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resistant to a secondary i nfectaRGROUND OFS BRI TNVENTTOM|UI r ed resi stance
can persist for several weeks or nore (R E. F. Matthews, Plant Virol ogy

(Academ c Press, New 35 York, ed. 2, 1981%a and often confers
cross-resistance to urdarine: ensapASHENbaYY evaived & CORPNEK array

Appr oaches tgs of%aa&h&hmq:a@qmaw thht &fifle ithen( 80 @¥coblawz&0aKd
1987), pp. 255_2rebponacgn %hﬁp*ro%thgoéﬁéf¥Lémént These pathways
' include receptor organs, hormones, second messengers, and
enzymatic modifications. At present, little is known
about the signal transduction pathways that are activated
20 during a plant’s response to attack by a pathogen,
although thies knowledge is central to an understanding of .
disease susceptibility and resistance. A common form of
plant resistance is the restriction of pathogen
proliferation to -a small zone surrounding the site of
25 nfection. In 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. In
addition to local defense responses, many plants respond
30 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
acquired resistance can persist for several weeks or more
(R.E.F. Matthews, Plant Virology (Academic Press, New
35 York, ed. 2, 1981)) and often confers cross-resistance to
unrelated pathogens (J. Kuc, in Jonovative Approaches to
"Plant Disease Contxol, I. Chet, Ed. (Wiley, New York,
1987), pp. 255-274, which is hereby incorporated by
reference) .
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Expressi on of system c acquired resistance is associated with the .
failure of normally virul ent pat hogens to ingress the inmunized tissue
(Kuc, J., "I nduced Immunity to Plant Di sease," Bioscience, 32:854- 5
856 (1982), WWi%M9%0Z hereby incorporated by reference). pPCTossmoBs1S hnent
of .systemic acquired resistance is . correlated with system c increases
in cell wall hydr oxyprol i ne | evels 4md peroxi dase activity (Smth,
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28:113-38 (1930A., W Glv.i s-'bamﬁayatﬁe@rswa@t o8 R¥idic r&figiReal and the

constitut [ eSSi 0 of a b chi.tinase ggne i.n tr eni,c_t obacco
protects Jé\%al %?%) clateg (FP' 5ﬁ Bce?h%eﬁllﬁ%ﬁ‘geRH‘z %W ’'s “5% EL ogl ie,
K., et al and"Wat’amrgéqm - &ehok: dHod290338 the

Fungal Pat hogfcmsﬁ@) pAcr (e R assﬁéﬁéby 1ncﬂ3ﬁpéﬂﬁ€e30by2:%fe¥e9{be])13ﬁd( 1991), |
whi ch is hereb or.para 2”8 ﬁ? =1st| ng t hat these
0

system ¢ acqu 'éla "the er’%’gﬁegtséﬁﬁeof)r%tseeftnso t he i muni zed
state ( Ukaesgalled aiystemic” acaud rest msssaane egeme AWEYdJOBSRS "

Pl ant Celig 4: 8455555 {cdPainakli 68néd AABMARY HCREAEHESG Agents
“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
20 functions have not been established. However, some of
these proteins have antifungal activity in vitro (Bol,
J.F., et al., "Plant Pathogenesis-Related Proteins
Induced by Virus Infection," . Rev. P athol.
28:113-38 (1990), which is hereby incorporated by |
25 reference) and the constitutive expression of a bean ’
chitinase gene in transgenic tobacco protects against .
infection by the ‘fungus Rhizoctonia solani (Broglie, K., i
et al., "Transgenic Plants with Enhanced Resistance to 2
the Fungal Pathogen Rhizoctonia Scolani," Sgience
30 254:1194-1197 (1991), which is hereby incorporated by
reference), suggesting that these systemic acguired
registance proteins may contribute to the immunized state
- {Uknes, S., et al., "Acquired Resistance in Arabidopsis,*
Plant Cell 4:645-656 (1992), which is herehy incorporated
35 by reference). : : :
Salicylic acid appears to play a’ slgnal
function in the induction of systemic acquired resistance
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- 3- since endogenous |evels increase after inmunization (Mal any,
J., et al., "Salj Acid: © A Likely Endogenous: Si gnal i

Resi st ance Resgg‘}nse of “Tobacco to Viral Infection," Sci enc’g":lt 6/08819
250: 1002- 1004 (1990), which 5 is hereby iLngorporated by reference) and
exogenous salicylate induces system c acquired resistance genes

(Yal pani, N, et al., "Salicylic Acid is a Systemc Signal and an

I nducer of Pat hoganesi endogeticits Rleviedisnintpease. afittats :.Imnm:ihad1$nbacco "
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reference), and resi stance uired
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encodi ng sal |§y heregﬁ 8&% aseeé‘ SXo?efgﬁé%&% gns &m ?eacg% red :
resistance (@aﬂﬁnxr;«ater indyceq systrmigi a@me%freswst@ppﬁc gepps for
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(1993), which is é{%{iﬁgy Corpfﬂéi‘}%F ¥ Z»Qtyéﬁﬁse elat'é‘&"‘%‘i-ﬁﬁ;eﬁg in

effect may refle a |l oca
function, and Vi&@?aiﬁﬁ%ﬂ%ﬁn&ql@ml“yglw.sllgr?a43q9f'e§ﬁ§m(§§ﬁéh in

cucunber suggest ynibat 1§ahé£éﬁyﬂt:ﬁ1d&?o&ﬁﬁ:eaebfsﬁﬁfgifeﬂce) , and acquired

| ong-di st ance si gnal,i ssen em.c | nduct i on
of Salicylic Aci R&Eg%ﬂﬁg ?‘gﬁ"ﬁf 8. Gﬁcﬁﬁbe %?%rﬁdn%tﬁigttﬁﬁ
Pseudononas Syri mg:abigopsis, " Blantygell' APEARt65HyEIH2) .9wh1®h2i5347)
(1991), which is hereb?eiﬁéd(ré&?éﬁé@rr@t QQfQ&eﬁé&?r e'M‘:ﬁQeover, transgenic

22t on v M2t 12650y N RO 11 500 R MR e o
cul tivar - pat msgemcd;ion Ofa%elsa@femll @Dﬂ'@psgengnqimmmﬁldwﬂ:ﬁmy prior
infection . hydroxylase do not exhibit systemic acquired resistance
" (Gaffney, T., et al., "Requirement of Salicylic Acid for
the Induction of Systemic Acquired Resistance,” Science
261:754-296 (1993), which is hereby incorporated by
20 .reference). However, this effect may reflect inhibition
of a local rather than a systemic signal function, and
detailed kinetic analysis of -signal transmission in
cucumber suggests that salicylate may not be essential
for long-distance signaling (Rasmussen, J.B., et al.,
25 rsystemic Induction of Salicylic Acid Accumulation in
Cucumber after Inoculation with Pseudomonas Syringae pv.
Syringae," Plant Physiol. 97:1342-1347) (1991), which is
hereby incorporated by reference).
Immunization using biotic agents has been

30 extensively studied. Green beans were systemically
immunized against disease caused by cultivar-pathogenic
races of Colletotrichum lindemuthianum by prior infection
with either cultivar-nonpathogenic races (Rahe, J.E.,
"Induced Resistance in Phaseolus Vulgaris to Bean

35 anthracnose," Phytopathology 59:1641-5 (1969); Elliston,
J., et al., "Induced Resistance to Anthracmose at a
Distance from the Site of the Inducing Interaction,"
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whi ch accor di n@Fgaﬁﬁg& &S ng gy?eﬁ“f%cﬁson'llﬁﬂ‘&giﬁg Gt 9%esi st ance
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Phaseol us Vul gggbstive Ry rRRRpACHhEGESLHraces 48 bACHhdhLe S oR289- 303 (1976),
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the same. moch NP SRR GRP e AR SR PP E L] VAFE®, BROPERR  as oo
' possessing' 8nthrackosry Protschhor wamdnduged byod, Bigerariwm im .,
"Rel ati om®f Byt oeheXiFesiGtuit| 861 Ofle t&r more races of C.
- *"lindemathianum as well as in cultivars susceptible to all
“*reported races of the fungus and which accordingly had
‘been referred to as ’'lacking genetic resistance’ to the
‘pathogen (Elliston, J., et al., "Protection of Bean
20 Against Anthracnose by Colletotrichum Species
'~ Nonpathogenic on Bean," Phytopathologische Zeitschrift
86:117-26 (1976); Elliston, J., et al., "A Comparative
Study on the Development of Compatible, Incompatible and
Induced Incompatible Interactions Between Collectotrichum :
25 Species and Phaseolus Vulgaris," Phytopathologische :
Zeitschrift 87:289-303 (1976), which are hereby !
incoiporated by reference). These results suggest that :
the same mechanisms may be induced in cultivars reported '
as ’‘possessing’ or ’‘lacking’ resistance genes (Elliston, l
30 J., et al., "Relation of Phytoalexin Accumulation to
" Local and Systemic Protection of Bean Against
Anthracnose," Phytopathologische Zeitschrift 88:114-30
(1977), which is hereby incorporated by reference). It
also is apparent that cultivars suscepﬁible.to-all races
35 of C. lindemuthianum do not lack genes for resistance
méchanisms against the pathogen. .
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Local i zed | nf ect i (HAmsTsGhiaty Hrar Sy SRS ot BYyiaalc ¥Bat hol ogy,
17: 389-93 (1980) agBengst coblets&iiclrim a'.lageneEiﬁmcami (ﬂladospmakn | nfection

of Cucumber by CWC?’E”%M”W 66 PPSYIOTONAR) LagprERng, Or
Tobacco Necrosis Virus on St.emnl CEQ%SIS ance, t o cunber ai, c
Virus," 30 PRyt &pat RSl Bdy- Bized PRt Tohacch Necrosis

‘Virus Protects Cucumber Against Colletotrichum
'Lagenar:um, 'o 1 Pl nt Pathol 11:207-12
(1977); Caruso, F.L., et al “Induced Resistance of

Cucumber to Anthracnose and Angular Leaf Spot by
20 Pseudomcnas Lachrymans and Colletotrichum Lagenarzum,f
jologi Pat 1 14:191-201 {1979) ; Staub,
T., et al., “Systemic Protectlon of Cucumber Plants
_,Against Disease Caused by Cladoqpor:um Cucumernnum and
Colletotrichum Lagenazzum by Prioxr Localized Infection
25 with Either Fungus," Physiological Plant Pathology,
17:389-93 (1980); Bergstrom, G.C., et al., "Effects of
Local Infection of Cucumber by Colletotrichum Lagenarium,
Pgeudomonas Lachrymans or Tobacco Necrosis Virus on
Systemic Re51stance to Cucumber Mosaic Virus,*®
30 Phytopathology 72:922-6 (1982), Gessler, C., et al.,
"Induction of Reeistance to Fusarium Wilt in Cucumber by
Root and Foliar Pathogens," BPhytopathology 72:1439-41.
(1982); Basham, B., et al., "Tobacco Necrosis Virus
Induces Systemlc R551stance.1n Cucumbers Against
35 Sphaerotheca Fuliginea," yegiological Pla o
23:137-44 (1983), wh;ch are hereby incorporated by
reference). .an-speclfic protection induced by infection
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al ., "Tobacco Necrosis Virus | nduces System c Resistance in Cucunbers
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Col | et ot ri chufiPEaF¥RST T sesPhVH)‘b it g & Tﬁ’é%‘g’?'( 1977), which is-
her eby 5 i Scmb@rwecpmelceﬁ-enem)mduced by and was Sadsdceni ¢ protection

in tobacco haafeééei@@eayamst LBgECESk ﬁ&%ﬂzﬁt Brhbf CoyAbl el di seases
(Kuc, J., et -"Immmiatlonfo

ReS|stance I n .Tohacco, )
Recent Advanc §c}ﬁéﬁ?ﬁkﬂﬁﬁ?I§F Shcand Wﬁﬂ*ﬁé@? EQES) een sysfemica yhereby
i ncor por at ed pyote¢ead rmgainskeCr olagenariun e(cawnsocansred, Bt tadhgcco nosaic
virus enhanCEdProtectEf&i %@%@e&ﬁei&? P MuskR_Y8A i@aﬂiﬁ‘?ase caused by the
20 wvirus %P " %éﬁ al ¥$ qé?tﬁ%SUIred SI stance | nduced
by Local i ¥6§ ?ﬁf um, FaTERaEE G Wy hagenariugs *(1961) ;
Ross, A. F., ezmmpéﬁmﬁd 1285-Ff {18727 ,oWwhiicbais Ussteby For mati on," In:

Viruses of Pl apkts oratgg)bylggfgpeﬁé&%) whi ch ar.e hereby |ncorporat ed by
25 reference). ﬁytop hora parasitica .(ar.. nicotianae, t abaci na

and Paeudononas t abaci Séf‘ﬁi:eF‘éHuE’é‘a eI & Eghacco hag %%Pé’ B84 Myzus
persi cae (M| bnduesd Jagainsst aawide var:.é‘umchfctin.saaaés Lixasd,i 22 a&td Systenic

Protecti of5 AJg4 NSt vImmunization for Disease Resistance in Tobacco, ™
‘Recent Advanceg in Tobacco Science 9:179-213 (1983),
“which is hereby incorporated by reference). Necrotic
lesions caused by tobacco mosaic virus enhanced
resistance in the upper leaves to disease caused by the
.20 wvirus (Ross, A.F., et-al;;'“Systemic'Acquifed'Résistanée
' Induced by Localized Virus Infections in Plants,"

‘Yiroloay 14:340-58 (1961); Rqss,"A;F., et al., "Systemic \
Effects of Local Lesion Formation," In; Vi F ts

pp. 127-50 (1966), which are hereby incorporated'by
25 reference). Phytophthora parasitica var. nicotianae, P. i
tabacina and Pséudambnaé tabaci and reduced reproduction
of the aphid Myzus,peisiéae (McIntyre, J.L., et al.,
"Induction of Localized and Systemic Protection Against l
Phytophthora Parasitica var. nicotianae by Tobacco Mosaic
30 Virus Infection of Tobacco Hypersénsitiire to the Virus,"
wmm 15:321-30 (1979); McIntyre,
J.L., et al., mEffects of Localized Infections of
Nicotiana’Iébacum by Tobacco Mosaic Virus on SYBtemic
Resistance 'Agai'hst Diverse Pathogens and an Insect,"
35 Phytopathology 71:297-301 (1981), which are hereby
incorporated by reference) . Infiltration of heat-killed
P. tabaci (Lovrekovich, L., et al., "Induced Reaction
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Agricul tural Sci éhde,26t389- 7‘2Proteqt];.g:@opf Wﬁbéﬁcq)%m Ffmh@red by
reference, were parats*i%it:arvartqummemyncaati%iﬁodpemﬁgéﬂi@ i age

ingus. whi ch =l S8Ry~ BRER O] CAtEe Andr PEREFT sl Pendians.l o

~recently di s&5ver&t§matum¥r§%ﬁ35m9_ dﬂ@@ﬁhal which s herebynot only

al leviated Stididrperadbaaby Ordliey@c]y .gr owt h and devel oprent .

Cruikshank, I.A.M., et al., "The Effect of Stem
Infestation of Tobacco with Peronospora Tabacina Adam on
.Foliage Reaction to Blue Mould," Jog;gal gg ;hg

20, . ite © ltural 26:369-72
_(1960), whlch is hereby 1ncorporated by reference, were
the first to report immunization of tobacco foliage

-against blue mould (i.e., P. tabacina) by stem injection
with the fungus, which also involved dwarfing and

25 premature senescence. It was recently discovered that
injection external to the xylem not only alleviated
.stunfing but also promoted growth and development.
Immunized tobacco plants, in both glasshouse and field
experiments, were approximately 40% taller, had a 40%

30 increase in dry weight, 30% increase in fresh weight, and
4-6 more leaves than control plants (Tuzun, S., et al.,
"The Effect of Stem Injections with Peronospora Tabacina
and Metalaxyl Treatment on Growth of Tobacco and
Protection Against Blue Mould in the Field,"

35 Phytopathology 74:804 (13984), which is hereby
incorpdrated by reference}. These plants flowered
approximately 2-3 weeks earlier than control plants

acco 10
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(Tuzun, S., et al., "The Effect of StemlInjections with Peronospora
Tabaci na and Metal axyl Treatnment on G owth of Tobacco and

Protecti on AwaisssssoBl ue Mould in the Field," 35 Phytopat hebptgsessdsg04
(1984), which is hereby i ncorporated by reference). These plants
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Myvenent of Fac i n Tohacco
I nfected wit hz(#FBHOSim a&raﬂ}am ngo‘ﬁﬁ‘ﬁ?ﬁ‘;/\/rﬂ‘%ﬁ %a°t°§ RFPRAFIY Protects
Agai nst Bl ue Wpfiedtéed Pl Fengpnoapora Talcina Ma’mowmggh% 321-30 (1985),

whi fh L'S he(rje sté?ieaqp@ﬂt%@tbyaé&{ﬁ@m% Mould " g?xgg.%;gﬁamg t
protection dog§ not_confer ectlon, bu
reduces the Sm&gf_gx %%egg#s%%sgw n%?’é?hlﬂevel opnent .

Lesi on 5 nubeerpbrateth kst zefezencekti ent of spor uI ation of fungal 10

pat hogens are all decr The, @Iéé@f&eqi qg_qﬁreed by nore
t han 90% rilc % ?rgf dgf\?/iggagoﬁg%%sﬁér )
i nocul ati on 3iB™HBLRY 393H5% HOIPR g"r’fo Aycegnthe seyexiky £Fi on

i nduced by C. thagénaeamndm‘stdedayhmmtc&ﬁ defviedwpmeny. armbéiontl ng (Kuc,
J., et al. "ﬁﬁﬂﬁéis Nsidie s:.zePrQﬁ&Cé:h%htOfofoé Q‘Q@ﬁtf&?'

Col | et ot righ ég enari um é Col | e | g\é&agensrl um tgopat hol ogy
67:533-6 10 (PaFaogeqs;axe all, FES?a? Eg‘r"a e e?’é?aer\'@é'j

Prot ecti on coweduned lne mowudcadnodtt. pl ants had set 20 fruit. Tobacco

plants were i mmuni zed fypferd RRICHNBYLS Svere FIRRIOR PYosShESR4 NjeCtion with
spor angi a of revent _system c bl ue noul d

devel oprent , g.ﬁpg&'fathré@mﬁ (Y&Eﬁzﬁ/aigbﬁf fq@pfj‘é’&l‘:ﬂ@% et Rant s were
above = 20 twwiuniZstipn irdmced by C. ladenarizim déstéd thsmegr | eaf from

| muni zedys - £eHGEIDSS PRy NPkud SBICE thB1l SVeAs M od BENILERL T ON
“‘Protection of Cucumber Against Colletotrichum Lagenarium
' -“by Colletotrichum Lagenarium," Phytopathology 67:533-6
(1977), which is hereby incorporated by reference).
Protection could not be induced once plants had set

20 fruit. Tobacco plants were immunized for the growing

' season by stem injection with sporangia of P. tabacina.
However, to prevent systemic blue mould development, this -
technique was ohly effective when the plants were above
20 cm in height. : :

25 Removal of the inducer leaf from immunized
cucumber plants did not reduce the level of immunization
of pre-existing expanded leaves. However, leaves which
subsequently emerged from the apical bud were
progressively less protected than their predecessors

30 (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). S8imilar results were
reported by Ross, A.F., “Systemic Effects of Local Lesion

35 Formation," In: Viruses of Plants pp. 127-50 {(1966),
which is hereby incorporated by reference, with tobacco
(local lesion host) immunized against tobacco mosaic



of pre-existing expanded | eaves. However, |eaves which subsequent |y
energed fromthe apical bud were progressively |l ess protected than
their predecessors 30 (Dean, R A , et al., "Induced System c Protection in
Cucunber: Tinme of Production and Movenent of the "Signal',"
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reference). Sim results were reported by Ross, A F.,- C
Effects of Local Lesion 35 Formation," Lng _Viruses of Plants pp. 127-50
(1966), whi eh is hereby incorporated by reference, with tobacco

(local lesion host) immunized agai nst tobacco npsaic WO 96/ 39802
PCT/ US96/ 08819 wvirus by prior infection with teBacco mosadicr wdxrbs. prInr

(nfection with !QBACERUDSALS 14 which emEANd Aom MRMCHEAURE14E4CN

energed from sci ogns exc) sed romtobacc HE ants I muni z %
steminjection mFFﬁmPF°bac°?eﬂkﬁHQﬁaLW@PBlﬁ?g Y FHERIAIEFELPH WAERSP: ot

al ., 5 "Transf exabhclindueere Reglttyapreteotddbifuzun 0 SBl,uetMall ¢
(Peronespora Jabggil HUS 4 vt onat ' ' o1

(1985), whi oo %%?2‘899? nn%%ri%%%dhgélst%%%f%?e% 0 BPai gelddfla
via tissue culturl@erpppppora 1% Adafhi Vi ?ﬂ%%ﬂﬁ?ﬁ;ﬁ@ﬂ&&géibﬂgﬂglicant
r]geduct ion 10 i 37BI=msoaDm19Ia$pm&rm- s héaébyl_iwﬁm biyom | eaves

of non-imuni ze r Yo : al Ve : c

sporul ation. As rggﬁgs geéﬁ,q%%?ﬁﬁ?ggggﬁgLétggégﬁ$g%%%ﬂ?{éﬁ&%gggrg?%?ion
were reduced. O Beaves of nimmunigadpdankg eheved f Fimificant radushienis
concl usi on, abt hawgblaesSmotld i conipareddtet phants regermfitddition leaves

I A A
Per onospor a Hyos&pdnred proralakimnogps7pianbs.agedodmth Agsigni ch i s
Yol o2 CRSebepeate ens pomaion vers mPbatar | RS LG
P et ar - pavpebrarbRr o bk B8 A MRl S g L TChon
Lagenari um b}5C. congdnaitnm altipugha sianisieapt sreduggion Ang77), which is
her eby ~ sporulation in one experiment was reported (Lucas, J.A.,
et al., "Nontransmissibility to Regenerants from
Protected Tobacco Explants of Induced Resistance to
Percnospora Hyoscyami," W 75:1222-5 (1985),
_20_.ﬁhich is hereby incorporated by reference).
' Protection of cucu@ber and watermelon is
effective in the glasshouse and in the field (Caruso,
 F.L., et al., "Field Protéction,of Cucumber Against
Colletotrichum Lagenarium by C. Lagenarium,"
25 Phytopathology 67:1290-2 (1977), which is hereby
'incorporated by reference).” In one trial,'the total
lesion area of C. lagenarium on protected cucumber was
less than 2% of the lesion areas on unprotected control
plants. Similarly, only 1 of 66 protected, challenged
30 plants died, whereas 47 of 69 unprotected, challenged
watermelons died. In extensive field trials in Kentucky
and Puerto Rico, stem injection of tobacco with sporangia
of P. tabacina was at lgast'as_effective in controlling
blue mould as the bestiiuhgicide,:metalaxyl. Plants were
35 protected 95-99%, based on the necrotic area and degree
of sporulation, leading to é'yield increase of 10-25% in
cured - tobacco.



I ncorporated by reference). In one trial, the total | esi on area of C.

| agenari um on protected cucunber was | ess than 2% of the | esion areas
on unprotected control plants. Simlarly, only 1 of 66 protected,
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suppr essi on Oéyﬂbé&ﬁ’éeozi pa&%gnholnﬁlﬁpﬂ@é&%ﬁno%&m n{)@é&i&ﬁ or both )

(Caruso, Sd Resi st ance er to
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Col | et ot rlshum;th:gamsmrand Aﬁbytanllm;ﬁ:eﬂpot by Peendomaam| ogy 14: 191- 201
(1979); Doss, afs -and mllgiéizf‘i%ﬂunﬁ éﬁﬁ!‘zﬁ’ﬁs" wunber to-
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not in Milti pg%-%éﬁgﬁcﬂérﬁ Wct(é“gﬂ top2BRol ¥yt £ &l-acadeni ae
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As descri bed gggﬂg §.elareq:h agonceﬁ& eclf:x,%&’iESEbEaﬂEQ%J ed resistance Co
o :

I nvol ves i nfectl ng plant's, 20 _ with, ¢t rous_pat ens Al t hough studies
in this area Pathogens dadpced, Mﬁﬁ%‘f‘%‘i% Ry RegAsyIresrion Qfir ed
resi stance woCkSumisdx miﬁmg'obacbornmmsamcwi\msh Colletdexricinms agents isS

not commejgi aﬂt&eﬁ@ﬁiiﬂx o’ $eddBmonas Lachrymans, ” Phytopathologia
““Mediterranea 18:129-34 (1979), whlch are hereby
lncorporated by reference) .
As descrlbed above, research concerning
systemic acqu:.red ‘resistance involves infecting plants
20 with infectious pathogens. Although studies in this area
are useful in understanding how systemic acquired
resistance works, eliciting such resistance with
infectious agenté'is not commercially useful, because |
such plant-pathogen contact can weaken or kill plants. ;
25 The present invention is directed to overcoming this
" deficiency. o ' .

" SUMMARY OF THE INVENTION

30 The present invention relates to a method of
' imparting pathogen resistance to plants. This method
involves applying'a'hyperéensitiVe response elicitor
polypeptide or protein in a non-infectious form to a
plant under conditions where the polypeptide or protein
35 contacts cells of the plant. '
Another aspect of the present invention relates
to a pathogen-resistant plant with cells in contact with



such p| ant - pat hogen contact can weaken or kill plants. 25 The present

I nvention is directed to overcomng this defi ci ency.
SUMVARY OF THE | NVENTION 30 The present invention relates to a
met hod of i nparting pathogen resistance to plants. This nethod

i nvol ves appl yi pg .a_hypersensitive response elicitor pol ypept |
protein in a no glgf(?%’ﬁi ous formto a pl ant under conditi &#Mﬁﬁé?"g{% he
pol ypeptide or protein 35 contacts cells fl t he plant.

Anot her aspect of the present invention rélates to a pat hogen-resi stant
plant with cells in contact with WO 96/ 39802 '

PCT/ US96/ 08819 pon-infectious hypersensitive -rédponse elici@eri nfectious
hyper sensitive response, elicitaqr einpoI ypeptide or protein.

Yet another aspePP ¥PRREPrEHCTVention  relates to.a conposition
for inparting pathogen 5 r¥at fanathert agspeghtal the RrsResd AP¥RRERRRudes a
non- i nf ecti eugat8y PES S Ednigosd tieaPoes eimpar iny pathygent | de or

prot-ei B and carrier The_p Javent | s_t _
pot enti al to?s replatanee 40 Rk s'e_s}%&ﬁi éﬁﬁﬁgegrleﬂlp@rﬁe.\%igﬁs gguﬁtggrét abl e;
10 treat di seasdnfegticuschiypensensisivenesprrrr sddifitoy polypepkide

separately due tgrCgsbie ity ¥ Galridetse of i nfectious agents to treat
di seases. The present lJavention can inpart resi tan% evvi t.h?uéoysi ng
agent s pat hogeni c to tTRe RERRDGAPNSOEH AP 0% & 3’1 t8L18°% i t uat ed

near by those tre&redt phintecdigengascwbich were previonsiyhwotyestablepf a
natural prodygt thahel didehdds syséaua@am%gdeﬂa@,oﬁ@m&ﬂ\d moRTRaht eyl d not
be contam nated. treat separately du%th%Fcoé ,CRal.rﬂ_ lagr\é)iq: tﬂé‘Eugng NGS

infectious agents to treat diseases. The present

invention can impart resistance without using agents

pathogenic to the plants being trieated or to plants

15 situated nearby those treated. Since the present
invention involves use of a natural product that is fully

biodegradable, the environment would not be _contaminated.

BRIEF DESCRIPTION OF THE DRAWINGS
_ Figure 1 shows the genetic organization of the
gene cluster encoding the hypersensitive response
elicitor polypeptide or protein for Erwinia amylovora
(i.e. hrpN). The top line shows the restriction enzyme
25 map of plasmid vector pCPP430, where E=Eco RI, B=Bam HI,
and H=Hind III. The rectangles represent transcriptional
unité, and the arrows under the rectangles indicate the
directions of transcription. The bigger arrow indicates
the region necessary for ultimate translation of the
30 hypersensitive response elicitor polypeptide or protein.
pCPP430 hrpN is the derivative of pCPP430 in which hrpN
- - 1s mutated by the insertion of transposor TnStac.
. Pigure 2 is a map of plasmid vector pCPP9,
Significant features are the mobilization (mob) -site for
35 conjugation; the cchesive site of A (cos); and the
partition region (par) for stable inheritance of the
plasmid. B, BamHI; E, EcoRI; H, HindIII; P, PstI; S,



20 Figure 1 shows the genetic organization of the gene
cluster encoding the hypersensitive response elicitor polypeptide or
protein for Erw nia anylovora (i.e. hrpN). The top line shows the .
restriction enzyne 25 map of plasm d vector pCPP430, where E=Eco RI, B=Bam
H , and H=Hind 1l11. The rectangl es represent transcriptional units,
and theé arrowoosseexr the rectangles indicate the di r ecpeOS6RE819
transcription. The bigger arrow indicates the region necessary for
ultimate translation of the 30 hypers&RBsttive response elicitor

pol ypepti de or protein pCPP430 hrpN is the derivative of pCPP430 in

whi ch hrpN g¥tated by |nser1|0 of rans$osor nSt ac.

