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Re: Expediente No. 01.023.525.
Solicitud de Patente de Invencién titulada:
“RECEPTORES DE INDUCTORES DE LA RESPUESTA
HIPERSENSIBLE Y USOS DE LOS MISMOS".
Solicitante: EDEN BIOSCIENCE CORPORATION.

CARLOS R. OLARTE, mayor de edad y vecino de Bogotd D.C., identificado tal
como aparece al pie de mi firma en mi caricter de apoderado de la sociedad en referencia,
me permito manifestar lo siguiente ante el auto emanado por ese Despacho, dentro del
término legal:

1. En atencién a la primera observacién del Examinador, adjunto el poder
otorgado por Eden Bioscience Corporation a mi favor debidamente legalizado y
oficialmente traducido al espafiol.
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2. En atencién a la segunda observacién del Examinador, me permito presentar
un Petitorio Modificado en el cual indico el lugar de constitucién de la sociedad solicitante.

3. En atencién a la tercera observacién del Examinador, adjunto el documento
de cesién del derecho de patente otorgado por los inventores a Eden Bioscience
Corporation., debidamente legalizado y traducido.

4, En atencién a la ltima observacién del Examinador, adjunto un (1) recibo
por concepto de una (1) reivindicacién de prioridad. De esta manera se completa el pago
por concepto de reivindicacién de prioridad sobre dos (2) documentos, ya que en el
expediente ya radica un (1) pago por tal concepto.

5. Adicionalmente, me permito adjuntar los documentos sobre los cuales
reivindica prioridad la presente solicitud, documentos US 60/250.710 y US 60/191.649,
junto con la traduccién de sus respectivos Capitulos Reivindicatorios.

Atentamente,

- J
CARLOS R. OLARTE

C.C. No. 79.782.747 de Bogoti
T.P. 74.295

Anexos: Poder
Petitorio
Documento de Cesién
Recibo
Documentos de Prioridad (2)
Traduccién del Capitulo Reivindicatorio de los Documentos de Prioridad (2)
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FORMULARIO UNICO DE SOLICITUD DE PATENTE

2000-3
@ SOLICITUD DE :
[X] Patente de Invencién. [_] Patente de Modelo de Utilidad
y .._ " . i . PR . . = -
% Nombre: EDEN BIOSCIENCE IDENTIFICACION
LICITANTE CORPORATION.
(1) Direccidn: 1816 North Croek Parkway N. ccC. D NIT I:l
Bothell, Washington 98011-8205 o
Teléfono: 5700010 Fax: 2856908 CE. I:I Otro I:I
B-Mail:
Dommicilio: Estados Unidos de Amdrica Nimero
Nombre: CARLOS R. OLARTE IDENTIFICACION
REPRESENTANTE
O APODERADO H H . - H NIT
pr Direccién CALLE 35 No. 7-25 Piso 4 . cC. E] |:|
Teléfono: 570-0010 Fax: 285-6908 CE. Otro
E-Mail: patents.bogoia@bakemnet.com Niimero 79.782.747 TP 74295
Nombre: (1) XIAOLING SONG (2} HAOQ FAN IDENTIFICACION
INVENTOR (ES) (%) ZHONG-MIN WE
™~ ‘oodiville,
72) Direccién: (1) 14110 Nl 1 m Apt. 75 W ce. NIT
(2) 19712 6™ Drive: s.nmL w-mmn 998012, USA (1) 1230 135*
Court Kirkiand Washingion 98034 1{RA
Teléfono: Fax: CE I:l Otro D
E-Mail:
Domicilio: Estados Unidos-de América. Niimero

®

Titalo (54)

RECEPTORES DE INDUCTORES DE LA RESPUESTA HIPERSENSIBLE Y USOS DE LOS

MISMOS.

T

@ Clasificacién Internaclonal {S1) (, O i k {‘4 /4-'5 2 C 12-N TS / 2?

