’sﬁlt&tv& n¥phas a

Xant hononas medgeesitay sveightpebfir gokba . i sThedncdudelse anprotieas acsiensi ti ve,
and ha | 20k nchudes .a : i d 10
sequence corrﬁo%nﬁéﬁo i%‘d?‘ltﬁq €I0D§§8 asbfowédv\gzo st B

Ser Ser Gln Gln Ser Pro Ser Ala Gly Ser Glu Gln Gln Leu Asp Gln
1 5 10 15

15 Leu Leu Ala Met
20

Isolation of Erwinia carotovora hypersensitive
response elicitor protein or polypeptide is described in
20 Cai, et al., "The RsmA- Mutants of Erwinia carotovora
subsp. carotova Strain Ecc7l Overexpress hrpN.,. and
Elicit a Hypersensitive Reaction-Like Response in Tobacco
Leaves," MPMI, 9(7):565-73 (1996), which is hereby
incorporated by reference. The hypersensitive response

25 elicitor protein or polypeptide for Erwinia stewartii is
disclosed in Ahmad, et al., "Harpin is Not Necessary for
the Pathogenicity of Erwinia stewartii on Maize," 8th
Int’l. Cong. Melec. Plant-Microbe Interact, July 14-19,
1996 and Ahmad, et al., "Harpin is Not Necessary for the

30 Pathogenicity of Erwinia stewartii on Maize," Ann. Mtq.
Am. Phytopath. Soc., July 27-31, 1996, which are hereby
incorporated by reference.

Hypersensitive response elicitor proteins or
polypeptides from Phytophora parasitica, Phytophora

35 cryptogea, Phytophora cinnamoni, Phytophora capsici,
Phytophora megasperma, and Phytophora citrophthora are
described in Kamoun, et al., "Extracellular Protein

Elicitors from Phytophora: Host-Specificity and



Ser Ser An Gn Ser Pro Ser Ala Ay Ser Gu An An Leu Asp A n 1

5 0- 15 15 Leu Leu Ala Mt PCT/US97/2262920

| sol ati on OloglngI nia carotovora hypersensitive response elicitor
protein or polypeptide is described in 20, Cai, et al., "The RsmAlerr]

Mut ants of Erwi nia carotovora subsp.” ‘car ot ova Stral n Ecc71 Overexpress
hrpN[err] and Elicit a Hypersensitive Reaction-Li ke Response-i n~Tebacco

Leaves, N:x]ndﬁgz)m%fi%f??aééi%q@anc&htshaaéta%&%b.y and yd}@iporat ed by

reference. persensitive response 25 elicitor protein gol szgtl de
for Erwi ni a Ehyhapgtihagens, " dekegsells A5

T Cong. bl S8 P e N ”"%“?‘lff Cosae reeuad "‘cﬁﬁ%é@f d"Ahad,

nt'l. ng eg n crobe | nterac an ma

et al., "Har BFﬁtﬁé%tfa QU RAH I C t RRRgd %Mtﬁé’g'ﬁﬁéc Gy St Ei ni a

\?\Lemﬁrtl i5 ﬁnNHErbg,l"s Al NMdguired ResiPhyhopatih TShaccdul yERY: 33, 1996,
ich are hepe t R

Hyper sensi tlé‘é—ﬁ%‘f glcag{%q_ff &j %? ?13 gr jeei, [%I yaple'dtl (Pelsqerentlal

Phyt ophor a parasiuctdan I@iﬁ/tmat%emr yptiogdd cikion Md\f@cmman@nd,

Phyt ophor a Cﬁ@% 't’anc @Pﬁ&&é‘@é? Bp92speaias i SRy opora citrophthora

e

are descri am)un "Extracel lul ar Proteln Elicitors
from Phyt ophﬁ’laa”atl-ﬂé%‘ltcas c@¥ant (Raghy, 41: 298“\%9798(/1?4927@7' Baillieul,

PCT/ US9A/(22628 al., "A New Elicitor of the H Esen51t1vérmh@§bﬁ5eoﬁn

Resi stance to Bacterial_ an hogens, | e

Pl ant - M cr ob&°PRCE S ct A %)(rﬁéJQSGaiYc"pEgt%i %’;L C% iC ﬁ Igl‘fza""l'l“Structure
and Acti vi tyE&bress:xErrotcﬁﬂ se f 108 Faéhegenlptrola]mgnd?hwﬁ)mmlacﬂim ting 5
Necr osi s and_Ac U|red s n ERE "

183: 555- 63 (f&égS ccur}d&%&ﬁ?& bP FPBEEETe Adduirka meofLOLRED

Parasiti cel nE__.&mEElQ_:C:I tor4 Jof SNecf 0si{39ahd . andr@simtethceett nreTobacco by
Isolate Eﬂ%ﬂﬂ#ﬁ&iRe31§fﬁﬁ%échﬁ "e?E@n%ﬂHﬁﬂlclf@nggﬁn3@5b£é882)

Bailli e Icitor er senS| tive Response in

Tobacco: A Féﬁ‘@alo'c@%o%?ﬂ‘é‘? " =r 1@} @33P8n of

Def ense Genes(,19|§r69qu®lih£lfh Oéréaheﬁabyclncor@@z&teandoy nekiEeé +encef Systemic
Acqui red Resi st ance, and ggﬂne et al.,
0

- 60
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encoding an elicitor are expressed. Cell-free
preparations from culture supernatants can be tested for
elicitor activit& (i.e. local necrosis) by using them to
infiltrate appfopriate plant tissues,

25 It is also possible to use fragments of the
above hypersensitive response elicitor polypeptides or
proteins as well as fragments of full length elicitors
from other pathogens, in the method of the present
invention. |

30 Suitable fragments can be produced by several
means. In the first, subclones of the gene encoding a
known elicitor protein are produced by conventional
molecular genetiq_manipulation by subcloning gene
fragments. Theméubclones then are expressed in vitro or

35 in vivo in bacterial cells to yield a smaller protein or
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See Arlat, M., F. Van Gijsegem, J.C. Huet, J.C. Pemollet,
and C.A. Boucher, "PopAl, a Protein Which Induces a
Hypersensitive-like Response in Specific Petunia
25 Genotypes is Secreted via the Hrp Pathway of Pseudomonas
solanacearum," EMBO J. 13:543-53 (1994), which is hereby
incorporated by reference. As to Erwinia amylovora, a
suitable fragment can be, for example, either or both the
polypeptide extending between and including amino acids 1
30 and 98 of SEQ. ID. NO. 3 and the polypeptide extending
between and including amino acids 137 and 204 of SEQ. ID.
No. 3. '
- Yéfiants_méy be made by, for example, the
deletion or addition of amino acids that have minimal

35 influence on the properties, secondary structure and
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25 dextran or polyacrylamide column to separate the

proteins. If necessary, the protein fraction may be

further purified by ion exchange or HPLC.

Alternatively, the hypersensitive response
elicitor protein can be prepared by chemical synthesis

30 using conventional techniques.

The DNA molecule encoding the hypersensitive
response elicitor polypeptide or protein can be
incorporated in cells using conventional recombinant DNA
technology. Generally, this involves inserting the DNA

35 molecule into an expression system to which the DNA
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Suitable vectors include, but are not limited
20 to, the following viral wvectors such as lambda vector
system gtll, gt WES.tB, Charon 4, and plasmid vectors
such as pBR322, pBR325, pACYCl1l77, pACYC1084, pUCS8, pUC?,
pUC18, pUC19, pLG339, pR290, pKC37, pKC101l, SV 40,
pBluescript II SK +/- or KS +/- (see "Stratagene Cloning
25 Systems" Catalog (1993) from Stratagene, La Jolla, Calif,
which is hereby incorporated by reference), pQE, pIH821,
PGEX, pET sexries (see F.W. Studiexr et. al., "Use of T7
RNA Polymerase to Direct Expression of Cloned Genes,"
Gene Expression Technology vol. 185 (1990), which is
30 hereby incorporated by reference), and any derivatives
thereof. Recombinant molecules can be introduced into
cells via transformation, particularly transduction,
conjugation, mobilization, or electroporation. The DNA
sequences are cloned into the vector using standard
35 cloning procedures in the art, as described by Sambroock
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(i.e. their Transcription of DNA is dependent upon the

presence of a promotor which is a DNA sequence that

directs the binding of RNA polymerase and thereby

25 promotes mRNA synthesis. The DNA sequences of eucaryotic
promotors differ from those of procaryotic promotors.
Furthermore, eucaryotic promotors and accompanying
genetic signals may not be recognized in or may not
function in a procaryotic system, and, further,

30 procaryotic promotors are not recognized and do not
function in eucaryotic cells.

Similarly, translation of mRNA in procaryotes

depends upon the presence of the proper procaryotic
signals which differ from those of eucaryotes. Efficient

35 translation of mRNA in procaryotes requires a ribosome
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synthetic promotor, the P; and P, promotors of coliphage lambda and
others, including but not limited, to lacUV5, ompF, bla,
lpp, and the like, may be used to direct high levels of
25 transcription of adjacent DNA segments. Additionally, a
hybrid trp-lacUVS (tac) promotor or other E. coli
promotors produced by recombinant DNA or other synthetic
DNA techniques may be used to provide for transcription
of the inserted gene.

30 Bacterial host cell strains and expression
vectors may be chosen which inhibit the action of the
promotor unless specifically induced. In certain
operations, the addition of specific inducers is
necessary for efficient transcription of the inserted

35 DNA. For example, the lac operon is induced by the
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nucleotides may be used.

Once the isolated DNA molecule encoding the
25 hypersensitive response elicitor polypeptide or protein
has been cloned into an expression system, it is ready to
be incorporated into a host cell. Such incorporation can
be carried out by the various forms of transformation
noted above, depending upon the vector/host cell system.
30 Suitable host cells include, but are not limited to,
bacteria, wvirus, yeast, mammalian cells, insect, plant,
and the like.
The method of the present invention can be
utilized to treat seeds for a wide variety of plants to

35 impart pathogen resistance to the plants. Suitable seeds



being treated can be carried out through a variety of procedures.
SU|tabIe a(gllcatlon nmet hods i nclude high or 35 | ow pressurgdﬂ%§whﬂag

i nj ection, dusting, and WO 98/ 24297

PCT/ US97/ 22629 - 35 - i mer sion. O her
sui tabl e application procedures can be 34 -envisioned by those skilled in

the art. Once treated with the hypersensitive response elicitor of the

pr esent i nvention, the %% can a 5 ant e and cultivated using 5
convent i onaP¥fr tﬁiiﬁq?) c@*pl AHES-SafT nAReEs-  NRRR been
propagat ed pbaewiseddsrly caissifuh arcprdaaoes canmﬂﬁtﬂﬂﬁerretﬁﬁé i nvention
the plants e treate ne re o] the

”%%at% Hatil o\g rye . m?tg <3E A8 € Y 5 ypeL'{ }Z‘a

hypersen3|t|ve resp proteln or 1% %hhance 10
hyper sensi t peamdsparesen | rmmm eswseanﬁgtaﬁ%hé)qaranwa, chiXery, S

Patent. Aphl neaihon. Sabialybo cOMALD, Te5u1smeer, bRty zlfas?rg{;go?at ed

by reference ‘propaga |ch ar'e resi st ant ease,
may, in tur#adish, SHE%#Q#:|@P%@@duﬁﬁﬁél§eeG§9m1%ﬂﬁnxﬁﬁpnﬁi(eF%ﬂerY.

cuttings) loarthst, HAdGe, reshskant Ehé&h&nl, cucumber, aﬂﬁﬁé

hypersensi ti response elicltor ptide or, protejin can be applled
to pl ant segﬁgqq1 ST X T BANCETWPEh Fﬁéggﬁéﬁﬁﬂ 3 R FOREIR in a
m xture w t lzokidero nw@ﬁams.saﬁghum, and sufac@yRs. timmpﬂé@b&e for

treathﬁ)plagp %ﬁﬁ' Orna&gh@ gg?gg th th resent &%%? tlpn cont ai ns

a Hyper S&isitive Tesponse el ¥ ypept|5% i in a
carrier. Supﬁ@@n&axuﬁ¢émsg¢m¢umdepman5EFtaQUe@&gysanEhﬂmumons slurries

or dry powd@g%n%1 i ddl syeabodineat, 25 the conposition contains greater
than 0.5 nM ypersenS|t|ve response elicitor polypeptide or protein.

Al t hough not required, TheiBetardosft LBRaFEI NI PG %R FFIREE tO

addi tives i palayiddid eidddbidBhice withneaet b&*e@%ntf ng}éh@ﬁm nﬂér&aséfdg
her bi ci d and 30 mxtures thereof. Suitahle fertllléﬁ%
tl?%*f ‘F%S

(NH er r33 [ er™] NGRATFING reststaacs| Eoof ¥ VAR E N
Mal at hi on. inclusking +imgses delsatcnekide @a@IEMngl O her

suitabl e additives |n§%¥gfsgg%égrl ter 298Nt $ H%%'usegﬁ$o coati ng

agents, and abradlng agen fateri als can facilitate
t he WO\OE 2 4397 be achieved by the method of the presert USO7/ 22629

invention: Tobacco mosaic virus, cucumber mosaic virus,

20 botato X virus, potato y virus, and tomato mosaic virus.

Resistance, inter alia, to the following
bacteria can also be imparted to plants in accordance
with the present invention: Pseudomonas solancearum,
Pseudomonas syringae pv. tabaci, and Xanthamonas

25 campestris pv. pelargonii.

Plants can be made resistant, inter alia, to
the following fungi by use of the method of the present
invention: Fusarium oxysporum and Phytophthora
infestans.

30 The embodiment of the present invention
involving applying the hypersensitive response elicitor
polypeptide or protein to all or part of the plant seeds
being treated can be carried out through a variety of
procedures. Suitable application methods include high or

35 low pressure spraying, injection, coating, dusting, and



- 36 - process of the present invention. In addition, the

hypersensitive:r onse elicitor polypeptide or protein i ed
to plant é@@ﬂénﬁﬁﬁp Qégnﬂﬁwﬁﬂﬁ@

h ot her conventi onal seed fornul ation and treat nent
materials, including clays 5 and polysggcharides. In the
alternative enbodi nent of the present invention involving the use of

transgeni c seeds, a hyper sensitive response elicitor polypeptide..or

protein need be | i QPRI I . . See d,. .10
Fransgeni ¢ plIFESLPRior SEMST Wit AR sEEF 108 BRoct B ot be
hyper sensi t i eevieipoese byl itdicser gkl yirsbtiniethe apk. proneentaeatedoduced
according t C r 'y L : h, @S +hioL L St or
Agrobactgria%pER E%Ed??ﬁg?%ﬁﬁﬁiﬁﬁﬁgﬁﬁﬁiﬁﬁﬁﬁgaéi%%éég? gﬁtfggléﬁﬁgéﬁi
hyper sensi t i ¥@veesponse talg Eassis FAY RpiRtRRteY PRt eRhsivateghgaims

nucl ei ¢ gci deSRGEARE B%1aM0HARRIduANE Qb Br-dMe @l Sl ant sdi SREeeed p3upfta AS
i's conventi onal |%Fthe art, such transgeni c gggats woul d contain
g

sui tabl e vech8Ve RPER PYOoRRGALST LHPmA®R<Si e 1PaBRGGERaNTFuced
pronnteys,_ZQitnngh@t@mgﬁﬁwﬁxﬂnuﬁnﬁiunxkxhéoplamaﬁsmaynhéiaﬁeaﬁed
transcription,,and, pQgssi transl ati [ ransgeni_ ¢ _pl ants

t hensel ves d%ﬁFg BQegR§M$Qﬁ%k§p§alc%§ﬁéﬁ%i%ﬁsp%?f% TVvas 815évgnparted

Wi th pat hogenesponsesiedtigider prafsireventpobypeptidasgeneuhphmet s of this
25 1YPgoar o pRaduesd: filANsARll e ot dl fa T PEQYEL Blce THORRe paatftffls can

t hen be pl ant in the soi cultivated _ _using conv )
procedur es t8epr HdGce RAt@nts APHd cation Sexiat eNpr 0PAJATEd 77Bomuitich

pl anted tranggeRbeetfedficorpdtiiaia apndidfOREnBET eCiivR beobiRRtledPat hogen
resistance 30_ to the pl@gts. , %%en transgeni ¢ pllant seeds are
used in BeBBFGantE AR REHEGHETART | IR Rt FORSCL NBFY addit iTOFR I e

can be treatedefullhitheramirn agdeads dngpedpadpovey d8.g. cateiusgd to

treat tgg S?Eﬂitt ﬁggdgé5%49§§%é§§§#§%¥§%35 response elicitor polypeptide

or protéern IS appri

PCT/ US97/ 22629 The hypersensitive respogge-elicitoThese ot her
materials, ipggh E%i@@%ﬁ?&%ﬁéﬁ? é§1§p@é‘3§p?lie§l 6l behsit R 9ppl i ed
to the transgeni ¢ pl ant seeds by hi gh or”Tow pressure sprayi ng,

inj ection, cBEFPKEance Wiidt itRE RFRFEHmeFRYSRELIGRNRLGRRY OTt &nSgeni ¢
plants 5 adgiktoral hitmodiaedt meadeciadsh one or nore applications of

the hypghsenSItlve res&?%%%ﬁgéf%{éﬁ é&kég@ dCfor treating plant seeds

in accordance with the present invention contains a
hypersensitive response elicitor polypeptide or protein
in a carrier. Suitable carriers include water, aqueous
solutions, slurries, or dry powders. In this embodiment,
25 the composition contains greater than 0.5 nM
hypersensitive response elicitor polypeptide or protein.
Although not required, this composition may
contain additional additives including fertilizer,
insecticide, fungicide, nematicide, herbicide, and
30 mixtures thereof. Suitable fertilizers include (NH,),NO,.
An example of a suitable insecticide is Malathion.
Useful fungicides include Captan.
Other suitable additives include buffering
agents, wetting agents, coating agents, and abrading
35 agents. These materials can be used to facilitate the



hypersensitive response induced resistance in the plants. Such plants
may al so be treated with conventional plant treatnent a ,
i nsectici MO IBREIT| | jzers, etc.). 10 The transgenic plants %%gé?égent

i nvention are useful i n produci ng seeds or propagules (e.g. cuttings)
from whi ch di sease resistant plart $égrow.
EXAMPLES 15 Exanple 1 - Effect of Treating Seeds with Hypersensijtive

Response Elicitor Protein 20 ) Mar gl obe t tqQ seeds were

submer ged i Processy il SR i BT $RerbsHBREREEP e t &P B%gg'éilﬁ’n('cé:.he%

[err]gm M) hypedders it i di e @pyhoroedisnt oki pBlopehtfitier drn ghealess on

day O for 24 houyrs at %Q%iré%C:in € o) hwgggnggbe Af%p%_ . soaki ng seeds
i n hypersen$idt V&€ r h i R1¢8 %?% &i N §th ESRVERE SRR ovor a or
buffer, thewewiccomlanion agédrnreatmentpoasewit sar infdleiddingsatlays day

1. Sgedl%rﬂgtspa%g%#%fggégg ed to individual pots at the

two-true-1|ea After transplanting, sone pl ants t hat
arose fromtreated secEtatbe atkerspkiyedenbodimgnky pdr Shesintaaentesponse

elicitor protgjdhdfén ddvolvih§' thanhit) ofr ekELYeRiiz a@dgvora (Treat nents
3 and 4). Tomato treated,as noted_in the precedin

par agr aph WeREPSTRRRS b £¥e W eSPROFRNBE EL FRT( POLYBSRIHES) OF PrHeHacear um
K60 strain (e kedtrawe agpeikel abpooship eb 3be Beldegenimidtedd),

Pseudonppas ,sol anacearum t o_ Col on pear.ance a Tetrazolium Medi um ™
Pyt opat ol GyANSSEi SBLARRS § SRl FoRmetay 53 By DR PRy SForA cal cut s
WO 98/ 24297 encoding a hypersensitive response elicREPXUBDAAZRGAT de

- 38 - of Pa@@i%hgréoggﬁgegdpga% 81 ABdi UM, JeaiBl; mé%gltfn (?g y

a tangent 2 cmiromthe ste tirnmes/pot) and puttin
10[ er r] cf u/ MNewuspenshenarhi oswalk 3§ piolistics or Agr GRFGAEN pr ocedur e

i nvol ved useni degeefisnsPothafli 8. W ERahphess efsisiivayiesponse elicitor
protein fromErw ni a ar‘r¥leovora per .treat menlt_l

Tr eat mehPs: BYBRFsensitive regponsgeghiciQke@olyPRPSSsh % iR e nse
elicitor praimint¢ onnEletsi achgykegaeaces for their encoding DNA are

disclosed supra. As is conventional in the art, such
transgenic plants would contain suitable vectors with
various promoters including pathogen-induced promoters,
20 and other components needed for transformation,
transcription, and, possibly, translation. Such
transgenic plants themselves could be grown under
conditions effective to be imparted with pathogen
resistance. In any event, once transgenic plants of this
25 type are produced, transgenic seeds are recovered. These
seeds can then be planted in the soil and cultivated
using conventional procedures to produce plants. The
plants are propagated from the planted transgenic seeds
under conditions effective to impart pathogen resistance
30 to the plants.