Figure 2 is a ﬁﬁﬁ M | SR 5%@( or* ’p%ﬂ%? TepLEPARTPPL AR ‘features are the
mobi | i zati on (spebt;lmme:morressstemug‘m uoﬁtmmmi@s resistancef [err]
(cos); and the partition region (par) for stable inheritance of the

plasm d. B, BanHl; E, " i P, 3t WO
96/ 39802 il odslirbhzol of %TF&WB%&
- 12 - 5 Sall; Sm Smal; oriV, origin of replication; Sp[err],

spectinonycin resi st a”‘iﬁme Qéfﬂ: 1&&&:?&1%”¥ﬁhaté§5i:été‘ﬂ£&hod of
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i nvention rel AFRETENG 88“ FESIQ?%FP Rba’ﬁﬁfhog'g?'ﬂ'ﬁ é’éqpté'f’ ce to
plants. This manInhs applyiobv ashypetsensgjtivieypespamse tedieiterponse

elicitor ypﬁml&eo@ %QE%”MUE%dﬁoﬂnféééféﬁé’uéoﬁ@réﬂ @13k Or 10
part of a.&lant un ndi as mher e po#ggeptl %. rotein
contacts =¥ BR*ba? QN@Lﬂ%§ BBRRE ggn e the polypeptigs,PKer
aspect of theppotes:enthnbaemsl ehlref gt of the eebbs hofjerhe gdiantant pl ant
with cell S in cont act Vi her aBpBoH- dofat beuseﬂypﬁsm \i%l%eaaonse

elicitor tide or protein anot ect of
t he present |E9e tP °gen'FEP§?E§n?dP%PQEaﬁﬁﬁglF?%%sfiﬁ ?9ﬂi§qﬁ (e Bathogen

a non-infectious hypersensitive response elicitor
15 polypeptlde or protein. '
- Yet another aspect of the present invention
“‘re¢lates to a composition for imparting pathogen
resistance to plants. The composition includes a non-
infectious hypersensitive response elicitor polypeptide
‘20 or protein and a carrier. '
The hypersensitive response elicitor
polypeptide or protein utilized in the present invention
‘can correspond to hypersensitive response elicitorx
polypeptides or proteins derived from a wide variety of
25 pathogens. Such polypeptides or proteins are able to
elicit local necrosis in plant tissue contacted by the
elicitor. Preferred pathogens include Erwinia amylovora,
Erwinia chrysanthemi, Pseudomonas syringae, Pseudomonas
solancearum, Xanthomonas campestris, or mixtures thereof.
30 For purposes of the present invention, non-
~ 4infectious forms of the hypersensitive response elicitor
- polypeptide or protein can induce a hypersensitive
response without causing disease in the plant with which
the polypeptide or protein is contacted. This -can be
35 achieved in a number of ways, including: 1) application
of an isolated elicitor polypeptide or protein; 2)
application of bacteria which do not cause disease and -



resi stance to plants. The conposition includes a non- I nf ecti ous
hypersensitive response elicitor polypeptide 20 or protein and a carrier.
The hypersensitive response elicitor pol ypeptide or protein utilized in
the present invention can correspond to hypersensitive response

elicitor polyw, s or proteins derived froma w de vari
pat hogens. ‘Such po?@%ﬁ%fldes or proteins are able to elici k%océwﬁég

necrosis in plant tissue contacted by the 33 -elicitor. Preferred pathogens
i ncl ude Erw nia anyl ovor a, “Erwi nl a chrysant hem-, - Pseudononas syri ngae,
Pseudononas sol ancearum XanthonDnas canpestris, or mxtures thereof.
30 Forayeirpeseforhetdhwiph eganas iemgodingna hypersensitiescti ous

forms of the hypersalside %Ql&%é@?“ﬁéiﬂéﬁdfdy or prBEEﬂer&ﬁdes)or protein
can induce a hypersen3|t| sln ease in.th

ohant wi th whi oh SPPLRIREL0 ECBRFEERER YIS CAUPS HOREARE cift AT Rlsithe
35 achieved in aspemiss (butwapt, innthosks rip whiphappeyCaxeomnplledﬁ agdl

i sol'ated elicig orppQlynapt idatainPaOghd): er?c)oding eng! h‘}ﬁéf@éhﬁtﬂ%?t eria
whi ch do not cause di seaS€e_g WO 96/

nd
PCT/ US96/ 08819  response e11c1tor polypeptide orlgro eln. are transfor med
wi th genes encoding a hypeilIneonet emhodlmenmgfonsheepreser)t :pmvgmann,de or
protein; and 3) AR R gg ot b éiéMydgg ¢AUS sonme
?%ut n s @Eﬁﬁ% oz go yﬂ% an

pl ant speci es ot In t Qse to ey are 5 .
natural |y contai nPECRRe &iTodrndsPhates Fv8°rr e elicitor
pol ypepti de aro protgamisms and applied tm pﬂanbsnbo&uahnisolathenpresent

i nvention, t i e e & | yoe S or
U0, b | EEOURERGS W11 cRASATE A (eteryaal YASRHAES W, g,

m@g organi sns’ and appl i ed
to plants. Such Ya®|Gkjssgem, Jpr Geecltes mog kgtn, @84 deskri bed in
Arlat, M, F. Bdlachet,| I@ppa, Ja Erothm whl.chCInEe.r:ealaI et, and C. A

o Cneei 11 oot i fPR S IR NGt o IRBLESESELLURL e, fosPonee
Pseudonponas 15 Genotypes is Secreted v1a he Hrp Pathway of Pseu amonas
' solanacearxum," EMBO J. 13: 54_3 - 553 (19%4); He, 8. Y., H.
C. Huang, and A. Collmer, "Pseudomonas syringae pv.
. syringae Harping,: a'Prctein that is Secreted via the Hrp
~ Pathway and Elicits the Hypersensitive Response. in
20 Plants,” Cell 73:1255-1266 (1993); and Wei, Z.-M., R. J.
Laby, C. H. Zumoff, D. ZW. Bauer, 8.-Y. He, A. cOllmer,
and S. V. Beer, "Harpin Elicitor of the Hypersensitive
Response Produced by the_Elant Pathogen Erwinia
amylovora, Science 257:85-88 (1992), which are hereby
25 incorporated by reference. See also pending U.S. Patent
Application Serial Nos. 08/200,024 and 08/062,024, which
are hereby incorporated by reference. Preferably,
however, the isolated hypersensitive response elicitor
polypeptides or proteins of the present invention are
30 produced recombinantly and purified as described below.
In other embodiments of the present invention,
the hypersensitive response elicitor polypeptide or
protein of the present invention can be applied to plants
by applying bacteria containing genes encoding the
35 hypersensitive response elicitor polypeptide or protein.
Such bacteria must be capable of secreting or exporting
the polypeptide or protein so that the elicitor can



sol anacearum " EMBO J. 13:543 - 553 (1994); He, S. Y., H C. Huang, and
A. Col I mer, "Pseudonobnas syringae pv. syringae Harpin[err]: a Protein
that is Secreted via the Hp Pat hway and Elicits the Hypersensitive
Response in 20 Plants, Cell 73:1255-1266 (1993) ; and Wi, Z.-M, R J.
Laby, C. H Zunoff, D. W Bauer, S.-Y. He, A Collner, and S. V. Beer,
"Har pi n" El i cWom6/3%802 t he Hypersensitive Response Pr oducpgr/ioyoshbs Pl ant
Pat hogen Erwi ni a anyl ovora, Science 257:85-88 (1992), which are hereby
25 incorporated by reference. See al3® pending U. S. Patent
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i nvention, theldstd,cden e tvangformed withhgemes easodimg have been

transformed ( rsensit&@@oﬂbéﬁﬁﬂgélgli@HEBr iﬁ;::@ %% ﬁEBEBfésen

response elicitor e_or roteln For
do not elici ta’&ffﬁ}%é’régﬁiﬁ VEC ¢ Bact erl
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sitive
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wi th genes enchet gy aoli) ugpeabmmsh'et usedr i poinise enikiodimentpoEypket i de or

protein ig %gé}&nlﬁgghtggnto pl ants. Bacterial species (other
In another embodiment of the bacterial
fapplicatlon mode of the present invention, the bacteria
do cause disease and naturally contain a gene encoding a
hypersensitive response elicitor polypeptide or protein.
20 Examples of such bacteria are noted above. However, in
' this embodiment these bacteria are applied to plants
which are not susceptible to the disease carried by the

bacteria. For example, Erwinia amylovora causes disease

in apple or pear but not in tomato. However, such
25 Dbacteria will elicit a hypersensitive response in tomato.
'~ Accordingly, in accordance with this embodiment of the
.presént invention, Erwinia amylovora can be applied to
tomato to impart pathogen resistance w1thout causing
digease in that species.

30 The hypersensitive response elicitor
polypeptide or protein from Erwinia chrysanthemi has an
amino acid sequence corresponding to SEQ. ID. No. 1 as
follows: ' | '

35 Met Gin Ile Thr Ile Lys Ala His Ile Gly Gly Asp Leu Gly Va.l Ser
. 1

Gly Leu Gly Ala Gln Gly Lem Lys gly Leu Asn Sexr Ala Ala Ser Serxr
30
40




than E. coli) can also be used in this enbodi ment of the 15 present

i nventi on. I n anot her enbodi nent of the bacteri al _
application node of the present invention, the bacteria do cause
di sease and naturally contain a gene encoding a hypersensitive response

elicitor pol ype;&} %gr protein. 20 Exanples of such bacteria are noted
above. However, QIR0 | 1hi s enbodi ment these bacteria are ap 8819
pl ant s whi ch are not suscegtl ble to th%dl sease carried by the
bacteria. For exanple, Erw:nié& anyl ovora uses di-sease in apple or
pear but not in tomato. However, such 25 bacteria wll elicit a

hypersensitive respongg di1y §62184:0val ‘asp AYSOleili St ¥er Thr A6 QlsPanFL Léd thxt hi S

enbodi ment of the prese¥t invention, Er4d nia anyl ovora 4%an be applied
to . tomato to inpagl ﬁﬁtmgﬁ& &S sl AE Sond &1}Outy ﬁi‘é‘%‘eﬂ‘éhla aubiFasg 1 N
t hat speC| es. 530 he yperserw tive response gel i CI tor

pol ypept I de or protein from Ervm mLa c tlhem has _an @ m,N10
seqience correspondi if¥t*sEd D! Y’N& Yf’°§s° v Met; 374 4R o1n IS%‘ el ol ’i\/@ﬁrG n
Tle Thr Ile Lys Ala H's IIe Gly Gy Asp Leu Ay Val Ser

5 10 10 Phe Gly Asn Gly Alx Gln Gly AlaGi%;' E‘E?UL@)LGN %rgrzﬁl. g.-ty Lyay
Lys Gly_ Leu Asn Ser Ala Ala Ser S& 25
30 40 W3e26d1996132asp Ala Leu Ser Lys Met Phe Asp Lys Ala Leu Asp Asp

PCT/ US96/ 08813 _ _ 100 - 15 - w5 Leu B9 Ser Ser
Val Asp Lys H2u Ser é,s‘a& Tty 1 S ol Viys geu o nep, Gln ger %5!1 %,

40 115 Ser a LeieoThr Ser Met I\/EtzsP
Ala Leu Ala G'n Ay Le
60 209y A af‘egcﬁ ach PR Moy ﬁ'eEq;“c‘;ﬁ? s G’ébf‘e%ﬁ’c?’ﬂ FH0 6 J n
Asn Ala Phe Gly Ser Gly Val Asn Asn Ala Leu Ser Ser Ile Leu Gly
145 150 i85 160
- 25 Asn Gly lLeu Gly Gln Ser Met Sex Giy Phe Ser @ln Pro Ser lLeu Gly
165 . 170 _ 175

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

. 30 180 _ ..185 190
Gly Asn Ala Yle Gly Met Gly Val Gly Gln Asn Ala Ala Leu Ser Ala
. 188 . . 200 205
Leu Ser Asn Val Ser Thr His Val Asp Gly Asn Asn Arg His Phe Val
35 ... . 210 . 225, . . - . 220
Asp Lys Glu Asp Arg Gly Met Ala Lys Glu Ile Gly Gln Phe Met Asp
225 230 _ _ 235 240
40 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 lLys
45 260 265 270
Pro Asp Asp Asp Gly Met Thr Gly Ala Ser Met Asp Lys Phe Arg Gln
: 280 285
Ala Met Gly Met Ile Lys Ser Ala Val Ala Gly Asp Thr Gly Asn Thr
50 . 290 ... 285 : 300
Asn Leu Asn Leun Arg Gly Ala Gly Gly Ala Ser Leu Gly.Ile Asp Ala
05 , 310 . 315 320
55 Ala Val Vval Gly Asp Lys Ile Ala Asn Met Ser Leu Gly Lys Leu Ala
. . _ 325 _ o 330 335
Asn Ala
60

This hypersensitive response elicitor polypeptide or
protein has a molecular weight of 34 kDa, is heat stable,
has a glycine content of greater than 16%, and contains
substantially no cysteine. The Erwinia chrysanthemi



. 65
Phe
85
Leu
105
Leu
125
Met
Al a
150
Ser
170

190
Ser
Leu
210

230 -
Phe
250
Al a
270
Arg
Al a
290

310
Lys
330

70 75 80 10
Gy Asn Ay Ala An Ay Ala Ser Asn Leu Leu Ser Val Pro Lys

90 95 SerGyGyAspAIa
Ser Lys Met Phe Asp Lys Ala Leu Asp Asp 100
110 15 Leu Leu Gy H's Asp Thr Val Thr Lys
Leu Ala Asn Ser Met Leu Asn Ala Ser A n Mt T’ﬁ @Gn @y Asn
20 130 ' - =136 - 140 Asn
Phe Gy Ser Ay Val Asn Asn Ala Leu Ser Ser Ile Leu Gy 145
155 160 25 Asn Ay Leu dy Gn

Met Ser ChyPpreergitine,rppporge ¢kififoy polypeptide or protein 165
is encoded by a DNA moldduleChavi@ing benuéleotide liudniced y Al a

Al a Phe % 1 185
30 Aégr% ng’AI FQ &D No ?svggl%fy @n Asn Ala Ala Leu

Al a - 195 - - - 200 205 .
Ser Ash vmmmwmseawmmmme@qsmam cacyaticea lBhecddahed35 60
215 .220 o Asp Lys Qu Asp Arg

Met A' a L&éer@rz&teb' &G&MGQ Rosdtardit Géh%EGcec'r GGTcscceé’f-ircceG TC 12 ’
Adn Tyr Pro Gu ?I e

Ay Lys Pgﬁc%@gg&&wmegﬁﬂg%ﬁw&vywwﬁhﬁﬁ%s séP°Tr p

Lys A% Leu Ser Lys

45 CAGCARTASC &cﬁ‘;%ﬁ%ﬁm@"?ﬁ?"eﬁf ﬁ%"i&“@;‘é& GREFECARAS Lys 2ppe
Adn 275 - - 280 285
Met Gy MGCGRTGECT \QECEMTCTd acmncatacaac{asmp TOATCORETE AS@Rctherd0 300
: 295 30 Asn Leu Asn Leu Arg
A a Ay GeasrébearSadcet@idTsl ‘,tcédcﬁed&%m-ﬁsﬂacem TGTTTGAACKH 8GCGGEAATG . 360
. _ 315 - 320 55 : Ala vVal Vval Gy Asp
e Ala Aﬁé&ﬂ@écc?%c&ﬂécﬁ YoditSedcRad¥olrecae acacacoean coancecace . 42620
CGATCATTAA GATAAAGGCG GCTTTTTITA TTGCAAAACG GTAACGGTGA GGAACCGTTT 480
20 i : :
CACCGTCGGC GTCACTCAGT AACAAGTATC CATCATGATG CCTACATCGG GATCGGCGTG 540
GGCATCCGTT GCAGATACTT TTGCGARCAC CTGACATGAA TGAGGAAACG ARATTATGCA 600
25 AATTACGATC AAAGCGCACA TCGGCGGTGA TTTGGGCETC TCCGGTCTAG GGCTGGETEC 660
TCAGGGACTG AAAGGACTGA ATTCCGCGGC TTCATCGCTG GGTTCCAGCG TGGATAAACT 720
GAGCAGCACC ATCGATAAGT TGACCTCCGC GCTGACTTCG ATGATOTTIC GCGGCGCGCT 780
30 - S -
GGCGCAGGEGG CTGGGCGCCA GCTCGAAGGG GCTGGGGATG AGCAATCAAC TGEACCAGTC 840
TTTCGACAAT GGCGCGCAGG GTGCGAGCAA CCTGCTATCC GTACCGAAAT CCGGCGGCGA 900
35 TGCGTTGTCA AAAATGTTTG ATAAAGCGCT GGACGATCTG CTGGGTCATG ACACCGTGAC 960

CARGCTGACT AACCAGAGCA ACCAACTGGC TAATTCAATG CTGAACGCCA GCCAGATGAC 1020

CCAGGGTAAT ATGAATGCGT TCGGCAGCGG TGTGAACAAC GCACTGTCGT CCATTCTCGG 1080
40 . - '

CAARCGGTCTC GGCCAGTCGA TGAGTGGCTT CTCTCAGCCT TCTCTGGGEG CAGGCGGCTT 1140

GCAGGGCCTG AGCGGCGCGEG GTGCATTCAA CCAGTTGGGT AATGCCATCG GCATGGGCGT 1200



Asn Ala 60

Thi s hypersensitive response elicitor polypeptide or

protein has a nol ecul ar weight of 34 kDa, is heat stable, has a
gl ycine content of greater than 16% and contains substantially no
cysteine. The Erwinia chrysanthen1 WO 96/ 39802
PCT/ US96/ 08819 - 16 -
hypersensitive W&%@ﬁ@é elicitor polypeptide or protein | RCRARO6/08 1 by
a DNA nol ecul e having a nucl eoti de sequen corresponding to SEQ ID.
No. 2 as follows: 5 CGATTTTACC CGGGTGAACG TGCTATGACC GACAGCATCA
CGGTATTCGA CACCGITACG 60 GCGITTATGG CCGCGATGAA CCGGCATCAG
GCGGCGCCCT  GGT COGee6cAcACEEISCaTEA aTeh@freac TAMCCTCACAGIERAGTAET AAGTIAGE 1260
GGACACCGEEG CGTGAACTCA TGATGCAGAT TCAGCCGEGEG 180 10 CAGCAATATC
CCECECATGTT  GCCCA m%mm@@wm@%mmm 1320
TGCGATGECT GCCAT CCTGAACGEC AGCEATGWAT TGATCCTCTG GT 0
15 CCGT C CCGECAGTTA T
360 - 1380
CGGACGCGCC 420 .
GACGGACGAC AAATCCTGGG CTAAAGCGCT GAGTARACCG GATGATGACG GTATGACCGG 1440
CGCCAGCATG GACARATTCC GTCAGGCGAT GGGTATGATC AAAAGCGCGG TAGCAGGTGA 1500
10 '
TACCGGCAAT ACCAACCTGA ACCTACGTGEG CGCGEGECAGT GCATCGCTGE GTATCGATAC 1560
GGCTGTCGTC GGCGATARAA TAGCCAACAT GTCGCTGGGT AARGCTGGCCA ACGCCTGATA 1620
15 ATCTGTGCTG GCCTGATAAR GCGGAAACGA AAAAAGAGAC GGGGAAGCCT GTCTCTTITC 1680
TTATTATGCG GTTTATGCGE TTACCTGGAC CGGTTAATCA TCGTCATCGA TCTGGTACAA 1740
ACGCACATTT TCCCGTTCAT TCGCGTCGTT ACGCGCCACA ATCGCGATGG  CATCTTCCTC 1800
- @TCGCTCAGA TTGCGCGGCT GATGGGEGAAC GCCGGGTGGA ATATAGAGAA ACTCGCCGGC 1860
. CAGATGGAGA CACGTCTGCG ATAAATCTGT GCCGTAACGT GTTTCTATCC GCCCCTTTAG 1920
25 CAGATAGATT GCGGTTTCGT AATCAACATG GTAATGCGGT TCCGCCTGTG CGCCGECCEa 1980
GATCACCACA ATATTCATAG AAAGCTGTCT TGCACCTACC GTATCGCGGE AGATACCGAC 2040
AAAATAGGGC AGTTTTIGCG TGGTATCCGT GGGGTGTTCC GGCCTGACAA TCTTGAGTTG 2100
30 '
GTTCGTCATC ATCTTTCTCC ATCTGGGCGA CCTGATCGGT T 2141
. The hypersensitive response elicitor polypeptide or
protein derived from Erwinia amylovora has an amino acid
35 sequence corresponding to SEQ. ID. No. 3 as follows:
) Met Ser Leu Asn Thr Ser Gly Leu Gly Ala Sexr Thxr Met Gin Ile Ser
5 15
40 Ile Gly Gly Ala Gly Gly Asn Asn Gly Leu Leu Gly Thr Ser Arg Gln
20 25 -30 :
Asn Ala Gly Leu Gly @ly Asn Sgr Ala Leu Gly Leu Gly @Gly Gly Asn
_ 4

45

@ln Asn aAsp Thr Val Asn Gln Leu Ala Gly Leu Leu Thr Gly Met Met
50 55 60



CGATCATTAA GATAAAGGECG GCTTTTTTTA TTGCAAAACG GTAACGGTGA GGAACCGITT 480 20
CACCGICGEEC GICACTCAGT AACAAGTATC CATCATGATG CCTACATCGG GATCGECGTG 540
GGCATCCGIT GCAGATACTT TTGCGAACAC CTGACATGAA TGAGGAAACG AAATTATGCA 600

25  AATTACGATC AAAGCGCACA TCGECGGIGA TTTGEECGIC TCCGGTCTGG GECTGEGTGC

660 TCAGGGACTG AAAGGACTGA ATTCCGECGEC TTCATCGECTG GGTTCCAGCG
TGGATAAACT - WO 3&8»802 GAGCAGCACC ATCGATAAGT TGACCTCCGC #ra3v6asstss
ATGATGITTG GCGGECGECECT 780 30 GGCGCAGCEEG CTGEECECCA GCTCGAAGSG
GCTGGGGATG AGCAATCAAC TGGGCCAGTC 848 - TTTCGGCAAT GGCGCGCAGG
GIGCGAGCAA CCTGCTATCC GTACCGAAAT CCGGCGGECGA 900 35 TGCGITGICA

CAAGCTGACT AACOATBECR A RET EECIGARTT RN CTINEIER 6 ARG 1020

CCAGGGTAAT ATGAATGCOGT TCGGCAGOGG TGTGAACAAC GCACTGTCGT CCATTCTCGG 1080 40

' CAACGGTCTE GGOCAGHRICRYTEA Aoy EreAsH d&&b%&%’“ 1140
GCAGGGECCTG AGCGECGECGG GTGCATT CCAGITGGEGT AATGCCATCG GCAT 1200
WO 96/ 39802 Gly Leu Ser Asn Ala Leu Asn Asp Met Leu Gly Gly Ser REH/As®OBWO8819
GGGGCAGAAT GCTGOGCTGA GTGCEIPrGAG TAACGTCAGESACCCACGTAG ACGAPAACAA 1260
10 Leu Gly Ser Lys Gly Gly Asn Asn Thr Thr Ser Thr Thr Asn Ser Pro
115 120 125
Leu-Asp Gln' Ala Léu Gly Ile Asn Ser Thr Ser Gln Asn Asp Asp Sexr
130 135 140
15 o _ :
Thr Sexr Gly Thr Asp Ser Thr Ser Asp Ser Ser Asp Pro Met Gln.Gln
145 150 155 160
: " Leu Leu Lys ‘Met Phe Ser Glu Ile Met Gln Ser Leu Phe Gly Asp Gly
20 165 170 175
Gln Agp Gly 'Thr Gln Gly Ser Ser Ser Gly Gly Lys Gln Pro Thr Glu
180 185 190
25 Gly Glu Gln Asn’ Ala Tyr Lys Lys G1§‘r ‘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
30 210 215 220
" @ly 6ly @ln Gly Gly Asn Ala Gly Thr Gly Leu Asp Gly Ser Ser Leu
225 230 235 240
: Gly @ly Lys Gly Leu Gln Asn Leu Ser Gly Pro Val Asp Tyr Gln Gln
35 . 245 250 2585
Leu Gly Asn Ala Val Gly Thr Gly Ile Gly Met Lys Ala Gly Ile Gln
) 260 265 270
40 = ‘Ala Leu Asn Asp Ile Gly Thr His Arg His Ser Ser Thr Arg Ser Phe
275 280 285
Val Asn Lys Gly Asp Arg Ala Met Ala Lys Glu Ile Gly Gln Phe Met
a5 290 285 300
Asp Gln Tyr Pro @lu Val Phe Gly Lys Pro Gln Tyr Gln Lys Gly Pro
305 310 315 320
@ly Gln Glu Val Lys Thr Asp Asp Lys Ser Trp Ala Lys Ala Leu Ser
50 - 325 o 330 335
Lys Pro Asp"A_sjp Asp Gly Met Thr Prb ala Sexr Met Glu Gla Phe Asn
340 ) 345 ' 350
55 Lys Ala Lys Gly Met Ile Lys Arg Pro Met Ala Gly Asp Thr Gly aAsn
... 388 . 360 365
@ly Asn Leu Gln His Ala Val Pro Val Val Leu Arg Trp. Val Leu Met
370 375 380
60
Pro
385

This hypersensiﬁive response elicitor polypeptide or protein
65 has a molecular weight of about 37 kDa, it has a pI of




CCGOCACTTT GTAGATAAAG AAGATCGCGG CATGGCGAAA GAGATCGGCC AGTTTATGGA 1320
5  TCAGTATCCG GAAATATTCG GTAAACCGGA ATACCAGAAA GATGGCTGGA GTTCGCCGAA
1380 GACGGACGAC AAATCCTGGG CTAAAGCGCT GAGTAAACCG GATGATGACG
GTATGACCGG 1440 CGCCAGCATG GACAAATTCC GTCAGGCGAT GGGTATGATC
AAAAGCGCGG TGGCGEGGTGA 1500 10 TACCGGCAAT ACCAACCTGA ACCTGCGTIGG
CGOGGGCGGT GCATNRIBRTATCGATGC 1560 GGCTGTCGTC GGOGATGHH306/08819
TAGCCAACAT GTCGCTGGGT AAGCTGGCCA ACGCCTGAT. 1620 15 ATCTGIGCTG
GCCTGATAAA GCGGAAACGA AAAAAGAGAC SGGGAA GTCTCTTTTC 1680
TTATTATGCG GTTTATGOGG TTACCTGGAC CGGTTAATCA TCGTCATCGA TCTGGTACAA 1740

ACGCACATTT TCCCGER BxI B3 AGHICIE A GeaATSEREId Gt GATCT @ckCat 188820
GTCGCTCAGA TT Ga%lc 1860
CAGATGAGA CACGT RPERRTCT W&ﬁ?ﬁ?@%m 1920

25 CAGATAGATT @CdgpPepPtifie rnT Gryatssic dpsarckemrEnCTor cyetedoeccaEhe
1980 GATCA sehA1t God Ace CLEE1 TeEARET W ép Il CzSgxdtein

GocCTACa TOTTGABFHEeS £16f) Sp¥iie Sagereirts et iy Aeraiat in

CCTGATCGGT T Wei, Z.-M., R. J. Lakpn,1 C. H. Zumoff, D. W. Bpyer, S.-Y. He,
hypersenSI tive r%p@l‘ﬁ@.néh:' Chﬁ&rSPQ*yFﬁEﬁ del—l@.’jrpln, EPi @i dierﬂﬁéed from

Erw ni a” anyl ovora_has an am.no acid 35 e C di 0 SEQ D.
No. 3 as foll ows: Ypersenﬁti"e ?s%g’rsﬂ_gfc’%ﬁe%lhgysgéf% Q:edp % "™ Ser
Thr Met A n |l e Serwinia amylovéra," Science 259:85-88 (1992}, whicm(j.s hereby