(1)  Prioridad

(33) Pais de Origen (32) Fecha (31) Numero de Solicitud
SI | : |No |:] Us Marzo 23, 2000 60/198,359
US Diciembre 1,2000 | ~60/250,710

12 meses[ |

Para publicar a partir de Ia fecha de In presente solicitud a los:

6 meses[ | 18 meses[ |

Otro[ ]

@ Comprobante de pago No.

_ Fecha:

Instrucciones para el diligenciamiento del presente formulario, ver reverso de esta pigina.
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RECIBO OFICIAL DE CASA : O - 33,95
FECHA : NAYD 30 DE 2001
. #4382 CONSIGNACI QN 2388
DEPOSITANTE TIPD PAGD BANCO CUEHTA fio. PASD  FECHA PBO Vr. PASD
JORGE LUIS GOMEZ CONSIGNACION

BRHCO POPULAR  050-00110-6 8151138  30/05/2001 17,412,000.00

B C OKRCEPTDO fisns

CART. RENTISTICO

COKCEPTO TOTAL CONCEPTO
1 50005-01-0t SOLICITUDES 82 [NVOCACICH OE UNA PRIORIDAD EN WU 100,000.00
TOTAL $ 100,000.00
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Carrera 13 No. 27-00 Pisos 5, 7y 10
Conmutador 382 0840
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E-mail: info@sic.gov.co
www.sic.gov.co
Bogota, D.C., Colombia
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SOLUCION No. 01016
DR MINJUSTIGA

MARIA TERESA LARA R
TRADUCTORA OMGAL

ant

TRADUCCION OFICIAL No. 224/01 de un documento escrito en Inglés, el cual
para su identificacién se sella con el sello dei Traductor. Esta es una Traduccién
Oficial efectuada e! dia 11 de junio de 2001 por la Sra. Marfa Teresa Lara R.,
c.c. 41.568.055 de Bogotd, Traductora Oficial seglin Resolucidn No. 01016 del 2

de octubre de 1998, expedida por el Ministerio de Justicia.

Poder otorgado por EDEN BIOSCIENCE CORPORATION para su representacidn
en relacldn con asuntos de propledad industrial en Colombla. Certificacién
.'mtarlal suscrita por Ann M. Plerson, Notarlo Piblico del Estado de Washington,

y legalizaclones subsigulentes.

EL PODER Y LA CERTIFICACION NOTARIAL NO SE TRADUCEN POR
ENCONTRARSE EN INGLES Y ESPANOL EN EL DOCUMENTO ORIGINAL.

[Sello notarlal]  ANN M. PIERSON

NOTARIO PUBLICO
LA COMISION EXPIRA 7-1-03
ESTADO DE WASHINGTON

----------------- - - - - - - - - -

ESTADO DE WASHINGTON DEPARTAMENTO DE LICEp

APOSTILLE

{Convention de La Haye du 5 octobre 19643

1. Pals: Estadaos Unidos de América

Este documento publico
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DUCTORA OFICIAL
zl..uclon no. 01018
oK MINJUSTIGIA

MARIA TERESA LARA R
¢

L%

Traduccién Oficial No. 224/01 - Pégina 2

2. ha sldo firmado por ANN M PIERSON

3. actuando en calldad de Notarlo Pablico

4, lleva e} sello/estamplila de ANN M PIERSON

CERTIFICADO
5. en Olympla, Washington 6. el dfa 10 de mayo de 2001
7. por Funcloharia de Autenticaclones Lila Khan
8. No. 500 - 4220
9. Sello/Estampilla 10. Firma
(Sello Oficial del (Fdo.) Fred Stephens
Departamento de Licenclas Fred Stephens, Director
del Estado de Washington) Departamento de Licencias
- Otympla, Washington

— -
- me = = Em e = == — s mmr dem o e omw e s

La anterior es traduccidn fiel y completa del documento en referencia, de la cual
se deja copia en este archivo para su confrontacién,