When transgenic plant seeds are used in
accordance with the present invention, they additionally
can be treated with the same materials (noted above) as
are used to treat the seeds to which a hypersensitive

35 response elicitor polypeptide or protein is applied.



(ca. 26 [err]mg/ M ). 2. Séeds soaked in buffer (5mM

KPg err], B)ors 3. Seeds soaked in hypers

response 18475@8’%}297 elicitor protein fromErw nia a&?i@%#é%&g
(ca. 26 [err]mg/ M) and seedlings spr ayegl,]wi th o
hypersensitive response elicitor protein - fromErw ni a
anyl ovora (ca. 13 [err]jgmm) at transpl anti ng. \(Zj,Q .
4. Seeds s ed i f eedl, i ngs, 5. ‘o sprayed w
hyper sensi t i \o/@l%sg%p%n}géeg fhe808a380 uding hypersepsitives FEMPEARI a
anyl ovora  elicitors, can be(sppligd &o |ohd Myamsgéennbasplanti sgeds 25

J\gegg}e;gllzg; ¥y 4GHE &F ePbIePleslgeS S Yy, 1ndlcdBR gsc?;égé%%zg

- 39 - dusting, gn@|tmnersiphect SdMmidanly, 28rrgsenticeplsacs

Tr eat ments andda iReysn £ 1 @rmbHposl! 8rk@Red with ons or more applicati?ns

[ E unber of Plants of G ven D sease Rati ng* reatm
Pl ant s oq)the ypersensitive responsg elicjtor to eghance 1

10 10 hyperdkensitiv@ responBe induted redlistance inoghe plagt%q

? é Sucdlo plantos Omay 6958 be Q_rea}ed wit'g’l%onventi’gﬁal plang

0 0 treatfnent agénts (e.g., insecticiddspaferiSthiecers, etc.).

G ade O: HEgeri o .| eaf partially
Wi teg, 1o N _éélc RaaEs,of the, AL 1ayeBE b8°hoBbe R
Grade 3: AR xadicing sopds-gr prgpagules (e.g. cuttings) from

wilted. which disease r&kadgdeafit p1Ahltd eavgs. Wilted. 20
G ade 5: Pl ant Dead Tgbl e 2 - Infection Data - 31 Days
After Seed Treatment and 8 Days After Inocul ation 25
Nunmber of Plants of G ven D sease EXAMPLES

15

Example 1 - Effect of Treating Seeds with Hypersensitive
Response Elicitor Protein

20 Marglobe tomato seeds wers submerged in
hypersensitive response elicitor protein (ca. 26 ugm/m1l)
from Erwinia amylovora solution or buffer in beakers on
day 0 for 24 hours at 28°C in a grcwth chamber. After
soaking seeds in hypersensitive response elicitor protein

25 from Erwinia amylovora or buffer, they were sown in
germination pots with artificial soil on day 1.
Seedlings were transplanted to individual pots at the
two-true-leaf stage on day 12. After transplanting, some
plants that arose from treated seed also were sprayed

30 with hypersensitive response elicitor protein (ca. 13
pgm/ml) from Erwinia amylovora (Trestments 3 and 4).

Tomato treated as noted in the preceding

paragraph were inoculated with Burkholderia (Pseudomonas)
solanacearum K60 strain (See Kelman, "The Relationship of

35 Pathogenicity in Pseudomonas solanacearum to Colony
Appearance on a Tetrazolium Medium,® Phytopathology
44:693-95 (1954)) on day 23 by making vertical cuts



Rat i ng* Treatm Pl ant s 0 1 2 3 4

1 10 6 4 0 0 0 0 = - 2
10 4 WO 9824297 2 1 0 0 3 PCT/US97/22639
8 2 0 0 0 0 30 4 10 7
2 1 0 0 0 - 38 - WD 98/ 24297

PCT/ US97/ 22629 - 40 -

Table 3 - Infectian ta - 35 Days After Seed,
Troatmont arkiaougn, Ca repts ool BPEb4NG Medium of tomatoumkantef (@
of Gven D seas#ngent 2 cm fromRahengtem dndabmtimedHpH)S and Gbuttind
2 3 10 5
1
2 1 OThe above procedure involvad use dfD 10 seels
105 tr%éked w%ﬁh hypersensitivioresponse %licitof“%roteié
Di sease %@ cBswHRiZeanyipvaraener treatment. Wt h
Hyper sensitive Response Elicitor Protein 15
Tr eat ment I nocul ati on D sease I ndex (% *
Day 0 Day 14 Ireatmepgg:o3 Day 28 Day 31 Day 35

10 1mf (5 6 1é°cfu/ml) suspension int% tl%e soié. 1

ArWWWO
1

10 1. Seeds soaked in hypersensitive response
elicitor protein from Erwinia amylovora
(ca. 26 umg/ml).
Seeds soaked in buffer (5mM KPO,, pH 6.8).
Seeds soaked in hypersensitive response

15 elicitor protein from Erwinia amylovora
(ca. 26 pumg/ml) and seedlings sprayed with
hypersensitive response elicitor protein
from Erwinia amylovora (ca. 13 ugm/ml) at
transplanting.

20 . 4. Seeds soaked in buffer and seedlings
sprayed with hypersensitive response
elicitor protein from Erwinia amylovora

(ca. 13 ugm/ml) at transplanting.

25 The results of these treatments are set forth
in Tables 1-4.

ants

3
3
3
3
Tabl e



1. Hypersensitive | nocul at e 0 8 20

response : ' elicitor 20 rotein
seed WO 98124297 soak 2. Buf f%q'r/@gsgépzﬁw

| nocul at e 2 20 38 soak

3. Hypersensitive Spray tnd8urate 2 4 18
25 response Hypersensitive elicitor
response fwotein seed elicitor

soak prot efgble 1 - Infection Datgy -p2B;BayscAfter Sesg gy

| nocul at e 0 Tr%atment ?Ed 5 Days A ter:ﬂ?oculat%g%k
Hypersensitive response

elicitor T - e - 3 sease
| ndex was defleti isicng t

NN W nst eadl: rebadh.- [ shageyl i Baluding [ .

35 Resi sffance to0 Hseudomnon rtopat A2—6748- 34
(1952), partijiculatly gt pafe 6p9 10 0 98/ 24p9P 0 0

PCT/ US97/ 22639 2 10 9 1 -4l b 4 0 0 The
above data s The _Nypefsensitj ve responge efrcrtorprotein was
more effecti odf fof® | ag?2 1 tofnt 1 n % educiong |di 8eade

i ndex anto was df f eabi ve| asispripyi bg | eaves of ypung pl antsgwi tfh 5
hypersensiti Ve response efrfcitor proterm. —Exanpre 2= of
Treating Tomat o Seeds Wt Pisease Scale: Hyper sensiti ve Response
Elicitor Protein From pCPP2139 Versus pCPP50 Vector On
10 Sout hé&dradZad? er i Mo VEympObmFonat o

Mar gl obet? omat o seeds wer €xadaer yedPnd leaf hppetishdyt widtedsponse
elicitor protein from pCPEXESE ¢t: 2-3 nl@@PPSOw§éEedr sol ution (1:50,

1: 100 and 1:200) in 15 b S dn diyl P¥eePR4atheuEsPal -28fleaves in a

growt h chanber. After, soaking SEkHedn hgpe[ignsitive response

elicitor,protein or vect orgratf?e werks 5 o PEY S g8t AFRgti on _
srade ’S: ant Dead

Table 2 - Infection Data - 31 Days After Seed
Treatment and 8 Days After Inoculation

25




pots with artificial soil on day 0. Ten uniform appeari ng plants'mere

chosen r andoBg4drom each of the 20 follow ng treatnents: pcr/usst/embaent
Strain Dilution Har pi n Content 25 1.

DH5[ err] (pCPP2139) 1: 50 8 %err]g/ni 2.

DH5[ err] ( pCCP50) 1: 50 3. DH5[err](pCPP2139)
1:100 4 [err]g/m 4 DH5[ err] ( pCPP50) _ ..

1: 100 - Table 39 InfectdR 8hkh(PCEE2 Q After - Sé%d?oo

2 [er I’] g/ m 30 Trea%{@rafﬂc’( Q@PBES}); After I tion
The resulting seedlings were inoculated wth Pseudononas 35

K60 by di pping the roots of tonato seedllno

solanacearum
pl ants for about 30 seconds

inad40 m (1(X
transpl anted ijnt @
The results off th
WO 98/ 24297 27/ 22629
- 42 - 5 :
3 Days After | 1
2 3 5 10 5 13 019 3 71 30 0
0 0 p 10 5 5 V) 0
0 0 3 19 1@ 36/ 3 4 2 |01 9 0
0 10 4 10 b % 0 0 0 .0
0 3 0
5 10 7 2 1 % - 0 % 0 6
10 4 6 4 010 G 30 3 |04 ) 0
10
Table 4 - Disease Indices of Seed Treatment
With Hypersensitive Response Elicitor Protein
15
Day © Day 14 Day 23 Day 28 | Day 31 | Day 35
1. Hypersensitive Inoculate 0 8 20
response
elicitor
20 protein seed
soak
2. Buffer seed Inoculate 2 20 38
soak
. Hypersensitive | Spray Incculate 2 4 18
25 response Hypersensitive
elicitor response
protein seed elicitor
soak protein
. Buffer seed Spray Inoculate 0 8 24
30 soak Hypersensitive
response
elicitor
protein
The Disease Index was determined using the procedure set forth in
N.N. Winstead, et al., "Inoculation Techniques for Evaluating
35 Resistance to Pseudomonas Solanacearum," Phyvtopathology 42:628-34

(1952), particularly at page 629.

SUBSTITUTE SHEET (RULE 26)



15 Table 6 - 19 Days After Seed Treatnent and

6 Days After Inoculation Number of Pl ants
of G ven DVOSEB42Rat i ng* Treat m Pl ant's o PCT/US97{22629 2
3 4 5 20 1 10 6 0 0 0

0 0 2 10 - 481 - 0 2 2 1

3 3 10 2 0 2 0 2 .4

4 10 3 1 2 0 2 2 5

10 2 1 Thg above glata shpws thaty the hypersegnsitive qg

1 0 response elicitor Pprotein 4as more efifROSIVP420Han buffer

PCT/ US97/ 22629 : . . .- 43 -, Tabl e
7 - 21 Days #Ft8rS888JTFREAMTR inhFeducing disease index gngqyas pfer
| nocul ati on effective as spraying leaves of ydwnpeslait®lwabts of G ven

Di sease 5 hypgrsensitwei %*sponsselﬁligle@prgggfﬁ.s 0 0 1 2

3 4 0 1

3 2 10 2 0 0 1 3 4 3
10 2 Emeple 20- %ffect >f Treaé&ng Tomato Seeds Wi&ﬂ 3

0 0 ﬁ§p ensitiv® Responde Elic#tor PHotein O

0 4 4 6 From pCE®2139 Vlersus GCPP50 Wectod oOn

5 10 Tabl e 8 - DiszrasermHaferia Toeatomato

Marglobe tomato seeds were submerged in
hypersensitive response elicitor protein from pCPP2139 or
in pCPP50 vector solution (1:50, 1:100 and 1:200) in

15 beakers on day 0 for 24 hours at 28°C in a growth
chamber. After soaking seeds in hypersensitive response
elicitor protein or vector, they were sown in germination
pots with artificial soil on day 0. Ten uniform
appearing plants were chosen randomly from each of the

20 following treatments:

Treatment Strain Dilution Harpin
Content
25 1. DH5a (pCPP2139) 1:50 8 ug/ml
2. DH5« (pCCP50) 1:50 0
3. DH5«a (pCPP2139) 1:100 4 pg/ml
4. DHSo (pCPPS0) 1:100 0
5. DHSa (pCPP2139) 1:200 2 ug/ml
30 6. 1:200 0

DH5« (pCPP50)

The resulting seedlings were inoculated with Pseudomonas
35 solanacearum K60 by dipping the roots of tomato seedling
plants for about 30 seconds in a 40 ml (1 X 10%® cfu/ml)
suspension. The seedlings were then transplanted into
the pots with artificial soil on day 12.
The results of these treatments are set forth
40 in Tables 5-8.



15 Wth Hypersensitive Response Elicitor and Vector Tr eat ment

D| sease In Day O Day 12 Day 15 \ Day
I—&%?é’ﬁ%y tive i nocul ate 6.0 32.0 ng@é%?m

response elicitor protein seed di% (1:50) Vect or seed dip
I nocul ate 10.0 58.0 70.0" ~(1:50) 25 Hypersensitive

I nocul ate 8.0 64.0 68. 0 response eIicitor protein
seed dip (1:10 Vv 0 46. 0
58 0 30 (1: 100) Q‘LbleH;: (?LCGt (Hzfse%:féf See rLg a me%t and 60. 00
72.0 response elicitor |n seed (1:200) 35

Vector seed dip I noculate 12.0 74 0 74 0 (1:200)

Ef fect of Tr el GV the T L2 T Myperse jve
Response EI|,|to& Pro eirh0 " 3 0 Fron1@CP321%p Versys pQPP50
Vector On Fomato—SoutirermBaectett+a-WH+—5 R
Mar gl obe tonfpto _Seeds| werld subnefged i Ryper sehsi {i ved resporse
elicitor profei n af rom pCPFéZlS Of in pCPIgSO vec(; or so[putlc)n (1. 5@,
1: 100 and 1:p66—n beakets—ormray—o0—fror—24hotts 28 e+ -c—H-ja
growt h 1® chanber. RIfita® soaki®g seedls iin_he hyUErsansmtlva 0 rdsponse
elicitor pro e| ngor vect Yo 'Elhejeeds Yere sgwn ol N gerolm nation pats
with artific sort—pn—day—ti—Fen tHi-or-m-appear—hpe—pHants—were-chosen
random y frJ each 10 4 6 0 0 0 0

15 Table 6 - 19 Days After Seed Treatment and

6 Days After Inoculation

, g
20 1 10 6 0 0 0 0 0
2 10 2 0 2 2 1 3
3 10 2 0 2 0 2 4
4 10 3 1 2 0 2 2
5 10 2 1 0 2 2 3
25 6 10 1 0 1 1 3 4




of the following treatnents: 15 Tr eat ment Strain

Di | ution er.sensitive

Response B9 8?’?%? PCT/US97/22629
Content 20 DH5[ err] (pCPP2139) 1: 50 8
[err]g/m 2 DH5[ er r] ( pC&s0) 1: 50 0
3. DH5[ err] (pCPP2139) 1: 100 4 [err]g/n1 ... 4

DH5[ err] ( pCPP50) 1: 100
DHS[ er r] ( pCPP2139) Table 7]:é§§%Days A£t§§L§ Eg megﬁyent anQ;
ocu tﬁ?«? resul ting seedlings

DF[ err] (pCPPS0) 1:5Fpys Mt"‘-""0

wer e i nocul

of tomato sfe £ ORI ¢ ‘; gg"” 5 _55' ﬁgeggg X - 1h
cfu/m) sus 1S on. - 2dlings -were thaeaihganspl anted 1nto t
with a[-___ o T = =
treat merg s frecsaimfor B i ‘as’-9- 120350 3] ¢ o4

- 45 -
'I?ac-lla_{ 3887{ 2% ‘ ,'j's A-der—Sbed nga-t—lxemg—a-;ld 9 0 1 3
3 Days Aftefl | nacul atji on1o 2 0 0 1 3 4
Number of P"ants of ven_ Di Jease at L ng7| 5 [Teatfm
Pl ant s 3 . 10 o 2 0 o 0 12 P 3 1
10 sl 4 2 10 O 3 Oo o O 2 02 3 2
10 7 S (O 0] 0] 0 3
10 10 7 5 2 10 0 2 no 4] 0 0 o 4 4 4
10 7 & 3 10 O 1 Oo 1 0 2 0 410 5 5
10 8 yd O 19] O 1] 6
10 7 3 0 0 0 0

Table 10 - 19 Daysab®bt 8r - Sde@dabecamttiides ool 46ed Treatment
6 Days Wter |noedltdd iHypersensitive Response Elicitor and Vector

“ Treatment Disease Index (%)

Day 0 Day 12 Day 15 Day 18 Day 20

Hypersensitive inoculate 6.0 32.0 38.0

20 response elicitor
‘protein seed dip
(1:50)

Vector seed dip inoculate 10.0 58.0 70.0
{(1:50)

response elicitor
protein seed dip

25 Hypersensitive inoculate 8.0 64.0 68.0
(1:100)

Vector seed dip inoculate 8.0 46.0 58.0
{1:100)

30

Hypersensitive inoculate 6.0 60.00 72.0
response elicitor
protein seed dip
(1:200)

35 Vector seed dip inoculate 12.0 74.0 74.0

{(1:200)

The above data shows that the hypersensitive
40 response elicitor protein is much more effective than the
vector solution in preventing Tomato Southern Bacteria
wilt.