({f 40 16l € ﬁa&ﬁo\eaelea £ Yr&Gerditie Asrrh@ pivhedoléeu1d kn@ﬁd:.?%’ g
hon Ala Gy Leu @SYBSPTASH SE,Proteinbag ¢ pEglephide seqyenes,
35 coriesponding to SEQ. IDI5 Nt 4 as follow®n Asn Asp Thr Val
Asn G n Leu Ala Gy Leu Leu Thr Ay Mt Mt . 50
55 ATGAGGTOCTGA ATACAAGTGG GCTGGGAGCG TCAACGATGC AAATTTCTAT CGRCGGTECE 60
15 GGCGGAAATA ACGGCTTCCT GGGTACCAGT CGCCAGAATG CTGGGTTEGG TGGCAATTCT 120
GCACTGEGGC TGGGCGGCEE TAATCAAAAT GATACCGTCA ATCAGCTGGC TGGCTTACTC 180
20 ACCGECATGA TGATGATGAT GAGCATGATG GGCGGTGATG GGCIGATGGG CGGTGGCTTA 240
| GGCGGTGGCT TAGGTAATGE CTTGGGTGGC TCAGGTGGCC TGGGCGAAGG ACTGTCGAAC 300
GCGCTGAACG ATATGTTAGG CGGTTCGCTG ARCACGCTGG GCTCGAAAGG CGGCAACAAT 360
25 ACCACTTCAA CAACAAATTC _cccec'récnc CAGGCACTGR GTATTAACTC AACGTCCCAA 420
AACGACGATT CCACCTCCEG CACAGATTCC ACCTCAGACT CCAGCGACCC GATGCAGCAG 480
30 CTGCTGAAGA TGTTCAGCGA GATAATACAA AGCCTGTITG GTEATGGGCA AGATGGCACC 540
CAGGGCAGTT CCTCTGGGGG CARGCAGCCG ACCGAAGGCG AGCAGAACGC CTATAARARA 600
GGAGTCACTG ATGCGCTGTC GGGCCTGATG GETAATGATC TGAGCCAGCT CCTTGGCAAC €60
35 GGEGGACTGG GAGGTGGTCA GGGCGETAAT GCTGGCACGG GTCTTGACGG TTCGTCGCTG 720
_ GGCGGCAAAG GGCTGCAAAA CCTGAGCGAG CCGGTGGACT ACCAGCAGTT AGGTAACGCC 780
40 GTGGGTACCG GTATCGGTAT GAAAGCGGGC ATTCAGGCGC TGAATGATAT CGGTACGCAC 840
AGGCACAGTT CAACCCGTTC TTTCGTCAAT AARGGCGATC GGGCGATEGC GAAGGAAATC 900
45 GATCAGTTCA TGGACCAGTA TCCTGAGGTG 'TTTGGCAAGC CGCAGTACCA GARAGGCCCG 260

GGTCAGGAGG TGARAAACCGA TGACAAATCA TGGGCARRAG CACTGAGCAA GCCAGATGAC 1020
 GACGGAATGA CACCAGCCAG TATGGAGCAG TTCAACAAAG CCAAGGGCAT GATCAAAAGG 1080
50 CCCATGGCGG GTGATACCGG CAACGGCAAC CTGCAGCACG CGGTGCCEGT GGTTCTTCGC 1140
TGGGTATTGA TGCCATGA - . | 1158



WD 96/ 39802
- 18 -

Ay
80
du

Leu

5
Leu

Asn

dn
15
dn

20

Lys

Asn
30
Leu

35
Ay

Ser
Asn

Asn

Lys

Ay
10

20

30

35

40

45

50

55

60

PCT/ US96/ 08819
Met Met Met Ser Met Met Ay Ay Ay Ay Leu et Ay Qy
65 70 75
Gy Ay Ay Leu Ay Asn Gy Leu dy Ay Ser Gy Ay Leu Ay
85 90 95

woeassn2 Leu Asn Asp Met Leu Ay Gy Ser Leu Aspci/psse/oss1o

105 110 10 Leu Ay Ser Lys Ay
Thr Thr Ser Thr Thr Asn SeR0@Pro 115

125 LeuAspGInAIaLeuSIyIIeAsnSer Thr
Asp Asp Ser

Thr @%Wﬁ?eﬁgb‘:?& Iﬁﬁpc'ggF ﬂbcge?r Ser Asp Pro Met
polypem&de or protein deniied from Pseudomonad Hyringae

hak Chn L&k Aoy ¥Rl ]s_g emed c@ﬁi‘ésb%nuﬁthG Sy, gy Phe Gy Asp

175
THe- C?na?}‘gfﬂslé’f"séer Ser Gy Ay Lys Gn Pro. Thr Gu -
: 185 190 25 Gy Gu dn Asn Ala

Ay Vade &M sé§ﬁ:-eﬁ\| gerLiQiy 58 séd Yer ser Leu Gln Thr Pro aldMet
1 205 5 . Leu Met @A yoAsn Ay Leu SersA n Leu Leu

Ay ng gﬁY )\/Iabneu dal ﬁgyl’r Z&RJAQJ-Q &lu Thé Glyzé,:% Xlsuf) &r y Ser

a ysﬁ §‘Y‘L3§a &y g iy Yf‘lAgzil Vet LS%rI'et‘JVaFﬁ.’J‘ %ﬂ Leg Me¥yr G n
245 255
Al a \atg é&ély G:WHGJ-G Eﬁulm GWS%?Q{?@AF& @me bewGheu Ala
. 270

Lys Sexr Met Ala Ala Asp Gly Lys Ala Gly Gly Gly Ile Glu Asp Val -
65 80

. Ile Ala Ala Leu Asp Lys Leu Ile H:.s Glu Lys Leu Gly Asp Asn Fhe
. 85

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

. '.l'hr 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 Sexr Phe Ser Glu Asp Asp Met Pro Met
130 140

lLeu Asn Lys Ile Ala Gln Phe Met Asp Asp Asn Pro Ala Gln Phe Pro
145 150 .- 158 : 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
S 180 . . i85 . - 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

- Arg Gly Leu Gln Sexr Val Leu Ala Gly Gly Gly Leu Gly Thr Pro Val
260 265 270

‘Asn Thr Pro Gln Thr Gly Thr Ser Ala Asn Gly Gly Gln Ser Ala Gln
278 280 285

Asp Leu Asp Gln Leu Leu Gly Gly Leu Leu Leu Lys @ly Leu Glu Ala
290 285 300

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



40

Ala Leu Asn Asp Ile Gy Thr His Arg His Ser Ser Thr Arg Ser Phe

275 280 285 Val Asn Lys Ay Asp
Arg Ala Met Ala Lys u Ile Ay dn Phe Mt 290

295 300 45 ' Asp G n Tyr Pro Gu Val Phe Ay Lys
Pro Gn Tyr Gn Pro 305 310

315 Mé"’%‘é @y dn du Val Lys Thr Asprggﬂswgmger
Trp Ala Lys Ala Leu Ser 50 : - 21 - 325 : 330
335 Lys Pro Asp Asp"Asp Ay Mt JThr ProAla Ser Met A u A n Phe
Asn 340 345 350 55
Lys Ala Lys Gy Met Id08 Lys Arg Pro B80 Ala Ay Asp Bas Gy Asn * 320
355 3 u Hi s
Ala val Pro Val Val E“gﬂ _%ngnler f}li/gg'; Ifgﬁ%f%gtval Ser ;‘"_;f‘; Leg%ué@% éﬁ’ 3'% ey
375 5 380 60 Pro 385 Thi s

hypersensitive resporf§e &5 Ala
nol ecut ar wei ght of about 37 k

PCT/ US96/ 08819

4.3, and is heat sta

bl e
SRR

hypérsensi ti

:E}Mypeptide or protein 65 has a

, it has a pl of
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This hypersensitive response elicité® polypeptiddigaxi mately

t

Basc iy pptebiiag uatane a2 as-2s g " i e

at .| east Thi

Y1cC

substantial |y no iryglaigime Thbout 1dnsidr adsilacke cyspeime ajd diynosine.

pol ypepti de or priiRidey 3r#dknk8loh MY WHY sz%@!-!s@ﬁ@i@ﬂré FENgorigd | Y
described in l\/]‘.é,l Zlg R I La% C. H. _urmff,h D W Paue LS.
He, A Col | mefticikprsdeyived, from | Preydomonas sygingae, g found in

15

20

.2.-5
30
35
40

.45
50

55

‘He, 8. Y.

. H. C. Huang, and A. Collmer, "Pgeudomonas

gyringae pv. syringae Harping,: a Protgin that is
Secreted via the Hrp Pathway and Elicits the
Hypersensitive Response in Plants," Cell 73:1255-1266.

(1993), which is hereby incorporated by reference.

DNA molecule encoding the hypersensitive response

elicitor

from Pseudomonas syringae has a nucleotide

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

ATGCAGAGTC
GTACGTCCTA
GTGAAGCTGG
AAACTGTTGG
ATCGCTGCGC
GACAGCRCCT
AAGTCGATGC
GATATGCCGA
AAGCCGGACT
GARACGGCTG
AGTGACGCTG
AACAACTCGT

. GGCAATACCC

TCGGTATTGG
GCGAATGOCE
GGCCTGGAGGE
GCGCAAATCG

TCAGTCTTAA CAGCAGCTCG CTGCARACCC CGGCAATGRC CCTTGTCCTG
AAGCCGAGAC GACTGGCAGT ACGTCGAGCA AGGECGCTTCA GGAAGTTGTC
CCGAGGAACT GATGCGCAAT GGTCAACTCG ACGACAGCTC GCCATTGGGA
CCAAGTCGAT GGCCGCAGAT GGCAAGGCGG GCGGCGGTAT TAAGGATGTC
TGGACARGCT GATCCATGAA AAGCTCGETG ACAACTTICGG CGCGTCTGCG
CGGGTACCGG ACAGCAGAAC CTGATGACTC AGATGCTCAR TGGCCTGACC
TCGATGATCT TCTGACCAAG CAGGATGGCG GGACAAGCTT CTCCGAAGAC
TGCTGAACAA GATCGCGCAG TTCATGGATG ACAATCCCGC ACAGTTTCCC
CAGGCTCCTG GOTGAACGAA CTCAAGGAAG ACAACTTCCT TGATGGCGAC
CGTTCCGTTC GGCACTCGAC ATCATTGGCC AGCAACTGGG TAATCAGCAG

GCAGTCTGCC AGGCACGEGT GGAGGTCTGG GCACTCCGAG CAGTTTTTCC
CCGTGATEEE TGATCCGCTG ATCGACGCCA ATACCEGTCC CGGTGACAGC

GTGGTGAAGC GGGGCAACTG ATCGGCGAGC TTATCGACCG TGECCTGCAA
CCGGTGGTEE ACTGEGCACA CCCGTAAACA CCCCGCAGAC CGGTACGTCG
GACAGTCCGC TCAGGATCTT GATCAGTIGC TGGGCGGCTT GCTGCTCAAG
CAACGCTCAR GGATGCCGGE CARACAGGCA CCGACGTGCA GTCGAGCGCT

CCACCTTGCT GGTCAGTACG CTGCTGCAAG GCACCCGCAA TCAGGCTGCA

The

60
120
i80

. 240
300
360
420
480
540
600
660
720
780
840
200
960

1020



Hyper sensiti ve Response Produced by the Pl ant Pat hogen Erw ni a

anyl ovora," Science 257:85-88 (1992), which is hereby 10 i ncor por at ed* by
reference. The DNA nol ecul e encoding this pol ypeptide or protein has a
nucl eoti de sequence corresponding to SEQ ID. No. 4 as follows:
ATGAGICTGA ATACAAGTGG GCTGGEGAGCG TCAACGATGC AAATTTCTAT CGECGGTGCG 60 15
GGCGGAAATA ANGRE0863CT GGGTACCAGT CGCCAGAATG CTGGGITGGEG TGHeAdsdédsste 120
GCACTGGGGC TGGGOGGECGG TAATCAAAAT GATACCGTCA ATCAGCTGGC TGGCTTACTC 180

20  ACCGGCATGA TGATGATGAT GAGCATGATG d3GECGTGGTG GGCTGATGEG CGGTGGCTTA

240 GGOGTGGCT TAGGTAATGG CTTGGGTGGC TCAGGTGGCC TGGGOGAAGG ACTGTCGAAC
300 GOGCTGAACG ATATGTTAGG CGGTTCGCTG AACACACTGG GCTCGAAAGG CGECAACAAT
360 25 ACERBTTCAA CAACAAATTC CCOGCTGGAC CAGGCGCTGG GTATTAACTC
AACGTCCCAA 420 Th b1 eHOECH, SeNAGREECE

CCAGCGACCC GATGCAGCAG TGIT.CAGCGA
AGCCTGTTTG GREARSSERAR Aé%’?&ﬁ\é%MQgﬁﬂgAA

CAAGCAGCCE AGRGAACEEE] ASSABUIERCC AT TATPONALYY tO(BBQ ID. NGGAGREACTG
ATGCTGTC GGGGHIGANE: CGTAATGGTC TGAGCCAGCT CCTTGGCAAC 660 35

GGGGGACTGG GAGGTGGTCA GGGCGGTAAT GCTGGCACGG GTCTTGCACGG TTCGTCGCTG 720
GGCGGCAAAG GGCTGCAAAA CCTGAGCGGG CCGGTGGACT ACCAGCAGTT AGGTAACGCC 780 40
GITGGGTACCG GTATC®ex SEr PAASKIGERC 1M FHAGEE B2 TRHRABARAT PESGIAGEE B 840
AGGCACA! CAACCAGTTC TTTCGTCAAT AAAGGCGATC YGGCGATGEC GAAGRRAATC 900
GGTCAGTTCA TGGACRAS A TAT fAACRT:GTHT RGEEAAHSn Gz AGRAGGA se AN GTRGT 960
45 GGTCAGGAGG TGAAAACETA - TGACAAATCA TRSGGCAAAAG CACTGAGCAA GCCAGATGAC

1020 GACGGART G A A
1080 5015 CCCATGECGG Gf TACCGG CGa&GCGT 5

g?'Sl"srCTTCGC 1149\13. 1-5% I.eu gai-lf gInGéys M%ln Ser Ala GlY Gly Asn Thr Gly.

20 Asn Thr Gly Asn Ala Pro Ala Lys Asp Gly Asn Ala Asn Ala Gly Ala
' ' 65 70 75 . '
Asn ASp Pro Ser Lys Asn Asp Pro Ser Lys Ser Gln Ala Pro Gln Ser.
oL 35 : : 95
25
~u. - Ala Asn Lys Thr Gly Asn Val Asp Asp Ala Asn Asn Gln Asp Pro Met
100 105 110
Gl.n Ala Leu Met Gln Leu Leu Glu Asp Leu Val Lys Leu Leu Lys Ala
30 115 : : 120 125
Ala Leu His Met Gln Gln Pro Gly Gly Asn Asp Lys Gly Asn Gly Val
130 135 140
35 Gly Gly Ala Mn Gly aAla Lys Gly Ala dly Gly Gin Gly Gly Leu Ala
. 145 - 150 - 188 160
Glu Ala Leu Glan Glu Ile Glu Gln Ile Leu Ala Gln Leu Gly Gly aly
165 _ _ 170
40
Gly Ala Gly Ala Gly Gly Ala Gly Gly Gly val Gly Gly Ala Gly Gly
180 " 188 ' - a9
4-5 Ala Asp Gly Gly Ser Gly Ala Gly Gly Ala Gly Gly Ala Asn Gly Ala
195
| Asp Gly Gly Asn Gly Val Asn Gly Asn Gln Ala Asn Gly Pro Gln Asn
- 210 315 - 220
50 - Ala Qly Asp Val Asn @Gly Ala Asn Gly Ala Asp Asp Gly Ser @Glu Asp
225 230 as 240
- @ln Gly 6ly Leu Thr @Gly Val I.eu Gln Lys Leu Met Lys Ile Leu Asn
55 245 - 250 255
" Ala Leu Val @ln Met Met Gln Gln Gly Gly Leu Gly Gly. Gly Asn Gln
260 - 265
Ala Gln Gly aly Ser Lys Gly Ala Gly Asn Ala Ser Pro Ala Ser Gly
60 ' 275 .. 28% ’

Ala Asn Pro Gly Ala Asn Gln Pro Gly Ser Ala Amsp Asp Gln Ser Ser
290 295 300



WO 96/ 39802
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- 20 - The hypersensitive response elicitor
pokypeptide or protein derived from Pseudonbnas syri ngae has an am no
aci d sequence corresponding to-SEQ |ID. No. 5 as follows:

Met A n Ser Leu“%egmﬁ,g Asn Ser Ser Ser Leu @n Thr Pro Al a

5 15 Ala Leu VAIY "’“"%|
Arg Pro Gu Ala Gu Thr Thr @y Ser Thr Serz 10

25 30 Ser Lys Ala Leu A n du Val Val VaI Lys
Leu Ala Gu Gu Leu Mt 35 : 40

45 15 Arg Asnerir PLE Asn | Aem Mpeg geSSin Jde HﬁtoMmeUaGVyl IS @eiuva}eu

Al a 5030 Lys
Ser Met Al a Al a Asp- %I’ ch¥ 318!l uCGEih &l M6t et l22a@aa @S&.DAMNGIY Gly Ser G165
70 ' . 325 - 80 20 330 Ile Ala A3 Leu Asp
Lys Leu Ile HIS Au :S’S; Aﬁg 85 :
90 - - bﬁéskg -ﬁa er AfaAsp Ser Ala Ser Ay Thr Ay dn
Adn Asp Leu Met 25 100 105

110 10Thr A n Val- Leu Asn Ay Leu Ala Lys Ser Met Leu Asp Asp Leu
Leu _ It is énSoded by a DNA molegyle having a nucleotidge 30

Thr Lys G n Asp Ge&ualaewén%épdﬂanae@g@ UIBSNGS e MR #31a el

130 Leu Asn Lys Ile Al a
G n Phe Met Asp Asp Asn Pro Ala G@n Phe Pro . 145

150 ATGTCAGECG GARACATCCA GAGCCCGTEE(RAGEICCCGE GTCTGCA%PSCFW Ber 690
dy Ser Trp Wi %ﬁ&ﬁc%kba'-@én'cx&cg sbrfPRichS eabiarac anGaceTaRT 120
165 - 175 Leu Asp Gy Asp Gu
Thr Al a Al a Phe ARGARSEACAATECTCAACARSEATCREACCE CTRETGCAGA AGGCCGCACA GICeeceeyy) 180
185 20 EFQAD@&! e eTaacaccac cARcécdded e@cﬁhdeﬁtb @chﬁ%&@c&c@a&c%er Asko
Ala Ay Ser Leu y

205 45 TRACRICPCE FCANCHAGGA CAUCHECRRE W Séﬁmﬁ%mmsn Sépo
Ser aaéli®aTce ACGACGCCAR CAACEAGUAT CCGATGCAAG COCTGATAA acTecracan  Vbo
Met Ay EsoLeuIIeAspAlaAsnThrGly Pro Ay Asp Ser

Asp

GACCTGGTGA AGCTGCTGAA GGCGGCCCTG CACATGCAGE AGCCCGGCGG CAATGACAAG 420
GECAACGGCG TGAGCGGTEC CAACGRCGCC AAGGGTGCCG GCGGCCAGGG CGGCCTERCC 480
30  GAAGCGCTGC AGGAGATCGA GCAGATCCTC ecccmc-rcs GCGGCGGCEE TGCTGECGCC 540
GGCEACECEE GTGECEETET CACCEGTECT GETEECAcas A'rcscesc'rc COOTGCRERT 600
GGCGCAGGCE GTGCGAACGE CGCCGACGGC GGCAATGGCG TGAACGGCAR CCAGGCGAAC 660
35 GGCCCGCAGA ACGCAGGCGA TGTCAACGGT GCCAACGGCG CGGATGACGE CAGCGARGAC 720
CAGGGCGGCC TCACCGGCGT GCTGCAAAAG CTGATGAAGA TCCTGAACGC GCTGGTGCAG 780
40 ATGATGCAGC AAGGCGGCCT CGECGECEGC AACCAGGCGC AGGGCGGCTC GAAGGGTGCC 840
GGCAACGCCT CGCCGGCTTC COGCACGAAC CCGGECGCGA ACCAGCCCEG TTCGGCGGAT 900
GATCAATCGT CCGGCCAGAA CAATCTGCAA TCCCAGATCA TGGATGTGGET GAAGGAGETC 960
&3 GTCCAGATCC TGCAGCAGAT GCTGGCGGCG CAGAACGGCG GCAGCCAGCA GTCCACCTCG 1020
Acsusccsa'mm o _ 1035
50 "

Further information regarding the hypersensitive respomse
| elicitor 'polfrpeptide or prot’éfin derived from Pseudomonas
solanacea.fum is éet forth in Arlat, M., F. Van Gijsegem,
J. C. Huet, J. C. Pemollet, and C. A. Boucher, "PopAl, a
55 Protein which Induces a Hypersens:.t:.ve -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.



225 23D 235 240 50
@y Asn Thr Arg Ay Au Ala Ay An Leulle Ay GQu Leu Ile Asp ’
245 250 + 255 Arg Ay Leu @n Ser

Val Leu Ala Ay Gy Gy Leu dy Thr Pro Val 55 260

265 R 270 Asn Thr Pro @ n Thr Ay Thr Ser Al a Asn
Ay Ay G n ¥09%89802Q n 275 .  PCTRfS05/08819

285 60 Asp Leu Asp Gn Leu Leu Ay Ay Leu Leu Leu Lys Ay Leu Gu
Al a 290 28% - 300 Thr
Leu Lys Asp Ala Ay @n Thr Ay Thr Asp Val A n Ser Ser Al a WO
_96/2§9_802 305 The hyperse'nsit\'ﬁtﬁe ‘response 'elfgl._ éJ}ingI 08819

320 Redypeptide oy progeincfrom Xaptibogona®hcampesteois @ Gy Thr -
Arg lycines has an 3@%3no acid sequence388rrespondin 35 5

Asn G n Ala Aggyﬁka 9 follows: ST ~ Thi sp?ly%ergsgr?sisﬁ%\?e
response elicitor %bl ypaésptl&g‘ 8F:10 protein has a nol ecul ar wei ght of
34-35 kDa.5 It is rich in glycine (about 13.5% and | acks cysteine and
tyrosine. Fur the ted Mhoreratieanstbmy vitheahyperiaentet AME 11£ T80 AL '
elicitor derived from Pseudonthas syringae. isifound in - HeasS Y., H C
Huang, and A Col j{iEkie alS 8N BERNAS Gﬁy%qﬂf pv. syringae Harpin[err]:
a Proteiniohat is Secreded via the Hrpz8athway and Elicits the ’
Hypersensitive Response in Plants,” Cell 73:1255-1266 (1993), which is
hereby i ncorporated by reference. The DNA nol ecul e encodi ng the

hyper sensi t i v&Ri8s 98 18: ARCRATHRO fhemipad  BeFReRce Having@shas a
nucl eoti de = residuesroydyc EromsphedhypersensEQive Dredponde anl fcdltoaws:

15 polypeptide or protein of Xanthomonas campestris pv.
glycines. It matches with fimbrial subunit proteins
determined in other tanthomouas campestris pathovarsl

The above elicitors are exemplary. Other
@licitors can be identified by growing bacteria that

20 ““elicit a hypersensitive response under which genes

encoding an elicitor are expressed; Cell-free

' preparations from culture supernatants can be tesééd for
elicitor activity (i.e. local necrosisg) by using them to
'inﬁiltréte”appropriate 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.preéent

. 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 genetic manipulation by subcloning gene l
fragments. The subclones then are expressed in vitro or

35 in vivo in bacterial cells to-yield a smaller protein or
a peptide that can be tested for elicitor activity
according to the procedure described below.

_ As an alternative, fragments of an elicitor
protein can be producéd by digestion of a full-length

40 elicitor protein with proteolytic enzymes like



ATGCCACGIC TCAGICTTAA CAGCAGCTCG CTGCAAACCC CGGCAATGEC CCTTGICCTG 60 25

GIACGICCTG AAGCCGAGAC GACTGGCAGT ACGTCGAGCA AGGECGCTTCA GGAAGITGTC 120
GIGAAGCTGG CCGAGGAACT GATGCGCAAT GGTCAACTCG ACGACAGCTC GCCATTGEGA 180
AAACTGITGG CCAAGTCGAT GGCCGCAGAT GGECAAGGCGEG GCGGCGGTAT TGAGGATGIC 240
ATCGCTGCGEC Eggéﬁﬁﬁ§§¥?o TCCATGAA AACCTCGGTG ACAACTTCGG CGCGWCTG{I;&MN%%@
GACAGCCCCT CAGCAGGAC CTGATGACTC AGGTGCTCAA TGGCCTACEY
AAGTCGATGC TCGATGATCT TCTGACCAAG CAGEATG£§%§I¥(¥¢&£TT CTCCGAAGAC 420
GATATGCCGA TGCTGAACAA GATCGCGCAG TTCATGGATG ACAATCCCGC ACAGTTTCCC 480
AAGCCGGACT CGECECTCCTG GGTGAACGAA CTCAAGGAAG ACAACTTCCT TGATGGCGAC 540

GAAACGGCTG CGTTCGEEEGMG@BAEECEEKBﬁﬂﬁﬂﬂﬂ&ﬁiﬁhﬁ&iﬁéﬁﬁiﬁiﬁ67N¥RB¥}B¥§ps1n600

ARGAACTOGT CoGT GRS PTREPL LR RRAYIRS R Pty SERIRNE: 750

GGCAATACCC GTGGT@M(%’C@@GBFME#@ mtocidezentTaitep xsebmctdsnaninoy g
TCGGTATTGG CCGGT G sGhencerct € GIARATArCEEoEENCAC Soual ASCEEe 840

G

30
35

40

45

50

NS e I o S e 200

GOGCAAATCG CCACCTEIEGH tOTRCRETREEE BHATEGCAAG GCACCCOGCAA TCAGGCTGCA 1020

WO 96/ 39802 . In another approach, based on kiilddRRS/dEBEMR
- 22 - "‘GCCT.GA
1026 pPrimaryrfs rﬁﬁ%‘é“f%e%fsﬁ x}oé:gﬁghsgra?men %ro orT ypepti de

or protein deri ve%ﬂ#qmrpweaemrﬁ%n%dmnd@amﬁhﬁaéze@ by u%ammd-mcul’@i
sequence cor n@sporsktigidue tbgethéx ﬁ{hh7bﬁﬁb1f1c skbs| 6Fsprimers chosen!\/l?t

;er Val gly Asn Ile q.ﬁ%e%%ﬁtpﬁgréféufgﬁ Lo%g ) gfytfsgg%%@emp\s 0 hese:

Thr Asn Thr Asn Sthergweudidnbeerlangd Gntas@n appropriate vector fongu adl
25 incktbase and expression of a truncated peptide or
‘protein, o . -
15 Variants may also (or alternatively) be

modified by, for example, the deletion or addition of
. amino acids that have minimal influence on the
properties, secondary structure and hydropathic nature of
- the polypeptide. For example, a polypeptide may be

20  conjugated to a signal (or leader) sequence at the N-
terminal end of the protein which co-translationally or
post-translationally directs transfer of the protein.
The polypeptide may also be conjugated to a linker or

_ other sequence for ease of synthesis, purification or

25 identification of the polypeptide. _

The protein or polypeptide of the present
invention is preferably produced in purified form
(preferably at least about 80%, more preferably 90%,

- pure) by conventional techniques. Typically, the protein
30 or polypeptide of the present invention is secreted into
the growth medium of recombinant E. coli. To isolate the
protein, the E. coli host cell carrying a recombinant
plasmid is propagated, homogenized, and the homogenate is
centrifuged to remove bacterial debris. The supernatant
35 - is then subjected to sequential ammonium sulfate
. precipitation. The fraction containing the polypeptide
or protein of the present invention is subjected to gel



Val

A@n Asp Leu Ile Lys An Val Qu Lys Asp Ile Leu Asn Ile Ile 15
40 45 Ala Ala Leu Val dn’Lys
Ala Gn Ser Ala Ay Ay Asn Thr Gy 50 55
20 - Asn Thr Ay Asn Ala Pro Ala Lys Asp Gy Asn Ala Asn Ala Gy
_ 65 70 75 80
Asp Pro Wersshsss2 Asn Asp Pro Ser Lys Ser A n Ala Pro G Beigsesesso
Ala Asn Lys Thr Ay Asn Val Asp Asp Ala Asn-Asn G n Asp Pro Met
105 : - 240 An Ala Léu Met @ n
Leu Gu Asp Leu Val Lys Leu Leu Lys Ala 30 115
Ay Asn é:yl'c\ﬁﬁtlon in an- app:f%%@%ely slzeé %xtrgfgglz-ro Gy Gy Asn ﬁg
Ay miyasiylaside tyolamn s s€parake th oloteGins .G YEAy Leu Al a
th tein fractis ay be £
Ala Leu Ci‘r’xec':essar'!:%zo G|e upxéa ezﬁ k rl__a_eu Alna e uréhergpﬁg%fled
y H | 175 40 GyAlaGyAlaGy.
Ala Gsy Ay Gy Vaﬂ'h@l'?NIGtgo]!&cml@ enGbding the hypersensitive 180
responskggllcztor polyplebtAdh gry%&ﬁ/eﬁﬁ cad ¥l a d y Gy A a
Ay Ala Asn dy Al a 19 20 -
: rs?tédy nsselds %&Pgﬁﬁnﬁvtmbﬁ?cmlﬁéﬁt@WPr o dn
_ techipl@gy. Generally, thi®s involves inserting?@heSDONA Al a
Asp Val meﬁtﬂep"lﬁtésﬂn Qﬂbﬁs%léﬁpsgﬁget@ o SficH éﬁés 225
240 GI y Leu Thr
val 28 d“?-?'q_%ﬁ_éﬁ Retergiegqus |(dyeashot normally present) 245
The het2¥5lbgous DNA moldcalbemsVuhs&t‘ed\/EhtMEtha n Gn Ay Ay
Sly dy @ r%%@ E‘ 8 t 265
10 %rs 1;}1/oxé£velc‘:¥ or i g\:ropéﬁ eﬂsse XF é.eggat P8 Ala Ser
60 an corre§§5 eading frame. T ggﬁecto contains thegg
Asn Pro (Glecelisarfselanenty a3 \thBetrahaciiypt ik afidn tbSahsbetion

15 of the 49=erted proteln-codlﬁgosequences
e " U.S. Patent No. 4,237,224 to Cohen and Boyer,
“which is hereby incorporated by reference, describes the
production of expression systems in the form of
recombinant plasmids using restriction enzyme cleavage
20 and ligation with DNA ligase. These recombinant plasmids
' are then introduced by means of transformation and
replicated in unicellular cultures including procaryotic
organisms and eucaryotic cells grown in tissue culture.
Recombinant genes may also be introduced into
25 vwiruses, such as vaccina virus. Recombinant viruses can
be generated by transectlon of plasmids into cells
infected with virus.
' Suitable vectors include, but are not 11m1ted
to, the following viral vectors such as lambda vector
30 system gtil, gt WES.tB, Charon 4, and plasmid vectors
 such as pBR322, pBR325, pACYC177, pACYC184, pUCB, pUCY,
puCls, pUC1lS, plG339, pR2920, pKC37, pKCl0l, SV 40,
pBluescript II 8K +/- or KS +/- (see "Stratagene Cloning
Systems" Catalog (1993) from Stratagene, La Jolla, Calif,
35 which is hereby incorporated by reference), pQE, pIHB21,
pGEX, pET series (see F.W. Studier et. al., "Use of T7
'RNA Polymerase to Direct Expression of Cloned Genes, "



WO 96/ 39802 PCT/ US96/ 08819

-23- Gy An Asn Asn Leu An Ser An Ile Met Asp Val Vval Lys Qu
Val 305 310 315 320
Val Gnlle Leu Gn An Mt LeuAIaAIaGInAsnGIyGIySer @n 5

325 wosvér?&oz © 335 _ “d n Ser Thr %ﬁHThr gn

Pro Met 340 10 It is encoded by a
havi ng a nucl eoti de sequence correspogding SEQ ID. No. 8 as fol | ows:
ATGTCAGTCG GAAACATCCA GAGCCCGICG AACCT GICTGCAGAA CCTGAACCTC 60 15

AACACCAACA CCAACAGCCA GCAATCGGGC CAGTCOGTGC AAGACCTGAT CAAGCAGGTC 120
GAGAAGGACA TCCTCANG 660 (SHEACAoAGCIESCAMY OTCHHIFHEs 180 20
GGCAACACCG GTAA 240
AACCACOCOA mﬁmﬁﬁ% %@%ﬁ%m 200
GGCAACGTCG ACGACHHEweaianCRaceplyirani e eqylesctapTee inknqsugedhinto 360 25
GACCTGGTGA AGCTGES s W&W@n&%ﬁmm 420

30 CAASCOTCE AGORIAFAA LA L a2 E LR R T T A

540
ggg a5 m@%ﬁ@%@%mm WAEG%EW&JQ%@GCGAAC
CAGCGAAGAC 720eg Ciol

TCCTGAACGC GCTCGRpwimgs Lapggratory, Cold Springs Harbor, New York (1982),
10 which is hereby incorporated by reference.

A variety of host-vector systems may be
utilized to express the protein-encoding sequence(s) ..
Primarily, the wector system must be compatible with the
host cell used. ' Host-vector systems include but are not

15 limited to the following: bacteria transformed with
-bacteriophage DNA,.plasmid DNA, or cosmid DNA;
microorganisms such.as yeast containing yeast vectors;
mammalian cell systems infected with virus (e.g.,
vaccinia virus, adenovirus, etc.}; insect cell systems

20. infected with virus (e.g., baculovirus); and plant cells
infected by bacteria. The expression elements of these
vectors vary in their strength and specificities.
'Depending upon the host-vector system utilized, any one
of a number of suitable transcription and translation

25  elements can be used. |

Different genetic signals and processing events
control many levels of gene expression (e.g., DNA
transcription and messenger RNA (mRNA) translation).

~Transcription of DNA is dependent upon the

30 presence of a promotor which is a DNA sequence that
directs the binding of RNA polymerase and thereby
promotes mRNA synthesis. .The DNA sequences of eucaryotic
promotors differ from those of procaryotic promotors.

_ Furthermore, eucaryotic promotors and accompanying

35 genetic signals may not be recognized in or may not
function in a procaryotic system, and, further,



40 ATGATGCAGC AAGGCGEECCT CEECGEECEEC AACCAGECGC AGGECGECTC GAAGGGTGCC

840 GGCAACGCCT CGCOGGCTTC CGGCGCGAAC CCGGGCGCGA ACCAGCCCGG TTCGGCGGAT
900 GATCAATCGT CCGGCCAGAA CAATCTGCAA TCCCAGATCA TGGATGTGGT GAAGGAGGTC.
960 45 GTCCAGATCC TGCAGCAGAT GCTGECGEG CAGAACGECG GCAGCCAGCA GICCACCTCG
1020 ACGCAGCCGA TGTAA

1035 50  wopaBe2r i nformation regardi ng the hypersensi PCI/ESI6®88§18Nse
elicitor polypeptide or protein derived from Pseudononas sol anacear um
is set forth in Arlat, M, F. Van G1igem J. C. Huet, J. C

Penol l et, and C. A. Boucher, "PopAl, a 55 Pr ot ei n \/\hi ch Induces a

HypersenS| ti ve I | ke Response cific P.et not

Secreted vi a B4R ‘E’Q"c pr?’&?tf"ﬁﬁ%aSF B§ ﬁ%?%’sz G§ éﬁ] EI\/BO J.
13: 543-533 funqtiQM)-n entaryotdcheedbs. i ncor porat ed by ref er ence.

WO 96/.39302 Slmllarly, translation of mmNAl /iﬁsﬁﬁbegﬁﬁ@tes

- 24 - %ﬁ? ersenm% g regcf)onse elicit 19
pol ypepti de (Ssre e RPy SonS ?’rp% ycaryo lﬁl yci nes has an
ami no aci 8 sajgmade wbirhsgbiftsmdrom those of euqarsmesg aBffbcienmk: 5

Thr Leu |le @ransQuchBh- bf cmif@l i¥ak r&arybeeélﬁqﬂleeu a {£€Hobbile 1-
5 a Lou Pro Ala Tyr

An Asp Tyr }_:ﬁ.nd:&x% site calledzé'.he ghlne Dalgar% (“S%" Tﬁfl‘éeg‘éﬁu‘é’h ce is an
am no t er m ndlhes og¥dnceThig i seguesce isr assbioet midleotidem seguenper sensiti ve

r;asponse el Ittaft Qﬂ!ﬁﬁﬁthﬁt@hi/?el%ddi%ldobegbﬁéetﬁe C%t&&”%&&ﬁga}isﬁéﬂ?fzt“ S f\ﬁ
Lyt ness o R CUEICH Bhehddil R Ldl. kP i ns ol S LSO, T ol
exenpl ary. Ogivotein. The SD sequences are complementary to the 37~
end of the 168 rRNA (ribosomal RNA) and probably promote
binding of wRNA to ribosomes by duplexing with the rRNA
to allow correct positioning of the ribosome. For a
15 review on wmaximizing gene expression, see Roberts and
~“fauer, Methods in Enzvmoloqy, 68:473 (1979), which is
“hereby incorporated by reference. :
Promotors vary in their "strength' (i.e. their
ability to promote transcription). For the purposes of
20 - expressing a cloned gene, it is desirable to use strong
- promotors in order to obtain a high level of
transcription aihd,' hence, expression of the gene.
' Depending upon ‘the host cell system utilized, any one of
a number of suitable promotors may be used. For
25 instance, when cloning in E. coli, its bacteriophages, or
plasmids, promotdr's such as the T7 ﬁhag_é promoter, lac
prometor, trp promotor, recA promotor, ribosomal RNA
promotor, the P, and P, promotors of coliphage lambda and
cthers, including but not limited, to 1acUV5, ompF, bla,
30 Ilpp, and the like, may be used to direct high levels of

»

transcription of adjacent DNA segments. Additionally, a
hybrid trp-laciVs (tac) promotor or other E. coli
promotors produced by recombinant DNA or other synthetic
DNA techniques may be used to prov:.de for transcription
35 of the inserted gene.’ : :
Bacterial host cell strains and expression
vectors may be chosen which inhibit the action of the



elicitors can be identified by growing bacteria that 20 elicit a
hypersensitive response under which genes encoding an elicitor are
expressed. Cell-free preparations fromculture supernatants can be
tested for elicitor activity (i.e. |ocal necrosi s) by using themto
infiltrate appr pl ant- ti-ssues. 25 Is al so to
use fragnents o%w #.‘2*’9"’ above hypersensitive response elici toﬂ,ﬁﬁﬁb&ﬁg
pol ypepti des or proteins as well as fraggrents of full length elicitors
from ot her pathogens, in the nethod of the present i nvention. 30

Sui tabl e fragments can be produced by several means. In the first,
subcl ones of the gﬁmxoeaeodnmesa specilfieallgl mdﬁoedprcm:emmaamroduced by
conventional TRleSe s Bh o 0CPRL | fad IR R LRECPY: Lg_gx%p igene
fragments. The subclone REn“ar e expresse tro or I.n Vivo |n
bacterial cells t&efesegry g% eEfigienteityagecrirtionLf ithe dnaerced p
tested for elici t @naact Fotrt ¥xamplelC thelilag bpelirba ;bsortmiiw&ﬂ d@smhiebed

grelo?\évl n can be® pro uci%ogn"g! %%é{f@%n of I%ﬁ{(ﬁ%ét%% e ICI tor protein

with proteol ytic EeAAeEesi A variety Wh gthsyggperons, such as trp,

PCT/ US96/ 08819  pro, etc are under different &bntrols. chynmotrypsin or

St aphyl ococcus pr ot ei nase Q%iﬂé/ ﬂ::.atn. Dgg_égéfgt :pé%tles% )géé gagynes
E erent es ba é‘

are likely to cleave ell e ns a n on the
ani no aci d sedimaneffdriens %ﬁ%l‘%ﬂﬁﬂsﬁré@éﬂﬁn apfetFAnglat o ddgnent s
that result frem pickevtis oeYlHEL AHdae transeh:n.ptimsmi ﬁz@&isﬂh&ﬂ%

I n anot her approach hased on.kn Iy, st t he
protein, fragment s""'gft aﬁfé%“ s"g?ﬂc\é‘l' tq'%s(;pro ein % gngﬁ£g£ beaszi'{ esi zeg’g'b

usi ng the PCR 10 ttdsh evgaE itygef hgeneapesifde mieesgesércﬁmpra%rpsrqn%@en
to represent partiggittesioel, ORespéctiirelyf.ot ghe. plAcsLpressildit rattidx] be

cloned into an apRl %_le actogxrtg?%goé g:oémotor,' %%&egigoaggnegipresnsl on of a

truncated pepti de
15 comblnation of various "strong" transcription and/or

translation 1nit1at10n signals For instance, efficient

translation in E. coli requires a Shine-Dalgarno (SD)
sequence about 7- 9 bases 5! to the 1n1t1atlon codon (ATG)
to provide a ribosome binding site. Thus, any SD-ATG
20_.'comb1nat10n that can be utilized by host cell ribosomes
may be employed. Such coﬁbinétions include but are not
limited to the SD-ATG combination from the Ero gene or
the N gene of coliphage lambda, or from the E. coli
tryptophan E, D, C, B or A genes. Additionally, any SD-
25 ATG combination produced'by recombinant DNA or other
techniques involving incorporation of synthetic
nucieotides may be used. '
Once the 1solated DNA molecule encoding the
hypersen31t1ve response elicxtor polypeptlde or protein
30 has been cloned into an expression system, it is ready to
be incorporated into a host cell. Such incorporatioh can
be carried out by the various forms of tramnsformation
‘noted above, dependihg upon the vector/host cell system.
Suitable host cells include, but are not limited to,
35 Dbacteria, virus,;yeast,pmammalian_cells, insect, plant,
and the like. -



15 Variants may also (or alternatively) be nodi fied by, for
exanpl e, the deletion or addition of am no acids that have m ni mal

i nfl uence on the properties, secondary structure and hydropathic nature
of t he pol ypeptide. For exanple, a polypeptide may be 20 conjugated to
a signal (or |leader) sequence at the N term nal end of the protein

whi ch “co- t r axvelogsgenal | y or post-transl ati onal |y dir ecp@rrisssgiosdrer of
t he protein. The pol ypeptide may al so be conjugated to a |inker or

ot her sequence for ease of synthesis,~-moification or 25 identification of
t he pol ypepti de. The protein or pol ypeptide of the present

I nvention is preferably produced. in [%urlfled form (preferably at |east
about 80% nore preferaB’g9 wephod of the pyesent HMSNGIGRaFAR RN ques.

Typi cal ly, tha:trmﬁlzﬁmtBOtréat o lwidepvatdteny ofplmseno dmpantion is

secreted into I u Ogi’ér%é‘t I ate the
protein, the Ifatg%’t#%hoég ?‘F@éci rrlgh?'%awgr coO |n""adr1::1ugz'lg alf%‘sg?n 'S
propagat ed, hdHRARSAFed, Mﬁﬁﬂ B3 Hat wsplul cr%lﬁlPF‘Fﬁgﬁﬂnto remove -
bacteri al Gebrﬂrsclu“&ee sufeepabkedt, 3barleyt heye s Wi d sunfiegesnt i al
ammoni um sul f [ n 0 t I n ol ypepti de
or protein of %nutr'esen pgégénéﬁoﬁw&% %%eg%?e}ét\%ﬂggea' QhE.QSrP, w
96/ 39302 1ettuce, endive, cabbage, caul lowey vecedd: oturnip,

- 26- fi ldgc@ignn spanaahamrmrl aaellycsi eggbXimd,r pepper, celery,

pol yacr y1 &1 S sua8EPRbAII° BEBLERTS cldmper, TSBEEEY eak!'®,

protelnfractlon may DNA
nol ecul e &fcod®e}Ptrh @tﬁ'?ﬂb?’é'%lg"iap@t rasphepehic PINGAPPLer BOYHRRBL i de or
protein can ba-_obacdd)cebmata; esbrghmel hadusug@rmenmmneéeeﬁrrbl nant DNA

t echnol ogy. I n uIe Into an
expr essi on sys %tbl%v\ﬁ h‘ﬁ?’h{y%ﬁ’}%%éls ﬁg%ecu e1s R:gﬁerof’ogousg {i.e. not
nor mal | y preseﬁﬁi)ntPaU11¥hePﬁ’é‘#%l F§daFoenduny| RREe 4 nsert ed | nt o the
expressi on Sy%msahtﬁeahﬁr taruipay, aadseimiient ation

is " The method of 1mpart1ng pathogen resistance to
- plants in accordance with the present invention is useful
7 in imparting resistance to a wide variety of pathogens
lncludlng viruses, bacteria, and fungi.
Resistance, inter alia, to the follow1ng
20 wviruses can be achieved by the method of the present
’ invention: Tobacco mosalc virus and tomato mosaic virus.

Re31stance, inter alia, to the following
bacteria can also be imparted to plants in accordance
with the present invention: Pseudomonas solancearum,

25 Pseudomonas syringae pv. tabaci, and Xanthamonas
aampestrls 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

30 infestans. ' ' '

' "The method of the present invention can be
carried out through a variety of procedures for applying
the hypersensitive response elicitor polypeptide'or
protéin to all or part of the plant being treated. This

35 may (but need not) involve infiltration of the
hypersensgitive response elicitor polypeptide or protein
into the plant. Suitable application methods include




and correct reading frane. The vector contains the necessary el enments
for the transcription and translation 15 of the inserted protein-coding

seguences. - U.S. Patent No. 4,237,224 to Cohen and Boyer,

whi ch is hereby incorporated by reference, describes the production of
expressi on syst i he form: of reconbi nant plasm ds usi l.cLion
enzyne cl eavage%mgwg ligation with DNA |ligase. These recomﬁl&ﬁ;

pl asm ds are then introduced by neans, gf transfornation and

replicated in unicellular cultures including procaryotic or gani snms and
eucaryotic cells grow in tissue culture. Reconbi nant genes

rgay ﬁl) so be i ntroHiighdotr Nlow Fxressures epragimg, atnjeadriiony wnuleaf

econbi nant virus fReLat y %ﬁgt ; s into
cells . i nfecte vr\nggﬂor\l/i?ﬂ%& . &8 ftled e:uSu,l ta ldgi{/iégag?éﬁi %ﬂ%ﬁe but
are not linmted Plage; tPehen fukabde, pPRIiGARIR Praredures) gaBdBevect or
30 systemgtll, ghvikfohsd hathwsed skallle@! s ntlte B Providedsthbyasre

PBR322; pBR325. pACYClZ7, D G339,
PR290, pKC37, S%KC' g é%/ iﬁ?@@&éﬁ%@ﬁ Ep%‘égi?"%‘frfs+e?’-%ét§”ﬁsy§%-8°‘(‘§%e
"Stratagene O oni fgicitoxyrekymertdde;PEgrravety witdmaslls afckbe Phank} | a,
Calif, 35 which is hereby The hhereendibive ciespons eldQitopl H321,

pCEX, PpET series t udi : , L§§i f_ I | ymer ase
to Direct Expr ess#’%ﬁﬁggpg%%e%é{%%%p Ban’ be ﬂ%‘%?&?&% i

PCT/ US96/ 08819 accordance with the present invention aloneGefeipxdression
Technol ogy voip 1&%xtd980pitMidtHer materi®seby incorporated by reference),

and any derivatives t het eof onhi t_mol ecules c be.introduced
into cells via transf or a3 i%srf’!%%%arg?i 'gﬁgaﬁ'?/s?l?‘ ans QU %’lrl(%’, igvolves’s
conj ugati on, nobi FPERPEbRionfer deamagbdnd: Pakhogamaramimtances squphantsar e,

3' oneqbi gtg the veeheainshgta &?ﬁ%&iaitliv@ﬁéép@ﬁfﬁlﬁddﬁt%& pB1YB eia? as
Core =, o B rapesd sty A BSELL B RSk At L
which is herebg. i REoPABREEB SPYutiem.end@, this embodiment, the |
composition contains greater than 500 nM hypersensitive
response elicitor polypeptide or protein.
_ Although not\rgquiréd, this composition may
contain additional additives including fertilizer,

20. .insecticide, fungicide, and mixtures thereof. Suitable
fertilizers include (NH,),NO,. An example of a suitable
insecticide is Malathion. Useful fungicides include
Captan. _ ) S _ :

Other suitable additives include buffering

- 25 agents, wetting agents, and abrading agents. These
materials can be used to facilitate the process of the
present invention.

EXAMPLES
30

g;m;g_l - Harpin-induced Resistance of Tomato Against
the Southern Bacterial Wilt Disease
(Pseudomonas solanacearum) .
35 .
Two-week-old tomato -seédlings, grown in 8 x 15
cm flats in the greenhouse were treated as follows: 20

plants were used for each of the six treatments, which



A variety of host-vector systens may be utilized to express the

prot ei n-encodi ng sequence(s). Primarily, the vector system nust be -
conpatible with the host cell used. Host-vector systens include but are
not 15 limted to the follow ng: bacteria transforned with

bact eri ophage DNA, plasm d DNA, or cosm d DNA m croor gani sns such as
yeast cont ai wosgagsenst vectors; manmal i an cel | syst enspéPi®eiossdo W t h
virus (e.g., vaccinia virus, adenovirus, etc.); insect cell systens 20
infected with virus (e.g., baculovirus)32 and plant cells i nfected by
bacteria. The expression elenents of these vectors vary in their
strength and specificities. Dependji.ng upon tgﬁ host - vect or system
utilized, any Y6¥& deSigPaﬁeﬁLﬁrﬂ@r%ﬁp‘shrt%‘Feaxfer F%’F off®and translation
25 el enents dallowsused. D fferéent genetic signals and

processing events CQR} I OAbdBN i ooCye! 82 0f RN UK 2RHEMdFpLh . DNA
transcri.ption gnd ssenger (rTRNAg tra J.aflon o
T R T&55 nFﬁeegU:- R PotyreBFide RHot or whi ch )

Transcription : :
is a DNA séquegmetetindt prepachtriont S(Z-Me Weidi THarfinRNEljclorraf echeend

t her eby p?@?&%?énﬁ%éyﬂgéb‘bﬂs% PFHGu LR BP TR G 3k Pﬁﬁ 4Pt C

pronoters dif fromthose of procaryotic promnpt eé.ls. ur ther nore,
eucaryotic prdHIHHHE aMHLQREHpaRRlegcss25 heintit WOGRAr sWRaFR Nt be
recogni zed i n herebyy incbrporatad &y cefenemce)y. ows Viotfiid tspsednintand,

further, the loweldP 2HUS9RA%F of each of the seedlings. _
PCT/ US96/ 08819 ' 28 caryotic

L - - r oC;
pronot or s ¥re not recoghfled™BhFaTE ABTPIn PRepR¥ALIRD; ﬁseﬂgﬁﬁlyﬁi@)cel | s.
Simlarly, transs spragedfwiht2NAGormesbcaayiobasmdun cttpektle Leaf t he presence

of the proper f8caLYQk tne Sseddinais hlCldli Idatlialy QLHIASEn Qfugicaryot es.

Efficient- ~translation o I'n procaryot®es réquires a ribosone
bi nding site &he EBurke Shi ne- Dal garno ("SD') sequence on t he nmRNA.
Thi s sequence i s a shor{chuckeadolde DHE(PEPP430) (Seaf PiBhAet Daford mdpcat ed

before thggsst gy ,§Q000q Y&l Yocppaso) was grown in LB medium to
..ODgze=0.7. The culture was centrifuged and then
;Lresuspended in 5 mM of’potassium'phosphate buffer pH 6.5.
 About 100 gl of cell suspension was infiltrated into each
leaf of the seédlings. | |

20 (D) E. coli DHS(pCPP430::hrpN) (See Figure 1

" for map of plasmid vector pCPP430::hrpN’) was used as in
(C). The cells were grown, and the suspension and the
amount of inoculum used were the same as described in
(c). '

25 _ (E) For E. coli DHS (pCPP9) (See Figure 2), the

cells were grown and the suspension and the amount of
inoculum used were the same as described in (C).
(F) Infiltration of leaves with 5mM potassium
phosphate buffer was as described in (C).

30 The challenge pathogenic bacterium, Pseudomonas
solanacearum strain K60, was grown in King’s medium B to
OD“5;0.7 (about 10° cfu/ml). - The culture was centrifuged
and resuspended in 100 volume of 5 mM potassium phosphate
buffer to a final concentration of about 1x10° cfu/ml.

35 Three days after the tomato seedlings were
treated with harpin or bacteria, they were puiled up and
about one cm of roots were cut off with scissors. The



10 AUG which encodes the am no-term nal nethionine of the pr ot ei n.

The SD sequences are conpl enentary to the 3'- end of the 16S rRNA
(ribosomal RNA) and probably pronote bi ndi ng of MRNA to ribosones by
duplexing with the rRNA to.all ow correct positioning of the ribosone.
For a 15 reviewO I m zi ng gene expression, see Roberts a r,
Met hods i n Enzy %8%%68:473 (1979), which is her eby in'C%@fsgf’é%ﬂﬁy

r ef er ence. Pronotors vary ‘i.naghgir "strength" (i.e. their
ability to pronote transcription). For the purposes of 20 expressing a
cloned gene, it is desirable to use strong pronotors in order to obtain

a high level of geedlimgs wedd aheandipbedcinteyiree snispensiohhef gkne.
Depending UpoN 't Ng,R08k &t Y SBUL! ik 0 MRSt ed p12nEYWhEFe OF
sui tabl e pronot ors nay Pe used. For 2 I nstance, when.cloning . 1n E coli,
i ts bacteri ophage¥epbanted inteshes sapeohotdr s plaatenwere Lot eln a
pronoter, |ac gpeanidbude, tand phemdisease civicidenet eas rebosded! 7 Ridys
pronoter, the Ple . pronotors of coliphage | anbda and _
ot hers, incl udlg)nggg%?égg‘?&%ﬁn% 13&' to lacUvs, ompF, bla, 30 1pp, and the
i ke, may be used to direct high | evels of transcription_ of adjacent

DNA segrments. Additiefbddty ofd treatiphti Witk (hdmgaild/5 (tac) pronotor or
other E' coli pronotors produced by reconbi nant DNA or ot her synthetic .

DNA techni ques may be used to provide for transcription 35 of the inserted
gene. Bact er idfitaro ¢ Benrssiorlnsthage degfeporbions thakt ors

may/ be C?osenmmi ahdi Bééwi infiltatiedonith hépin or E. col\woﬁsl(ﬁeﬁﬁ?sl 0)
PCT/ US96/ 08819 - S e - N < P tor unless
specifically i ndugga.c?]ﬁl%%sr?%’l nLeavegpg £\ o%gv?ltt}heh?a?d'lnt :éggoof specific
i nducers is neathorydym rshowed: oadY EPaRRY: MeNAfisof the inserted :
DNA. For exanple, the lac operon is induced by the 5 addition of |actose or

i | t hizo- beg,as | i - f |
T8 P e, A e i 5 e

None of the 20 harpin-infiltrated plants showed
any symptoms one week after inoculation with P.

20 solanacearum K60 (Table 1). One out of the 20 plants
showed stunting'symbtoms.  However, 7 of the 20 buffer-
infiltrated plants showed stunting symptoms. Treatment
with B. coli DH5(pCPP430°) (a transposon-induced mutant

‘unable to elicit the hypersensitive collapse) or E. coli

25 'DHS(pCPPS) did not show significant difference compared
to the plants treated with buffer. These results suggest
that harpin or E. coldi DHS5 (pCPP430), which produces
harpin, induced resistance in the tomato plants to
southern bacterial wilt caused by P, solanacearum XK60.

30



Specific initiation signals are also required for efficient gene
transcription and translation in 10 procaryotic cells. These transcription

and transl ation initiation signals may vary in "strength" as neasured
by the quantity of gene specific nessenger RNA and protein

synt hesi zed, respectively. The DNA expression vector, whi ch contains a
pronot or, nawodksmezront ai n any 15 conbi nation of various petASRess1e
transcri ption and/ or translation initiation signals. For instance,

ef ficient translation in E. coli fe&dui-res a Shi ne-Dal garno (SD)
sequence about 7-9 bases 5' to the initiati on codon (ATG to pr ovi de a
ri bosome binding.site. Thus, a S ATGZ natl tha cap be
utilized by h(;ﬁ%l@elll rg g%;%tg&l %0 ’% Pﬁs % a?t"i ons

i ncl ude but are not z 6mt % orrbl na FEA f“?%ﬁ"f’he Cro gene
or - the N gene of COFI phage Ianbda or fromthe E. CO|I trypt ophan -
E, Db C, Bsor A genes. iti SDhu $4€: i hatio

reconbi nant DNA or ot her t echni ques—l-QWOL\.u-ng i ncorporBay aé of

synt hetic nucl eoti des may be used. ' Once the isol ated DNA

nol ecul e encodifaeptment hyper sensiftimtsdr eBeaifbe elStuatedr polsglehy i de or
pr ot ein 30 hag, t}ﬁgﬂ,p],_ﬁiedrgtmﬁp an expreSS| orgesystem pt is ready to .

be incorpqrate I;]{g t cell. Such,incorp l,ation ca be .garried out
by the va(rilbousgf o}{% ansf or mati on" no?led above, EIdependl nlg upon the

vect or/ host ceFt %yg"flén‘?“‘P@PS%ﬁ’t abl e Rost cel¥s includ®, but arid not
limted to, 35pbat esiiapEsiperre3o-yeast., 4manmul ix®n cel |l s, 7i nsect, sl ant,

and the |ike. E. E. coli nns\fﬁp%{ 39802 5 15 6+1 wilted 13
PCT/ US96/ 08819 N ' | T unite “The

-..30
met hod of the Bt ESEMT invention can be’ ut i zed D PSR a dtde vari ety
of pl antsPo i Hparathogen pat hogen resi sPance. 28uitable plants irR@l ude
di cots and nonocots. More particularly, useful crop plants can 5
include: rice, wheat, barley, rye, cotton, "sunflower, peanut, corn,

potato, sweet potato, beppurPfeeks résifQ@.-JEryn.noc:ulatt:.on, plants treated
20 .- with the harp:m or E. coli DHS (pcPP430) were taller and
| - broader as compared to those treated with buffer. The
average he:x.ghts_ of 10 plants that had been 1nf11trated
with harpin or buffer are given in Table 2.