Nunmber of Plants of G ven Di sease Rati ng*

Treatm P S 0 1 2 3 4 23620
PCT/US97/226
1 we skl 5 0 0 1 2 i
2 10 1 0 1 2 3 3
3 10 4 1 Q 44 - O 2 3
4 10 2 0 2 1 2 3 .
5 10 1 0 1 1 4 3 25
6 10 Exampld 3 - ®ffect of0Treatindg Tomato Sdeds With3 -
WO 98/ 24297 Hypersensitive Responp@TEU$9itoP6PLotein
- 46 - Tabl e 11—"‘I=Om2!?CBB%3%f‘f%‘?s‘iqyﬁ’&*’?éﬁif’?ﬁﬁrR%%ponse
Elicitor P%Ptein Seed Treat mfipmagRgSouthern Bacteria Wilt g pyyg After
| nocul atio Nu r Pl an f G | S sng*
Treat m Pl ant s 0 nbl‘?ar%o'[fobe %o&%tg sgeﬁmé%eﬁ@%ﬁe?%{g ¥n 1
10 5 Ohypersénsitive resppnse eljcitor proteim from p@PP2139 or
g 10 0 4 2 in p%ﬁPSO vector sdlutionl@i:s0, 5ﬁMMEQnd 1:200) inO 2
10 1 Obeakerﬁ on day 0 é%f 24 %ogrs a@ 28¢°C ﬁ? a gréYBh 1 > 0
0 0 102 chamb@r. I&fter soaking PgpRe 1P theilyeessengdré¥s of Seed
gaeaam?nt rengéé\iﬁ%g ém/p@%tg%l%gtdt\éanRespﬁeéeoﬁ i@éfl@iga@oheka a6 Vect or
y . . o ‘s ; per sitive
i nocul ate 418 ggrmlnﬁ&??? agtszﬁiaﬂD%¥t}%%%§%gﬁ%€'ef1CFPXPX' §g§rotein
seed dip uniform appearing plants were chosen randomly from eac:
of the following treatments: ' .
15
Treatment Strain Dilution Hypersensitive
Response Elicitor
Content
20 1. DHSo (pCPP2139) 1:50 8 pg/ml
2. DH5«a (pCCP50) 1:50 0
3. DHSa (pCPP2139) 1:100 4 pg/ml
4. DHS5« (pCPP50) 1:100 0
5. DHS« (pCPP2139) 1:200 2 pg/ml
25 | 6. DHSo (pCPP50) 1:200 0

The resulting seedlings were inoculated with Pseudomonas
solanacearum K60 by dipping the roots of tomato seedling plants
30 for about 30 seconds in a 40 ml (1 X 10° cfu/ml) suspension.
The seedlings were then transplanted into the pots with
artificial soil on day 12.
The results of these treatments are set forth in
Tables 9-12.
35
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(1: 50) Vector seed dip I nocul ate 6.0 70.0 64 0 25
6.0

(1:50) ersensitive I nocul ate . 48. 0

response eMQP&R7 protein seed dip (1:100) 30 Vec‘f%'fwgé@a‘?al p
i nocul ate 6.0 60. 0 64.0 (1:100) Hyper sensitive
i nocul ate 4.0 72.0 80.0 45 - response elicitor

protein seed dip 35 (1: 200) Vector seed dip I nocul ate ..6.0
74.0 86.0 40 Th above ata shovvs that th

preventing Tomat o Sout hern Bact er §8P2‘4297
PCT/ US97/ 226____ "
Ef fect of Trgati

Response Eli

. 20
hyper sensi tive resp&' %14 i t a;ﬁﬁ ter?§n Pété'leF’é’ctqan’e in
Ll =

Vector On e =5 s A
Mar gl obe 2 onfitremeils | VBT enséibm nged:in: - pey sk € IS
elicitor profern from pCPPZI3Y or n CPPbU sCtoF SpruTron 25| 1:50
and 1: 100) i 1 bealier s1®n ay. 80 for 224 houls At 7@[ er ] CAqn gpo f1h 10
chanber. Affer spaking seeds |i n7hyper sensjitiye fespgnse o el ijci por
protein or vgctor, they Were sjown 1M germjation potg Wit grtriti al
soil on day nunifotm Zr\pn.’-\r i3ng pl dhtstuwer® chhsef ra dOMJ from
each of the fol l owm ngrgregtment $: 35 dreat negt Strain| o
Dilution Har£ Cont gnt T DAST er I (pCPRZ139)
1: 25 10 4 lgiml 2H0 8 2 5[®rr](pcPsQ 0 1.95
0 3 [ erid (pdPP3139) 1 d:50 ¢ 8 [errlig/ pi
4. DH5[ ) =5 ) =
DH5[ err] (pCPP2139) 1: 100 2 [err]g/m 6.
DH5[ er r] ( pCPP50) PadD8 10 - 19 Da¥)s After Seed Treatment and

15 6 Days After Inoculation

20

25




25

The resulting seedlings were inocul ated with Pseudononas

sol anacearum K60 by di pping the roots of tomato seedling

about 30 ¥@OMABITNn a 40 M (1 X 108 cfu/m) 30

were then transplanted into
The results of these treatnments are se@é&orth
WO 98/ 24297

Table 13 - 19 Days After Seed Treatment and =~

the pots with artificial
I n Tabl es 13-16.

pl ants for
suspensi on PCTRRO732828| i ngs
soi |

on day 14.

PCT/ US97/ 22629

4 Days After | nocul 38Pdg 11 - 21 Days After HypersensipjyvecRespoRBents of

G ven Di sease

NORROODN

3

Treat nents

Nunber of Plantd of

WO r~rOOPRr

15

20

25

30

35

40

Rati ng* Elicitor PyrpEgim Seed Fxestmentp and

4 5 8 Days jAfter Ipgculatign 2 0
0 2 10 5 2 2 1 .
s ; Diseased
Tredin Jer Seed
na 1o 11}
Hovehf Di g m_2 PlLaht s
T U 20 2 T
33 10 14 @ )
| 43 A0 2 9
Z Z T6 S
P 0 ¥y 2 6
6 10 2 7
Table 12 - Disease Indices of Seed Treatment

With Hypersensitive Response Elicitor Protein and Vector

Day 1

Day 13

Day 16

Day 19

Day 21

Hypersensitive
response elicitor
protein seed dip
(1:50)

inoculate

4.0

42.0

46.

Vector seed dip
{(1:50)

inoculate

70.0

64.

Hypersensitive
response elicitor
protein seed dip
(1:100)

inoculate

48.0

46,

Vector seed dip
{1:100)

inoculate

60.0

64.

Hypersensitive
response elicitor
protein seed dip
(1:200)

inoculate

72.0

80.

Vector seed dip
{(1:200)

inoculate

74.0

86.

The above data shows that the hypersensitive

response elicitor protein is much more effective in

preventing Tomato Southern Bacteria Wilt.



WD 98/ 24297

49 . Table 15 - 23 Days After Seed Treatnent S97/22629
8 Days Aft@?o?’?ﬁ)“égﬂ ation Nunber of Plants of G ven sease
Rat i ng* 5 Treatm Pl ant s _ 4=7O _ 1 2 3
4 1 10 0 0 1
2 10 2 2 2 3 1
; 3 E%éggle'h 5 10Qbffect Qf Treatiﬁg éomago Sggﬁs Wzéé%

erséﬁ itive spon Elicjitor Prdtein
0 1 . 6 . 2139 ¥ersus HCPP50 ector(b
Tabl e 16 Di sease | ndices %ﬁ@gﬁ Tagat el w21t of ToWalidd HypersenS|t|ve
Elicitor £rotein and Vector Tr eat ment .
Di sease I ndex (% MaR®YoBe tomato seedbawel® submerge@ﬁﬁ1ﬂ9 Day
21 Day 23 20 ry ersensitive I nocul at%
14.0 hype(;sens:-tv&p%%%%??c?mltor PIRE6HS r@éb@(&?%?—m ox
(1:25) inVeirys s epsethP solutibno¢ukace 1: 5b8an 1: 100):ﬂ8.0
40.0 25 ( %gp ensitiyve i,nocul at e
10. 0 Begkgrs on gt if EGFCrh Kogrs ar 2050008 B Sxaren o
(1:50) 10 chamber. After soaking seeds in hypersen51t1ve response
elicitor protein or vector, they were sown in germination
pots with artificial soil on day 1. Ten uniform
appearing plants were chosen randomly from each of the
following treatments:
15
Treatment Strain Dilution Harpin
Content
1. DHSa (pCPP2139) 1:25 16 pg/ml
20 2. DHS5o (pCCP50) 1:25 0
3. DHS« (pCPP2139) 1:50 8 ug/ml
4, DH5a (pCPP50) 1:50 0
5. DHS5« (pCPP2139) 1:100 2 ug/ml
6. DH5« (pCPPS50) 1:100 0
25
The resulting seedlings were inoculated with Pseudomonas
solanacearum K60 by dipping the roots of tomato seedling
plants for about 30 seconds in a 40 ml (1 X 10°® cfu/ml)
30 suspension. The seedlings were then transplanted into

35

PCT/ US97/ 22629

the pots with artificial soil on day 14.
The results of these treatments are set forth
in Tables 13-16.



30 Vect or seed di p I nocul ate 20.0 36.0 48. 0

(1:50) Hypersensitive I nocul ate 16.0 22. 0
38.0 WO $#2429%se el icitor protein seed dip 35 ( PCTRI5P7/22629
Vect or seed dip i nocul ate 16.0 34.0 40.0
(1:100) 40 The above daté8shows that the hypersensitive
response elicitor protein is nmuch nore effective than the vect or
solution in preventi ngl Tomat o Sout hern Bacteria WO 98/ 24297
PCT/ US97/ 22629 Table 13 - 19 Days After Seedgfreatment gynd A

hypersensitive response protélHa¥6n6§ﬁFFaFH&?Wﬁatl°nl 50 |s partlcularly
effective in_d
Tomato Seeds Wit o o A HM.T: f Q%'%%
Protein  VERS IS

Sout hern B&s

pCPP50 vectlor—sotrutHom 25T 5tand-—1{ T00—beaket - "“éﬁ tay {0 for
24 hours atf28[érr]d int8 grbwth dhamher| APter 0 sopkify seed8 |
hyper sensi tff nse;glicl{tay pgrotein 2 orfvegtor thﬁy yerg sgwn in
ger m nat i o ' drrificidT SOT | o day 1. Tem umfyrmrapyear i ng
pl ant s n AAndop \2 friom¥each of the f& | owind Iﬁeamnenta
Tr eat ment 10 5 Dijl utj on 1 fargin 0 ébpienb
1. 2139) 25 t6—terrigrnt 2.
DH5[ er P(p 10 1125 3. 0 1 3 0 0
DH5[err] (p 10 1]5G 1 8,lerflagim 5 | 4.,
DH5[err] (p 565 =5
Table 14 - 21 Days After Seed Treatments and
15 6 Days After Inoculation
20

25



5 DH5[ er r] ( pCPP2139) 1: 100 4 [err]g/m 6

DH5[err]( CPR?% : 1:100 0 30 The resulting L2 B mére
i nocul at eng f gzyseudononas sol anacearum K60 by di pping the roots of .
tomat o seedling pl ants for about 30 seconds ina 40 m (1 X 10[err]
cfu/m) suspensi on. The seedlings Ver € then transplanted into t he
pots with artificial soil on day 14. 35 The resul ts of .t-hese
Lg?bggg}gzg;g set 11D 15 19378885 aklet 0 seed Treatmelt 98444297
f'P%yﬁ Af%er %Poculation
Table 17 - 19 Days After See reat nent an 4
Days After p=as =04 = ants
of G ven D gease 1
2 34
0 0 !
0 D i 0
0 0 1 0
0 10 5 H & : 3 19 8 0
6 1H) 2 6 10 4 2 D 2 02 1) 00 1
Table 18 21 S{Aft Seed Tl eatnment nd{ 15
6 Days Afte” H‘.B?E,—i! m%oﬁg [ q : ¢ Notbed—of 2Pl ahts %ot I3 ven
Di sease Rat4 ng*{ Tremtm| 2 Plants ¢ 31 0 2 2 B
g 10 5' 5 110 3 1P 1 ! 2 13 & 11 0
u 6 10 2 2 2 3 0 1
Table 16 - Disease Indices of Seed Treatment
15 With Hypersensitive Elicitor Protein and Vector
Treatment Disease Index (%)
‘ Day 1 Day 15 Day 19 Day 21 Day 23 |
20 Hypersensitive inoculate 4.0 14.0 14.0
‘response elicitor
protein seed dip
(1:25)
Vector seed dip inoculate 18.0 28.0 40.0
25 {(1:25)
Hypersensitive inoculate 2.0 10.0 10.0
response elicitor
protein seed dip
{1:50)
30 Vector seed dip inoculate 20.0 36.0 48.0 k
(1:50)
Hypersensitive inoculate 16.0 22.0 38.0
response elicitor
protein seed dip
35 (1:100)
Vector seed dip inoculate 16.0 34.0 40.0
(1:100)
40 The above data shows that the hypersensitive

response elicitor protein is much more effective than the

vector solution in preventing Tomato Southern Bacteria
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0 25- 50 -

23 Days After Seed Treatnent and

| nocul ati on Wilt.

Rat i ng*
5

10

0 1
1 10
10

| ndi ces
Pr ot ei n
(% 20
Hyper se
elicito

0 0
0 4
0 PCTQIS97/22629 10
6 10 3
WO 98/ 24297
52 - Table 19 -
8 Days After =

A hypersensitive regpabee pkoPkant sooteGitvert ibirsedse

5 .Ereat ; : . 4
11.Eoeqiég]pa1%fcg\5far1)6 ef’fecitlvé Jin dls%ase cog%rol. 5
3 1 2 3 0 1 3 10 8 1
Exampld 5 - Effect of ﬁgeating Toma®o Seelis With 0
5 9 10 3 Hypersensifive RegponselElicitbr Protein 6
3 2 0 3 From GpCPP2129 Ve#bus pcPP50T#RLeo20 on Di sease
of Seed Treatment SoutMéinHypeteehai wite BEspoematoEl i citor
and Vect or Tr eat ment D sease | ndex
Day O Marglobe t®aytdbseeds wbag &8bmergebBayn?l Day 23
NSt Y§ ersenéin&c\ég ngsponsél'glicitor ﬂ:gogein frogn4pQ:PP213§’ Gponse
r rotein see |

pCPP50 vector so
on day 0 for 24 hours at 28°C in a growth chamber.

{Ltion {(1:25, 1:50 and 1:100) in beakers

After

soaking seeds in hypersensitive response elicitor protein

or vector,

artificial soil on day 1.

they were sown in germination pots with

Ten uniform appearing plants

were chosen randomly from each of the following

Strain Dilution
DHSa (pCPP2139) 1:25
DHS5« (pCCP50) 1:25
DH5a (pCPP2139) 1:50
DHS5w {pCPP50) 1:50
DHS5« (pCPP2139) 1:100
DHS« (pCPP50) 1:100

Harpin

16 ug/ml
0]

8 pg/ml
0

4 pg/ml
0

The resulting seedlings were inoculated with Pseudomonas

solanacearum K60 by dipping the roots of tomato seedling

prlants for about 30 seconds in a 40 ml (1 X 10° cfu/ml)

the pots with artificial soil on day 14.

15
treatments:
Treatment
20 Content
1.
2.
3.
25 4.
5.
6.
30
suspension.
35

The seedlings were then transplanted into

in Tables 17-20.

The results of these treatments are set Fforth



(1:25) 25 Vector seed dip I nocul ate 10.0 26.0 38.0

(1:25) sensitive I nocul ate 2.0 8.0
response éy?3§¥§$9 protein seed dip 30 (1:50) Vgg?%§’§§§ di p
i nocul ate 8.0 26.0 32. (1:50) Hyper sensitive

I nocul ate 14.0 18.0 36. - response elicitor 35

protein seed dip (1: 100) Vector seed dip I nocul at-e--

8.0 30.0  mapde § 3)5001& ££éY Seed Treatment'HpglOVE data
shows that the hypersen3|t|ve4 ﬁ ?Qg§e1§ dglégiJHcfl 'S nuch nor e
effective than the 9%?%

PCT/ US97/ 22

in preventl'g“To;
elicitor prgtein
control. 5

Responseb El {|eTrertipr dt BLANES | 2 4 StlemTRot || 10

Ri ce seeds ﬂvarifty, N¢293) ver g SLbng{ged i p tywo gal [ pns jof

hyper sensi t {fve espotise—er ettot priot-ert softttor—jat—a—ecoreernt+ad|i on Of_
20 [err]g f@r_242hourjs atOroom 6 Jterdperptute. |R de sleedd suldnerged|li n t he

sane sol uti ¢n 3 mﬁthou&ohypergpnsiigye rgsgonse glicftor, prctei@ re 15
used as a cgnttrot—AFter—soaktrg—tthe——sepds— = a—++eedfiel d
by air plang spréay. Ther2owerg feour 4 replbcaties of or| botth hyper@en itive
respon el fjcito protei nf and qontjol}tr atment The Iot di ze_ of [leach
replica % | JTJUEEJ.‘%{'.“L.%ﬁn gsigﬁ%f acgﬁp. ot Av“vas 20- es,‘p'ﬁ,‘?c'
randomi zed, |land @ach |pl otohad| substjant4 al 0 | gveld cont arfi natji ono of
Sclerotiun1oryzae. ree nont hs after sow ng, stemrot waS eval uated
according to the followng rating scale: Scale 1 = no disease, 2 =
di sease present on Thblextld iorrlofDayr AtbérsfeadhTrgatmest dinsbase
penetrates | eaf sheath conpleﬁeD?YEuﬁftgrn@POCU1atlon

20

25



present on culm 4 = disease is present on cul mexterior
penetrate to interior of culm and 5 =

of culm 4®QHsedEyy from
t he di sease 30
that treating seeds with hypersensitive5esponse elicitor

i nci dence and

severity.

di sease incidence and severity. More

67%.0of the plants were

however,

From Tabl e 21

particul arly,

but does not
di sease penetrates to interior

each replicate were sanpl ed and BSTOUSEEER6RY,

I s appar ent
reduced both
regardi ng incidence,

only 40Rdearks wetd PavechEherofeefe THepsmentsiand e

infected by stemrot for the control treatnent,

response elicitor protein treft Reys. AMEar QAR he di sease i ndex*

for the hyp sponse elicito _ WD 98/ 24297 ,

PCT/ US97/ 2248 e T L. Do

treat ment S -ngiiri ce
seed with h e

si gni ficgnt |5 shgduch igdRnel $i esn’r 6t 1l Sease The hypersansitive 5
response el ifctTtorprofern-Tndyced TSt sragce 1 m can ast—a Feason
long. In additiod to Hiséfse yeslstianc® 2it lwast alko Bhsefved t
hypersensi tijve rgsponse ;o elicitof pfoteinytrqated rjceghad|littlejor no
damage by T CSpodypteray praef{ca). i addifTom,—the10 reat ed
plants were [largér and hdd de¢ped SL@eh,rBlnP than| t h@ cohtr@® plfants.
Tabl e 21 - Ijinci dgnce ;ndlgevelity of S eml Roy. 2 0 (Schl grotium
oryzae) on HTE; Treatment % prants g venr urseaye

rati ng 1Pi sdase S 10 3 3 0 2 1 1 _jdex
(9 6 10 3 | 2 0 3 | (sgver|typ

1 2 3 gl e f ]Ellﬂ—rlr &= 18
10 34 20 Cont r ol 33 5 18 28 18 60

*Di sease Index (% for the harpin treatnment 25 1x60 + 2x5 + 3x8

+ 4x18 $55x10 Table 20 - Disease Indices of Seed Treatment
With Hypersensitive Response Elicitor Protein and Vector

Treatment Disease Index (%)

20 Day 0 Day 15 Day 19 Day 21 Day 23

Hypersensitive inoculate 4.0 12.0
response elicitor
protein seed dip

{1:25)

14.0

25 Vector seed dip inoculate 10.0 26.0

(1:25)

38.0

Hypersensitive inoculate 2.0 4.0 8.0
response elicitor
protein seed dip

30 {1:50)

Vector seed dip inoculate 8.0 26.0

(1:50)

32.0

Hypersensitive inoculate 14.0 18.0
response elicitor
protein seed dip

(1:100)

36.0
35

Vector seed dip inoculate 8.0 30.0

(1:100)

42.0

. 40
The above data shows that the hypersensitive
response elicitor protein is much more effective than the



= x100/ 100 5x100

30 *Disease | (% for the control treatnent + 2x5
Vax1s o MOgBE] G = rCTUSSizits
x100/100 35 5x100x100/ 100 WO 98/ 24297

PCT/ US97/ 22629 =33 - .55 Exanple 7 -
Effect of Treating Onion Seed with Hypersensiti we.-

Response Elicitor Protein . . t vel o t of Onion
Smit D seasdectdr SHE on in oreyenyips, ToIBNCh P IR O AT 5
Emergence Wilt. A hypergemshtivedresponeey eldaidmy, pxSdssfin ot # 64387),

obtar ned 11 o e, SLAOKNAM L0y 5624 QUL LOBENGe 10 drgaied wi i

hyper sensi tivé response el iCi rotern contr was planted in a
natural org&enExl ! nuck” soil. Sone of the seedlings that grew from
t he sowyg seed were heal thy, sone had | esions characteristic of the

Onion Snut di sease, and sone of the sown seed did not 15 produce seedlings
that emer ged@9ampte h Eoil.Tr?ﬂﬁéPgtﬁs?e,seépﬁe@FQﬁ qﬁﬂﬁﬁﬁ;ﬁf%ﬁﬂﬁm seed

with various concentrati onsReSP°§f"eh§: EFIERE EXPEF R fh e BT i RbFe prot ei n
was det er i ned. Stem RoRaturally infested nuck soil was obt ai ned

from20 ja field in Gsye Y, . er e, qni.gn d e own, for
severallgears and where ?%eggﬁﬁén<§%§P?§§ge§g2%29 %ggﬁ%nn f&ﬁgﬁa eeh
probl emat i c.twBucet bow$ afickypsrganbohive nglspomiss ederal tywrprbeid[err]C

until used. cH&,SQLL ¥@Sy conlbiedatIbaVed: 2%”3;(?2@?%[240'1?5&% ¢ At Sork

inches wide, 25 20 |nchescfong, and 2 inches deep use In the tests
descri bed. BESERETALWFRL i nREGRySERPEr PHERETIethdsdille samg e yhben many

propagul es gfi thsutomhPhe S8 s HAGHS re sponde0 @St it e Mt 118 Updrd hat when
oni on seed was snmut . |.esi o?% develdo¥ed on many of the

own in t?e sQil ,
ccedl i nhS 3015ahaA® dHeTGRETPT om AEESToPPAKIAT addie (SRS HEETH; FOWH I
har bor ed ot kerriterfisbhdnbgnairi pthndi sprilyose THeate carse fourt he
"danpi ng- of £\ _chi n e I fs j C . i ng of f
1 ng r f%%%é% €QP Eﬁ%gogﬁgéﬁgghsfﬁ%ﬁgﬁ{é?pqﬁfe é&gﬁigﬁppThg

are Pythium™ Fusarium and .
hyper sensi t iPROtEpRIRE ePrEredr tpeataent. Thecdddd Hize hef rath gene of

Erwinia anyl,uorfcyes dsedshorr?, triatas8eda- okt c¥ed pheducrd by
fermentation of the . .

20 completely randomized, and each plot had substantial
level contamination of Sclerotium oryzae. Three months
after sowing, stem rot was evaluated according to the
fellowing rating scale: Scale 1 = no disease, 2 =
disease present on the exterior of the leaf sheath, 3 =

25 disease penetrates leaf sheath completely but is not
present on culm, 4 = disease is present on culm exterior
but does not penetrate to interior of culm, and 5 =
disease penetrates to interior of culm. 40 plants from
each replicate were sampled and assessed for the disease

30 incidence and severity. From Table 21, it is apparent
that treating seeds with hypersensitive response elicitor
reduced both disease incidence and severity. More
particularly, regarding incidence, 67% of the plants were
infected by stem rot for the control treatment, however,

35 only 40% plants were infected for the hypersensitive
response elicitor protein treatment. BAs to severity, the

disease index* for the hypersensitive response elicitor



cl oned gene in a high-expression vector in E. coli. Anal ysis of the

cell-free elicitor preparation by high- WO 98/ 24297

PCT/ US97/ 226 28/24297 - 56 - p rRGRUSE/22623ui d
chromat ography indicated its hypersensitive response elicitor protein
content and on that basis appropr4 a4 dilutions were prepared in water.
Seeds were soaked in a beaker containing hypersensitive 5 response
elicitor protein concentrations of 0, 5 25, and 50 [err]gmm of

hyper sensi t pretredspdnssatghent twas pdéteandf 60% for24heowcsitrley were
renoved, dri P 0 : S [ soil.
Treated see g%ﬁ?afgé%XTgﬁgggg%ggrgﬁ%gmgéggeggqfhgﬁgfﬁgﬁbm/,ore%ach
treat ment; ¥Y@spsade fekictionr apredeinoresplred:t é8 aasd ortidricant e si x

replicates. yHiist d Bl s0dm PotegidseyBee t meat edpdirdnsit BACh
concentration of hypersensitive resgonse elicitor protein. The flats

cont ai nithg FIRERKIESS Sl He¥ PYAt&Lin- 1ndyRefoFred séaPcSorime il eharder
operating allaGd ef rddasdn 1dhg6[ ern] &ldivibh aolﬁiBENSdkﬂédiﬁki§&§,night-
T I e N e T M R
soaki ng oni ed isEdby rpxthféenenteatedconcenhadt ldots lef dryper Samade Viey
response el iGi tor. i e of i in nd on the

i nci dence oﬁgﬁgr@“wféﬁégéégﬁﬁaié‘}%lggﬁgs%z %ﬁl %@dﬁ%@%rﬁl,gﬁfnéé‘i fferences
in enerfencérmatech@lantsugeest iagger anfahagchdeepesr wresymdlieant ef f ect
of treatingevMar the JWEFSENSILhVE response elicitor protein at the 25

concentrations used. Anong the seedlings that energed, substantial ly
nore of the seeds that received no hyper sensitive response elicitor
protei n exhi bited Tableygpt engnef damcen anditSdvani tseesif | sgemt Rat grew from
seed that had been tSeafedowiitim loypeasdnod iRdces cpo@2 30 elicitor
protei 5 Treating seed with 25 [err]gm m of hyper sensitive response
elicitor protein was the nost effective concentration tested in
reduci ng On TTOL oS, tirs eﬁﬁl’ﬁﬁmg
oni on seed || Tregfrepthyper sgnsirtppes Gé¥ppiiceess FrEtRg pro?’e?leﬁs(ggaduces he 35
H H index{s
Oni on Snut (¢li sease. (severity)
1 2 3 4 5
Harpin 20 upg/ml 50 5 8 18 10 34
20 " Control 33 5 18 28 18 60
*Disease Index (%) for the harpin treatment
25 1X60 + 2x5 + 3x8 + 4x18 + 5x10
= x100/100
' 5x100
30 *Disease Index (%) for the control treatment
1x33 + 2x5 + 3x18 + 4x28 + 5x18
= x100/100

35 5X100x100/100
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- 57 - Table 22 - Effect of Treating Onion SeedpMi897/22629

prersenS|Y¢V%nﬁ@zponse Elicitor Protein (i.e. Harpin) on the
Devel opnent of Onion Snut D sease _ 55 - (Urocystis
cepulae). 5 Ener ged

Mean 10 Tr eat nent Seedl i ngs Mean har pi n Energed - Rer-cent
Per cent Peﬁﬁgﬂﬁ ; ([errk bk of g% {ihg o althy W th
Snut Sn vg Respo 11c1t§% ro S
3. 67 24. 4 40. 9 on thg Di pment:g% Onlon St 28 8
50.0 46. 2 50(Urocyst slze ulae) &h On sedd fn

[err] Ong seedling energed ghekgdhed. 8 Exanple 8 - %ﬁfect of
Treating Tomato Seed with Hypersensitive Response
Elicitor Protein on the Devel opnent of Bacterial Speck
of 25 onoent seéaseuéamemqs Peyiridigae (Beed apdt®H)64387)

Farri s Seod@ted: BFomRe ErBoRn Pl o SR Tour TR ohteRb rat i ons. of

hyper sensi t itueeatedrespbnbgpelrisentdt iyeotreispdrsec |aidi qig er noret etht or
protein, waters 5%@% dwggnbig )é @”qnp' apbed Iy Qﬁ%{}éﬂi‘@ or "fQbknm X.
an e see

After 12 days were I n e second true-| eaf
stage, they s®kk. | nBeukap&d et Iﬁete 131515 BE&tergrgw Joek Pag hagen. seten

days later, vsé&eetﬁéétieﬂy soﬁi@dh'a@pq_'é'sa.fo‘?x@ mma%w&r@s@/@wﬁteﬂefor ext ent
of |nfect|on Thus, “the effect .of trea%l tomat o see varlous

concentr at | JHEIOR ﬁ?BErgéﬁ§?§FveaP€sﬁﬁﬁ§é iRTHrSGT t%ﬁﬂ BAE
resi st amge t;ﬁr&&@udogaeas;my@ npae éterped thrmat ah@ssdalel er nived, the

of Erwni & SH1Bt0ratubeensane smicn Beatt oy AT Yetntea s
f er ment at i orpHfhypersensitived rgeponise & lHigiteaxprssiion wastor in E. coli.
determined.
Naturally infested muck soil was obtained from

20 a field in Oswego County, NY, where onions had been grown
for several years and where the Onion Smut disease
commonly had been problematic. Buckets of muck (5-gallon
plastic) were stored at 4°C until used. The soil was
mixed, sieved, and put in plastic flats 10 inches wide,

25 20 inches long, and 2 inches deep for use in the tests
described. Based on preliminary experiments, the soil
contained many propagules of the Onion Smut fungus,
Urocystis cepulae, such that when onion seed was sown in
the soil, smut lesions developed on many of the seedlings

30 that emerged from the scil. In addition, the soil
harbored other microorganisms, including those that cause
the “damping-ocff” disease. Among the several fungi that
cause damping off are Pythium, Fusarium, and Rhizoctonia
species. _

35 The hypersensitive response elicitor protein
encoded by the hrpN gene of Erwinia amylovora was used to
treat seeds. It was produced by fermentation of the
cloned gene in a high-expression vector in E. coli.
Analysis of the cell-free elicitor preparation by high-
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- 58 - Anal ysis of the cell-free elicitor preparation b I gh-
pressure WOR$2429%hr onat ogr aphy indicated its hyper sensi k¢ S9r7g§ﬁ78nse
elicitor protein content and, on that basis, appropriate dilutions were
prepared in water. 5 Seeds were soakédh i1 a beaker containing
hypersensitive response elicitor protein concentrations of 0, 5, 10,
and- 20 [err]gnm m of hypersensitive response elicitor protein for

24 hours. PrSESWwre ki@siddchuemagogrpphyyiBdigased its towels, and sown. .

The soi | Was,@eFderidd €i0é ﬁééﬁaoﬁgé éﬂleﬁabkl pebeklih icdritledst ind l@ts 10
i nches wi de,. 20 .i nches inches dee Treated seed was

arranged byFhat ?%ﬁ&sGaBBEBEr?%tEaaﬁlPB&PFSrW@é@h EEATR LD SRYPE | at

cont ai ned tg&d@pbeﬁ@tséakeadmherbemee ‘cﬁntal‘iﬁﬁ.hlgcaltﬁﬁarsen@!ﬁh\ié"us a
t ot al OIﬁ 24 seeds t eated w gﬁ h JFH conc trat

f
hyper se miﬁ?ﬁ???@%dﬁiﬁcéf?ﬁlPB? eLn SPBP SWﬁ s %o 'al nfRhe
seeds wer e @l gmfmh of hypetsehbétivayreeponse @ﬁarcbezroxog:e:rcettéjng xbr

oo 1E (LGS, Thot kB2 1dnBouh, IXLLY BNy paper | 0o

When twel ve-d tomat o seedl | hgs were
col ony forﬁQEFlﬁMt%¢@1S%Wnth§ the puckogenl apQHQQEQQS%?QQMW%ﬁ spray. The

flats cont Qiﬂd'aﬂgged b¥ heowgedbi Bgsavera ea\vsﬁr e@w\nﬂd} %a@}ﬁaﬁﬁéatg\?é‘f?cfor 48
hour s after %hcgtatlon to,mai_ntain hi (bservat i ons wer e

e b vraa e AL 0t 8B Lol Apla e ERS) B those HHETS RNy s
based on theeplideetes. Dhukgshonsthbhabidevekeresd m@ﬁéﬁtﬂéﬁﬁédﬂﬁh@md t he

cotyl edons on th tlve o the pl ant arts by
necrosi s thg%]%c%%rrlr%g %E‘ Pesﬁgﬁgrséﬁggij'ltv S otYEEaoNs ea%ﬁuc%?{le)

| eaf | et s warroBpar at“éhty féaed font3dndingetbe seecs werkl lushd il ter

i nocul ati Obontrolled envitBfmehtethafbe$od LRG3 LOPIR @A In di fferent

concentrations of hypersensitive response eh Ci t protein (i.
har pi n}5on t4e- %Ie@bl opHERt 2014 BhebEr fay /10- Qﬁé‘éknd-ﬂ teafd bﬁ%r‘éﬁffdlons

cotyl edons wdré anadie® o8 gé@mmg éhetgbheel dymponieo@nutgs ddkdngy ew from
seed treat t he grggé ggngnt of -h persenS|t|ve response

Wi
elicitor §ﬂ1 é%&?g§?§ﬁ2§§c ays after sowing.
PCT/ US97/ 22629 The effect of soaking onib®h seed in pridifesrertested (20

[err]gn1n1)C$EEEAE¥§%igﬁéeéfedh§ﬁégggh§itive response elicitor

20 protein on emergence of onion seedlings and on the
incidence of onion smut is shown in Table 22. Only
slight differences in emergence were noted, suggesting
that there is no significant effect of treating with
hypersensitive response elicitor protein at the

25 concentrations used. Among the seedlings that emerged,
substantially more of the seeds that received no
hypersensitive response elicitor protein exhibited
symptoms of Onion Smut than seedlings that grew from seed
that had been treated with hypersensitive response

30 elicitor protein. Treating seed with 25 ugm/ml of
hypersensitive response elicitor protein was the most
effective concentration tested in reducing Onion Smut.
Thus, this example demonstrates that treating onion seed
with hypersensitive response elicitor protein reduces the

35 Onion Smut disease.



and cotyl edons than the treatnents.
did not di
concentr at
Consi deri ng t he di sease ratings,

The water-treated control seedlings
%(ﬁémg#p,sganhi ally fromthe plants treated w t hp¢fipséigigoVer
ypersensitive response elicitor protein.
hg results were simlar. Only
plants treated with the.highest concentr fi
response elicitor protein had di sease

i on of hyper sensitive
ratings that were | ess.than-those
of the other 10 fen5§ EQE%CS%%HP tes_t at t&ﬁ ment of
t omat o seed ersyg_lajstﬁqs tiyE Oﬁigggﬁtf r’%&hc?s t he
i nci dence an YOSF & %ﬁ oni
on

tpi % arpin
1 Tabl e
23 - Effect of Treatlng fbnato @g@grsen t|ve ?@sponse

Elicitor rotein (i.e. Harpin)

tﬁe Spbsequent EEveIopnent of

Bacterial Speck Di sease (Pseudonnnas syringae pv. tomato) on Tonmato
Cot yl edons and Tomato Leaflets 20
Cot yl edons C eat men Par cent
Di sease l\ﬂmn Per cent Disease 2.5 (lerrlh/nd) EYUERERH L deased
Rating Di sesed Di seasjedean Rati ng 0 6.0/ 9. . 08
25. 8/ 68.1® 3[. Seaﬂﬁngs 5/¥edn3 72.4 0.8 2.5/ 68.0 7.5
0.5 A ). ) er25n / 66. Dgesﬁg@ DPSE;’!e‘S‘t 20
5.3/8.5 61. ;'e=__._-__;-________- 2RERIOE 20 2oy L wWers SREEho gh the
i nventi on hai bedsi o det ai4.af or { heypus pobe ofoid | usfration
it is undersioo- U _such_detaifl” 1s_sol ely[Tor_tnat|purpose, and
variations cg = £nt 4 ind 2P Jﬂurhut
departumﬁfrun1tha5sp|r|t angd.x:¢opejof tdees nveatd on| whi eb.2s d@fined
by the follojvng clalns. 98/ 24297
. .7 . .
PCT/ US97/ 226 %o 2270 soiz? =20
SEQUENCE LI STIMG seddiin al HEGRYAd ON:
20
Example 8 - Effect of Treating Tomato Seed with
Hypersensitive Response Elicitor Protein
on the Development of Bacterial Speck of
25 Tomato (Pseudomonas syringae pv. tomato)
Tomato seed, variety New Yorker (Seed lot#
2273-2B), obtained from Harris Seeds, Rochester, NY, were
30 treated with four concentrations of hypersensitive
response elicitor protein (including a no-elicitor
protein, water-treated control) and planted in peatlite
soil mix. After 12 days and when the seedlings were in
the second true-leaf stage, they were inoculated with the
35 Bacterial Speck pathogen. Ten days later, the treated
and inoculated plants were evaluated for extent of
infection. Thus, the effect of treating tomato seed with
various concentrations of hypersensitive response
elicitor protein on resistance to Pseudomonas syringae
40 pv. tomato was determined.

The hypersensitive response elicitor protein
encoded by the hrpN gene of Erwinia amylovora was used to
treat seeds. It was produced by fermentation of the

cloned gene in a high-expression vector in E. coli.