25 Table 2. Heights (cm) of tomato plants four weeks after
inoculation with Pseudomonas solanacearum X60,
following treatment with harpin or buffer.-

Infiltrated with Buffer  Infiltrated with Harpin Infiltrated with Buffer

30 Not inoculated Inoculated with K60 Inoculated with K60
36 : - : 32 o 11
4 o | 29 21
35 : 38 - 33
34 35 12
35 39 : 37 15
35 33 32
36 22 25 :
35 35 15
41 40 ' 37
40 37 29 38

Average 36.9 a3 23.9




| ettuce, endive, cabbage, cauliflower, broccoli, turnip, radi sh,

spi nach, onion, garlic, eggplant, pepper, celery, carrot, squash,
purpki n, zucchini, cucunber, apple, pear, 10 nelon, strawberry, grape,
raspberry, plneapple soybean, - t obacco, tomato, sorghum and sugarcane.
Exanpl es of e ornanental plants are: Arabidopsis t

Sai nt paul i a, pe?@ﬁkéagéelargoniunl poi nsettia, chrysanthe”&h%ﬁgammu'
carnation, and zinnia. 15 The_nﬁghgd of inparting pathogen

resi stance to plants in accordance with the present invention is useful
In inparting resistance to a wide variety of pathogens I ncl udi ng
viruses, bacteri agxafsid B¢ . Harpin-induced ReRistaheeosf Todatc agadnsto the
following 20 viruses can be antﬁkamniﬂqptBWéa&eﬂhbd QﬁsQaaﬂgﬁﬂaydnmonas

i nvention: Tobacco nopsaic vi#elanareaz¥mt o nosai c Vi rus.

Resi stance, inter alia, to the follow ng bacteria can al so be inparted

to plants in atcordance sent ent,i donDn
sol ancearum 25 Pseudononégﬂgfgfn Egﬁss ?%ﬁéiﬁé &ﬁ%liﬁﬁFﬁgﬂBn%E
canpestris pv. peineogulrtion were the same a&g@gqpn;hedbgnngagmpbg|;;ant

inter alia, to éﬁtftﬁ{d@‘ﬁﬂw conBeht Pt 16 ¥ B.hedTahRedaeim! Ko Ripsent
I nventi on: FusarlunloXéﬁEorun1a?d Phyt opht hora 30 i nfestans.
The nethod of t he®BPREERLY NFER(PDN can be carried out through a

variety of prbgedures The apffepi-igfiltrated ipjzertse mhiowede sysppomsel®l i cit or
pol ypeptide or  gapLOffidl tﬂm%dlae&oaamtﬂfpt %ﬂﬁ&ﬁ%ﬁﬁsbr eagpfl. qudhi s

35 may (but need noté |nvo ve i1 nfi] tratl sitive

response elicitor® WSFOFEPH': ﬁiﬁ'irtf‘%"ﬁe%% ?¥%‘bl%
application net hoplsahmlwziee wzlted afte(2D6IH8802 The wilted plants

PCT/ US96/ 08819 eventuall dled 'However, none:%k the 20 hQ EnQEréQWEd

pressure spraying, éectlon |'eaf abr asi Q rOXI %
elicitor applt®at P?ﬁn 8 ghowed ﬁﬂ%éngcfmt%‘%ﬁ'ta egpmeie Et?‘ F\eﬁrocedures
can be envi si tneculatidmss i thed2pnhatpimrtreated pddntheghowed

- gtunting symptoms. It is possible that after three
weeks, the plants may have lost their induced resistance.
As in the first experiment, the overall girth and heights

20 of the harpin-treated plants were greater than those
treated with buffer.

Example 3 - Harpin—indueed'Resistance of Tomato against
Southern Bacterial Wilt Disease Pseudomonas
25 : solanacearum

This experiment was similar to Example 1,
except that additional inoculum of Pseudomonas
30 solanacearum K60 was added to the pots cohtaining the
treated tomato plants.
Harpin was infiltrated into two-week-old tomato
- seedlings. Two panels of each plant were infiltrated
with about 200 pl harpin suspended in 5 mM of potassium
35 phosphate buffer at the concentration about 200 pug/ml. A
total of 20 tomato seedlings were infiltrated. The same
number.of'tomatb seedlings were infiltrated with buffer.
After two days, the plahts were inoculated with
- Pgseudomonas solanacearum K60 by root-dipping. The
40 harpin- or bufferfinfiltrated plants were pulled from the
' soil mix and small amounts of roots were cut off with
scissors and then the remaining roots were dipped into a



5 able to effect contact of the hypersensitive response elicitor

pol ypeptide or protein with cells of the plant. The

hyper sensitive response elicitor pol ypeptide or protein can be applied.
to plants in accordance with the present invention alone or in a 10

m xture with other materials. One aspect of the present

I nvention i NwObwxs02a conposition for inparting pathogercrussssssaance to
pl ant s containing a hypersensitive response elicitor polypeptide or
protein in a carrier. Suitable carrier$86include water 15 or aqueous
solutions. In this enbodinent t he conposi tion contains greater t han

500 nM hypersensitiv ponse_elicit | vpepti de o r ot ei,

Al t hough™ not PEﬁE??@g‘m t‘?‘f‘l 8&38@???%’5“’%3?&% \r' E BF " d4rT ona

addi ti ves i ncrodeegtfagion |0£eithe29a°‘1‘-¢m3t |Q§1éesuﬁnﬂg$é¢1@éva%mi§<t ur es
t her elof f Sui Eﬁ?bet;:fu/mﬁ.er tthé Ze¥edlitRisuderxée I\Hﬂdﬂae[oe rlr:%tdl\@]g:er blamedAn
exanpl e of a sujtable i,nsectic op ul fungicides

i ncl ude t; An addlt:.onai 3 @he# hé%t%éﬁh:‘ ‘dﬁ??n BRT ude
buf f eri ng 25 adgeﬂtto the Hoid afeptch %ﬁﬂiﬁﬂﬁuaélng agents. These

material s cangbenssedidmetieac bkl at méé@s@riqﬁqaaneé &as scordd a5y
I nventi on. Exanple 1 -

Har pi n- |nduceﬂnﬁeg?§¥anégjthfoﬁﬁPﬁrimﬁRQﬁnwere hone in the " ho Southern
Bacterial W/ gréeshasse with limited tempéRgmxdomontsokol anaerun) 35

Two- Wﬁek ol d torf?to tseg@ﬂéi%lhraéoweem 8 X kS the zéninfxfféf—i“ t he oo
gr eenhouse wer.e eat e 0 ant,s e used for ch o
the six t+®at ABALLE r?\f‘ﬁ%%"’ma% antsztﬁﬁié%y% é 2"plents that had'
PCT/ US96/ 08819ilted recovered, but remained severgly-stunted. Only 4
plants grew normally compared with non-inoculated
tomatoes. However, 15 of the harpited plants appeared

i-

healthy; three plants were stunted and two plants were
15 wilted 3 weeks after inoculation. These results are
. summarized below in Table 3.

'mwfable 3. Harpln-lnduced resistance of tomato against
bacterial wilt disease caused by P.
20 solanacearum '

Weeks After Inoculation

Treatment 1 2. 3

25 Harpin
Healthy 20 _ 17 15
‘wilted o 1
Stunted 0 2 3
30 Buffer _
ﬁealthy '8 5 4
Wilted 8 12 | 13

Stunted e 3 3

35 ;;ggp;__g Harpin-indnced Rssistance of Tobacco to
Tebaceo Mosaic Virus

One panel of a lower leaf of four-week old
40 tobacco seedllngs (cultlvar, Xanthi, with N gene) were
' infiltrated with E. amylovora harpin at the concentration



were designated A through F, and are described as fol | ows:

(A) About 100 [err]l of a 200 [err]g/m crude harpin (i.e.

hyper sensitive response elicitor polypeptide or 5 protein) preparation
(Z-M Wi, "Harpin, Elicitor of the Hyper sensiti ve Response Produced by
t he Pl ant Patho%EB Erwi nl a anyl ovora,"” Science 257: 85-88 (199 , mhlch
S her eby | ? $%t ed by reference) was infiltrated into P 94/08819

| owest true |eaf of each of the seedlings. _10 (B) The sane
harpin preparation as used in (A was géréyed wi th 400-nmesh car bor undum
onto the | eaf surface of t he seedlings and then gently rubbed in with

the thunb. of 200 u ; ﬁftesal thﬂr@(da@%%%me( peanEbowesge 1l for map 15

f plasmd vect | B nedi &7 Th
cul Lure was. cent 1 FREGLER bRt ey s el Bt ol L

phosphat e buf fer pbh@e!ﬂ:rationﬂbodft theovizus | (5 ¢ epd 1Qgsp9ﬁmlbrwm

' nf: Itrated into ﬁﬁé .  Abdutdls00k1t BE RN i RS su%@ens:.on was depdlitda
SCPPA30  hr pN)S walb SR URpez, Cobacpe) Leaty Yng ealt, pBelRffed Jiteh po0-
suspensi on and t heesh carhmymnduin andcthenienwas genglyhwubbed. asBaaiscri bed
In (. 25 concentrat:.@ waEOEeEte&%ﬂ @H%Ogﬁaﬁ):s( SeRe&tgkie 2). the

cells were grown suspensi gn and | nocul um used

ot the cament fRaions swne Punlla®d aays M SnBeurarioh ara h JAk
| eaves with 5nM pauhseqmant dayphaa;ihahe hedd gumbes o tbyeei beaves :(a:) 30

The chal | enge, gpat I cola
K60, was QYO\?\lHd)I n{} él ui a7 %ﬁ%%?flcult ggbggeeﬂi err .
cfu/m). The cul %B% g8y Day erc]égg§p§ fiE O % of

5 mM pot assi um phbeghatiz had niexigedr togethér nal Thexefeonrer, athennuﬁtbecbomﬁ

1x10[err] cfu/m. ééz.on% recordedTQEEﬁeﬁaYésélf’élﬁih Eﬁ%sboga&eraégd&ﬁ%we
treated with harpln or. bacteri &&@e wer e o&ne cm

of roots were cut /of f IO (F-2&i ?ﬁﬁ°tlg%esl°ns 'S) gﬁ'ﬁ?ﬁ(ﬁrea‘:
PCT/ US96/ 088188 leaves was much larger than the harpin-treated leaves.

Table 4. Harpin-induced resistance of tobacco against
TMV £rom inoculatlon with 8 ug/ml of virus

20 _Me; r of Lesions/Leaf
'Treatment . _Dav4 pay 7 Day 10
Harpin S 1 32 : 35
Buffer - 87 10_2 76
25

There was no significant differsnce in the
number of local lesions that developed on the harpin-
treated and buffer-treated tobacco when the tobacco

30 mosaic virus inoculum concentration was 100 pug/ml.

Exaxple 5 - Harpi:i-induced Resistance of Tomato to
Fusarium Wilt Disease

_35 _ Six-week-old tomato plants were treated with
: harp:l.n as described for Example 3. The fungal pathogen,
 Fugarium oxyspo.rum, was grown on Lima Bean Agar medium
for 5 days. at 27°C. Two entire agar plates with mycelia
40 were blended for 2 minutes in 20 ml of 5 mM potassium
phosphate buffer. The roots of harpin- or buffer-treated
tomato plants were wounded by plunging a wooden stake
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seedlings were then di pped into the suspension of P.

sol anacearum K60 for 3 mn. The inocul ated plants were replanted into
the sane pots. The plants were left in a greenhouse, and the di sease
i ncidence was recorded 7 days 5 after inoculation. A. Effect of

treatment with harpin

had col | apsed. Leaves sprayed with harpin and

spotty necr
devel opnent

the 20 harpin-i nflltratggbpla
i nocul ati on wiBkopthegso

pl ants

0Si S. B.

: After 24 hours, only those |eaf
portions thawglddsedepd been infiltrated with harpin or E cetrnbidneaaePP430)

Ef fect of -t B8atnent with harpin on the

car borundum showed only

15 of Southern Bacterial WIt. None of

sh@uspenbimmlwqp

infiltrated p gg@ygggé;

suggest

i nduced resistance I n

caused by P. §@Paﬁﬁ€%%§§uﬁqﬁ6ﬁhoyﬁ

°fn

pouredirintbiovie e0il7 off eath £20ingH frmt.

h d t k aft
28 P Kooenaopnd) OB B8 Sl *{ne' o6

DH5( pCPP430[ er r a tran %ﬂgﬁhﬁggﬁce é}lF%éhHESil?d tgngrlgltC?L;
hyper sensi ti v@n(‘,’ FPERLRY %fa“% Toglki 248C "Bl—%’( ﬂéPP@)‘rﬂl 9 n"gjfgl'éthcﬁﬁrsl gni ficant _
di f f er encescodipg.. edbiseaden imicd dphaat was restededi 7hdbyéf aftefThese results

har pi n,-

sout hern bacterial wlt

¢ Hﬁbeﬂi‘é@iﬁor ﬂéchc ‘Ek-éi%ﬁﬁtlé’@aﬁf‘%%h)é@ £8 6

PCT/ US96/ 08819
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Table 5. Bffect of harpin or buffer treatment on
_ Fusarium wilt disease of tomato

- Treatment Day 7 Day 10 Day 15 Day 20

Harpin 1 2 : 4 4 (1 dead)

Buffer 3 6 -7 7 (4 dead)
v, Bxample 6 - Harpih-Induced Resistance of Tobacco

Against Wildfire Disease (Pseudomonas
syringae pv. tabacil).

" Harpin was infiltrated into single panels of
the lower leaves of 4-week-old tobacco plants (20 cm
high). After three days, suspensions of Pseudomonas

gyringe pv. tabaci were infiltrated into single panels of

upper leaves.

Four days later, disease incidence was

recorded, as set forth in Table 6.

Table 6. Symptoms of infection by Wildfire disease in
tobacco leaves inoculated with Pseudomonas

gyringe pv. tabaci following treatment of lower

leaves with harpin.

Concentration of
B.g. tabaci

- 10%cfu/ml
10°cfu/ml
10°cfu/ml
'10%cfu/ml
10%£u/ml

Treated with Harpin Not treated with Harpin
no symptoms necrosis and water-soaking
no synlpi:oms ' necrosis and water-soaking
' no symptoms necrosis and water-soaking
no symptoms . necrosis and water-soaking
necrosis ' necrosis and water-soaking



Table 1. Disease incidence of tomato seedlings 7 and 14

days after inoculation with P. sol anacearum K60. 5

Number of Pl ants : Day 7

Day 14 Tr eat ment . Stunted Healthy St unt ed Heal t hy
A. Harpin infil ' 0 - 20 2 - 18 10 in
spray Woledithe o 3 17 C. E "‘EE!B?"H%B .
DH5( pCPP430) 2 18 3 - 39 -17 D. E coli :
DH5( pCPP430[ err]) 4 16 7 13 E. E coli

DHS( pCPP9) 5 15 6+1 wilted 13 F. Buff.er

7 . 13 . CBtampld X - 1Batpin- Nudpweid Rpedstance of Geranium

20 0 20 ' (Pelargonium honborwmdAgainst Bagkerial on,
plants-treated 20 with the hargFfoﬂ’ anthemongs prampestele BY | er and
broader as conpared to those trRStREIMIH puifer. The average heights
of 10 plants at had been infiltrated with harpin or buffer are given

in Tabte 2. 25 Table 2. Thilgi ghperiment ofas dlemeowpthnreoted rcukingsft er

i nocul ation wi th g@%’iﬁ??ﬁﬁiﬁ&aﬁaﬁﬁﬂﬂﬁ%ﬂ 4" or 6" pots i Qdd OW Nng
treatment with har uf [nfiltrated

i_or, er. . w th Buffer Infiltrated
with Harpin Inf i?‘&%{"t’é& ' Pﬁléu‘i“?-’érl%oa gres ‘ﬁsﬁowgﬁ?eﬁ"we" eaves on
| nocul ated wi th Kééch plantheeskainflilttatd®Ovith either 0.0538 potassium

gi 10 3%hosphat:eliouf.fer, PH 6.5 ntrol), or harpin or £9

34 suspension of Escherichia coli DHBJpCEP430) (the emfire
37 cloned hxih gene cluster of85E. amylovora). Two to @Sven
gg ~ 38ays f%J.Slowing infiltraffon, all the plants 'werle' i? _

40 ~ inoculategd; wigh a pure culture of the bacterial leaf) spot

38 Aver agas 3pathogen, Xanthamonas 'can:ﬁéétris. pv. pelargonii. 28.9
suspension of. the bacteria (5 x 10° cfu/ml) was atomized
over both upper and lower leaf surfaces of the plants at
low pressure. Each treatment was applied to two plants
(designated "A" and "B" in Table 7). The plants were

20  maintained in a closed chamber for 48 hours with
supplemental mistihg supplied by cool-mist foggers.
- Then, the plants were maintained on the greenhouse bench
subject to ambient humidity and temperature of 23°C to
32°C for 10 days _before disease development was assessed.

25
' Table 7. Effect of harpin and the hrp gene cluster of
Erwinia amylovora on the development of bacterial leaf
spot of geranium.
30 _ . Time between treatment and inoculation with
Xanthomonas campestris pv. pelargomii
- 35 7 Days 5 Days 4 Days 3 Days 2 days

Treatment

40 A

B A B - A B A B A B

Buffer ~ 3ax B 5 4 3 2 4 3 4 5
Harpin _ 60 . 0 0 0 0 0 1 0 0 )

25 DHS (pCPP430) 0 0 NT NT 0 0 4] :I. 1 0
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- 35 - Exanple 2 - Harpl n-i nduced Resi stance of Tomato agai nst

Sout hern Bacterial WIt D sease Paeudonbnas sol anacear um
Al'l the nethods used for infiltration and i nocul ati on were the sane as
described in Exanple 1, except that the concentration of P.

sol anacear unwi®e3sses about 5x10[err] cfu/m . 10 . POTUS96/08819
buffer-infiltrated plants showed synptons 15 days after inoculation

wi th P. sol anacearum K60. Six out - 40 20 plants showed stunting synptons
after 15 days; 2 plants were wilted after 21 days. The wilted plants

eventual |y di ed. However, ;none of the 20 harpin-treated 15 plants showed
stunting synp n S .
har pi n-treated puabdrs & oW are tlid uﬁhbengosy ermmiﬂg mep@ssyhb@ms hat
after thre tmeerioyncedneqrpaist schiayotigy o inglel? dpyriFetipwingli st ance.
As in the Pirst i@?f}gﬂ"mﬂt t he overaII glrth and heights 20 of the
har pi n-treated S _were | n_th - reated with buffer.
Exanpl e 3 - Harpin-1nduced Resi stance of Tomato aga| nst

Sout hern t_Ds nacear um
Th:Js expeﬁnen‘[&%%&g iﬁ& E" L € dﬂé‘?ggpgegﬁtcﬂﬁ al o

i nocul um of Pseudonobnas 30 mbaamgmm €&bd@i t he pots
cont ai ning the treated tomato plants. . Har pi n was

et v o i Lo e oot BOURLE, apipotald Pibas i %ﬁspenﬁ&>?§02 ™
of pot ass}um WSTBhFEPHa LI tihef gregpheyge cofteht Waeks PRIRAR, IGFPE@ ] g/ n .
A total oprépatatidms wead Lngilyedted nifntdd laatsedglé' h_ﬁmrm:f twonunber of
tomat o 566d|'58§e¥ei§a$ég'éf' QEﬁdpiéﬁé‘tnﬁdéi ve plants were treated
with each harpin preparat:.on, and three were treated with
_ the same potass:.um phosphate buffer that was uged to
20 prepare the harp:.ns The hypersens:.t:.ve necrosis

f-i-?f'if-developed within 24 hours :Ln the panels of the leaves
‘inf:.ltrated with the harp:.n preparations, but not with
buffer. =

At 7, 10, 11, and 12 days after harp:.n
.25 treatment, all plants were ::.noculated with suspensions of
10* to 10° cells/ml of Pseudomonas syr:.ngae pv. tabaci by
infiltrating panels on upper leaves. Plantes were
incubated in the 'greenhouse for 7 days ‘before disease
, development was evaluated. The results are tabulated as
30 follows in Table 8: |

Harpin souxce Days between treatwent and inoculaticn
. : 12 11 10 7
. log [Inoce.] 4 5 6 5 6 5 €
35 None (buffer) + + o+ + + +4+ + o+ o+ + o+ + +
P, syringae - = +. - - + - - + - -
- E. chrysanthemi - - - - - - - -
E. amylovora - =+ = = e s e e = e
40
. -~ = No symptoms,
+ = Necrosis with yellow halo, typical of wildfire disease
+ + = Severe necrosis with yellow halo, typical of wildfire
digease
45

The results indicate that the harpin
preparations from the three bacteria are effective in



After two days, the plants were inoculated with Pseudononas

sol anacearum K60 by root-di ppi ng. The 40 harpin- or buffer-infiltrated

pl ants were pulled fromthe soil mx and snmall amounts of roots were
cut off with scissors and then the remaining roots were dipped into a
WD 96/ 39802 PCT/ US96/ 08819

- 36 - suMNRMERE of P. sol anacearum K60 for three mi nutRST/USPREsS19
concentration of the bacterial -cell suspengjon was .about 5x10[ err]
cfu/m. The seedlings were replanted i nfo*the sane pot. An additional
3 m of bacterial suspension was 5 added to the soil of each individual

4-inch di ameter pﬂﬁauaﬁgeese%ﬂd&eheenes MRS v&qqﬁeea%aehogen ong gak. All

t he experinents were dope . reenhoys, limted te erat re
control . Ereat<fnish iEber, perets Erigpifed 95 BYRpLens WLt the
infiltrated tonatnwglkaWernnﬁauﬂam anmbéhqr&nnqnalmaedhadAt themhighhr

recovered, but reggh ?nel g},ﬁ,ﬁg&l@qﬁ@@bfg seveEEthSbﬁfﬁéfﬁor mal |y
conpar ed Wi th non |nocu ate t oes ve of the harpited

pl ants appeared bt¥e t@hF@@ p %ER%P\ﬁiﬁ?Q$FLP9€H t8nd two plants were
15 wlted 3 weeks after |noculat|on These results are summari zed
below in Table 3. Ezsgm% Tkl e 3ga. P{ A bl Gl 1 ob2l6E81Rbe LB e
agai nst ac erlalgwu ht 0d i (&ﬂﬂiig & thora °
sol anacearum 1nfaseaﬂweks After Inoculatlon

Tr eat nent 10 1 _ 3 25 Har pi n

gbalthy L 20 Tﬁf a;te blight g?tﬁ§§en atfects ¥%££55Es and ,

3 tomatoes primarily. It was responsible for the: infamous

Irish potato famine. The activity of harpin in inducing
resistance to this pathogen was tested on tomato
15 seedlings grown in the greenhouse Three-week old
seedlings (cultivar 'Mama Mia', about 6 to B8 inches high)
'were treated with harpln and subsequently inoculated with
Phythqphthora infestans.  Two panels of a lower leaf of
each plant were infiltrated with a solution of harpin, a
20 suspension of Escherichia doii'DHS(pCPP430), which
produces and secretes harpin, or potassium phosphate
buffer. o _
Two, three, or four days following _
~ infiltration, the plants were inoculated with a mycelial

25 suspension of Rnytqphthora infestans. The strain U.S. 7
was used, which is highly virulent to tomato. The
mycelial sﬁspehsion was made by blending gently the
contents of two barley-meal agar plates on and in which
the fungus had grown for 2 weeks at 21°C. The suspension

30 was brushed onto the top and undersides of one leaf per
treated plant with an artist’s broad paint brush.

The treated and inoculated plants were
incubated in a specially constructed mist chamber
designed to maintain a temperature of 20-23°C in the

35 greenhouse, while maintaining high relative humidity.
The moisture was provided by several cool-mist foggers
operating at maximum rate on purified water. Disease
incidence was evaluated 13 days following inoculatioﬁ
with Phytophthora infestans, and the results are



30 Buf f er Heal t hy 8 5 4

Wlted 8 12 13 St unt ed ¢4
3 3 35 Exanpl e 4 - Harpin-induced Resistance of Tobacco ta
Tobacco Mosaic Virus One panel of a |l ower |eaf of four-week

old 40 tobacco seedlings (cultivar, Xanthi, with N gene) were
infiltrated WOP#392 any| ovora harpin at the concentrati on PCTAISIG08819 \\D

96/ 39802 PCT/ US96/ 08819

- 37 - of 200 [err]g/m . Aftet 4hree days, the plants were

chal l enged with tobacco nmosaic virus ("TW"). Two concentrations of the
virus (5 [erg Aﬂuert%algﬂ 08514 % M ool Ereacmdti®as QB0 108 ddddr O the

Vi rus suspen3|on was 0SI 5 on one upper tobacc “eaf was

dust ed wit h Hevi 1n§5ﬁ“€%rborunduntand the | eaves gently rubbed. Each
concentration was tested on three-plants. Necrotic | esi ons were counted °

4 days after éﬁ%clél at hﬁﬂb@ﬁg sy 1%$8Pe°ﬁsﬂj"sﬁe%w§htde q;%et he nmean nunber

on three Ieaves I's 10 reported S di to di stinguish

t he iShdiRASAFRE PBsFeMetd1eaxes1d b‘e@é%saef'%et?rrénﬁf’ut'-ﬁ%i%cr otic

| esi ons had nerged together. Therefore, the nunber of | esi ons recorded
seened | ess than those recorded on Day 7. The S|ze of the necrotlc
| esions in bixeatment eated 15 | eaveslaywssbehiveen. pnt: 2 peula

har pi n-treat ed | eaves. Tabl e 4. Fbrpln |nduced resi stance of t obacco
agai nst T™W fromlnoqul ation with 5 [grr]g/m of virug 20
Mean NuqRFr of LeS|ons/Leef _
B C D A B € D a B ¢ D
Buffer o - .3 2 0 o i 2 2 o 0 0 4 1
‘Harpin 0 0.1 o0 6 0 o 1 2 1 o0 o
DHS(pCPP430) . = 0 O 0 1 o 2 2 1 c 1 1 o

15
Treatment w1th harpln reduced the number of

| 1e51ons that developed on plants at all 1ntervals between
hw'eatment and 1noculatlon The number of late blight
lesions that developed also was reduced by prior

20 treatment with DHS(pCPP430), which produces and secretes
harpin.

'Although the invention has been described in
detail for the purpose of iliustration, it is understood
that such detail is solely for that purpose, and

25 variations can be made therein by those skilled in the
art without departlng from the spirit and scope of the
1nventlon whzch is deflned by the follow1ng claims.



Tr eat ment Day 4 Day 7 Day 10 Har pi n 21
32 ' 35 Buf f er 67 102 76 25
There was no significant difference in the nunber of | ocal |esions that
devel oped on the harpin- treated and buffer-treated tobacco when the

t obacco 30 nosajic virus inoculumconcentration was 100 [err]g/m .

Exanple 5 - Harﬁﬁ%‘?ﬂﬂﬁced Resi stance of Tomato to gPCT’US’mss“
Fusarium WIt D sease 35 ; Siggweek-ol d tomato plants were
treated with harpi n as described for Exanple 3. The fungal pathogen,
Fusari um oxysporum was grown on Lima Bean Agar nedi um for 5 days at
27[err]C. Two entire agar plates w t SEQUENGE &.I8TINGr e bl ended for 2 m nutes
in 20 M of 5 mM potassium phosphat e buffer. The roots of harpin- or
buffer-treated tomato plants were wounded by plunging a wooden st ake
WD 96/ 39802 (1) GENERAL INFORMATION: ~ PCT/ US96/ 08819

- 38 - into the i . ofsS. hen, 3 f t ungal

suspensi on was pour ed_(iiﬁt épﬁ'{g&:gﬁﬁ) %?r%e&gh E—Bfaﬁiﬁilp ?l}nggtioﬁfe%ﬂ?mul at ed
plants remained in a Gqqt kit fdop TnAEWIGNITRYPERBRNERHT RAghC Wi th 16
hours of l|ight per 5 aYNDUPED CRBET STIN I TRE pYaRTsecor ded 7 days after

i nocul ati on. Each treatnent was applied to 10 plants. - The results are
shown bel ow i n Tabl giii) NUMBERaOF eSEQUENCHE:f ®&ct -of harpin or buffer
treatnent on 10 ' Fusariumw |t di sease of tomato

Nunber of plants (of (Hy) S$OBRER upwcwﬁaw;. at the

i ndi cated time post-inocul z%ﬁi)o DDRESSEE: Nixon, Hargrave, Devans & Doyle LLP
)} STREET: Clinton Square, P.O. Box 1051

(C) CITY: Rochester _ :

(D) STATE: New York

(E) COUNTRY: U.S.A.

(F) Z2IP: 14603

(v) COMPUTER READAELE 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 08/475,775
(B) FILING DATE: 07-JUN-1995

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Goldman, Michael L.
{B) REGISTRATION NUMBER: 30,727
(C) REFERENCE/DOCKET NUMBER: 19603/10051

{ix) TELECOMMUNICATION INFORMATION:
() 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
(ii) MOLECULE TYPE: protein

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
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Sexr
Leu
Leu
Asn
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Asn

Ala

Gly

Leu
Asp
225
Gln
Ser
Pro
Ala
Asn
308

Ala

Asn

aly
Leu
Ala

130
Ala

Gly

Gly

Asn

ser

210

Lys

Tyr

Ser

Met
290
Leu

val

Ala

Gly
Gly
118
Asn
Phe
Leu

Gly

Ala
185

‘Asn

Glu
Pro
Pro
Asp
278
Gly

Asn

val

Asp Ala Leu
100 :

His Agsp Thr

Ser Met Leu

@”%%&&

‘Ser

Val.

Asn
135

élyl ‘ser Gly Val

150

Gly Gln Ser
165

Leu Gln Gly
180
Ile Gly Met

Val Ser Thr

Asp Arg Gly

230

Glu Iie_ Phe
245

Lys Thr Asp

260.