(i) APPLI CANT: Cornell Research Foundation, Inc. (ii) TITLE OF
| NVENTI ON:  HYPERSENSI Tl VE RESPONSE | NDUCED

RESI STANCEvIONSBUAIRITS BY SEED TRERVRRER629
(iii1) NUMBER OF SEQUENCES: 10 (1 v) CORRESPONDENCE ADDRESS:

(A) ADDRESSEE: N xon, Hargrave, Devans. &goyle LLP (B) STREET:
P. O Box 1051, dinton Square (G dATY: Rochester ) (D)
STATE: New York (E) COUNTRY: U.S. A (F) ZIP:" 14603

(v) COVPUTERAREARARLE &6RMhe cell-free( A)lll&E.lﬁldﬂMp’E’éﬂiral‘HﬂﬂPMO}diﬁigh—

(B) COVPUTER | BM PC_conpat bl RATI NG, SYSTEM
PC- DOS/ M5- DOB* €55Ure % SCRTRRECIBEPE tIn% aetaese #Ff‘ 0, Version #1.30
(vi) CURRENT hARRLx<@ATS Chi DATRAesponse elicAAPrARRIOGAT @OrMAvBERNd, on

bATA L eHay faskay | aRRTOREORBER Ok e00ds Sag P e A st | (o

DATE: 05- @Ecsm wexei $PakaRTORNEYPREERT mm@aiwrmhypersensxtm NAME:

Gol dman, _Pénse e11c1tor(%&oBEQhSEBﬁEuaﬂﬂﬁdwﬂﬁﬁ H0.02%, 10, and (O
REFERENCE/DOCKE NUMBER: 19603

LE NI CATI d\l
| NFORVATI ON: 20 #gm/ml ef)h h‘EEEPﬁ@ﬂEtlcf?lg)‘-’%@? icitor PrO‘{EBT)nT@EFAx
(716) 263-1604 hdi)s | NFERMATWONe FEBMERQA, DA@ell briefly ign FRG&N
CHARACTERI STI.CS: A) nggzoﬁss amng .aci ds Xﬁcg) TYPE:
SS:

am no acid towels, ?I&f} T wad e hid IFO%_C%Y&

WO 98/ 24P®7 Pearlite™ in plastic flats 10 inches wide, 20 PEH4iS97/ 22629
long, and 2 inches deep. Treated seed was arranged by
row, 6 seeds in each row for each treatment; each flat
contained two replicates, and there were four replicates
and thus a total of 24 seeds that were treated with each

15 concentration of hypersensitive response elicitor
protein. The flats containing the seeds were held in a
controlled environment chamber operating at 7S5°F (25°C),
with a 14-hour day/10-hour night.

_ When twelve-days old, the tomato seedlings were

20 inoculated with 10® colony forming units/ml of the
pathogen, applied as a foliar spray. The flats containing
the seedlings were covered with a plastic dome for 48
hours after inoculation to maintain high humidity.
Observations were made on symptom severity using a

25 rating scale of 0-5. The rating was based on the number
of lesions that developed on the leaflets and the
cotyledons and on the relative damage caused to the plant
parts by necrosis that accompanied the lesions. The
cotyledons and (true) leaflets were separately rated for

30 disease severity 11 days after inoculation

The effect of soaking tomato seed in different
concentrations of hypersensitive response elicitor
protein (i.e. harpin) on the development of Bacterial
Speck on leaflets and cotyledons of tomato is shown in
35 Table 23. The seedlings that grew from seed treated with

the highest amount of hypersensitive response elicitor
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SEQ I D

Val

Ser

Gy Leu Ay

20

Leu
45

50

Ay
75

Leu
95

100
Val
120
Thr
Asn
150
Met
170
Al a
190
195
Hi s
220
225
Tyr
245

Ser

Met

Ser

Thr

dn
Al a

Ser

Ser
Ser

Ser

Val
Ser

5
Lys

Ay
Phe

Ay
10

Phe Asn
dy /ssﬂin%% %?%dc;vgrthewéefseaimévee%%%% aelpa%lft%ﬁ REPLALR

Val

(ii) MOLECULE TYPE: protein (xi) SEQUENCE DESCRI PTI ON:

qub:gg,z;ng., Met Anlle Thr Ile Lys Ala Hs Ile Ay C}mpﬁsm/mzplgy

5 10
Ala Gn Ay Leu Lys Ay Leu_%_g Ser Ala Ala Ser Ser
25 Leu Gy Ser Ser Val Asp Lys
Thr Ile Asp Lys Leu Thr - ~-40

Alpardteéiﬂ_hie&éd'v‘?ﬁowﬁ&mﬂﬁ) dGﬂé ra &b é'a é’t
ope e I oy

Aendy qpq_)é]de@xys Ghanefhe trgatments. The waterm:.reated
controlSﬁeedllnEBedQHYnéind@ffe%EédgdtégﬁﬁéﬂﬁySﬁfoﬁsﬁhéeu

O} A5s ASTRaF 28 LBH EBeFhe, SRl oMeF AGPISRETILLI 2Ep Asp

hypersdf)dditive response elit@tor pﬂdheﬂﬁul(EQhéidefﬁﬁgThr
L%LheThéiAsn Gn éer Asn

§58" PaBihgBl s R Fesu) S i, TR WS sl n e
Asridvitts treatedl1@@th the highest cciffentration of 140

Oy Ve PBspRRsR 3148 3 p'i%téllxgﬂ;{ 145

3G n s
PR tHeg €y Rhk owese Eggscﬁpan those of the other165 n et
treatméﬂ@s Thé\baega)f\p@ey defibrdratdsy tifit S%eﬁﬁ(eﬂ: acfly

y Leu

reduce200he incidence and 2@verity |l BsrtAsinVasp&ek diir

Asp Gltyom n, Asn Arg H s Phe Val 210 215
Asp LYS uAspArgGIyNEtAIaLysGuIIeGyGInPheIVEt Asp
230

235 240 Adn

Pro Q¢ Ile Phe fdpyLyssPL OEQEHcIYBfGrQe%réS&oga)EoTrééed With

20

25

30

35

Hype sitive Response 822citor Protein (i.e. Harpin)
on the Subsequent Development of Bacterial Speck Disease
(Pseudomonas syringae pv. tomato) on Tomato Cotyledons .
and Tomato Leaflets

. ﬂ Cotyledons Leaflets l
Treatment :
Harpin Mean Percent Disease Mean Pexcent Disease
(ug/ml) Diseased ]| Diseased | Rating Diseased Diseased Rating
o) 6.0/9.0 66.6 0.8 25.8/68.8 37.5 0.5
l 5 5.3/7.3 72.4 0.8 22.5/68.0 37.5 0.5
" 10 5.8/8.0 72.3 0.8 25.5/66.0 38.6 0.5
IL' 20 5.3/8.5 61.8 0.6 23.8/73.5 32.3 0.4

Although the invention has been described in
detail for the purpose of illustration, it is understood
that such detail is solely for that purpose, and
variations can be made therein by those skilled in the
art without departing from the spirit and scope of the
invention which is defined by the following claims.



Ser Ser Pro Lys Thr Asp Asp Lys Ser Trp Ala Lys Ala Leu Ser Lys

260 265 270 Pro Asp Asp t
Thr Ay A0SR Asp Lys Phe Arg G n 275 &3839%2\55%9
280 285 AIaI\/EtGIy I\/Et Ile Lys Ser Ala Val Ala Ay
Asp Thr Ay Asn Thr 290 - 295 300
WD 98/ 24297 PCT/ US97/.22629
- 62 - Asn Leu Asn Leu Ar Ala Ser Leu Gy Ile Asp
A a 305 510 SEO0ENCE Lidning ¢ 320

Ala Val vVal Ay Asp Lys Ile Ala Asn Met Ser Leu Ay Lys Leu Ala

RP.§3 . 335 Asn Al a (2) | NFORMATI ON
I?;ég SEQ | E)INOGENE QNFF ; ggal}:'NCE CHARACTERI STI CS: (A
LENGTH: 2141 bage Q@PLQCANT Cornell(ﬁgséaggh %Qﬁ%ﬁ%ﬁlgﬁ'dlnc .
(C) STRANDEDNESS: single (1)

MOLECULE TYPE(J.DNATGZQQ:EOUEC)INVENTIC(N(' Iﬁﬁ%@ﬁ&s?ﬁ?@ﬁ' REESMsRE NP 2
CGATTTTACC CGGGTGAACG TGCTATGACC GACAGC@@@&é%iﬁ@ngﬁﬁyﬁﬁﬁggT EED 60

GCGITTATGG CCGCGATGAA CCGGCATCAG GCGGCCOHHHATMEPECCGCA ATCCGEECGTC 120
GATCTGGTAT TTCAGITTGG GGACACCGEG CGTGAACTCA TGATGCAGAT TCAGCCGEEG 180
CAGCAATATC COBBLATEINBERGORCCEDUENTHICTAM C GTTATCAGCA GGCGGCAGAG 240
TGCGATGECT GCCATCTGIG CCTGAACGEC AGCGATGTAT TGATCCTCTG GIGECCCCTG 300

CCGTCGGATC CCGBZACGTPRRESEONNESTE ATCBESSITT TGTTTGAACT GGCGGGAATG 360
ACGTTGCCGT CGCTAchAaf) ABDRBESAEE :GIESETCCER ARACASC@dv &GSACCD6¢Te LLE420
STREET: P.O. Box 1051, Clinton Square
(C) CITY: Rochester
(D) STATE: New York
(E) COUNTRY: U.S.A.
(F) ZIP: 14603

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

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

(vii)}) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 60/033,230
(B) FILING DATE: 05-DEC-1996

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Goldman, Michael L.
(B) REGISTRATION NUMBER: 30,727
{C) REFERENCE/DOCKET NUMBER: 19603/1202

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

(2) INFORMATION FOR SEQ ID NO:1:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 338 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: linear



CGATCATTAA GATAAAGGECG GCTTTTTTTA TTGCAAAACG GTAACGGTGA GGAACCGITT

480

CACCGT C%%?GF AACAAGTATC CATCATGATG CCTACATCGG GATCGRgAphSe7/22620040
GCA 600

GGCATCCGT CTT TTGCGAACAC CTGACATGAA TGAGGAAACG AAATTAT

AATTACGATC AAAGCGCACA TCGGCGGTGA TTT% TCCGGTCTGG GECTGEEGTGEC 660
TCAGGCGACTG AAAGGACTGA ATTCCGECGEC TTCAT GGTTCCAGCG TGGATAAACT 720
GAGCAGCACC ATCGATAAGT TGACCTCCGEC GCTGACTTCG ATGATGITTG @GCEECECECT - -- 780
TTTOOOCART GoCE N A T CC GTACCGAMT COGGCOOGA 900
TTTCGGCAAT y CC GTACCGAAAT CCGGECGGECGA 900
TGCGITGTCA AAAATGITTG ATAAAGCCCT GGACGATCTG CTGGGTCATG ACACCGTGAC 960
CAAGCTGACT AAGEAGAGEhRAACTERE: TANTEAATEQ CTSAIEIECA OCCAGATGAC 1020
CCAGGGTAAT AT TCGGECAGCGG TGTGAACAAC GCACTGICGI CCATTCTCGG 1080

CAACGGTCTC GCOpeAGE 41 ¢ CGAGT B T s (AL al BASQGE 6T CLeREFIE LA T[ser 1140

GCAGGGOCTG AGBGGCGOGG GTGCAFTCAA CCAGTTGGGT AMTGOCATCG GCATGGEEGT 1200
VO 98/ 24297 PCT/ US97/ 22629
- 63 - GooaCAEAT XTI %&%&?@éﬁﬂw&%&&%&&r AACAA

1260

CCGCCACTTT GTAGATAAAG AAGATCGECGG CATGGECGAAA GAGATCGECC AGITTATGEAA

1320 TCAGTATCES GIAARATICGVET ASRCEGGACATIRECASAARrGIECASP 334 CGET JBECGAA
1380 GACGGACGAC AAAPECTGGG CTAAAGCGCTEOGAGTAAACCG GATGATGACG GTATGACCGG
1440  CGCCAGCALG MTJ@sg%@%AEhwa%m & GA
1500 TACCGGCAAT #&CAACCTGA ACCTCC&H GG GCEATCCCTGG GTATCGATGC
1560 GGCTGICGIC GGCGATAAAA TAGCCAACAT . GTCGCTGGGT AAGCTGGCCA ACGCCTGATA
1620 ATCTGT B PEATIRA L POCEAY ARARBAGREE BRERREERT ST AETTTTC
1680 TTATTAT GITTATGCGG TTA GGAC CGGITAAT TCGTCATCGA TCT ACAA
1740 Phe Gly Asn Gly Ala Gln Gly Ala Ser Asn Leu Leu Ser Val Pro Lys

85 90 95

Ser Gly Gly Asp Ala Leu Ser Lys Met Phe Asp Lys Ala Leu Asp Asp

100 105 110

Leu Leu Gly His Asp Thr Val Thr Lys Leu Thr Asn Gln Ser Asn Gln

115 120 125

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

130 135 140

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

165 170 175

Ala Gly Gly Leu Gln Gly Leu Ser Gly Ala Gly Ala Phe Asn Gln Leu

180 18S 1380

Gly Asn Ala Ile Gly Met Gly Val Gly Gln Asn Ala Ala Leu Ser Ala

185 200 205

Leu Ser Asn Val Ser Thr His Val Asp Gly Asn Asn Arg His Phe Val

210 215 220

Asp Lys Glu Asp Arg Gly Met Ala Lys Glu Ile Gly Gln Phe Met Asp
225 230 235 240

Gln Tyr Pro Glu Ile Phe Gly Lys Pro Glu Tyr Gln Lys Asp Gly Trp

245 250 255

Ser Ser Pro Lys Thr Asp Asp Lys Ser Trp Ala Lys Ala Leu Ser Lys

260 265 270

Pro Asp Asp Asp Gly Met Thr Gly Ala Ser Met Asp Lys Phe Arg Gln

275 280 285

Ala Met Gly Met Ile Lys Ser Ala Val Ala Gly Asp Thr Gly Asn Thr

290 295 300



ACGCACATTT TCCCGTTCAT TCGCGTCGTT ACGCGCCACA ATCGCGATGG CATCTTCCTC 1800
GTCGCTCAGA TTGCGCGGCT GATGGGGAAC GCCGGGTGGA ATATAGAGAA ACTCGCCGGC - 1860
CAGATGGAGA WRMEREECG ATAAATCTGT GCCGTAACGT GITTCTATCC GCCCCPRFTAES97/23623(

CAGATAGATT GCGGITTCGI AATCAACATG GIAATGCGGT TCCGECCTGTG CECCGECCEG 1980
GATCACCACA ATATTCATAG AAACCTGICT TGCACETARC-GTATCGCGEG AGATACCGAC 2040
AAAATAGGEEC AGITTTTGCG TGGTATCCGT GEGGTGITCC GECCTGACAA TCTTGAGITG 2100
GITCGICATC ATCTTTCTCC ATCTGGEGCGA CCTGATCGGT T 2141

(2) 1 NFO?I\/ATI"%I FERASEGIDARNOS Y Ma Cly qly) ARECRENEE GHARASTER gIacs:

(A) LENGTH: 403 amino acids (B) TYPE® am no acid

(C) STRANDEDMESSral val Gly asp LyP) 1TEORDL GISX: Mt BeArLeu Gly i dedMRRECULE
TYPE: protein (xi) SEZEXMENCE DESCRI PTI®ZN SEQ ID NO 3: 335 Met Ser
Leu Asn Thr §er }gay Leu Gy Ala Ser Thr Met Gn Ile Ser 1

5 15 Ile (3 y Gy Ala dy dy Asn
Asn Gy Leu Leu Gy Thr Ser Arg @n 25

30 O@NMA’I‘-}.@H rAIaLeuGy LeuGyGyGyAsn
35 te) M Cﬂ-d@@p}bpﬁﬂﬁiﬁz Adn Asn Asp Thr Val Asn Gn

Leu Ala Gy LE(li)L@;EQBTrNc@ thiAcEﬁRISTIcs 50 55

60 Met Met Met(aSerpEviiTeMet2 @AY Kdde Ci_l,a/lﬁy Leu Mt Ay Ay Ay Leu
65 (8 TYPE: nucleic aciid 80 WO
98/ 24297 (C) STRANDEDNESS: single PCT/ US97/ 22629
- 64 - Ay Gy dD) TOPAHOGCYASNLiGleateu Ay Ay Ser Ay Ay Leu Ay Qu
85 90 95
(ii) MOLECULE TYPE: DNA ({genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
CGATTTTACC CGGGTGAACG TGCTATGACC GACAGCATCA CGGTATTCGA CACCGTTACG 60
GCGTTTATGG CCGCGATGAA CCGGCATCAG GCGGCGCGCT GGTCGCCGCA ATCCGGCGTC 120
GATCTGGTAT TTCAGTTTGG GGACACCGGG CGTGAACTCA TGATGCAGAT TCAGCCGGGG 180
CAGCAATATC CCGGCATGTT GCGCACGCTG CTCGCTCGTC GTTATCAGCA GGCGGCAGAG 240
TGCGATGGCT GCCATCTGTG CCTGAACGGC AGCGATGTAT TGATCCTCTG GTGGCCGCTG 300
CCGTCGGATC CCGGCAGTTA TCCGCAGGTG ATCGAACGTT TGTTTGAACT GGCGGGAATG 360
ACGTTGCCGT CGCTATCCAT AGCACCGACG GCGCGTCCGC AGACAGGGAA CGGACGCGCC 420
CGATCATTAA GATARAGGCG GCTTTTTTTA TTGCAAAACG GTAACGGTGA GGAACCGTTT 480
CACCGTCGGC GTCACTCAGT AACAAGTATC CATCATGATG CCTACATCGG GATCGGCGTG 540
GGCATCCGTT GCAGATACTT TTGCGAACAC CTGACATGAA TGAGGAAACG AAATTATGCA 600
AATTACGATC AAAGCGCACA TCGGCGGTGA TTTGGGCGTC TCCGGTCTGE GGCTGGGTGC 660
TCAGGGACTG AAAGGACTGA ATTCCGCGGC TTCATCGCTG GGTTCCAGCG TGGATAAACT 720
GAGCAGCACC ATCGATAAGT TGACCTCCGC GCTGACTTCG ATGATGTTTG GCGGCGCGCT 780
GGCGCAGGGG CTGGGCGCCA GCTCGAAGGG GCTGGGGATG AGCAATCAAC TGGGCCAGTC 840
TTTCGGCAAT GGCGCGCAGG GTGCGAGCAA CCTGCTATCC GTACCGAAAT CCGGCGGCGA 900
TGCGTTGTCA AAAATGTTTG ATAAAGCGCT GGACGATCTG CTGGGTCATG ACACCGTGAC 960
CAAGCTGACT AACCAGAGCA ACCAACTGGC TAATTCAATG CTGAACGCCA GCCAGATGAC 1020
CCAGGGTAAT ATGAATGCGT TCGGCAGCGG TGTGAACAAC GCACTGTCGT CCATTCTCGG 1080
CAACGGTCTC GGCCAGTCGA TGAGTGGCTT CTCTCAGCCT TCTCTGGGGG CAGGCGGCTT 1140
GCAGGGCCTG AGCGGCGCGG GTGCATTCAA CCAGTTGGGT AATGCCATCG GCATGGGCGT 1200