Asp Gly Meﬁ .

Met Ile Lys

Met
Leu
Gly
His
215

Met

Gly

Asp

Thr

Ser

295

Leu Arg Gly
' 1310

Gly Asp Lys

325

Aa

Ile

10[ e¥¥ ] cfu/n

hp

Leu Thr

npt ons

Gl))l\ﬁéé9 éér:‘)’%gp ?Gln Leu Gly Gln Ser
Exanpl e Bo-

Ma sex Aep gap Tey fex %Eﬁ%@%”m

‘Lys

Thr
120
Ala
Asn
Serx
Ser
Val
200
val
Ala

Lys

Lys

- 3975

Met Phe 2Asp
105 .

Lys Leu 'i‘hi'

Ser Gln Met

Asn Ala Leu
. 155

Gly Phe Ser
170

Gly Ala Gly
185 )

Gly Gln Asn

Asp Gly Asn

Lys Ala

Asn Gln
128

Thr Gln
140

Ser Ser
Gln Pro

Ala Phe

Ala Ala
- 208

Asn Arg

- 220

Lys Glu Ile’

235

Pro Glu Tyr
250

265

Gly Ala Ser Met

280
Ala

Val Ala Gly

Gly Gly Ala Ser

315

Ala Asn Met Serx

330

(2) INFORMATION FOR SEQ ID NO:2:

Ser Trp Ala

Gly Gln
@in Lys
Lys Ala

Asp Lys
285

Asp Thr
300

Leu Gly

Leu Gly

Leu
110
Ser
Gly
Iie
Sex
Asn
190
Leu
His
Phe
Asp
Leun
270
Phe

Gly

Ile

Lys

Asp As
Asn Gln
Asn Met

Leu Gly .
160

Leu Gly
175

Gln Leu .
Sexr Ala
Phe Val

Met Asp
240

Gly Trp
255

Sexr Lys

Arg Gln
Asn Thr

Asp Ala
320

Leu Ala
335



pel argoni 1) Thi s experinment was done with rooted cuttings
of geranl umgrow ng in individual 4" or 6" pots in an artificial soil
mxX in a greenhouse. Two | ower | eaves on each plant were infiltrated
with either 0.05 M potassium 10 phosphate buffer, pH 6.5 (control), or
harpin or a suspensi on of Escherichia coli DHS(pCPP430) (tlJEﬁ- #:d

cl oned hrp genewf':’l9 of E. anylovora). Two to seven days oW ng
infiltration, all the plants were i nogyl ated with a pure culture of the

bacterial |eaf spot 15 pathogen, Xanthanmonas canpéestris pv. pelargonii. A
suspension of the bacteria (5 x 10[err] cfu/m) was atom zed over both
upper and | ower | eaf Q)rSEQUENCE CHARATEERISTICS: | ow pressure. Each

treatment was applied to tla E@&ﬁi’% 2143( paizd "A" and "B" in Table
7). - The plants were 20 r@l nEZPEedupel chanber for 48 hours with
s’uppl enental m sting supp dﬁgghgg Then, the plants

were mai ntai ned on the gr @ lnearsubj ect to anbient humdity and

temperature of 23[eryy 2 Cmfugr before disease
devel opnment was asse(ssedmé’gcuﬁ #?gF %L%ct o harpin and the hrp gene

cluster of Erw ni a anyl ovora on the devel opnment of bacterial |eaf

spot of geranium 30 Ti me between treatnent and inocul ation

with . Xant hononas canBestri s. pV. Eel ar goni i 35

7 Days 5 Days . 4(Sﬂdy§E_QBTEB§§‘SDESQ HRYEON: SEQTAR;NQRpAt

il agt A El ant %éﬁ@t Ple%[ﬂéq %gc'mmcqsca%ecmc% %mﬁfsaspméirﬁgn A éé

Har pi n Occe@TTaTae dRGCENTGAR @CO@ATCHE GCRACARCTORGTSGCCGCA DS C¢qBRP4 30)120

0 0 NTNT OGATOC'I'GGTQLT m%mmjrec QeACACCEGE COTGAACTCA TGATGCAGAT TCAGCCGGGE 180
CAGCAATATC CCGGCATGTT GCGCACGCTG CTCGCTCGTC GTTATCAGCA GGCGGCAGAG 240
TGCGATGGCT GCCATCTGTG CCTGAACGGC AGCGATGTAT TGATCCTCTG GTGGCCGCTE 300
CCGTCGGATC CCGGCAGTTA TCCGCAGCTG ATCGAACGTT TGTTTGAACT GGCGGGAATG 360
ACGTTGCCGT CGCTATCCAT AGCACCGACG GCGCGTCCGC AGACAGGGAA CGGACGCGCC 420
CGATCATTAA GATARAGGCG GCTTTTTITA TTGCARAACG GTAACGGTGA GGAACCGTTT 480
CACCGTCGGC GTCACTCAGT AACAAGTATC CATCATGATG CCTACATCGG GATCGGCGTG 540
GGCATCCGTT GCAGATACTT TTGCGAACAC CTGACATGAA TGAGGAAACG AAATTATGCA 600

" ARTTACGATC ARAGCGCACA TCGGCGETGA T'rmeecewc'-rcceerc'rss GECTEGETEC 660
TCAGGGACTG ARAGGACTGA ATTCCOCGGC FTCATCGCTG GGTTCCAGCS TGGATAAACT 720
GAGCAGCACC ATCGATAAGT TGACCTCCGC GCTGACTTCG ATAATGTTTE GCGGCGCGCT 780
GGCGCAGGGE CTGGGCGCCA GCTCGAAGGG GCTGGGGATG AGCAATCAAC TGGGCCAGTC 840
TTTCGGCAAT GGCGCGCAGE GTGCGAGCAA CCTGCTATCC GTACCGAAAT CCGGCGGCGA 200
TGCGTTGTCA AAAATGTTTG ATAAAGCGCT GGACGATCTG CTGGGTCATG ACACCGTGAC 960
CAAGCTGACT AACCAGAGCA ACCAACTGGC TAATTCAATG CTGAACGCCA GCCAGATGAC 1020
CCAGGGTAAT ATGAATGCGT TCOGCAGCGG TGTGAACAAC GCACTGTCGT CCATTCTCGG 1080
CAACGGTCTC GGCCAGTCGA TGAGTGGCTT CTCTCAGCCT TCTCTGEGGE CAGGCGGCTT 1140
GCAGGGCCTG AGCGGCECAEE GTGCATTCAA CCAGTTGGGT AATACCATCS scxrésecs-r 1200
. GGGGCAGAAT GCTGCGCTGA GTGCGTTGAG TAACGTCAGC ACCCACGTAG ACGGTARCAR 1260

CCGCCACTTT GTAGATAAAG AAGATCGCGG CATGGCGARA GAGATCGGCC AGTTTATGGA 1320
TCAGTATCCG GARATATTCG GTAAACCGGA ATACCAGAAA GATGGCTGGA GTTCGCCGAR 1380
GACGGACGAC ARATCCTGGG CTAARGCGCT GAGTARACCG GATGATGACG GTATGACCGG 1440
CGCCAGCATG GACAAATTCC GTCAGGCGAT GGGTATGATC AAARGCGCGG TGGCGGGTGA 1500
TACCGGCAAT ACCAACCTGA ACCTGCGTGG CGCGAGCGET GCATCGCTGE GTATCGATAC 1560

GGCTGTCGRTC

GGCGATAAAA TAGCCAACAT

GTCGCTERET

AAGCTGGCCA ACGCCTGATA

1620



WO 96/ 39802 PCT/ US96/ 08819

- 40- * Nunbers in table are the nunber of |eaves show ng di sease’
synpt ons (pronounced necrosis, chlorosis, or wilting) 10 days
followng 5 i nocul ati on. 10 Exanple 8 - Activity of several

harpi ns i n inducing resistance to Wldfire Disease
caused by - wo 9639802 Pseudononas syringae pv. tabaeiuseeossis
Tobacco plants (N cotiana tabacumvar. Xanthi) 15 were grown in the
greenhouse. At 4 weeks of age, harptr® - preparations were infiltrated
into a single panel of two | ower | eaves of each plant. Twelve plants
were treated , @%gfﬁg aﬁ?gﬂsgga gﬁg%ﬁgggﬁ Lk eat W t h
t he sanme pot a55| um p"ﬂosp a &#déer Ea was use %gr%eparé thggL
har pi ns. ThETAYIISEEE FETTAIGRECNERNCOTAGHC ccemwopwmm m‘:@ﬁ'rmgr s wiraot he
panel s of the.ea% it tioGhbotdh LR el ditadd ﬂfg %&,&qﬁ byt not
with  bu ffeAClg ¥z wccdalh At 7G 10, 11, ané ay -atter har p!|[|&n°°25
t reat nent, aldTCEFTEAR THRAGECGATORRTCEIGAAC WW%QMGWCTCGCCGBO[ er H}GOt o -
10[err] cel | thhrhol SRUARRRRASAIN KBS Mechin chihncdi? BRferRike acootBiiab! ' a44
panel s on upper |eaves. Plants were I nc I'n the green ous r 7
days bef ore (FRSRRRASRATT GCCRTBIRETOMTEMCARE FTAATHCERN BERCCCTUTS eapcaeacsear e1980 )

tabul at ed as R@cadeRéd Q%T_&ﬁaﬁlﬁc&'rm TACACCIACE GTATCGLGGG. AGATACCEAC 20030 € 8
Har pi h source bet ween treatment. and T nocul ati on

12 mAmscsc Aq_'GTTTGCG TGGTHICCAT GACAGEEL] W TQ';‘TG@;’I'I‘@ 42109 6
45 6 4 Sypréerésrc AM&Q%&%&GC@A 'Ec"FGATEGG'E' Tt oA Tagd
+ + P. syringae - + - - ]I:4
chr ysant hem (2) INFGBRMATION FORI- SEQ ip Ne 3 - + E. anylovora - -
+ . - + 40 :Nosyrrptoms +
Necr osi s vm'th yeI I(é\)\/ ﬁEQUF-NQ GHARACTERFLTEES v e di sease + + = severe
necrosis with yellow h@b 1'3 a3 861 aw&gﬂfa%is di sease 45

)y'T : amino aci o

(C) STRANDEDNESS:
(D) TOPOLOGY: lineax

" (ii) MOLECULE TYPE: protein

(xi) SEQUEN’CE DESCRIPTION SEQ ID NO 3:

Met Ser Leu Asn
1

Ile Gly Gly Ala
Aen Ala Gly Leu
35

Gln Asn Asp Thr
. 50

Met Met Met Ser
65

Gly €Gly Gly Leu
Gly Leu Ser Asn
100

Leu CGly Ser Lys
115

Leu Asp Gln Ala
130

Thr Ser Gly Thr
145

Leu Leu Lys Met

Gly Asn Gly
85

Thr Ser Gly Leu
5

‘@ly Gly Asn. Asn

Gly Gly aAsn sér
Val Asn Gln
55

Leu

Met Met Gly
70

aly
leu
Ala Leu Asn

Asp

‘Asn
120

Gly Gly Asn

Leu Gly Ile Asn

135

Asp Ser Thr.
150

Ser

Pﬁe Ser Glu Ile
165

Gly Ala
10
Gly" Leu
25
Ala Leu
Ala Gly
Gly Gly
Gly Gly
- 90
Met Leu
105
Thr Thr
Ser Thr
Asp Ser

Met Gln
- 170

Ser Thr Met Gln Ile
15

Leu Gly Thr Ser Arg
30
Gly Leu Gly Gly Gly
45 -
Leu Leu Thr Gly Met

60

Leu Met Gly Gly Gly
75

Sexr Gly €ly Leu Gly
_ 95
Gly Gly Ser Leu Asn
110

Ser Thr Thr Asn Ser
125

Ser @Gln Asn Asp Asp
: 140

8exr Asp Pro Met Gln
155

8er Leu Phe Gly Asp
: 175

Sexr
Gln
Asn
Met
Leu

80
Glu

Pro
Ser
Gln

160
Gly




The results indicate that the harpi n preparations fromthe three

bacteria are effective in - WD 96/ 39802

PGT/ US96/ 08819 - 41 - i nduci ng
resistance to the wildfire pathogen Pl ant s treated with either harpin
exhi bited no sygnpt th the two | ower inoculum concent rald d.
At the higher %%gﬁ'ggntrat.i on, synptons were nore severe on bup&éﬁ@dﬁ?
treated plants than harpin-treated plants.,7 - Exanple 9 - Har pi n

i nduced resistance agai nst the Late - Blight disease.
caused by Phytophthora I nfestans. 10 The

| ate blight pathogen Gaﬁfaept@ymt-‘a@begl!aﬁar Ser Seyn@lvo®ly BY$ 19AniRrp. THn Glms
responsi bl e for the infanous *®? |rish potato ¥3mine. The activity of
harpin in inducing ay'®sidhameai0rihiLgs 1ot hngevaivas hestaed mn sanmalp 15
seedlings grown in the gree¥ouse. Three-\®8k ol d- see@obngs (cultivar
"Mama M a', about 6 h r g4t

subsequent |y i nocul artLg %‘ey%ge&n %ﬁhlﬁ%gﬁiﬁ%}e}un%s?%n%é t&%ggél%aﬁe s of a
| ower | eaf of each pI ant. were |nf|Itrat d Wlt a_sol ut| qn of har

20 _suspension of EsChEMAW¥HIR €3 FLDAED (9 EghAsp @ ﬁr%ﬁfuﬁ%’%%d
secr et es harpin, or potassium phosphate

three, or four days fady | 3wi bvg Gly Lwnﬁl# tﬂﬁatheSnSertWa’ praiel AserByr ﬁbt:GIhat ed
with a nycelial 25 suspension of*Bhytophthora i nf¥stans. The stf#in U S
7 was used, Whi chiehSeilpi gHal MavialbeptThi Gl ONIRt ly N&E Lys AlBYER] TBd qin
suspensi on was made by bl endi nge%gently the 26%ont ent s of two2®arl ey- neal
agar plates on and i QauhiaMen asg Bt GYPGHE H30aY QW sl0se? MECKY 8ir phe

21[err] C. The suspension 30z7swas brushed ondse the top and uaader Si des of one

| eaf per treat edlygi\ant W t%ﬁt agﬁért L Sha sMelgr&adLsp b LRL ucﬁy Gln Phe Met

The treated and i noc 2095 300

.ASp G@Gln Tyr Pro Glu Val Phe Gly Lys Pro Gln Tyr Gln Lys Gly Pro
305 310 315 320

@y Gln’ Glu Val Lys Thr Asp Asp Lys Ser 'rrp Ala. Lys Ala Leu Ser
325 330 335

Lys Pro Asp Asp Asp Gly Met Thr' Pro Ala Ser Met Glu Gln Phe Asn
34 : 345 350

Lys Ala Lys Gly Met Ilé Lys Axg Pro Met Ala Gly Asp Thr Gly Asn
355 _ . 360, _ 365

Gly Asn Leu Gln His Ala Val Pro Val Val Leu Arg Trp Val Leu Met
370 375 _ _ 380

Pro
385

(2) INFORMATION FOR SEQ ID NO:4:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1158 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

ATGAGTCTGA ATACAAGTGG GCTGGGAGCE TCAACGATGC AAATTTCTAT COGCGETGCE 60
GGCEGAAATA ACGEGTTGCT GGGTACCAGT CGCCAGAATG CTGGGTTGEG TGGCAATTCT 120
GCACTGGGGC TGGGCGGCGG TAATCAAAAT GATACCGTCA ATCAGCTGGC TGGCTTACTC 180
ACCGGCATEA TGATGATGAT GAGCATGATG GECGATGGTE GECTGATGEGE CGGTGGCTTA 240

GGéGGTGGC’I‘ TAGGTAATCGG CTTGGGTGGC TCAGGTGGCC TGOGCGAAGG ACTGTCGAAC 300



I ncubated in a specially constructed m st chanber: designed to maintain
a tenperature of 20-23[err]C in the 35 greenhouse, while nmaintaining high

relative humdity. The noi sture was provided by several cool -m st

f oggers operating at maxinmumrate on purified water. D sease

I nci dence was eval uated 13 days follow ng inocul ation wi t h Phyt opht hor a
i nf est ans, aw@%sB80zesul ts are WO 96/ 39802 PCT/US96/08819

PCT/ US96/ 08819 - 42 - tabul ated in

Tabl e 9. Each treatnent was applied to%odar - individual pl ant s.

Table 9. Nunbers of lesion of late blight that were 5 present on tomato

| eaves 13 daygcatrbice ARGErRLE @ReTTosCTE mcﬁc@&d@éﬁwcm@%é%cﬁ&k&?en 360

treat nent and i nocul ati on

2 10 - ACCACTTGHACRACAAATEC CECGQIGGAC CAGGRGCISE @TATFAACTC MCGWCC@- C 430 .

gUf Ber L o AACGAC&TI‘ZCCAQCT&GG CACAGAi!chQACé-’rCA&hcr cmcea@c%%éaﬁgé?e 'E'@r p' n
P

0 1 | C%GCTEM% TGTTC“GC% GAIMTE%A&W GTGATGGGCA AGRTAACASHt W|5L4F1

har pi n reducedgédaaamrr&mr@&ecs cand@BLE AcddantecdeaRhabREc WaPlARAS At &

I nterval s between treatment and inocul ation. The nunber of |ate bI [ ght

| esi ons t hat GRREFYTEATFCCT G SCPSTEREY CHIAAEFIISr TAGCCACER SCREIRCARF t h 660

DH5(:pCPP430) , aidticftrda’ Odecach RdeCReAR! 66reacacddddirfaaces TToeTCOCTE 720
Al though the invention has been described in detail for the purpose of

i || ustrati on, SPIeOFAPAG FRETEGABRAY CCTCAGCHER CCRATRCART ACROGASTT JCETARCECH t hafeo
' purpose, and @fsaaYAddeadir@tseTAR RARGCEBEtE ATRALSICE mwm-p calitdceBsb | N a6

art without departing fromthe spirit and scope of the
- A&CACAG ‘CAACCCGTTC TT'FCGTCAA mesceaprc GGGCGATGGC GAAGGAAATC 200
GGTCAGTTCA TGGACCAGTA -rcchAGe'rG TTTGGCAAGC CGCAGTACCA GAAAGGCCCG 960

GOTCAGGAGG TGAAAACCGA TGACAAATCA TGGGCAAAAG CACTGAGCAA GCCAGATGAC 1020
 GACGGAATGA CACCAGCCAG TATGGAGCAG TTCAACAAAG CCAAGGGCAT GATCAARAGG 1080
__ CCCATGGCGG GTGATACCGG CAACGGCAAC CTGCAGCACG CGGTGCCGGT GETTCTTCGE 1140
.'.":';TGGGTATTGA TGCCATGA 1158
“t2) INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS: -
(A) LENGTH: 341 amino acids
({B) TYPE: amino acid
(C) STRANDEDNESS:
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

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

Met Gln Ser lLeu Ser Leu Asn Ser Ser Ser Leu @Gln Thr Pro Ala Met
1 5 10 i5

Ala Leu Val Leu Val Arg Pro Glu Ala Glu Thr Thr Gly Ser Thr Ser
20 - 25 30

Ser Lys Ala Leu Gln Glu Val Val Val Lys Leu Ala Glu Glu Leu Met
40 45

Arg Asn Gly Gln Leu Asp Asp Sex Ser Pro Leu Gly Lys Leu Leu Ala
50 - $5 60 .

Lys Ser Met Ala Ala Asp Gly Lys Ala Gly Gly Gly Ile Glu Asp Val
65 . 80

Ile Ala Ala Leu Asp Lys Leu Ile His Glu Lys Leu Gly Asp Asn Phe

@Gly Ala Ser Ala Asp Ser Ala Ser Gly Thr Gly Gln Gln Asp Leu Met
1100 _ 105 110




i nvention which is defined by the follow ng cl ai ms. WD 96/ 39802

PCT/ US96/ 08819 : - 43 -
SEQUENCE LI STI NG (1) GENERAL | NFORVATI ON: (i) APPLI CANT:
Cornell Research Foundation, Inc. (ii) TITLE OF I NVENTI ON:
" HYPERSENSI TI VE | NDUCED RESI STANCE | N PLANT, Lii)
NUMBER OF SEQJEW (iv) CORRESPONDENCE ADDRESS: PETIUSS60 ?A

- ADDRESSEE: N xon, Hargrave, Devans & Doyl g4 LP (B) STREET:
dinton Square, P.O Box 1051 (O dTY: Rochester

(D) STATE: New York (E) COUNTRY: U.S.A (F) ZIP;

- 14603 (v) COWPUTRR YEABABRE FDREEU Alg Lys Ser Mef Apu I\EPIF@M EppLeu

" Fl oppy di sk ~ (B)**CoWUTER | BM P&%conpatible (O

. OPERATI NG SYSTEM PCTheSidRnCep Gly Gly Thr SefDheSEIrTENREsp Rap anit| ProRméease

“#1.0, Version #1.30 130 (vi) CURRENTZAPPL| CATI ON -DATAA%0 (A

. APPL| CATI ON NUNB_ER: Leu Asn Lys Ile(.ﬂa Ei:l— bh@ PQAT ’ -Asp Asn Pro Ala(cgﬂa Phe Pro

" CLASSI FI CATI ON: 14§Vi i) PRI OR APREd CATI ON DATA: 155 (A) 160

 APPLICATION NUMBER 2, Q8440 ZJng Ser Trp val Asd) fﬁ;' LI,NSEYP%IE-M%7A§IIU%£§995

: : - _ 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 B 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 . o 235 240

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

Arg Gly Leu Gln Ser Val Leu ‘Ala Gly Gly Gly Leu @ly Thr Pro Val
260 265 . .%.70

Asn Thr Pro Gln Thr Gly Thr .Ser -Ala Asn Gly Gly Gln Ser Ala Gln
275 ' ' 280 ' ' 285

Asp Leu Asp €ln Leu Leu Gly Gly Leu Leu Leu Lys .Gly Leu Glu Ala
230 S T . 300

Thr Leu Lys Asp Ala Gly Gln Thr Gljr"i:hr Asﬁ Val Gln Ser Ser 2Ala
305 3_10 _ 315 320

Ala Gln Ile Ala Thr Leu Leu Va Ser Thr Leu Leu Gln Gly Thr Arg
325 ; 330 ° . : 335

Asn Gln Ala Ala Ala
340

(2) INFORMATION FOR SEQ ID NO:6:

(i) SEQUENCE CHARACTERISTICS:

: (A) LENGTH: 1026 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

- (ii) MOLECULE TYPE: DNA (genomic)

" "{xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:’
ATGCAGAGTC TCAGTCTTAA CAGCAGCTCG CIGCAAACCC CGGCAATGAC CCTTGTCCTG 60
GTACCTCOCTG AAGCCGAGAC GACTGGCAGT ACGTCGAGCA AGGCGCTITCA GGAAGTTAETC 120
GTGARGCTGG CCGAGGAACT GATGCGCAAT GGTCAACTCG ACGACAGCTC GCCATTGGGA 180



(VI 1) ATTORNEY/ AGENT | NFORMATI ON: (A) NAME: Col dman, M chael

(B) REQ STRATI ON NUMBER: 30, 727 (O
REFERENCE/ DOCKET NUMBER: 19603/ 10051 (i x) TELECOVMUNI CATI ON
| NFORVATI ON: (A) TELEPHONE: (716) 263-1304 (B)
TELEFAX: (716) 263-1600 (2) | NFORMATI ON FOR SEQ I D NO 1: (i)
SEQUENCE ‘CHARA@E7B98b5TI CS: (A) LENGTH: 338 anm necmosesnssiy
(B) TYPE: anmino acid (C) STRANDEDNESS: : (D)
TOPOLOGY: i near (ii) MOLECULE I¥PE: protein (xi) SEQUENCE
DESCRI PTI ON:  SEQ I D NO 1: WD 96/ 39802
PCT/ US96/ 08819 perarras coangTeaaT GoccecacAT cacancaces ecldodaTar teaceardfet G Bgéle
Thr Ile Lys Ala Hs Ile dy Ay Asp Leu Ay Val Ser 1
10 ~ ATCGCTGCGELTGGACARGCT GRICCARRPARARCRPGETE ACARTTFCE® GAEETSTAq6y Led®Asn
Ser Ala Al a Sglra@&ccT CoEeTACCEG ACAGCAGGACZOIGATGACTC AGGTGCTCAR TEECRTGRCT
30 Leu Ay Ser Ser Val Asp Lys Leu Ser Ser Thr Ile Asp Lys Leu Thr
35 ARGTCGATOQ (FCGATGATCT TCTGACCAAG CAGGATGGCG GGACHAGCTY STICSRAGHSr Serl2fkbt -

g/gt Phe Gy GonfbcokOMctimcld Gafdoreda@Urreatoeats acaRibceae acasrTTCCC 480°

AAGCCGGACT CGGGCTCCTG GGTGAACGAR CTCAAGGAAG ACAACTTCCT TGATGGCGAC 540
GAAACGGCTG CGTTCCGTTC Gscac'rcsz\c ATCATTGGCC AGCAACTGGG TAATCAGCAG 600
AGTGACGCTG GCAGTCTGGC AGGGACGGGT GGAGGTCTGE GCACTCCGAG CAGTTTITCC 660
AACAACTCGT CCOGTGATGGG TGATCCGCTG ATCGACGCCA ATACCGGTCC CGGTGACAGC 720
' GGCAATACCC GTGGTGAAGC GGOGCAACTG ATCGGCGAGC TTATCGACCG TGGCCTGCAA 780
_ Tc;;smmé CCGGTEGTEE ACTGG_GCACA CCCGTAARACA CCCCGCAGAC -CGGTACGTCG 840
GCGAATGGCEG GACAGTCCGC TCAGGATCTT GATCAGTTGC TGGGCGGCTT GCTGCTCAAG 900
GGCCTGGAGE CAACGCTCAA GGATGCCGGE CAARACAGECA CCGACGTGCA GTCGAGCGCT 960

_ GCGCAAATCG CCACCTTGCT GGTCAGTACG CTGCTGCAAG GCACCCGCAA TCAGGCTGCA 1020

Toaees

GCCTGA s
“WYQ) INFORMATION FOR SEQ ID NO:7:

- (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 344 amino acids
- (B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY. lJ.near

(ii) MOLECULE TYPE: prote:Ln

(xi) SEQUENCE DESCRIPTION SEQ ID NO:7:

Met Ser Val Gly Asn Ile Gln Ser Pro Ser Asn Leu Pro Gly Leu Gln
10 a5

Asn Leu Asn Leu Asn 'rhr Asn Thr Asn Ser Gln Gln Ser Gly Gln Ser
20 : . 25 30

Vval 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 . 60

Asn Thr Gly Asn Ala Pro Ala Lys Asp Gly Asn Ala aAsn ‘ala Gly Ala
65 70 75 80

Asn Asp Pro Ser’ Lys Asn Asp Pro Ser Lys Ser Gln Ala Pro Gln Ser
90 95

Ala Asn Lys Thr Gly Asn Val Asp Asp Ala Asn Asn Gln Asp Pro Met
100 : 105 : 110




Gy Ala Ser Ser Lys Gly Leu Gy Met Ser Asn G n Leu Gy A@n Ser 65

70 ) 80 _ Phe Ay Asn Ay Ala An
Gy Ala Ser Asn Leu Leu Ser Val Pro Lys 85

90 Ser Gy Ay Asp Ala Leu Ser Lys Met Phe Asp
Lys Ala Leu Asp 100 105

110 Leu ﬁf%@VZHl s Asp Thr Val Thr Lys Leu Thr Asn 4 r?%’é‘?s’ﬂg%‘%; n
115 . 120 A2H . Leu Ala Asn Ser Met Lau
Asn Ala Ser Gn Met Thr A n Ay Asn Met 130 135
140 Asn Ala Phe Gy Ser Ay Val Asn Asn Ala Leu Ser Ser Ile Leu Gy
145 @50 Ala Leu Met Gln Leu L&%Plu Asp Leu Val Lys Led@@u Lys Ala Asn
Gy Leu Gy Gn Ser Met Ser*'®y Phe Ser G i?Pro Ser Leu Q25

165 , 1%0s Leu His Met Gln Gln Pd Bly Gly asrPhsp Gy o )asheeryGran Gy
Leu Ser Gy Ala Ay AlaiPhe Asn G n Leul3s _ 140180

185 ] Agﬂ I Asn
ANa-AalLeu Ser Al a %19.32 @ly Ala Asg ¥ ﬂr@ élgreAlg éﬁ%ié%g GY? 319 ﬁ/eueg.kgg
205 Leu Ser Asn Val Ser Thr_  Hi s Val Asp GI Asn Asn Arg H s Phe Val
210 Sy Ala Leu Gln Glu Ile Gélzé?.ln Ile dAnga E}% 1@1@1)(5?2; pby dy
Met Ala Lys GIuIIeGIyGInPheI\/ﬁ Asp 225"

235 ’ : Biy) Ala Gly AJ@I Ayl gy Rig tmnﬁllyl @lyPhel Gly mysular elmev Tyr .
An Lys Asp Gy Trp 24585 0

255 Ser Ser Phoa lagp sﬁbreﬁsgeﬁapy lus GS?FGﬂ}FMaAbf’y Gyp bk dshesiySRia LYS
260 5 - 1o - Pro Asp208p Asp Ay Mt

. 26 .
;26 Gy Ala Ser Mt %@f}%%@hﬁsﬁﬂ/ %Zpﬁn Gy, Aem € % égﬁ‘ K 20T o
Asp Thr @y Asn. Thr ) 300
Asn Leu Asn Leu Arg ﬁ% GN&“@VW g%‘gi%_ﬁsﬁe‘f}‘}'d%? Qg%“ﬂ&ﬁl?&l%?r Glu 25B305
310 ; 31 ' 320

. Gln Gly Gly Leu Thr Gly Val Leu -G_lh Lys Leu Met Lys Ile Leu Asn
245 250 255

Ala Leu Val Gln Met Met Gln Gln Gly Gly Leu Gly Gly Gly Asn Gln
260 265 _ _ 270

Ala @ln Gly Gly Ser Lys Gly Ala Gly Asn Ala Ser Pro Ala Ser Gly
275 280 285

Ala Asn Pro Gly Ala Asn Gln -Pro: Gly Ser Ala Asp Asp Gln Ser Ser
290 . . 295 - . . 300

Gly Gln Asn Asn Leu Gln Ser Gin 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
. 325 : 330 335

@Gln Ser Thr Ser Thr Gln Pro Met
340

(2) INFORMATION FOR SEQ 1D NO:8:

(i) 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 GAGCCOGTCE AACCTCCCGEE GTéTGCAGAA CCTGAACCTC 60
AACACCAACA CCAACAGCCA GCAAT(:.‘GGGC CAGTCCETGC AAGACCTGAT CAAGCAGETC 120
GAGAAGGACA TCCTCAACAT CATCGCAGCC CTCATGCAGA AGGCCACACA GTCEECGRGC 180



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

325 330 335 Asn Al a (2)

| NFORVMATI ON FOR SEQ I D NO 2: WD 96/ 39802 .
PCT/ US96/ 08819 - 45 - (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH 2141 base pairs _ (B)
TYPE: nucl ei wossi3sgo2 (C STRANDEDNESS: single pcrosvsnssydy (D)
TOPOLOGY: |inear (ii) MOLECULE TYPE: DNA (genom c) (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NO 2: CéRTTTTACC CGGGTGAACG TGCTATGACC
GACAGCATCA CGGTATTCGA CACCGITACG GCGTTTATGG CCGCGATGAA CCGGCATCAG

CERSELERT i i st ol SR A S

CTCGCTCGTC Gl PATBACIA €SABCRAGAE/RCCCACCARG) ACCCREREISTECIORFTCSSCAPETBRECTCT GRREGGC

ACCGATGTAT T %g%%%%Aﬁiﬁéééﬁﬁﬁéhmaméﬂpccm&%Eﬂ&?%%ﬁﬂ%d&&?%@%ﬁﬁ%@u!CCGG%@GTG
ATCGAACGTT T GGUGGGAATG 360 ACGITGCOGI CGCTATCCAT  AGCACCGACG
GOGOGTCOGC AGAEPRIGESA BIITACTIAE(IGCCACFIES CACATGCAGC AGCCCGGCGE CAATGACAAG 430 .

GECAACGGCG TGGGCGG‘I_.‘GC CAACGGECGECC AAGGGTGCCG GCGGCCAGGG CGGCCTGGCC 480
GAAGCGCTGC AGGAGATCGA GCAGATCCTC GCCCAGCTCG GCGGCGGCEE. TCTAGCECT 540
GGCGGCGCEE GTGECAGTET CGGCGGTECT GGTGGCGCGE ATGECGGCTC CEGTECEGAT 600
GGCGCAGGCG GTGCGAACGG CGCCGACGGC GGCAATGGCG TGAACGGCAA CCAGGCGAAC 660
GGCCCGCAGA ACGCAGGCGA TGTCAACGGT GCCAACGGCG CGGATGACGG CAGCGAAGAC 720
CAGGGCGGCC TCACCGECGT GCTGCAAAAG CTGATGAAGA TCCTGAACGC GCTGGTGCAG 780
ATGATGCAGC ARGGCGGCCT CGGCGGCGEC AACCAGGCEC AGGGCGGCTC GAAGGGTGCC 840
GGCAACGCCT CGCCGGCTTC COGCGCGAAC CCOGGCGCGA ACCAGCCCGG TICGGCGGAT 500
GATCAATCGT CCGGCCAGAA CAATCTGCAA TCCCAGATCA TGGATGTGGT GAAGGAGGTC 960

' GTCCAGATCC TGCAGCAGAT GCTGGCGGCG CAGAACGECG GCAGCCAGCA GTCCACCICG 1020
LMACGCAGCCGA TGTAA : ' 1035
“-"(2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 amino acids
(B} TYPE: amino acid
{c) STRANDEDNESS :
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

Axi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

'J.‘hr Leu Ile Glu Leu Met Ile Val Val Ala Ile Ile Ala Ile Leu Ala
.5 10 15

Ala Ile Ala Leu Pro Ala Tyr Gln Asp Tyr
20



CGATCATTAA
CACCGICGGC
GGCATCCGIT
AATTACGATC
TCAGGGACTG
GAGCAGCACC A
GGCCCAGCEEG
TTTCGGCAAT
TGCGTTGICA
CAAGCTGACT
CCAGGGTAAT
CAACGGTCTC
GCAGGECCTG
GGGGCAGAAT
CCGCCACTTT
TCAGTATCCG
GACGGACGAC
CGCCAGCATG
TACCGGCAAT Al
GCCTGTCGIC GGCAA

15

GATAAAGGOG GCTTTTTTTA TTCCAAAACG GTAACGETGA GGAACCGTTT 480
GTCACTCAGT AACAAGTATC TCGG GATCGGCGTG 540
GCAGATACTT TTGOGAACAC ml ACG AAATTATGCA 600
AAAGCGCACA TCGGCGGTGA CTGG GGCTGEGTGC 660
CTGA ATTCCGOGGC TTCATCGCTG GGTTCCAGOG  TGGAT 0
c&‘%ﬂﬂ@?“’rmwccec GCTGACTTCG ATGATGTTTG ‘m‘;éo
CTGGGOGCA GCTCGAAGGG GCTGGGGATG3AGCAATCAAC TGGGCCAGTC 840
GGCGOGCAGG GTGOGAGCAA CCTGCTATCC GTACCGAAAT CCGGOGGCGA 900
AAAATGTTTG ATAAAGCGCT GGACGATCTG CTGGGTCATG ACACCGTGAC 960
AACCARSECAT 2\ CCURRIMEBGC TAATTCAATG CTGAACGCCA GCCAGATGAC 1020
ATGAATGCGT TOGGCAGCGG TGTGAACAAC GCACTGTCGT CCATTCTCGG 1080

AGOGR00C00 GTOCAT TOh S EERT ECETP R S RGBT GRELEr = 70

aCT Gﬂ@ﬁiﬁﬁrﬁm TAACGTCAGC ACCCACGTAG ACGGTAACAA 1260

GTAGATAAAG AAGAT, AGLTIATG oy 1320
TATTCG GT ATA AGAAA GAT t&%ﬁe@ GTTCTGOCGAA . 1380

AAAT CEPETRERT RIS, PERCERE Plank

GACAAA]HSE Cofhd XTI Sxe mfﬁéTﬁoWrTW%nt 4509

%ﬁ w {CCCCEECAEGT GCATCECTGG GTATCGATGC 1560

GICGCTGGGT AAGCTGGCCA ACCCCTGATA 1620
10 : 2.

hypersensitive response elicitor polypeptide or protein

A _method according to claim 1, wherein the

corresponds to that derived from a pathogen selected from the
group consisting of Erwinia amylovora,_Erwinia chrysanthemi,
Pseudomonas sgyringae, Pseudomonés solancearum, Xanthomonas
campestris, and mixtures thereof.

3. A method according to claim 2, wherein the
hypersensitive response elicitor polypeptide or protein
corresponds to that_dérived'f:om Erwinia chrysanthemi.

20 |
_ 4., A method accordlng to claim 3, wherein the
hypersensitlve response . elicitor polypeptlde or protein has
an amino acid sequence corresponding to SEQ. ID. No. 1.

25 . 5. A mgthod according to claim 3, wherein the
| hypersensitive response elicitor polypeptide or protein has a
molecular weight of 34 kba.

6'
hypersensitive response elicitor polypeptide or protein
corresponds to that derived from Erwinia amylovora.

A method according to claim 2, wherein the
30

7. A method according to claim 6, wherein the
hypersensitive response elicitor polypeptide or. protein has

35 an amino acid sequence corresponding to SEQ. ID. No. 3.

is Sheet Has Been RTlaced _
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VO 96/ 39802

- 46 - ATCTGTGCTG GCCT
1680 TTATTATGCG GTTTATGCGG T
1740  ACGCACATTT TCCCGTTCAT || |

1800 GTCGCTCAGA TTGoGCaacT | TGGA ATATAGAGAA ACTCGCOGGC
1860 - CAGATWOAEHSRACCTCTGCG ATAAATCTGT GCOGTAACGT GTTTCT ARGKUSSOREOI TTAG
1920  CAGATAGATT GOGGTTTCGT AATCAACATG GTAATGCGGT TCCGOCTGIG CGCOGGOCGG
1080 GATCACCACA ATATTCATAG AAAGCTGFCH4 TECACCTACC GTATOGCGGG AGATACCGAC
2040  AAAATAGGGC AGTTTTTGCG TGGTATCOGT GGGGTGTTCC GGCCTGACAA TCTTGAGTTG

2100  GITCGICATC ATCTTTCTCC ATCT

2141  (2) | NFORVATI m%m"s@@”ﬁ?ﬁgl\i‘f?mmge& ¥ Fim ouhgEein the
CHARCTERI STI CBypersens:l.tive re¢ppns&NAHi¢itegspatypeptibdelor protein has {B)
TYPE: .am no a ular wei ht of G7 SHRANDEDNESS! (D) TOPOLOGY:
| i near ﬁ? 3 EE TYPE: protein _ .(xi) SEQUENCE

DESCRI PTI ON: SEQ I D NOS Met Ser Leu Asn Thr Ser Ay Leu Ay Ala
Ser Thr M$ An Ile Ser®. A method according t§ claim 2, wherein th&0

= He @%eg%ﬂﬁv@ Yebb¥nds rlefmtéwpb éﬁ‘«k&cﬂ Yor! Iifro%’é'inAr% ;5' n .
Ser ‘Al a Leu CF9r¥espade &y thpy derived Tron Peen g@anas s)éingae.

45 G@n Asn Asp Thr Val Asn G n Leu Ala Sly Leu Leu Thr Ay Mt N@t
50 53 19 Acretfod accd%ding to dBhidBd, 'Wﬁe:%&a Mt Met Ay

GIyGIyGIa/ Leu Met Ay 4.
yperseqﬁ}tive response elicitor polypeptide or protein has

"an amino acid sequence corresponding to SEQ. ID. No. 5.

11. A method'a0cording to claim 9, wherein the
hypersensitive regponse ‘elicitor’ polypeptide or protein has a
15 molecular weight of 34-35 kDa. '

_ 12, A method according to claim 2, wherein the
hypersensitive response elicitor polypeptide or protein -
corresponds to that derived from Pseudomonas solanacearum.

20 .

' '13. A method according to claim 12, wherein the
hypersensitive response elicitor polypeptide or protein has
an amino acid sequence corresponding to SEQ. ID. No. 7.

25 14. A method according'to'claim 2, wherein the

hypersen91tive response ‘elicitor polypeptide or protein
corresponds to that derived from Xanthomonas campestris.

15. A method according to claim 14, vherein the
30 hypersensitive responee elic;tor polypeptide or protein has
an amino acid sequence corresponding to SEQ. ID. No. 9.

16; A method according to claim 1, wherein the
plant is selected from the group consisting of dicots and
35 monocots.

17. @A method according to claim 16, wherein the
plant is selected from the group consisting of rice, wheat,



Gly Ay dy Leu Ay Asn Ay Leu Ay Gly Ser Ay Ay Leu Gy ItBltheetHasBeenRe laced
0 m

T é?ée?eiyée“gﬁsai mmw W 7o Thr

Gly Leu Ser

I

115 : Leu Asp @ n y
lle Asn Ser Thr V¢ Asn Asp Asp Ser - 130 | 6{-?,0&9% '3&

140 Thr Ser Ay Thr Asp Ser Thr Ser p. Ser Ser Asp Pro Met A n Gn
145 150 15 160 Leu.

Leu Lys Met Phe Ser Qu Ile Met G n Ser Leu Phe Gy Asp Ay

165
PCT/ US96/ 08819

barléy, rye, cotton, surnflower, peanut W2 3%fdato, sweet

Thr An Ay Ser Fgrase, &eanG @eiysc"t&cozyr'ol?ﬁtuégu endive, ca%&ﬁs 180

185

Asp Ala Leu Ser

205- - Ley M Gy s nb€Y, Ep1d " pell, Lﬁgnd%y é@i‘?ﬁé’za%yér%

caulmower, bropgold 4 turRirs nradsshyy rspinagh,s agipng,| Thr

éi'lzc, egg&lant, ﬂ%per, celery, carr@®p squash, pumpk:m,
ey

210

Ala dy Thr Ay Lmspﬁpr@.yp&eamle.l_e&pybean. pobacco, tomato, sormhw

235 ) éuga%‘bg.ne. dy Ay Lys Ay Leu G n Asn Leu Ser Gly Pro
Val Asp Tyr n _ 245 : 250

255 Leu Ay Asn Ala Val Ay Thr Gy Ile Ay Met Lys Ala Gy Ile @n
260 265 - 18. A method Ziggording te| elabm ¥Gn whardine they

280

s

20

25

30

35

Thr H's Arg HigS S8fantelislBel8bBe@Ctrdti®he group consis€ify of Arabidopsis

.thaliana, Saintpaulia, petunia, pelargonium, poinsettia,
chrysanthemum, carnation, and zinnia.

19. A method according to claim 1, wherein the
pathogen to which the plant is resistant is selected from the
group consisting of a viruses, bacteria, fungi, and |
combinations thereof.

20. A method according to claim 1, wherein said
applying is carried out by spraying, injection, or leaf

. abrasion at a time proximate to when said applying takes -
- place.

21. A method according to claim 1, wherein the
hypersensitive response elicitor polypeptide or protein is
applied to plants as a composition further comprising a
carrier.

22. A method according to.claim 21, wherein the
carrier is selected from the group consisting of water and
aqueous solutions.

23. A methed according to claim 21, wherein the
compoaition contains greater than 500 nM of the
hypersensitive response elicitor polypeptide or protein.

| 24. A method according to claim 21, wherein the
composition further contains additives selected from the



Val AsnLysGIyAspArgAIaNEtAIaLysGIuIIeGIyGnPheIVEt
290 295 vee_\ Asp A n Tyr Pro du Val
Phe Gy Lys Pro G n Tyr @n L 310

315 320 ﬁm ,mD 'fmmﬂm’ Lys Thr Asp AsgBSys Ser Trp’

Al a Lys Ala Leu Ser

335  WOI6B802 Asp Asp Asp Gly I\/bt Thr Pro Al a Ser Mepcfasspsfobsio Phe Asn
340 345 350 Lys Ala Lys Ay Mt Ile
Lys Arg Pro Met Ala Ay Asp Thr Gly AsﬁG- ' 355

360 . 365 Ay Asn Leu @ n His Ala Val Pro Val Val Leu
Arg Trp Val Leu Met . : 380
Pro 38§r°“l°(%‘3nﬂl1r€|§éﬁﬁmfo€ﬁ’ﬁ‘6%’§€6| B“REF‘&lclée' fmglﬁ’)desEeEENCE
CHARACTERI STI @fktures thereof. (A) LENGIH. 1158 base pairs

(B) TYPE: .nucleic acid - (C) STRANDEDNESS: 'singl e

(D) TOPOLOGY: i near Eée %?%%ECUL TYPE: [ :g( nQm c),

(xi) SEQUENCE DESCRI PTI¥8x: APef DATEAGT: T ARSERGHBET GGEAGDG
TCAACGATGE AMAFaEehie iB306CEEEpGhse emltoWﬁémmlmmGT
CGCCAGAATG CTEAITEH sEGECAATTCT - 120  GCACTGGGGC TGGGEOGGCGEG
TAATCAAAAT GA CA "ATCAGCTGGC TGGCTTACTC 180  ACCGGCATGA TGATGATGAT
GAGCATGATG GGCGGTGGTG GACTGATGRG CGGTGGCTTA 240 GGCGGTGRCT TAGGTAATGG
CTTGGEGTGEC TCAGGTGECC fig to3€laim 1, wherein the

hypersensitive response elicitor polypeptide or protein is

10 applied as bacteria which do not cause disease and are
transformed with a gene encoding the hypersensit:.ve response
elicitor polypeptide or protein.

27. A method according to claim 1, wherein the
15 ‘hypersensitive response elicitor polypeptide or protein is
‘*gbplied as bacteria which cause disease in some plant
.species, but not in those subj ected to said applying, and
contain a gene encoding the hypersens:.t:.ve response elicitor
polypeptlde or protein

20 .

28. A method according to claim 1, wherein said
applying causes infiltration of the polypeptide or protein
into the plant. :

25 ' 29. A pathogen-registant plant with cells in

contact with non-infectious hypersensitive response elicitor
polypeptide or protein. '

30. A pathogen-resistant plant according to claim
30 ° 29, wherein the hypérsensitive response elicitor polypeptide
_ or protein corresponds to that derived from a pathogen
selected from the group consisting of Erwinia amylovora,
Erwinia chrysanthemi, Pseudomonas syringae, Pseudomonas
solancearum, Xanthomonas campestris, and mixtures thereof.
35 e : _ _
31. A pathogen-resistant plant according to claim
30, wherein the ?hypersen'sitive response elicitor polypeptide

“:'This Sheet Has Been Rep
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WO 96/ 39802 PCT/ US96/ 08819

- 48 -~ GOGCTGAACG ATATGTTAGG CGGTTOGCTG AACACGCTGG GCTCGAAAGG CGGCAACAAT
360  ACCACTTCAA CAACAAATTC CCCGCTGGMI IRCRT I TTAACTC AACGTCCCAA
420  AACGACGATT CCACCTCCGG CACAGATTCHIIRCUMCHIENI GOGACCC GATGCAGCAG

480 CTGCTGAAGA TGTTCAGCGA GATAATGCAA AGCCTG'I"TTG GIGATGGGCA AGATGGCACC
540 CAGGGCAGTTWeEFPCEEE CAAGCAGCCG ACCGAAGGCG AGCAGAACGC CPATAA65HS
600 GGAGTCACTG ATGCGCTGTC GGGCCTGATG GGTAATGGTC TGAGCCAGCT CCTTGGCAAC
660 GGGGGACTGG GAGGTGGTCA GGGCGGTAAT GCT CGG GTCTTGACGG TTCGTCGCTG
720  GGCGGCAAAG GGCTGCAAAA CCTGAGCGGEG CCGGTGGACT ACCAGCAGTT AGGTAACGCC

780  GTGGGTACCG GIATCGGHA A HGAROUE 1 TR T COR AT BT CCCAC
840 AGGCACAGTT TC JTT CAAT AAAGGCGATC GGGCGATGEC GAAGGAAATC
900 GGTCAGITCA ITCCTGAGGTG TTTGGCAAGC CGCAGITACCA GAAAGGCCCG

960 GGTCAGGAGG TGAAAACCGA TGACAAATCA TGGGCAAAAG CACTGAGCAA GCCAGATGAC

1020  GACGGAATGA CACCA TAI%:%%JL%&%@ Wx@é@%@ﬁm
1080 +CCCATGGCGG GIGATA CIT GCAGCACG GE?EEN CITTCGG
1140 TCETABT G Fowhexsin the hypersensitlve response elicitor polypeptide

1158 (2) | NFORME | ppotein $a@ by Afliho acid sequ@nbeSEﬁkEﬁﬁﬁbndlng to SEQ
CHARACTERI STI CS: ID. No. 1. (A) LENGIH: 341 am no acids

TYPE: am no acid (C) STRANDEDNESS ' (D) TCPC]_OGY
| i near o

33. A pathogen- resistant plant according to claim
10 30, wherein the hypersensitive response elicitor polypeptide
or protein. corresponds to that derived from Erwinia
amylovora.

34. A pathogen-resistant plant according to claim
.15 33, wherein the hypersensitive response elicitor polypeptide
- or protein has an amino acid sequence corresponding to SEQ.
ID. No. 3.

35. A pathogen-resistant plant according to claim
20 --30, -wherein the-hypersensitive response elicitor polypeptide
or protein corresponds to that derived from Pseudomonas
syringae.

36. A pathogen-resistant plant according to claim
© 2% 35, wherein the hypersensitive response elicitor polypeptide
or protein has an amino acid sequence corresponding to SEQ.
IDo NO. '5- :

37. A pathogen-resistant plant according to claim
- 30 30, wherein the hypersensitive response elicitor polypeptide
or protein corresponds to that derived from Pseudomonzs
solanacearum. '

38. A pathogen-resistant plant according to claim

35 37, wherein the hypersensitive response elicitor polypeptide
or protein has an amino acid sequence corresponding to SEQ.

ID. No. 7.

This Sheet Has Been Re'placed




(1i1) MOLECULE TYPE: protein (xi) SEQUENCE DESCRI PTION: SEQ I D
NG 5: Met A n Ser Leu Ser  Lau AsmSer—Ser Ser Leu A n Thr Pro Ala
Me

Aa Leu Vai Leu Val Jrg Pro dl“lmmllﬂmuml”m ay ser Thr se 15
Ser

20 Lys Ala Leu dn Qu
Val Val  Val WDSNB“W A| a Gu Gu Leu Met - 35 PCT/US96/08819 40
45 Arg Asn Ay A n Leu Asp Asp Ser Ser Pro Leu @y Lys Leu Leu Al a
50 55 = 580- Lys Ser Met Ala Ala Asp
GIyLysAIaGlyGIyGIyIIeGIuAspVaI 65 70

75 80 _ ﬁ a Ala Leu Asg L Leu |le H's Lys
Leu Ay Asp Asn Phe 39. A pat ogen-res:.sggnt plan accor ing &9 © a:.

95 d y3p| awiSereidl thes hypersensdtScore Geppdhse GrYidE tordpolAgeptddeMet
100 20 5%%5gﬁ?ﬁ;
PCT/U896/08818r pro corresponds to tﬁgg)derlved froﬁN% S n Va
Leu Asn Ay LEB"RPSEY&: Ser Met Leu Asp Asp Leu Leu 115 i
120 5 125 o Thr Lys . @n Asp Ay Ay Thr Ser Phe Ser du

Asp Asp Met Pro Met 40. - A patfogen-resistant plafY according to clalftf

39, wherein the hypersensitive response elicitor polypeptide
or protein has an amino acid seguence corresponding to SEQ.

ID. No. 9.
10 : .
41. A pathogen-resistant plant according to claim
29, wherein the plant is selected from the group consisting
of dicots and monocots.
15 42. A pathogen-resistant plant according to claim

41, wherein the plant is selected from the group consisting
-of rice, wheat, barley, rye, cotton, sunflower, peanut,
"hpotato, sweet potato, bean, pea, chicory, lettuce, endive,
cabbage, cauliflower, broccoli, turnip, radish, spinach,
20 onion, garlic; eggplant, pepper, celery, carrot, squash,
i pumpkin, zucchini, cucumber, apple, pear, melon, strawberry,
grape, raspberry, pineapple, soybean, tobacco, tomato,
sorghum, and sugarcane.

.25 ~ 43. A pathogen-resistant plant according to claim
41, wherein the plant is selected from the group consisting
of Arabidqpsis thaliana, Saintpaulia, petunia, pelangonium,
poinsettia, chrysanthemum, carnation, and zinnia.

30 44. A pathogen-resistant plant according to claim
30, wherein the pathogén to which the plant is resistant is
selected from the group consisting of a virus, bacterium,
fungus, and combinations thereof.

35 : 45. A pathogen-resistant plant according to
' claim 29, wherein the hypersensitive response elicitor

polypeptide or protein is in isolated form.

~ This Sheet Has Been Reﬂlaced
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Leu Asn Lys Ile Ala A n Phe Met Asp Asn Pro Ala G n Phe Pro 145
150 155 160: " ro Asp Ser Ay Ser

Trp Val Asn Au Leu Lys Qu Asp Asn gml’ - 165
;3472 Leu Asp 1 e Ilel75 el AS IBOCMyulJHmsHH!" A {118';\I ® Phe Arg ser

190 Ay &N96%2 ey Gy Asn Gn An Ser Asp Ala Gy SerPEHYSK0E81Y, |
195 200 _ 205 g9 . . Thr Ay Gy Ay Leu Gy
Thr Pro Ser Ser Phe Ser Asn Asn Ser Ser 210 215
220 Val Met Gy Asp Pro Leu Ile Asp Ala Asn Thr Gy Pro Ay Asp Ser
225 230 46. A pathog@fbresistant plant acéfding to Gy

Asn Thr Arg Gy G us Al 29 Gl gle! hﬁa&ycgib Lt i cOARact with

R 25047 . Ar%Gly Leu G.n Ser Val
Leu Ala Gy Gy bagtesiayhicindoppgtygpuse disease and are sggnsformed with
265 a géndOencodingthel hypBroefbitive rdspohlae S2icAterAsn Gy
Gydn Ser Ala d 280 285

2%5
Asp Leu Asp &n Eggmt@?/‘iﬁfrfg&zﬁéu Leu Lys Ay Leu Gu Al a
- . . 295 . 300 : Thr Leu Lys Asp Ala vy
An Thr Ay Thr Asp Val G4y Sern gREthOgén-resis@ilit plant according3£8

Eéﬁ Gnay Thr ﬁ}aﬁx%ozs, wherddr® tﬁénphgﬁté‘é%l@rax'-‘?ebin'-%%n@'cgggﬁtﬁhr Leu
335 Asn. Goackeuihl whivh do not cause diseasgin the plapkrCRWATAON FOR
EECI\?lGlTB N?OSG:L cause 8igeaddddENdeneA A %YR%’EA_&@'I and cop(tj:ain a Géne

; base pai.rs ' . _nucl ei.c .aci .
(O STRANDEDNESSSEPiRg the hypersensi &%F Ry SIAGHES polypeptide)or

MOLECULE TYPE: Diskotgénoni c)

48.. IA pathogen-resistant plé.nt according to
15 claim 29, wherein the plant is infiltrated with the
polypeptide or protein.

_ 49. A .compos:i.'t:i.'on' for imparting péthbgen
resistance to plants comprising:
20 a non-irifectious hypersensitive response elicitor
.polypeptid.e or Protein and
a carrier.

50. A composition according to claim 49, wherein
25 the hypersensitive response elicitor polypeptide or protein
corresponds to that derived from a pathogen selected from the
gr_ouia consisting of Erwinia amylovora, Erwinia chrysanthemi,
Pseudmnonaé syringae, Pseudomonas solancearum, Xanthomonas
campestris, and mixtures thereof.

30 R o
L 51. A composition according to claim 50, wherein
the hypersensitive response elicitor polypeptide or protein
. corresponds to that derived from Erwinia chrysanthemi.
35 52. A composition according to claim' 50, wherein

the hypersensitive response elicitor polypeptide or protein
corresponds to that derived from Erwinia amylovora.

“This Sheet Has Béen Replaced
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(xi) SEQUENCE DESCRI PTION: SEQ I D NO 6: ATGCAGAGTC TCAGICT. .
CTGCAAACCC CGGCAATGGC CCTTGIOCTG 86— —GFASSTCCTG AA et g

ACGTCGAGCA AGGECGCTTCA GGAAGIT GCTGG CCGA
cercancres hocsoccrc cconrehllIHNITRF T o se/soit

PCT/ US96/ 08819 L AAACTGTTGG
CCAAGTCGAT GSeisd T GGCAAGECGG GCGGCGGTAT TGAGGATGTC. YT NS feceifcoce
TGGACAAGCT GATCCATGAA AAGCTCGGTG ACAACTTCGG CGCGTCTGCG 300 GACAGCGCCT
CGGGTACCGG ACAGCAGGAC CTGATGACTC AGGTGINGAA TGGCCTGGCC 360 AAGTCGATGC
TCGATGATCT TCTGACCAAG CAGGATGGCG GGACAAGCTT CTCCGAAGAC 420  GATATGCCGA
TGCTGAACAA GATCGCGCAG TTCATGGATG AGAATCCCGC ACAGTTTCCC 480  AAGCCGGACT
CGCGCTCCTG GGTGAACGAA EFcArSPOBCRRRACRTREFONGNLESGAEaim 5840wherpdCGECTG
CGTTCCGTTC GHIACHIGACsAREARTROGE spBnAACELEE o FeASDAptide 680proveditACGCTG
1@

GCAGTCTGGC A AACAACTCGT *
CCGTCATGGG T%@% %@@@% K1 %&‘% syriggge‘ GGCAATACCC
GTGGTGAAGC GGGGCAACTG ATCGGOGAGC TTATCGACCG TCGCCTGCAA 780  TOGGTATTGG
COGGTGGTGE ACTGGGCACA 6ECGTAAAGDCBEEIERASAE FIXTAEST Ghaim 564 0whe fEXHAATGEOG

AACICE, M A erb G 8 i s0n it

corresponds to that derived from Pseudomonas solanacearum.