100
Asn
125
130
Ser
155
Phe 4d
175
180
Lys
205
210

235
Asp
255
260
H s
285
290

315
Lys
335
340
Arg
365
370
Ile
395

Leu Ser Asn Ala Leu Asn Asp Met Leu Ay Ay Ser Leu Asn Thr
* 105 110 Leu Gy Ser Lysefds n
Thr TROBE¥h Thr Asn Ser Pro 115 orighosS
LeuAspGInAIaLeuGlyIIeAsnSe6 Thr Ser A n Asn Asp Asp Ser
135 £40  Thr Ser Gy Thr Asp Ser Thr
Asp Ser Ser Asp Pro Met A n @n 145 150 -
[ SORICAGRRT cereck?Pea c,li%EGJf'f‘é%\GLi‘ﬁAé@‘CAE@eAc%%ﬁcﬁ'Alé h{}%ﬁ%&g N §9£o Leu
cﬁGncwcsqITGsyAGleA@ rAAGAwaG &'I‘G@@AAJG GAGBIrgGdars A& TrAPGGA Thr 18 @
Lys

185 190 GleluGlnAsnAlaTr
g fcagpﬁ%e WT,QITEC‘E eCi}'AééFC%AyATACCAGAAA GATGECTGGA GTTCGCCGAA %%o
Leaidcbitcrd mmwas& msmcm&mimcb@mp@cmm eryrdac¥eteu Giyo
220 GyGInGI y Ay Asn Al a

ThrCeECHePAEG Q@Wgcgé?rmgggcqﬁg‘us%smc AAAAGCGC G TGGCEGHGTGA 1500

TACCGGCART Accardt@cn KAFc&ddecl¥&cdddbeb® lbdE@rbcdidl keircadicd Y FES, Val
Tyr dn Gn 245 250

G_G@msr;qTCAgacmmmwmAw ErgeqTeesT zyAqv@@GchﬁsAm@mw | e2@m

Ar ¢ ge?“%%% G oEeP Pile AnnanchbRe GC@?EA&CG& SRl © G% Thr

\:himﬁmcdeyafrﬁnyreés@ ﬁmcﬁ@dveccﬂmrbywcemfé@ etycdgnani’he Meio
300 gGln %/ Pro du Val Phe
Ly SAqgf.‘.‘bC@'Tﬁ' T?(FCG@TEA’E%G@G?C@TOAC%CACA ATCGCGATGG CA @‘f‘GCTC 1800

GTCGCTCAGA TTGCGOEBCT G@I%a@z{hcgeé'cé@mbﬂ SaThhcASR ﬁé’f’cdcﬁéecc‘er s Al a

Al a Leu Ser
LSASATPEGRGAS SAPHITTASH WWGTTWCWP@CN FIZEETARIC @@le‘mlwhe ASTO

pr CAGRFAGHTT &CGG’%‘?‘@GT‘: T&AACPESG GTAATGRRET Tc%éécﬁs'x‘?; ¥ SeddbadBt ?3%% Lys

@Ay‘cmmemﬂm:a Aaumgcﬁ'gcTAiracﬁquG: Ve1RercSmG hmm@lcwutl e s

Ala Met Met Ala Gy Al a -
As PRRATAGGGC N;%T-Ig-érﬁc% Wﬁgccf_cgu“%wcc GGCCTGACAA TCTTERGTTG ZlOCP

GTTCGTCATC ATCTHMQRCC ATCTGGGCGA CCTGATCGGT T 2141

(2) INFORMATION FOR SEQ ID NO:3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 4032 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

Met Ser Leu Asn Thr Ser Gly Leu Gly Ala Ser Thr Met Gln Ile Ser
1 5 10 1s

Ile Gly Gly Ala Gly Gly Asn Asn Gly Leu Leu Gly Thr Ser Arg Gln
20 25 30

Asn Ala Gly Leu Gly Gly Asn Ser Ala Leu Gly Leu Gly Gly Gly Asn
35 40 45

Gln Asn Asp Thr Val Asn Gln Leu Ala Gly Leu Leu Thr Gly Met Met
50 55 60

Met Met Met Ser Met Met Gly Gly Gly Gly Leu Met Gly Gly Gly Leu
65 70 75 80



Gy Ala Ala WO 98/ 24297

PCT/ US7) 2 A A

| NFORMATI o@égﬁ?‘gﬁb ID NO 4: (i) SEQUENCE CHARACTERI STICCG,>?7/22629

(A) LENGTH: 1288 base pairs g% TYPE: nucleic acid

(C) STRANDEDNESS: single (D) °TOPOLOGY: i near (i)
MOLECULE TYPE: DNA (genoni c) (xi) SEQUENCE DESCRI PTION: SEQ 1D NO 4:

AAGCTTCGGC TCAT 60
GACGAATACG THATCATEY ERRTGEARGT G TORAS T CVRCAT GERAIEPTER 120
ATCCECAEGTG CGEECGEAAA TAACGEGT TG CTGGEGTACCA GICGCCAGAA TGCTGEGT TG 180
GGTGGCAATT CHBCACTCGERS BT AECHRC ASBTATNT HaRALAT G ABCCTe1CART CXOCTS 240
GCTGGCTTAC TCACCGGCAT GRYGATGATG ATGAGCATEA TGGGCGGTGG TEEECTGATG 300

GECGGTCRCT  TAGGPTEz CFd ACXST AR AdaCASODF GHCEEAGRECERCREFFELCHA, 360
GGACTGTCGA ACGOGCTGAW CGATATGITA GGOBBTTCGC TGAACACGCT2EGGGCTCGAAA 420

TCARGGTOCC AAGEECUR ORI THSOEACAT B RACK CREERRAE 540

CCGATGCAGC AGCTCCTGAA GATGTTCAGC GAGATAATGC AAAGCCTGIT TGGTGATGEG 600
CAAGATGGCA COSAGCEBECAT TRELPT 686 TBECAANGEAR GRS CAAAGE CHBAGCAGALSLh 660
GCCTATAAAA AMESGAGTCAC TGATGCGET®: TCGGGCCTGA TGEETAATGG TCTGAGCCAE? 720

CTCCTTGGCA AQGERERACT, GRCARGTGGT &%%ATQ%%% 780

GGTTCGICGC TGEECGEECAA AGCHEHGCAA AACCT GAGC@E 4CCCGGTIGAA CT 840
Gln Asp Gly Thr Gln Gly Ser Ser Ser Gly Gly Lys Gln Pro Thr G
180 185 190

Gly Glu Gln Asn Ala Tyr Lys Lys Gly Val Thr Asp Ala Leu Ser Gly
195 200 205

Leu Met Gly Asn Gly Leu Ser Gln Leu Leu Gly Asn Gly Gly Leu Gly
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 Ser Gly Pro Val Asp Tyr Gln Gln
245 250 255

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

Ala Leu Asn Asp Ile Gly Thr His Arg His Ser Ser Thr Arg Ser Phe
275 280 285

Val Asn Lys Gly Asp Arg Ala Met Ala Lys Glu Ile Gly Gln Phe Met
290 295 300

Asp Gln Tyr Pro Glu Val Phe Gly Lys Pro Gln Tyr Gln Lys Gly Pro
305 310 315 320

Gly Gln Glu Val Lys Thr Asp Asp Lys Ser Trp Ala Lys Ala Leu Ser
325 330 335

Lys Pro Asp Asp Asp Gly Met Thr Pro Ala Sexr Met Glu Gln Phe Asn
340 345 350

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

Gly Asn Leu Gln Ala Arg Gly Ala Gly Gly Ser Ser Leu Gly Ile Asp
370 375 380

Ala Met Met Ala Gly Asp Ala Ile Asn Asn Met Ala Leu Gly Lys Leu
385 390 395 400

Gly Ala Ala



TTAGGTAACG CCGT GGGT AC CGGTATCGGT ATGAAAGCGG GCATTCAGGEC GCTGAATGAT
ATCGGTACGC
GCGAAGGAAA T CATGGACCAG TATCCTGAGG TGITTGGECAA GCCGCAGT

CAGAAAGECC CGGGTCAGGA GGTGAAAACC GATGA%AT CATGGGCAAA AGCACT GAGC
AAGCCAGATG ACGACGGAAT GACACCAGCC AGTATGGREC AGTTCAACAA AGCCAAGGGC
ATGATCAAAA GGECCCATGEC GGGTGATACC GGCAACGGECA ACCTGCAGEC ACGCaGrece

SﬂGGTTC@ @é{ Aﬂdﬁ?ﬁgﬁ? ATGREGEGTG ATGOCATTAA CAATATGGCA
WD 98/ 24297 PCT/ USQ7
- 66 - (2 (i) SEQUENCE

W&%?Fﬁéﬁz&*"%ﬁﬁﬁﬁmam

CHARACTERI STICS: (g} TypE: rif)1&tNGIH 341 amino acids
TYPE: amino acid (¢) STRAND RANDEDNESS:
M%b&cwe@omﬁ R

| i near (1) (xi) SEQUENCE DESCRI PTI ON:

SEQ I D NG 5: Met G n Ser Leu Ser Leu Asn Ser Ser Ser Leu Gn Thr Pro

Ala Met 1ii) MOLECULE T¥PE: DNA (genomic) 10 15

Ala Leu Val Leu Val Arg Pro Qu Ala Gu Thr Thr Ay Ser Thr Ser

20 25 30 Ser Lys Ala Leu A n @ u Val

Val Val Lys [(=»i) ASEQUENCH WESSIRIRETION: SEQ ID NQG54: 40

45 Arg Asn Ay G@n Leu Asp Asp Ser Ser Pro Leu Ay Lys Leu Leu Al a

50 AAGCTTCGGC ATGEERACGTT TGACCGTTGG GTCGGSHGEG TACETETGAA; TTANICATAR Ala A9p Gy

Lys A2 Gotalhted pbafdifinCh R |

ceithateser “Gzﬁ%ﬁ T GEGCTEGGAG CGTCAACGAT G Tfﬁ:'r 20

75 e a,X’faLeuAspLys Leu(ﬁ% I S GIuJLys Leu

Gy Asp MswcPheErc CGGGCGGAAA TAACGGGTTG CTGGGTACCA GTCGCCAGARA TGCTGGGTTG 180
GGTGGCAATT CTGCACTGGG GCTGGGCGGC GGTAATCAAA ATGATACCGT CAATCAGCTG 240
GCTGGCTTAC TCACCGGCAT GATGATGATG ATGAGCATGA TGGGCGGTGG TGGGCTGATG 300
GGCGGTGGCT TAGGCGGTGG CTTAGGTAAT GGCTTGGGTG GCTCAGGTGG CCTGGGCGAA 360
GGACTGTCGA ACGCGCTGAA CGATATGTTA GGCGGTTCGC TGAACACGCT GGGCTCGAAA 420
GGCGGCAACA ATACCACTTC AACAACAAAT TCCCCGCTGG ACCAGGCGCT GGGTATTAAC 480
TCAACGTCCC AARACGACGA TTCCACCTCC GGCACAGATT CCACCTCAGA CTCCAGCGAC 540
CCGATGCAGC AGCTGCTGAA GATGTTCAGC GAGATAATGC ARAGCCTGTT TGGTGATGGG 600
CAAGATGGCA CCCAGGGCAG TTCCTCTGGG GGCAAGCAGC CGACCGAAGG CGAGCAGAAC 660
GCCTATARAA AAGGAGTCAC TGATGCGCTG TCGGGCCTGA TGGGTAATGG TCTGAGCCAG 720
CTCCTTGGCA ACGGGGGACT GGGAGGTGGT CAGGGCGGTA ATGCTGGCAC GGGTCTTGAC 780
GGTTCGTCGC TGGGCGGCAA AGGGCTGCAA AACCTGAGCG GGCCGGTGGA CTACCAGCAG 840
TTAGGTAACG CCGTGGGTAC CGGTATCGGT ATGARAGCGG GCATTCAGGC GCTGAATGAT 900
ATCGGTACGC ACAGGCACAG TTCAACCCGT TCTTTCGTCA ATAAAGGCGA TCGGGCGATG 960
GCGAAGGAAA TCGGTCAGTT CATGGACCAG TATCCTGAGG TGTTTGGCAA GCCGCAGTAC 1020
CAGAAAGGCC CGGGTCAGGA GGTGAAAACC GATGACAAAT CATGGGCAAA AGCACTGAGC 1080
AAGCCAGATG ACGACGGAAT GACACCAGCC AGTATGGAGC AGTTCAACAA AGCCAAGGGC 1140
ATGATCAAAA GGCCCATGGC GGGTGATACC GGCAACGGCA ACCTGCAGGC ACGCGGTGCC 1200
GGTGGTTCTT CGCTGGGTAT TGATGCCATG ATGGCCGGTG ATGCCATTAAR CAATATGGCA 1260
CTTGGCAAGC TGGGCGCGGC TTAAGCTT 1288

900

G TTCAACCCGI TCTTTCGICA ATAAAGGCCGA TCCII%T@;W,ZZ&@O

1080
1140
~1200
1260
1288
/22629

(B)

(D) TOPOLOGY:



85 90 95 Gy Ala Ser Ala Asp Ser Al a
Ser Ay Thr Ay An A n Asp Leu Met 100 : :

105 WO 98/24297 110 Thr A n Val Leu Asn Ay Leu A FILIESIZEI620pt
Leu Asp Asp Leu Leu 115 120 125
Thr Lys A n Asp Gy Ay Thr Ser Phe Seré& u Asp Asp Met Pro Met 130
135 140 Leu Asn Lys Ile Ala G n Phe Met Asp Asp Asn -
Pro.Ala G n Phe Pro 150 155

160 (NLykNE@MbOISeFOG FEQe A DTG 1\ Asn Gu Leu Lys A u Asp Asn Phe
165 Leu Asp Gy Asp du Thr
Ala Al a Phe @l SR E QMETW&'HT&S 180

185 (A) éﬁNGTH ety G“Fl-”@ r?cl_lé%FG y Asn A n @n Ser Asp Al a
Ay Ser Leu Ala d ) TYPE: aminogeld 200 205
Thr Ay Ay Gy L Q;%Rgﬁgc gs gér__Ser Phe Ser Asn Asn Ser Ser 210
215 VallﬁtftrGlyAspProLeuIIeAspAIaAsnThr

Gy Pro Ay 2 230 235
240 &f\i’i I;%ECW‘E @PE BTRE™y @n Leu lle Ay Gu Leu Ile Asp
245 250 255 D 98/ 24297

PCT/ US97/ 22 SEQUENCE DESCRIPTION: SEQ ID NO:5:- 67 - Arg Gy
Leu G n Seré\g/:gll Le% ]I\I GD y Ay Leu y Thr Pro Val

260 Met Gln Se20Deu Ser Leu asn Ser S@¥(ser Leu AINTHNPLBrMmve: Thr Ay
Thr SerAIalAsnGIyGlyGInSerAIaGln 10 275 15 280

285 eu L ey.lLey. L eu Au Al a
290 Asla Leu \/Aaa,g]éeu Va& Hrg %yu %%0 Tlirutfah H:tye% A_IgﬁrN ad y
An Thr Ay Thr Asp Val @ n Ser Ser A a 305

315 Ser Lys Ala3Reu Gln GIW\NValdfl Veé IAtsh L¥@rAlpe@ly @du\agu Ser— Thr Leu
Leu G@n Ay Thr A 40 45

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 80

Ile Ala Ala Leu Asp Lys Leu Ile His Glu Lys Leu Gly Asp Asn Phe
85 90 95

Gly Ala Ser Ala Asp Ser Ala Ser Gly Thr Gly Gln Gln Asp Leu Met
100 105 110

Thr Gln Val Leu Asn Gly Leu Ala Lys Ser Met Leu Asp Asp Leu Leu
115 120 125

Thr Lys Gln Asp Gly Gly Thr Ser Phe Ser Glu Asp Asp Met Pro Met
130 135 140

Leu Asn Lys Ile Ala Gln Phe Met Asp Asp Asn Pro Ala Gln Phe Pro
145 150 155 160

Lys Pro Asp Ser Gly Ser Trp Val Asn Glu Leu Lys Glu Asp Asn Phe
165 170 175

Leu Asp Gly Asp Glu Thr Ala Ala Phe Arg Ser Ala Leu Asp Ile Ile
180 185 190

Gly Gln Gln Leu Gly Asn Gln Gln Ser Asp Ala Gly Ser Leu Ala Gly
195 200 205

Thr Gly Gly Gly Leu Gly Thr Pro Ser Ser Phe Ser Asn Asn Ser Ser
210 215 220

Val Met Gly Asp Pro Leu.Ile Asp Ala Asn Thr Gly Pro Gly Asp Ser
225 230 235 240

Gly Asn Thr Arg Gly Glu Ala Gly Gln Leu Ile Gly Glu Leu Ile Asp
245 ' 250 255



325 330 335 Asn Gn Ala Ala Al a

340 (2) ON FOR SEQ I D NG 6: (i) SEQUENCE RASSS | CS:
(A LENGTHWEWase pairs (B) TYPE: nucleic a((:;yg e

(C) STRANDEDNESS: single (D), JOPOLOGY: |inear (i)
MOLECULE TYPE: DNA (genoni c) (X1 )® SEQUENCE DESCRI PTI ON: SEQ | D NO. 6:
ATGCAGAGTC TCAGTCTTAA CAGCAGCTCG CTGCAAACCC CGGCAATGGEC CCTTGICCTG  ~ --60
GTACGICCTG T 120
GTGAAGCTCD CCOACCAET S35 COOMT AR S A ORI AR PR 180
AAACTGTTGG CCAAGTCGAT GGCCGCAGAT GGCAAGGCGG GCGGCGGTAT TGAGGATGIC 240
ATCGCTGOGC TFSBATAAGIP &Ry GRATENA TRAGET AS3T &S AIXCFIo@nCBaGPET D 300
GACAGCGCCT CGGGTA! ACAGCAGGAC CTCGAPGACTC AGGTGCTCAR>TGGECCTGGCC 360
AAGTCCGATGC TLIpALER Hsh d{d GRGGAAGINERHTIZ L Ge hyGLLEOANGNG 420
GATATGCCGA TGCT@ACAA GATCGCGCAG239CATGGATG ACAATE®REGC ACAGTTTCCC 480
AAGCCGGACT CCTG GGTGAA gT %%ﬁ;%%ACAACTTCCT TGATGGCGAC 540
GAAACGGCTG %ﬁ CAY TART CR 600
AGTGACGCTG GCAGTCTGEC AGGGACGEGT GGAGGTCTGG GCACTCCGAG CAGITTT 660
AACAACTCGT QOGTGATGIE FRGATBEAEIGLAT CRACSECARATACCGST CInOEG GACAKY 720
GGCAATACCC GTGGTGAAGC GGGRZAACTG ATCGGCGAGR3TTATCGACCG TGGCEPECAA 780
TCGGTATTGG GECEEERES AT GPFCACA CCCGTAAACA CCCCGCAGAC CGGTACGTCG 840

WO 98/ 24297 340

(2) INFORMATION FOR SEQ ID NO:6:

(1)

SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1026 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS:
(D) TOPOLOGY: linear

single

(ii) MOLECULE TYPE: DNA (genomic)

(x1i)
ATGCAGAGTC
GTACGTCCTG
GTGAAGCTGG
AARACTGTTGG
ATCGCTGCGC
GACAGCGCCT
AAGTCGATGC
GATATGCCGA
AAGCCGGACT
GAAACGGCTG
AGTGACGCTG
AACAACTCGT
GGCAATACCC

TCGGTATTGG

SEQUENCE DESCRIPTICN: SEQ ID NO:6:

TCAGTCTTAA
AARGCCGAGAC
CCGAGGAACT
CCAAGTCGAT
TGGACAAGCT
CGGGTACCGG
TCGATGATCT
TGCTGAACAA
CGGGCTCCTG
CGTTCCGTTC
GCAGTCTGGC
CCGTGATGGG
GTGGTGAAGC

CCGGTGGTGG

CAGCAGCTCG
GACTGGCAGT
GATGCGCAAT
GGCCGCAGAT
GATCCATGAA
ACAGCAGGAC
TCTGACCAAG
GATCGCGCAG
GGTGAACGAA
GGCACTCGAC
AGGGACGGGT
TGATCCGCTG
GGGGCAACTG

ACTGGGCACA

CTGCAAACCC
ACGTCGAGCA
GGTCAACTCG
GGCAAGGCGG
AAGCTCGGTG
CTGATGACTC
CAGGATGGCG
TTCATGGATG
CTCAAGGARAG
ATCATTGGCC
GGAGGTCTGG
ATCGACGCCA
ATCGGCGAGC

CCCGTAAACA

CGGCAATGGC
AGGCGCTTCA
ACGACAGCTC
GCGGCGGTAT
ACAACTTCGG
AGGTGCTCAA
GGACAAGCTT
ACAATCCCGC
ACAACTTCCT
AGCAACTGGG
GCACTCCGAG
ATACCGGTCC
TTATCGACCG

CCCCGCAGAC

CCTTGTCCTG
GGAAGTTGTC
GCCATTGGGA
TGAGGATGTC
CGCGTCTGCG
TGGCCTGGCC
CTCCGAAGAC
ACAGTTTCCC
TGATGGCGAC
TAATCAGCAG
CAGTTTTTCC
CGGTGACAGC
TGGCCTGCAA

CGGTACGTCG

60

120

180

240

300

360

420

480

540

600

660

720

PCT/ US97/ 22629

780

840



- 68 - GCGAATGECG GACAGICCGC TCAGGATCTT GATCAGITGC TGGEECGEECTT GCTGCTCAAG

900 mﬁﬁm'@ CGCTCAA GGATGCCGGEG CAAACAGGCA CCGACGTGCA 9
960 CCTTGCT GGTCAGTACG CTGCTGCAAG GCACCCGCAA T

1020 GCCTGA e -

1026  (2) | NFORMATI ON FOR SEQ I D NO. 7° (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH. 344 am no aci ds ~
TYPE: anmdcefa®fdce eacacTccee Teaddalre®d %Wgsl‘GGGCGGCTT GCTGC TCPO?

| i near (ii) MOLECULE TYPE: protein (xi) cE)ESCR

SEQ | D IRGCYTGGAGE CANGEELTGy GHATCACEHC AMARTAGSCH] W@QGT@PoGwAGAsm‘ Leu Ps@ Gy
Leu dn

hen Leu SRESPERSS SRR GOTATAS, SEEFIIGRC GRCERCRS JeRgIrTeR 2020

20 GCCTGA 30 Val dn Asp Leu Il ggdeys A n
VaIGIuLysAspIIeLeuAsnIIeIIe 35 40
45 Ala Ala Leu Val @ n Lys Ala Ala An Ser Ala Ay Ay Asn Thr Ay
50 (2) INFORMATEBN FOR SEQ ID NO:7:60 Asn Thr Ay Asn Ala Pro Al a
LysAspGIyAsnAIaAsnAIaGl Al a 70

(1) SEQUENCE CH‘#E-KC';BEBI@TBCSM Lys Asn Asp Pro Ser Lys Ser dn

(A) LENGTH: 344 ami acids

Ala Pro A n Ser Bs 90
95 Al a Asn Ly%CB:) Yg_ﬁﬁ;g‘gﬁ ?cﬁgp Asp Ala Asn Asn G n Asp Pro Met
100 D) 5 0 110 An Ala Leu Met @ n Leu
Leu G u Asp Leu Val PRROFES, Hfs‘eﬂ-”a 115 120
125 Al & ;L.gu In.Pro dy Ay Asn Asp Lys Ay Asn dy Val
130 AEoy M@%@E Gipf "pElLethY | Ay dy Ala Asn Ay Ala
Lys Ay la dy Ay An dy Gy Leu Ala 145 150
155 (xi) SEQUENCE pEs&ipftonlessd fpGid.hl.e Gu An lle Leu-Ala

GnLeu dy Ay Ay

Met Ser Val Gly Asn Ile Gln Ser Pro Ser Asn Leu Pro Gly Leu Gln
1 5 10 15

Asn Leu Asn Leu Asn Thr Asn Thr Asn Ser Gln Gln Ser Gly Gln Ser
20 25 30

Val Gln Asp Leu Ile Lys Gln Val Glu Lys Asp Ile Leu Asn Ile Ile
35 40 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
65 70 75 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
100 105 110

Gln Ala Leu Met Gln Leu Leu Glu Asp Leu Val Lys Leu Leu Lys Ala
115 120 125

Ala Leu His Met Gln Gln Pro Gly Gly Asn Asp Lys Gly Asn Gly Vval
130 135 140

Gly Gly Ala Asn Gly Ala Lys Gly Ala Gly Gly Gln Gly Gly Leu Ala
14s 150 155 160

Glu Ala Leu Gln Glu Ile Glu Gln Ile Leu Ala Gln Leu Gly Gly Gly
165 170 175

Gly Ala Gly Ala Gly Gly Ala Gly Gly Gly Val Gly Gly Ala Gly Gly
180 185 190

Ala Asp Gly Gly Ser Gly Ala Gly Gly Ala Gly Gly Ala Asn Gly Ala
185 200 205



165 170 175

Ala Ay G¥vcﬁ;§f24¥ﬂ Gy dy Ala @y Qy

Ay Ala dy Ala dy Qy
180  perruse22629
(’Ey Al a éy

185 190 Ala Asp Ay Gy Ser Ay Ala Ay

Gy Ala Asn Gy Ala 195 _ 49 - 200 ' 205 .
WO 98/ 24297 PCT/ US97/ 22629

- 69 - Asp Ay Ay Asn Ay Val Asn Ay Asn A n Ala Asn Ay Pro-An
Asn As%l ly Gly Asn Gly Val A%$5Gly Asn Gln Ala Asn 329 Pro Gln %sﬁ Ay Asp
Val Asn Ay Alazfsn yAIaAsp,&apGy Ser GIuAs:pzo 25

230 240 an 3/ Leu Thr Ay
Val Leu Gn ggsslﬁ&%i’alr_fssnl ‘5’}%’ Pef #¥hHCly Ala Asp Asp Gly Ser G

250 255 a Leu Val Gn RBE I\/EthGnGyGy Leu
Gy Ay dy denc@mly Leu Thr Gly Val L&6@1n Lys Leu Met Lys 1A@5Leu Asn

270 Ala Gn Ay Ay<%®er Lys Ay Ala @5 Asn Ala Ser PresAla Ser Ay
275 ro Ay Ala Asn
Gn Pro Ay lg.ear Lﬂx is %Met&et %’Lenr (2;-26“5, Gly Leuzélar Gf‘s%l gs G\.{.n 205
300 GIyGInAsnAsnLeuGlnSer An lle Mt AspVaI VaI Lys d u Val
305 Ala Gln G}yQGly Ser Lys Gly Ala G3¥SAsn Ala Ser Pro Ala 8&f0 Gly Val
Gnille Leu @n Arf™et Leu Ala Ala % Asn Ay Ay SBF5dn

325 Ala Asn Pz%361y ala Asn Gln Pro G3pXer Ala Zg A%rGﬂ;héexs%(arThr d n
Pro Met 290 340 (2psl NFO? Tl ON FORSEQ NO: 8: (1)
SEQUENCE CHARACT RI STI CS LENGTH: 1035 base airs

(B) TYPE: nufg¥ef d}'?fld“s“ Leu Gln Ser(‘é)n § S&l ¥phdivs S val (D)
TOPOLOGY: i near (1) l\/ﬁ_ECULE TYPE: DNA (genom c)

Val Gln Ile Leu Gln Gln Met Leu Ala Ala Gln Asn Gly Gly Ser Gln
325 330 335

Gln Ser Thr Ser Thr Gln Pro Met
340

(2) INFORMATION FOR SEQ ID NO:8:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1035 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
ATGTCAGTCG GAAACATCCA GAGCCCGTCG AACCTCCCGG GTCTGCAGAA CCTGAACCTC 60
ARCACCAACA CCAACAGCCA GCAATCGGGC CAGTCCGTGC AAGACCTGAT CAAGCAGGTC 120
GAGAAGGACA TCCTCAACAT CATCGCAGCC CTCGTGCAGA AGGCCGCACA GTCGGCGGRC 180
GGCAACACCG GTAACACCGG CAACGCGCCG GCGAAGGACG GCAATGCCAA CGCGGGCGCe 240
AACGACCCGA GCAAGAACGA CCCGAGCAAG AGCCAGGCTC CGCAGTCGGC CAACAAGACC 300
GGCAACGTCG ACGACGCCAA CAACCAGGAT CCGATGCAAG CGCTGATGCA GCTGCTGGAA 360
GACCTGGTGA AGCTGCTGAA GGCGGCCCTG CACATGCAGC AGCCCGGCGG CAATGACAAG 420
GGCAACGGCG TGGGCGGTGC CAACGGCGECC AAGGGTGCCG GCGGCCAGGE CGGCCTGECC 480
GAAGCGCTGC AGGAGATCGA GCAGATCCTC GCCCAGCTCG GCGGCGGCGE TGCTGGCECC 540
GGCGGCGCGGE GTGGCGETET CGGCGGTGCT GGTGGCGCGGE ATGGCGGCTC CGGTGCGGGT 600



(Xi ) SEQUENCE DESCRI PTI ON: SEQ I D NO 8: ATGICAGICG GAAACATCCA GAGCCCGICG
CCCGG‘@ (AA CCTGAACCTC 60 AACACCAACA CCAACAW
CAGT CCGIaeC %&T CAAGCAGGTC 120 GAGAAGGACA TCCTCAA GCC

CTCGIGCAGA AGGCCGCACA GICGECaEEEC 180_  GGCAACACCG GTAACACCGG CAACGCGCCG
GCGAAGGACG GCAATGCCAA CECGEECECC 22070 AACGACCCGA GCAAGAACGA CCCGAGCAAG
AGCCAGGCTC CGCAGTCGGEC CAACAAGACC 300 GGCAACGTCG ACGACGCCAA CAACCAGGAT

CACAT GRS A T AT ERCAG > SR SRR EITERE. Cantroece

AAGGGT CEES (alBEECNEEBCHBCCTBICEET GM@CG@A@W@G‘A@M@EA GCAEAd CCTC
GCCCAGCT CCOOCECEG TOCTCECOCC CECOEECECEG GIGECAEGTGI CGECAEGTGCT
OO COCCE A R AR R 220 CTREomER TCTONyS SEraapagne 190

PCT/ USO @Rt cec ARGGCGGCCT CGGCGGCGEC AACCAGGCGC AGeaceeeTd @anceeTaeCCA!
GIGCGAACGG CGCCGACGEC GGCAATGEGECG TGAACGGCAA CCAGECGAAC 660 GGCCCGCCAGA
ACGCAGGEERANGTICA AL IS ECEE XA ACELE IS AEE T PEACIISACRLIAGAACTRC TTCGGLEGAT CAGGIBGGECC

oo S LR L Ao A

AAGGOGGRCT CGGCGGCGGCCE%‘SAGGCGC A %@%GMG%‘%N GGCA{@CT

CGCCGGCET A COCHAACCENGGCECRBRE CACCAGCERERGE TAQREERRAT cTCcARf ce GATCART CGT
%}%% TCCCAGATCA TGGATGTGGT GAAGGAGGTC 960 GTCCAGATCC

TGCAGCA CAGAACGGCG GCAGCCAGCA GTCCACCTCG 1020 ACEERGCCGA

TGTAA 1035 (2)

| NFORVATIL,ON TR t By NEbR: seg 1D NO':b : SEQUENCE CHARACTERI STI CS:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 26 amino acids
(BY TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

Thr Leu Ile Glu Leu Met Ile Val Val Ala Ile Ile Ala Ile Leu Ala
1 5 1¢ 15

Ala Ile Ala Leu Pro Ala Tyr Gln Asp Tyx
20 25

(2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

Ser Ser Gln Gln Ser Pro Ser Ala Gly Ser Glu Gln Gln Leu Asp Gln
1 5 10 15

Leu Leu Ala Met
20



(A) LENGTH 26 am no acids (B) TYPE: am no acid (O
STRANDEDI\{I;§§'8,2-4%9.,_ )- (D) TOPOLOGY: i near (ii) I\/peﬁggbﬁzigny
Xi

pepti de SEQUENCE DESCRI PTI ON: SEQ | D NO 9:

GQu Leu Met Ile Val VaIAIaIIeIIeAIa7IeLeuAIa 5

10 15 Alalle Adieu Pro A

20 25  (2) | NFORMATI ON FOR SEQ I D fw "!u

SEQUENCE CHQE&EI l‘;ﬁED- (A) LENGTH 2

(B) TYPE: anind T8 phasmn. (C) STRANDEDNESS: (D) TOPOLOGY

| i near (i) MOLECULE TYPE: protein (xi) SEQUENCE DESCRI PTI ON:

/?EQ IaD \e; 10 Sery Ser ﬁrﬁeﬁladséf B&eaﬁe&ngJ Pp1Ent edd Lm@éh Gn Leu
n

LeE Leu AlalW@?rt pathogen re81§@ance to phan§s sxsyp from the

PCT/ US9H 22688ds, said method compr1s1ng - 71 - WHAT | S CLAI MED:

1. A nethod of producing plan% seeds ﬂh atho en resistance
to plants grown fromthe 5 3¥8u¥ "dafd XgFﬁgﬁné&ﬁﬁrlsFﬁﬁp
appl yi ng a klpertensigaopepspdaser proekini tar ap@lqnpapatfazlftmqorﬁﬁm nin a

non- 1 1 €t oS! Aine. od € Auhant c3adLyBlE’ coaaditiang Sigshive to

| mpart pat n reS|s ance rown fromthe see
pathogen resistance to a plant grown from the seeds.

10
2. A method according to c¢laim 1, wherein the
hypersensitive response elicitor polypeptide or protein
is in isolated form.

15 3. A method according to claim 2, wherein the
hypersensitive response elicitor polypeptide or protein
corresponds to that derived from a pathogen selected from
the group consisting of Erwinia, Pseudomonas,
Xanthomonas, Phytophthora, and mixtures thereof.

20

4. A method according to claim 3, wherein the
hypersensitive response elicitor polypeptide or protein
corresponds to that derived from Erwinia chrysanthemi.

25 5. A method according to claim 3, wherein the
hypersensitive response elicitor polypeptide or protein
corresponds to that derived from Erwinia amylovora.

6. A method according to claim 3, wherein the
30 hypersensitive response elicitor polypeptide or protein
corresponds to that derived from Pseudomonas syringae.

7. A method according to claim 3, wherein the
hypersensitive response elicitor polypeptide or protein



10 2. A nmethod according to claim1, wherein the

hypersenm%vg%,z;‘@ﬁponse elicitor polypeptide or prot ein péﬂdgg.y,ﬁ&gat ed
form 3. A nmet hod according to claim2, wherein the

hyper senS| tive response elicitor pol ypep]tzl de or protein
that derived froma pathogen selected from- the group mﬂ#wmﬂ m”m,
Erw ni a, Pseudonobnas, Xant hononas, Phyt opht hora, and m+*xtares erseOfs.
20 - correfpondd T mta%@fmé@ EPofnl BsBldomiiel i n the

hyper sensitive response elicitor polypeptide or protein corresponds to
that derivedSPL8RRGEAMRR chrysanthem . 25 5. A nethod
according to claim3, wherein the hypersensitive response elicitor

pol ypepti de or proteln8 corre onds to that derivyed from ErW| ni a

anmyl ovor a. é RTCIAECHREI A €dacFarm Yhameemeitthe he
30 hyperssenbypeveensspdivee rdsmires @bl gpepti gelopeprdidel r<br prdtcélrresponds

hat d B
accor i ng {0t AP RER oo et 1 8 Cerem e homene o fnts ity

pol ypeptide or protein WO 98/ 24297
PCT/ US97/ 22629 9. A thod ai £b2c13 to
t hat derived from Pseudononas me %ol%%%%]éajr'ﬁ%‘n claim 3, %%Jeg%o%gé

met hod accor BYR§TEETS&iLTiEes regranse ehkcitornppbrypersidey on agsimsia

el icitornopol ypepbcgonds ROLELI PhytopkehdéLspepdeitg .t hat derived from
Xant hononas canpestris. 9. A nethod according to claim 3,

wherein the hypersensitive response elicitor polypeptide or protein 10
corresponds to a Phyt oplot.hora nepEiddsaccording to claiml®., AvHEidiod the

ggﬁgir glt P%gt gPiél CO \@(}%r ‘%' tihzeom thepI oubsccsalellse%tcei%gf " ?fmélcotgsr Ourpd

monocots

15

11. A method according to claim 10, wherein

the plant is selected from the group consisting of rice,
wheat, barley, rye, oats, cotton, sunflower, canola,
peanut, corn, potato, sweet potato, bean, pea, chicory,

20 lettuce, endive, cabbage, cauliflower, broccoli, turnip,
radish, spinach, onion, garlic, eggplant, pepper, celery,
carrot, squash, pumpkin, zucchini, cucumber, apple, pear,
melon, strawberry, grape, raspberry, pineapple, soybean,
tobacco, tomato, sorghum, and sugarcane.

25
12. A method according to claim 10, wherein
the plant is selected from the group consisting of rose,
Saintpaulia, petunia, Pelargonium, poinsettia,
chrysanthemum, carnation, and zinnia.
30

13. A method according to claim 2, wherein the
pathogen to which the plant is resistant is selected from
the group consisting of viruses, bacteria, fungi, and
combinations thereof.