55. A compoéition'according=to'claim 50, wherein
10 the hypersensitive response elicitor polypeptide or protein
corresponds to that derived from Xanthomonas campestis.

56. A composition according to claim 49, wherein
the carrier is selected from the group con51sting of water
15 and aqueous aolutions

57. A composition according to c¢laim 49, wherein
the composition contains greater than 500 nM of the
hypersensitive response elicitor polypeptide or protein.

20 - '

58. A composition eccording'to claim 49, wherein
the composition further contains additives selected from the
group consisting of fertilizer, insecticide, fungicide, and
mixtures thereof. s

25

59. A composition according to claim 49, wherein
the hypersen51tive response elicitor polypeptide or protein
is in isolated form.

30 60. A composition according to claim 49, wherein
' the hypersensitive response elicitor polypeptide and protein
is produced or capable of being produced by bacteria in the
composition, said bacteria do not cause disease and are
transformed with a gene encoding the hypersensitive response
35 elicitor polypeptide or protein.

61. A composition according to claim 49, wherein
the hypersensitive response polypeptide or protein is



GOGCAAATCG CCACCTTGCT GGTCAGTACG TCAGGCTGCA 1020
GCCTGA 1026

(2) I NFORMULATI ON FOR SEQ I D NO 7: ”“l“‘ mllyn“ ENCE CHARACTERI STI CS:
I|near

(A) LENGTH: 344 ami no acids - am no aC| d

(C) STRANDEDNES (D) ToP&L i

TYPE: protein Wo saastcz (xi) SEQUENCE DESCRI PTION: SEQ I D NO #C%mﬁet
Ser Val Ay Asn Ile dAn Ser ProSer Asn Leéj_,_ProGy Leu Gn 1

5 10 Asn Leu Asn Leu Asn Thr
Asn Thr Asn Ser G n @ n Ser GIyGInSer 20

25 prodficed or cafdbld wiAdeihguprbduded K§ badalerd@au chpablepof
Ile Leu Asn Ille

Ala Ala Leu Val éa%slilng gf" seﬁe %Egnts dGlc °“'E§”‘T§Qﬁ al'l?ena gncoding efle
50 hypgg'sensitive responseﬁglicitor PR ti@ey °,3Zs prgpglpro Al a
LysAspGIyAsnAIaAsnAlaGlyAla 65

75 < ¢ 80 Asn Asp Pro .Ser Lys Asn Asp Pro Ser Lys Ser
Adn Ala Pro G n Ser _ 85 90

95 Ala Asn Lys Thr Gy Asn Val Asp Asp Ala Asn Asn A n Asp Pro Met
100 105 110
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- 51 - G@n Ala Leu Met An Leu Leu Qu Asp Leu Val Lys Leu Leu Lys
Al a 115 120 125 Al a Leu
Hs Mt Gn An Pro Ay Ay Asn Asp Lys Gy Asn Ay Val 130
135 140 Gy Gy Ala Asn Ay Ala Lys Ay AIaGIy Gy
AGn Ay Ay Leuwd ddzos02 145 150
160 Gu Aaleudndulledudnlle Leu Ala Gn Leupﬁr?sws@y
165 170 ;;Ilf Gy . Ala dy Ala dy Gy
Aadydydyval dy dy Alady ay/2 180
185 190 Ala Asp Ay Ay Ser Ay Ala @y Ay Ala Ay
Gy Ala Asn Ay Ala : 195 ) 200 205
Asp Ay Ay Asn Sly Val Asn Ay Asn Gn Ala Asn Ay Pro @ n Asn :
210 - 215 220 Ala Ay Asp Val Asn Ay
Ala Asn Ay AIaAsp Asp Ay Ser Qu Asp 225 230
235 240 an CE/ Gy Leu Thr Ay Val Leu Gn Lys Leu
Met Lys Ile Leu Asn 245 250 .
255 Al a Leu Val Glnglat I\/Etﬁn Adn dy Ay Leu dy Ay Ay Asn Gn
260 - 265 270 Ala @dn dy Ay Ser Lys Ay
Ala Ay Asn Ala Ser Pro Al Ser Gyf"' 275 290
285 Ala Asn Pro Gy aAsnﬁn Pro Ay Ser Ala Asp Asp A n Ser Ser
290 295 QO 300 Gy G@n Asn Asn Leu Gn
Ser Gn Ile Met Asp Val ValSiys Gu‘é/a| 305 310 -
315 320 Val An Ile Leu An @n Met Leu Ala Ala A n
Asn Ay Ay Ser @n 325 - _ ' 330
335 A n Ser Thr SGE: r GIEﬁ-ro NEt : > 340
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(2) | NFORMATI ON FOR SEQ I D NO 8: (i) SEQUENCE CHARACTER! STI CS:

(A) LENGTH. 1035 base pairs (B) TYPE: nucleic acid

(C) STRANDEDNESS: single (D TOPOLOGY: |inear (i)
MOLECULE TYPE: DNA (genomi c) (xi) SEQUENCE DESCRI PTI'ON: SEQ I D
NO 8: ATGTCA TCCA GAGCCCGTCG AACCTCCCGG GTCTGCAGAA CCTGAACCTC
60  AACACCAACA GCAATCGGGC CAGTCCGTGC AAGACCTGAT CARERAINA6H4819
120 GAGAAGGACA TCCTCAACAT CATCGCAGCC CTCGTGCAGA AGGCCGACAC GTCGGCGGEGEC
180 WD 96/ 39802 2 / 2 . -

PCT/ US96/ 08819 52 - GGCAACACCG,

GIAACACCGG CAACGCGCCG GCGAAGGACG GCAATGCCAA CCLGEEECECC 240 AACGACCCGA
GCAAGAACGA CCCGAGCAAG AGCCAGGCTC CGCAGICGEC CAACAAGACC 300 GGCAACGTCG
ACGACGCCAA CAACCAGGAT CCGATGCAAG CGCTGATGCA GCTGCTGGAA 360 GACCTGGTGA
AGCTGCTGAA GGCGGCCCTG CACATGCAGC AGCCCGGCGG CAATGACAAG 420 GGCAACGCECG
TGGEGECGEETAC CAACGECECC AAGGGTGCCG GCGGECCAGEG CGECCTAEECC 480 GAAGCGCTCGC
AGGAGATCGA GCAGATCCTC GCCCAGCTCG GCGECEECG TCCTEECECC 540 cecocececece
GTGECGGTGI CGECGGTGCT GGIGECGCGE ATGECGECTC CAGTGCGEGET 600 '
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GGCCAGGOG GTGOGAACGG CGOCGACGGC GGCAATGEOG *TGAACGREAA-CEAS CEARE

@GCCCGCAGA ACGCCA! ACGGT GCCAACGECG CGGATGA A
CCGGCGT GCTGCAAAAG CTGATGAAGA TCCTGAA(

GWCCAGATCC

ACGCAGCCGA TGTAA CLAIS DATE OF RECEIPTOZb
(2) | NFORMATI ON FOR SEQ I D NO. 9: (.) SEQJELrﬂmplcﬂl STrCST

(A) LENGTH:

a%rweeuee AACCAGGCGEC AGGGECE!

@%ﬁd

SG

aiggfap%md .....

paged .§.]

gd6Ccaac coeosaaeca ACCAG@:C@GJW“J 9@0Fd8€d -

' GAA EAATCTGCAA TCCCAGATCA TGGATGIGBTAbMRECAGTaEedgsoto paged
TGCAGCAGAT GCTGGOGECG CA GCAGCCAGCA GTCCACCTCG

26 am no acids : (B) TYPE., am no aci

(C) STRANDEDNESS: 1. A methodpf rigRateing | PReapgen reSlSEFPFeNEEECULE
plants com l\inﬂ %) SEQJENCE DESCRI PTI O\t SEQ I D NO. 9:

TYPE: peptl

‘Thr Leu Ile Qu Leu

5
CLAI V5

Val Ala lle.lle

under conditions where the polypeptide or protein contacts

cells of the plant.

2. A method according to claim 1, where

hypersensitive response elicitor polypeptide or protein is

isolated form.

in the

3. A method according to claim 2, wherein the

hypersensitive response elicitor polypeptide or protein
corresponds to that derived from Erwinia chrysanthemi.

4. A method according to claim 3, wherein the

t Ile Val Al
i ying a hyperseﬁggtlve resﬁ?%?$|%fﬁfA£E£u Pro Ala
Tyr d n;%npé@qpeptlde or protein i20a non-infectious £6rm to a plaB3® -

in

hypersensitive response elicitor polypeptide or protein has

an amino acid sequence corresponding to SEQ. ID. No.

1.

5. A method according to claim 3, wherein the

hypersensitive response elicitor polypeptide or protein has a

molecular weight of 34 kDa.

6. A method according to claim 2, wherein the

hypersensitive response elicitor polypeptide or protein

corresponds to that derived from Erwinia amylovora.

7. A method according to claim 6, wherein the

hypersensitive response elicitor polypeptide or protein has

an amino acid sequence corresponding to SEQ. ID. No.

8. A method according to claim 6, wherei

3.

n the

hypersensitive response elicitor polypeptide or protein has a

molecular weight of 37 kDa.

REPLACEMENT SHEET

18 DEC 1998




1. A'method of i nparting pathogen resistance to plants conpri si ng:
&ppl ying a hypersensitive response elicitor polypeptide or proterm in a

non-infectious formto a plant under conditions mhe e or
protein contacts cells of. the plant. Gl‘ @ ng to
claim1l1, whérein the hypersensitive~ rééponse eI|C|t

protein.is in-isolated form 3. A nethod according to cIa|n12,
wherein the hypersensitive response elicitor polypeptide or protein
corresponds to that derived fro Erw nia. chr hem, . 4. A
met hod according to clai i FEHRRTY T2 % %6 YRSESHR BRI citor
pol ypepti dehypezpseﬂsﬁ.tnﬁmsrespmseloebmrhcseqm-h@emtﬁdesqmnprqgeﬁ.u' SEQ |ID.

No. 1. correse%oﬁsds A JELR0 &&f 2@1{&8 BL&L R n&@eﬁggggbr%%re cul ar

hypersensitive T esponse el T Cl e or protein

wei ght of 34 kDa. 6 A nethod according to claim2, wherein the
hypersensitive responge e'ACﬁ%Qﬁo@OeaEﬁ¥&iH§ 124 éi@iﬁ'@ QH&E@&HQE@& to
that derived fromErwnia a

ovora A met od accqr b'a to .

claim6, vwm’fﬁ%wthwe?e%mnw v%liﬂ%%'b%ﬁs%"]e‘m%ﬁ’?bﬁle pe¥yBERERAS

prot ei n hasan adniws e i@ | eGEEHEE CEoLHEEEGRANMY Nt t SEGEQIDI DNolNo 5 .3.

8. A nethod according to claim®6, wherein the hypersensitive response
elicitor polypeptide or protein has a nolecular weight of 37 KDa.

-~ 54 - 11. A method according to claim 9, wherein the

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

12. A method according to claim 2, wherein the
hypersensitive response elicitor polypeptide or protein
corresponds to that derived from Pseudomonas solanacearum.

13. A method according to claim 12, wherein the
hypersensitive response elicitor polypeptide or protein has
an amino acid sequence corresponding to SEQ. ID. No. 7.

14. A method according to claim 2, wherein the
hypersensitive response elicitor polypeptide or protein
corresponds to that derived from Xanthomonas campestris.

15. A method according to claim 14, wherein the
hypersensitive response elicitor polypeptide or protein has
an amino acid sequence corresponding to SEQ. ID. No. 9.

16. A method according to claim 2, wherein the
plant is selected from the group consisting of dicots and

monocots.

17. A method according to claim 16, wherein the
plant is selected from the group consisting of_rice, wheat,

18 DEC 998




9. A fet hod according to claim 2, wher ei n 't He hyper sensitive response

glicitor polypeptide or protein corresponds to thﬁmm m
Pseudononas syri ngae. : 10. A nmet hod acc mlw u Hrmnﬂ 'mhereln
t he hypersensitive response e1icitor§xﬂypept|de o pfotei M h&s an ami no

aci d sequence corresponding to SEQ- 11. A met hod
according to claim9, wherein the hypersensitive response elicitor

pol ypeptide ﬁfroteln has, a :nol ec &ar me ht of 34-35 '
e hod. Rl ngr v CPaFros: SHEFLOWET hcRFBAT s criRy v BOFEESN SRS ci t or
po: ypept i deotatey dbean, cpeaesphmder%pdléatuder | emeditre o reBbbad@ionas )

sol anacear t hod_ac erein the
hyper sensi Q%l$%%%% 5??%?}6rn§8F9b%pt g§ﬂg %g%éhgh énﬁﬁ&gn1no acid
sequence cgnrb:sqaone@uglant:SEmappar, I\loelé’ry, carrot, sqeashh matpkin,
accor di ng }g-ch&h{N ZcudBifbeln LBG1DYPELIENhEILE, ' EEPARARLEL C 'r#‘%%

pol ypepti protern corre§po erlved rom

canpest r i scaspberry, pinsappleaet agmbae@orachgcw' cramaiEe4, sergtait, t3nrd
hyper sensidig@répeponse elicitor pol ypeptide or protein has an amno acid
sequence corresponding to SEQ I'D. No. 9. 16. A nethod
according to claim2, wherein the plant is selected fromthe group

consi sting of dicot31and ADREthbA. according to dYaiW met heheansion diteg t o

claim 16, wherel st he18belk E3cR°LRS! Uolh PRhles 0t AYP EORB A2l o8,
, thaliana, Saintpaulia, petunia, pelargonium, poinsettia,

chrysanthemum, carnation, and zinnia.

19. A method according to claim 2, wherein the
pathogen to which the plant is resistant is selected from the
group consisting of a viruses, bacteria, fungi, and
combinations thereof.

20. A method according to claim 2, wherein said
applying is carried out by spraying. '

21. A method according to claim 2, Wwherein the
hypersensitive response elicitor polypeptide or protein is
applied to plants as a composition further comprising a
carrier.

22. A method according to claim 21, wherein the
carrier is selected from the group consisting of water and
aquecous solutions. '

23. A method according to claim 21, wherein the
comp051tlon contains greater than 500 nM of the '
hypersensitive response elicitor polypeptide or protein.

24. A method according to clalm 21, wherein the
comp051tlon further contains addltlves selected from the
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- 55 -~ Dparley, rye, cotton, sunflower, peanut, corn, potato, sweet
Ppotato, bean, pea, chicory, |ettuce, endive, cabbage,—TautTfTOwWer,

broccoli, turnip, radish, spinach, onion, garll er, celery,
carrot, squash punpki n, zucchi ni, cucurrber B migﬂmim E“T
strawberry, grape, -raspberry, plneapp$@ soybea acca nato sor ghum
and sugar cane. -18. A nmethod according to claim16, wherein the

plant is s e . 1, Qrsi_sti ng_of Ar.ahi, ps ) thal ana
SalntpauI|§&%E t%ﬁkgq péFgﬁggﬁﬁﬁﬁ%l&&zﬁfétgF% dgﬁ’ haf?%n
‘and zi nni amixtures thereof. A met hod according to cIa|n12 mhereln the -
pat hogen to which the plant is resistant is selected fronlthe group

consi sting of a viruyges, ab E%bb?ac%%@& Fﬁasal%&EHEP?PIWEEQQ¥§(§§§IOut by

20. A nethﬁd according to claim 2, where yi'ng 1§ carr
sprayi ng. Alypersensitjiye KeFPoRGe &éé—&rl&ioﬁ'gppé?@le@ltmd@ oxhaasivedtthe

hypersenSItorEesg&ndBSeoethﬁtt@krﬁ@bﬁpQEbhd% Ph tRb e %éﬁédﬂgﬁ'f¥E$(£he

pl ants as 9 8SIgI0n furt gﬁ sing a carrié

met hod acc%Fé PESLELRE P \ﬁﬁ? fﬂ@iEQFF?er3@?%9%@%&4&Y§%4#ﬁ%%k1

gr oup consPseudgmhammzmeaqmmm edancearum, Xanthbomdud@t hod

. according Egmggg%ghgl aw&g&&&g &Q% % %%Etlon contains greater than 500 nM

- of the hyperseénsitivé response Yesci pol'ypepti dé or protein.
24. A nethod according to clai'm21, wherein the conposition further

contains additives s%ﬁectbdmétbmdtaeccrdlng to claim 1, wherein the
hypersensitive response elicitor polypeptide or protein is

applied as bacteria which do not cause disease and are
transformed with a gene encoding the hypersensitive response
elicitor polypeptide or protein.

27. A method according to claim 1, wherein the
hypersensitive response elicitor polypeptide or protein is
applied as bacteria which cause disease in some plant
species, but not in those subjected to said applying, and
contain a gene encoding the hypersensitive response elicitor
polypeptide or protein;

28. A method according to claim 1, wherein said
applying causes infiltration of the polypeptide or protein
into the plant. ‘

- 29. A pathogén-resistant plant with cells in
contact with non-infectious hypersensitive response elicitor
polypeptide or protein. '

30. A pathogen-resistant plant according to
claim 29, wherein the hypersensitive response elicitor

polypeptide or protein is in isolated form.

31. A pathogen-resistant plant according to claim
30, wherein the hypersensztlve response elicitor polypeptide

T
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-56- group consisting of fertilizer, |nsect|C|de fungi cide, and m xtures

% hereof . 25. A net hod accordlng to —t he _
hyper sensitive response elicitor polypept|de sponds to that

derived froma pathogen selected fromthe gr @“M@& u&g gﬁ Erw ni a

anyl ovora, Erwi nia chrysanthenm, Psewbrbnas nonas

sol ancearum Xant hononas canpestris, and n1xtures thereof 26. A

met hod accqrdj to.claimil ers |t|v esponse elicitor
polypeptidgrbe%Fgﬁglﬁ°§53598$$€d%83tb5§t5ég ﬁﬁﬁf se di sease
and are tr sifsamtheniit.h a gene encoding the hypersen5|t|ve response
elicitor polypeptide or protein, 27. A nmethod according to claim
1, wherein the hypersensitive response elicitor polypeptide or protein is
_applied as bacteria Wi-chipashoderexesistansnplphfnmoneasiisyy tutcImimin
those subj gt e¢nkeee3al @h%oﬁlyb'e%enéﬁ@1%”%%50?15@6'%@1@1% %ﬂifept

hypersen3|t|ve response el i Ci'tqr pol ypeptide or proteln. A
met hod accS’FdPﬁ'&tF&nclhélSnﬁF We?ﬁ‘lgaisﬁq'&ﬁm’?l ﬁ@ré'mqws 159 eﬁEQm of

the pol ypegbi.d®oqr zprotein into the plant.

pat hogen-resi stant plant with cells in contact with non |nfect|ous

hyper sensitive response elicitor polypeptide or protein. 30. A
pat hogen-resi st ant pl3&nt ac@am&bggnkmesﬁstanEQPlwh&rdcmdﬁdaﬂgqnnsn&ﬂimive

response ebbc'bﬁErQQEYQ%%th e¥s s 8k F%s#?g%%o %QEG¥}€§1ypeptide 31.

A pat hogen’rési stant plant cor to c wherein 't
hypersen5|PFVErOF@§50ﬁ9§n§SP§P@§rtﬁoﬁ%ﬁ@pﬁﬁﬁéved from Erwinia

amylovora.

34. A pathogen-resistant plant according to claim
33, wherein the hypersensitive fesponse elicitor polypeptide
or protein has an amino acid sequence corresponding to SEQ.
ID. No. 3.

35. A pathogen-resistant plant according to claim
30, wherein the hypersensitive response elicitor polypeptide
or protein corresponds to that derived from Pseudomonas
syringae. ' '

36. A pathogen-resistant plant according to claim
35, wherein the hyperSensitive response elicitor polypeptide
or protein has an amino acid sequence corresponding to SEQ.
ID. No. 5. -

37. A pathogen-resistant plant according to claim
30, wherein the hypersensitive response elicitor po;ypeptide
or protein corresponds to that derived from Pseudomonas
solanacearum.

38. A pathogen-resiStant'plant according to claim
37, wherein the hypersensitive response elicitor polypeptide
or protein has an amino acid sequence corresponding to SEQ.

 ID. No. 7. 'iR}I?‘* ACE m'WNT SHEET
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- 57 .-__._or _protein corresponds to that derived fromErwinia chrysanthem.

© hover {RELDRCEIE 25 kAT b o0 O?CSS{ S'pESt e or proté ﬁ“ﬁiﬂllllﬂlllﬁlllﬂllﬂﬂl .
sequence corresponding to.SEQ ID.

pat hoger-r&§i9§i ﬂﬁ%pl any accordi ng to cI a| m 30, wher ei n the hypersen5| t I ve
resporisgq_elicitor poly ptld rote| £ S | rom

Erwi nija anyl ovora. kg ac%‘ff eﬂi’ %]Sqogget{l ?ag.glﬂgtg%?oéﬁfﬁ dgéc% |r§1g to
claim i nsenexaeg@moeﬁﬁcﬁﬂ-emb@rymbw

protein has & ﬁ%ﬂ@lﬁ‘%é’:ﬁé‘éﬂﬁi&e%%ﬁ%m&ﬂv&ﬁ EeonERantRomblas 3.

35. A pathogen-resistant plant according to claim30, wherein the

hyper sensi t i V&PEE55%€e elicitor pol ypeptide or: protein corresponds to that
- derived from Pseudononas syrl ngae - 36. A pat hogen-resi st ant

pl ant according to cla 4?? el -H0S1 SVDE! $ARSK! h¥ecraSRENES €laht O
pol ypepti de ar. prote| n has an am no acid seqﬁﬁence cgrreggond

| D.
No.- 5. 39, whezeln \Chs mmensensiFitameHNTE SCE6F ﬁgp? ?%’fh‘?%o
wherein the lyperseasnthae aresymimee aclid csequenpsl yoepesgeondingr be efFEQ .-
corresponds t;g tRat gerived from Pseudononas sol anacear um

41. A pathogen-resistant plant according to claim
30., wherein the plant is selected from the group consisting
of dicots and monocots.

42. A pathogen-resistant plant according to claim
41, wherein the plant is selected from the group consisting
of rice, wheat, barley, rye, cotton, sunflower, peanut,
pdtato, sweet potato, bean, pea, chicory, lettuce, endive,
cabbage, cauliflower, broccoli, turnip, radish, spinach,
onion, garlic, eggplént, pepper, celery, carrot, squash,
pumpkin, zucchini, cucumber, apple, pear, melon, strawberry,
grape, raspberry, pireapple, soybean, tobacco, tomato,
sérghum, and sugarcane.

43. A pathogen-resistant plant 'according to claim
41, wherein the plant is selected from the group consisting
of Azabidopsis-thaliana, Saintpaulia, petunia, pelangonium,
poinsettia, chrysanthemum, carnation, and zinnia.

44. A pathogen-resistant plant according to claim
30, wherein the pathogen to which the plant is resistant is
selected from the group comnsisting of a virus, bacterium,
fungus, and combinations thereof.

45 . A pathogen-resistant plant according_to claim
29, wherein the hypersensitive response elicitor polypeptide
or protein corresponds to that derived from a pathogen
selected from the group consisting of Erwinia amylovora,
Erwinia chrysanthemi, Pseudomonas syringae, Pseudomonas
solancearum, Xanthomonas campestris, and mixtures thereof.



38.” A pat hogen- resrstant pl ant according to cIa|n13? _
~hypersensitive response elicitor polypeptlde or pr:irb'

at aci d

sequence corresponding to SEQ 1D. No.

pat hogen-resi stant plant according to clarm
hypersensitive response-elicitor pol3eptide or
that derived from Xant honbnas .canpestris.

pat hogen-resi stant plant _acgQ to ¢laim 9, Wwh
hypersensitive resp8fise @1P@F%€ goFﬁﬁéﬁFPHE PiﬁFtp

seqﬁence eba@mspendngrEQnSEﬁbdplhﬁt He%la are in ﬁﬁntactrﬁithA

pat hogen- t ant _ pl.ant ,accordi ng to .¢clai ereint

sel ect ed ﬁggﬁéfﬁg 8&&&% gSnEPEt CRyse 8%58F88t§n§n8r50ﬁ5?8§ °rd%éiWLth
42. A pataogener escetidng phanhypersedsigive veapansedgliwidios n t he pl ant
S selectﬁg%?%§gtgag SEOPEQEQEELSti”Q of rice, wheat, barley, rye,

cot ton, peanut, potat o, sweet potato, bean, pea, chicory,
| ettuce, endive, cabbage, cauliflower, broccoli, turni.p, radish, spinach,

oni on, garlic eggpkant, APEJQJQ% eaeh:%xstaar: 1an&qa@&6rdm§ﬂﬂ&<m
zucchi ni, ucungg S&% nelon itra erry, rape, raspberry,
pi neappl eS+84Pbédn, ¥ %Fo cellBgRtf 1on Rk Mish
43, Arpathageeriaswht&htdplabt &aoeédaageasecharnhe élanwheMMuwddmeplant
Is sel ect o] rQup nsrs f . Arabidapsi Ira
&gubt gggsg gﬁaﬁ%% |uﬁr gcéFF(aaga EOEt %%!carnatron

Sai nt paul I'a, pe unra, chrysa
and zi nni encoding the hYPe¢$enﬁlpawhog6ﬁPpB§ﬁsEémplppanPQiMRﬁRﬁI@FthcIarm

protein.

to

amno acid

48. A pathogen-resistant plant according to
claim 29, wherein the plant is infiltrated with the
polypeptide or protein.

48. A composition for imparting pathogen
resistance to plants comprising:

a non-infectious hypersensitive response elicitor
polypeptide or protein and

a carrier.

50. A composition according to claim 49, wherein
the hypersensitive response elicitor polypeptide or protein
corresponds ‘to that derived from a pathogen selected from the
grouﬁ-consisting of Erwinia amylovora, Erwinia chrysanthemi,
Pseudomonas syringae, Pseudomonas solancearum, Xanthomonas

- campestris, and mixtures thereof. -

51. A composition according to claim 50, wherein
the hypersensitive response elicitor polypeptide or protein
corresponds to that derived from Erwinia chrysanthemi.

52. A composition according to claim 50, wherein
the hypersensitive response elicitor polypeptide or protein

corresponds to that derived from Erwinia amylovora.
e

T



o
~the group consisting of a virus, bacterium fundus, and conbi nat{i gns

t hereof . - _ 45. A pat hogen-resistant pliant A@-DEQI1EL t | ai m
29, wherein the hypersensitive respgngﬁ elicitor ppllypeptide qrl grotein
corresponds ‘to that derived froma pathogen selpcted Tromthe grdup
consi sting of Erw nia anyl.ovora, Erw ni a chrysapt hem

syringae, Pseudombnags, . $0IRGRA W Ion UNRIARMS PP [Fo, Al bXLU €S
t hereof . . C , 29 .46, A ]
pat hogen- r &i&s tyRersenaitdve Feapong edileiior podypentiide f% PFRE8LRact

Wi th bact eldore¥pdnddd tedtc Hatl e vl Fron PsdiRidnicied Wyethywéh a gene -
encodi ng the hypersensitive response elicitor polypeptide or protein.

47. A pat hogen-resistant plant according to claim29, wherein the plant
cells are in contact 54.t h 2barimgyosal bitore laatmxding aes el ive B6E, i whéhbeinl ant,

the hyper Soats EAE Pemm itV i S R AU, B HESEAETS

e response el <l f
48. A pat heyparresesngsamo Hhat m:omf fyam Rieudammas\woinaceéarpmant is
infiltrated with the pol ypeptide or protein. _ + 49. A conposition
for inparting pathogen resistance to, plants conprisi

ng: . . a |,
non-i nfectious hyper Sensi ¢} \@Wé‘?‘iﬂﬁngp(ﬂ%/ﬁ%ﬁ’i‘ﬁé% yhereiR and
a carrier. the hypersenditive cgitidd @1 iaticrydipyl vt iaden &, prbeethn

corrésponds to that derived from Xanthomonas campestis.

56. A composition according to claim 49, wherein
the carrier is selected from the group consisting of water
and aqueous solutions. - '

57. A composition according to claim 49, wherein
the composition contains greater than 500 nM of the
hypersensitive response elicitor polypeptide or protein.

58. A composition according to claim 49, wherein
the composition further contains additives selected from the
group consisting of fertilizer, insecticide, fungicide, and
mixtures thereof. ‘

59. A composition accordiﬁg to claim 49, wherein
the hypersensitive response elicitor polypeptide or protein
is in isolated form.

60. A composition accaording to claim 49, wherein
the hypersensitive response elicitor polypeptide and protein
is produced or capable of being produced by bacteria in the
composition, said bacteria do not cause disease and are
transformed with a gene encoding the hypersensitive response
elicitor polypeptide or protein.

- 61. A composition adccording to claim 49, wherein
the hypersensitive response polypeptide or protein is
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