35



e LRI B ocor g o ctam so, wherern

rye, oats sunf |l ower, canol a, peanut, corn, pota% swee
pot at o, bean pea, chicory, 20 Iettuce endi ve, cabbage caullflomer,
broccol i, turnip, radi sh, spi nach, %nfon, garlic, eggplant, pepper,
cel ery, carrot, squash, punpkin, zucchini, cucunber, apple,.pear,

mel on, strawberry, grape, E\,a%%te%grz’;rgy aC%IOr}%-% %o Sg—%’{)ﬁ%nﬁgt‘ﬂgat %gggfgl ng to

tomat o, sorghum and Sugar cane
claim 10, wweidiapplyingeipl earriedseiudciod smmyine, gimjpctbossting of

rose, ! n | um poinsetti a, chrysant hemum
carnation, %&9&# usgghg o ifledeAR 13 A met hod according to claim 2,
wher ei n the pathogen to which the plant is resistant is selected from

the grogp consisting @,vi huﬁt%%ho@a%k@dz@lrfgu% cBfh 2, ¥REPLDALtARS

t her eof 98/ 2429
pCT/U897/2£§é@ersens¥%hve response elicitor polypeptide or protein 14 A

met hod aCCOiﬁilalgplﬁJedJ abMplantheeelds as aSachpRipiticy fereneri ed out by

sprayi ng, %ectton co atgng dusting or i nmersion. 5 15.
A net hod aé% T%Fha Pg & §PF 25 herein the hyper sensitive response
elicitor polypeptide or protein is applied to plant seeds as a

conmposi i on further cogph $hG aﬁg@y‘fﬂg to Paim 15, whet8in A Method

accordlng to cIa|n115 mh arricer 1s selected ?ront%ﬁe gr oup
consi sti ng ©e Carﬁ&?ﬁrlSa&Gé@G§e§omm9mnﬁﬁesgﬁﬂﬂpeﬁpn%#@ﬁ¥@ﬂmefs

17. A net hqﬁaeeﬁpraqﬁaohe sbauibas WaARgiri ek, ddie sQmmesstion contains
greater than .5 nM of the hypersenS|t|ve response elicitor polypeptide

or protein. 18. A nmethod according to claim15, wherein
the conposition further.cont aethodddicddoteririelctelh i 0o1%, wherein

15 the composition contains greater than .5 nM of the
hypersensitive response elicitor polypeptide or protein.

18. A method according to claim 15, wherein
the composition further contains additives selected from
20 the group consisting of fertilizer, insecticide,

nematicide, fungicide, herbicide, and mixtures thereof.

19. A method according to claim 1, wherein the
hypersensitive response elicitor polypeptide or protein
25 is applied as bacteria which do not cause disease and are
transformed with a gene encoding the hypersensitive
response elicitor polypeptide or protein.

20. A method according to claim 1, wherein the
30  hypersensitive response elicitor polypeptide or protein
is applied as bacteria which cause disease in some plant
species, but not in those whose seeds are subjected to
said applying, and contain a gene encoding the
hypersensitive response elicitor polypeptide or protein.
35



Fungt o clenscororoc AN ILTALIRR, === = o g
O C

accordi ng arm1, whereln the hyper sensitive response elicitor
pol ypeptide or protein 25 is applieq_a; bacteria which do not cause
di sease and are transforned with a j%ne encodi ng the hypersensitive

response elicitor polypeptide or protein. 20. A net hod
according to claim1l, wherejn Lthg 30 cgggggﬁ N$t M8 1 HLESPORSR &l 4,1 tor
pol ypepti de or(grotein " Ts appflea as bacferia which cdause disease in

prepbgingueanses| anfhdssahhaoseofebls pod vagtddedx o

some plant sat

sai d applyi@%o@g@hcpﬂggiahg geagreseeding the hyper sensitive response
elicitor polypeptide or protein. 35 WO 98/ 24297

PCT/ US97/ 22629 - 74 - 21. A
met hod ascording to claem 2p wbehédnaccorddnd appliiadeh cafaahg il tration
of the polypeptide or protein into the plant seed. 5 22.
A et hod acé%’ﬁ?ﬁbs}%gclain12 further conpri si ng:

planting in soil the seeds pbamhing tthesoil hhpesseds tiovertriedpdrise

Conhuat | o bl SnPOLIDERELEBonse 8330860 BRBeSD 31 pllypenride |

propagat i ng romtr nted See
accordi ng t dias dpeen2apptifdrand  conpri sing: appl yi ng

the hypegpsensitive responseﬁ%épaght§h§OplaakﬁpQQbhﬂ%w@’ﬁmaﬁﬁadlééé&@?
propagat ed pl ants to enhance the plant's pathogen résistance.

24. A method according to claim?2, wherein the hyper sensitive response
elicitor protein or pobypephifletBOd kscartingakohyperisens tiurHesponse
elicitor. s 25. A pathogen-resistance inparting plant seed
to which a non i ntéttPous hyper sensitive response

applying the hypersensitive response

15 elicitor polypeptide or protein to the propagated plants
to enhance the plant’s pathogen resistance.

24. A method according to claim 2, wherein the
hypersensitive response elicitor protein or polypeptide
20 is a fungal hypersensitive response elicitor.

25. A pathogen-resistance imparting plant seed
to which a non-infectious hypersensitive response

elicitor polypeptide or protein has been applied.

25
26. A pathogen-resistance imparting plant seed
according to claim 25, wherein the hypersensitive
response elicitor polypeptide or protein is in isolated
form.
30

27. A pathogen-resistance imparting plant seed
according to claim 26, wherein the hypersensitive
response elicitor polypeptide or protein corresponds to

that derived from a pathogen selected from the group



el It(r:]I tor pol _ypteptidel_m‘uljﬂulﬂflﬂ”gjl'!ﬁﬂlteeg appl i ed. 55 t #, _ %5 2@2@ A
pat hogen-resj st ance i Ll Hkee according to c g#ﬂ} s erein

t he hyper‘é’%ﬂﬂ?%’e response elicitor pol ypeptide or pro

i sol at ed form 30 27. A pat hogen-resi stance inparting
pl ant seed according to claim26; WRerein the hypersensitive
response elicitor polypeptide or protein corresponds to t hat deri.ved

Lg?uggg?tzg‘g eQiSE'i%%t g ]Hr(r)nrg'.]ntige: glgsoeuxpdomonag, 7%9@%%@%%%%&,”9 sting of
Erw ni a, Psphgesphziporianthdmmiatures tRiytepht hora, and m xtures thereof.
28. A pathogen-resistance inparting plant seed 5 according to claim 27,
wherein the hypersensitive response elicitor polypeptide or protein

corresponds to _thae.deA yedHogsm res hétanbeysupakedng plant seed

20, A PalNogenstashs! ABCE1LIRAL A Ay SERE lJ:QBe?QEB'éq_!t el 0 claim 27,
wher ei n"the hypersensitive response_elicitor polypeptide or protein

cor r esponds¥@8Ponset Bad cd&Ory P NRAR IR PR BRYF8¥8r §orresponds to 30.

A pat hogen- ¢ ggt stape@elinBai MWl Skeefsdbenameording to claim 27,
wherein the hypersensitive response elicitor pol ypeptide or protein

corresponds to that derived from Pseudononas syri ngae.

31. A pathogen-resistance npartthouerp vt iseenc@0inpacitigngltamtc|sdad 27,
wher ei g .t he Lsensitive . spanse el i gy ol ypept.ide or protein
corresggndsagéggdiggth &2 ﬁ&b&ﬁﬁr§§¥B§%H%oﬁ%%3§Y§8F§§£%é§ﬁM%

32. A pat hogespessiestdncd tiompaaliypepliaie seeprébeiaccordiesgpaascitad m 27,

uherein t he BYPCHSRESEL Yeom EHAARANSEneloFbEL POl YPEPLIde or protein
corresponds to that derived from Xanthononas canpestri s.
30. A pathogen-resistance imparting plant seed
15 according to claim 27, wherein the hypersensitive
response elicitor polypeptide or protein corresponds to
that derived from Pseudomonas syringae.

31. A pathogen-resistance imparting plant seed
20 according to claim 27, wherein the hypersensitive
response elicitor polypeptide or protein corresponds to

that derived from Pseudomonas solanacearum.

32. A pathogen-resistance imparting plant seed
25 according to claim 27, wherein the hypersensitive
response elicitor polypeptide or protein corresponds to
that derived from Xanthomonas campestris.

33. A pathogen-resistance imparting plant seed
30 according to claim 27, wherein the hypersensitive
response polypeptide or protein corresponds to that
derived from a Phytophthora species.

34. A pathogen-resistance imparting plant seed
35 according to claim 26, wherein the plant seed is for



33. A pat hogen-resi jwmm | ant seed 30 according to claim 27,
wherei n t% 845 € m EE nse pol ypeptide or protmmﬁgfgponds
to that erlved frof at Pyt ap ora speci es.

pat hogen-resi stance inparting plant segg 35 according to claim 26, wher ein
the plant seed is for WO 98/ 24297

PCT/ US97/ 22629 - 76 - plants sel-ect ed
from the grgypnEANSeitd i #f £ ik Alise AFbup cIRUOEOLS 35. A
pat hogen- regly'stnance e?lrrpar tclpng rfanteseedupScaccorg'an% glanSBEn wherein

t he plant i|Bo8&Ce&&Sed from t he group consisting of r| ce wheat, barl ey,
rye, oats, cotton, sunflower, canola peanut, potato, sweet potato
bean, pea, chicory, lettuce cabba g caul i fl ower, broccali,
turnip, radish, spinach: orﬁd’rf“ ‘iﬁerga???:b taReh! Lmp arEéBEePlaBél &epd
carrot, 55quasbprd1ngowmlmra1nzmhlwhere:no:utﬂberplappl fs peaéctéﬁl FRom
strawberry, bean acco,

I’ a raspher.r i ne 0] nat o,
sor ghum angg groc Ons;l%m 6F PlceBGW e%‘pa??n’éb%% rEXFStSﬁEE'
i mparting pbalt:ttosxee@unflcafwo,r charrgblao, peanud, pohate| nswhetppanttios

sel ected frggh }&%ﬁblﬁp ! E@cge Ofe:'ié?fx‘?e, Sgégggggl ia, petunia,
san

Pel angoni um p0| n ett| a enmum  carnation zinnia. 20
37. A pat hogenliddicsteshe ©1IRRA%T ngt ke, seadish, gpivaghngonsoslai m 27,

wher ei n.o hegaatilegerdgp MHUEh ddisper, $&BEEy] ScadLsb8! aguhgnsel ect ed from
t he group con5|§<t|ng of a virus, bacterl ym fun ematode and

conbi nat i onEY2B< 1Y Izé‘kﬂ“‘:hlnl' cucurber, a eA B%’f‘ﬂog‘@ﬁ PBsi st ance
i mparting pb&m’aw&:md-y, mmmrwa@b@rryalmﬁéappberesﬁybéenpl ant seed

cells are toba%c%ontt%%aé/gthnot{%&@ I\{@l glgcarllot cause di sease and 30

are transforned W t'h a gene encaodi ng' t e hy FSENsSTti ve response
elicitor polypeptide or protein. 39. A pat hogen-resi stance

inpartijeg plant seed 35, A pathogen-resistance imparting plant seed
according to claim 34, wherein the plant is selected from
the group consisting of rose, Saintpaulia, petunia,
Pelangonium, poinsettia, chrysanthemum, carnation, and
zinnia.
20
37. A pathogen-resistance imparting plant seed
according to claim 27, wherein the pathogen to which the
plant is resistant is selected from the group consisting
of a virus, bacterium, fungus, nematode, and combinations
25 thereof.

38. A pathogen-resistance imparting plant seed
according to claim 25, wherein the plant seed cells are
in contact with bacteria which do not cause disease and

30 are transformed with a gene encoding the hypersensitive
response elicitor polypeptide or protein.

39. A pathogen-resistance imparting plant seed
according to claim 25, wherein the plant seed cells arxe
35 1in contact with bacteria which do not cause disease in



according to clai m 3" 1 ﬂﬂ!ﬁjﬂl ant seed cells are 35 in contact with
bacteri a%%%‘ L6 N WO 98/ 24297 petuseiazeze

PCT/ US97 - 77 - the plant, but do

cause disease in other plant species, _and contain a gene encodi ng the
hyper sensitive response elicitor po? ypepti de or protein. 5
40. A pathogen resi stance inparting plant seed accordi ng t-o el-ai m 26,

uherein theRl Ylaifedble qo chOLL! bighadeaniskh fg}ferp%}ﬂé}ﬁgtéggcfésprme' n.

41. A netho npartln pat hogen resis conprisin
provi di ng angdr asyain saﬁmeseeqodlngt thﬁsh@@ﬁe@e\nﬂtwmmx@wl e

encodi ng a, ﬁli%rt%n?éiﬁ ptldéeéPOﬁ§8t%| ihCi tor pol ypeptide or protein;
pl anting the transgenic p ant seed Tn 15 soil; and

propagating a plant fromthe planted seed under conditions effective to

i mpart gpat hogen resi sé@ncea ath@géherﬁba@tancé&mpart1ng pldé?: séedet hod
according to claj I tive response elicitor

m petrsen
polypept|d@qﬁoéalnqn%ﬁe?ﬁaﬁ%r?QSpBﬁSEefé ?h Y&t orff a pat hogen
sel ect ed fdiafitltergreatipvtohnstkéei pglygpeptudel @r protesisudononas,
Xant honmonas, Phytophthora, and m xtures 25 thereof. 43. A
net hod according to claim42, wherein the hypersensitive response
elicitor polypeptide k. A pebhefinofoimpeptiay tretingenorewbetdnom

Erwi nigy 30, C )éﬁﬁgg% 44. A nethod according to claim
42, wherein E{ t he hype ge?él?l ve response eI|C|tor pon gtlde or

prote| n corresponds to thaPr‘El’éMi%‘éE fr SFPRSEeRiE 3
transformed with a DNA molecule encoding a hypersensitive

response elicitor polypeptide or protein;
planting the transgenic plant seed in
15 soil; and
propagating a plant from the planted seed
under conditions effective to impart pathogen resistance
to the plant.

20 ' 42. A method according to claim 39, wherein
the hypersensitive response elicitor polypeptide or
protein corresponds to that derived from a pathogen
selected from the group consisting of Erwinia,
Pseudomonas, Xanthomonas, Phytophthora, and mixtures

25 thereof.

43. A method according to claim 42, wherein
the hypersensitive response elicitor polypeptide or
protein corresponds to that derived from Erwinia

30 chrysanthemi.

44, A method according to claim 42, wherein
the hypersensitive response elicitor polypeptide or
protein corresponds to that derived from Erwinia

35 amylovora.



VO 98/ 24297 H“I“Ulu" mmgmw _ PCT/ US97/ 22629
- 78 - WO 98/24297 according to claim42, pbeiedinzee the

hyper sensitive response elicitor polypeptlde or protein corresponds to
t hat derived from Pseudononas syria g 46. A nethod-
according to claim42, wherein t he ypersen5|t|ve response elicitor

pol ypepti de or protein corresponds to that derived from Pseudononas

sol'anacearum 10 45. A metﬁgd_gdaaﬂuyh#uggnéhgghtgzcl@hgkgg wher ei n
t he hypersensitjve response el |C|tor5§glype de or: Eroteln corresponds

to that deﬁﬂy%thPﬁﬁ?9&ﬁﬂﬁ&ﬁﬁn§§sFon fetiter nalypeptide or 48 A
met hod acccpﬁbtﬂglﬁowkae@péadswﬁ@r ghat dediReedybesitensblii¥gohagEPONSe
elicitor é%PeBt'de or protein corresponds to that derived froma
Phytophthor ?SéC|es 20 49. A nethod according to claim
41, whebein the plant is selected fromthe group consisting of dicots
and nonocot s. 25 JIRERS r t o cl wher ei n
the plant is selected Fron1tﬁg§gFgU§'con5|gqug9 ?HQ@E 22! %hakégP barl ey,
rye, oats, 'diRtbrPezannEdRdrve casponse eligidmnr pelypeppbdat or sweet

potato, beafko®esn éBkQ@%iSonds ehelethiate gandiee. ff&!@bﬁgsug&%ha&' over,
broccol i, tq%g?$6F30 radi sh, spinach, onion, garlic, eggplant, pepper,

cel ery, eafytfash, punpkin, zucchi ni, cucunber, appl e, pear
mel on, 18t rawberry, grape, raspberry, pineapple soybean, t obacco,
;g;?bg§7?g;gggn] and iygariamethod accor 1nq gg)éﬁalm 42, wherein gq A

met hod accdrhk nigypersenisitd9e weepense elitdicdqut gnblyseseiéeted fromthe
group consigling; 9f cL8EsponasSALN A Idbr RAIKTE Aum PRLALHSALUT

poi nsetti a,

campestris.
15
48. A method according to claim 42, wherein
the hypersensitive response elicitor polypeptide or
protein corresponds to that derived from a Phytophthora
species.
20
49. A method according to claim 41, wherein
the plant is selected from the group consisting of dicots
and monocots.
25 50. A method according to claim 49, wherein

the plant is selected from the group consisting of rice,
wheat, barley, rye, ocats, cotton, sunflower, canola,
peanut, corn, potato, sweet potato, bean, pea, chicory,
lettuce, endive, cabbage, cauliflower, broccoli, turnip,

30 radish, spinach, onion, garlic, eggplant, pepper, celery,
carrot, squash, pumpkin, zucchini, cucumber, apple, pear,
melon, strawberry, grape, raspberrxry, pineapple, soybean,
tobacco, tomato, sorghum, and sugarcane.



chrysant henum carn IWWQ’UH"WMH 52. A nethod
according to el al m 4 e pat hogen to which thg .gﬁ@%} 6§9

resi st ant WO8&8Hct ed fromthe group consisting of viruseé acteri a,
fungi, and conblnatlons t hereof. 10 53. A net hod
according to claim4l further conp??srng: app! yi ng
the hypersensitive response elicitor polypeptide or protein te the

propagated plants 15 enhanc ant:.s t hogen, resj st ance. .
54. A nethod accor di négt‘o ﬁ\h&’%ea\%ﬁ gpat ‘ﬁ)gaﬁ%}p‘z#sewgﬁf’ﬂ@ response
elicitor proheiplant is B&|l¢[ﬂﬁ[&td derams tthd ungalp hyges Sebshyi v€ response

elicitor. 2 ed b pet hod of claim
22. galntpaulgg Reﬁluélr%ta S%e?%r%érg):ﬂ#f %t(r?% Uted by 25 the )

met hod of cthiys@2themum, carnation,5ANA q;ﬂlram;apr opagul e fromthe plant
produce by the nethod of claim22. 30 58. A pl ant
produced by the nethod of claim4l. 59. A plant seed
fromthe plant produc&d-by? methipd RAGRKABIT taiedaim 45, wherewp 98/ 24297

PCT/ US97/ 22628 pathogen to which the plantlis resistant is 881eBcRlgant
propagul e frog% Qge g%ghp g%%#?%%lgj t%“%f?ﬁggg,qgagég$ggﬁlfungl,

and combinations thereof.

10
53. A method according to claim 41 further
comprising:
applying the hypersensitive response
elicitor polypeptide or protein to the propagated plants

15 to enhance the plant’s pathogen resistance.

S4. A method according to claim 41, wherein
the hypersensitive response elicitor protein or
polypeptide is a fungal hypersensitive response elicitor.

20

55. A plant produced by the method of

claim 22.

56. A plant seed from the plant produced by
25 the method of claim 22.

57. A plant propagule from the plant produced
by the method of claim 22.

30 58. A plant produced by the method of
claim 41.

53. A plant seed from the plant produced by
the method of claim 41.
35
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60. A plant propagule from the plant produced
by the method of claim 41.