Jdrensalon

Maria Teresa Lara R.
c.c. 41.568.055 de Bogota
Traductora Oficlal segun

Resolucién No. 01016 del
2 de octubre de 1998, de
Ministerio de Justicla

nt
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STATE OF WASHINGTON DEPARTMENT OF LICENSING

/._’-ma A e

APOSTILLE
(Convention de La Haye du 5 octobre 1961)

.Counlry: United States of America

This public document
2. has been signed by ANN M PIERSON

3. acting in the capacity of Notary Public

4. bears the seal/stamp of ANN M PIERSON

CERTIFIED

5. s Qlympia, Washington 6. the Tenth Day of May, 2001

7. by Authenticating Officer %(Z{ ‘ﬁfé’q

8. No._500-4220

9. Scal/Stamp; 10. Signature:

g eI
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[SAMPLE]

POWER OF ATTORNEY

The undersigned. BIOSCIENCE CORPORATION

(Name of Company)

i t dd|
WTaTe North Creek Parkwey N,

(clty, state, country) —~
m&%‘w 38011-8205 Usa

CARLOS REINALDO OLARTE andfor

a hull and sufficient power of etiomey to apply o the
proper national officers and authoritias for the fssue of:

Patents of Invention, Patents for Utility
Models, industrial Designs, mergers,
changes of name, assignments, filing and
prosecutions, changes of address

to which end it empowers them to lake all steps
necessary befare sald authorities for the objects stated,
to file petitions, prepare descriptions, make prolests,
deciarations, appesals and objections, pay Imposts,
apply for ceriifications, recelve documenis and
securitles, abandon applications and collect refunds.
To the salkd mandatories sufficlent power Is granted
hereby to receive nofifications for and on behalf of the
Cempany, to confer powsrs on those who are fo
represent the company judiclally and exdrajudicially, to
angwer In court in the matter of all claims and demands
that may be presented in connection with the patents,
and o do everything that may be required, before
administrative or judiclal officers of any class giving
them flkewise power o substiule these presents and
revoke such substitutions if necessary.

Done and suscribad in

La abajo firmada.
EDEN BIOSCIENCE CORPORATION

domicillada en

19

3 l\.‘-ﬁt‘nﬂ"
T et aeewne. -

—, 16 g ent

5

11816 North Creek Parkway N.,
Bothell, Washington 98011-8205 .

deciara por el prasente otorgar 2
CARLOS REINALDO OLARTE and/or

poder especial amplio y bastanie pars recabar ds las
oficinas y autoridades naclonales que correspondan, la
obtencién de :

Patentes de Invencion, Patenies de Modelo
de Utilidad, Diseflos Industriales, fusiones,
cambios de nombre, cesiones, presentacidn
y framitacion de oposiciones, cambios de
direcciéon

2 cuyo efeclo los faculla para dar ente dichaa
gutoridades, todos los pasos necesarios al objeto
indicado, slevar solicitudes, formular deacripciones ,
prolestas, declaraciones, apeleclones y reclamos,
obiar [mpuesios, soficitar lestimonios, recibir
documentos y valotes, desistir y percibir. Se concede a
fos expresados mandatarios poder bastante para
reclbir notificacionas a nombre de la compaliia, otorgar
poderes a quisnes vayan a representar a fa compalile
judiclal y exirajudicialments, responder en juicio B
lodas las reclamaciones o demandas que por motivo
de las palaniss se presentiarsn y hacer cuanto fuere
necesaric, anie las autoridades administrativas o

EE.UU.



. Raisexcx, Lara, Rooniguez & Ruepa '%X
Members of tha Firm
BAKER & McKENZIE 1720
ATTORNEYS AT LAW

AFPARTADO AEREQD 3748
TELEFONO: 293-1400

SANTAFE DE BOGOTA, D.C.

. COLOMBIA

[SAMPLE]
NOTARIAL CERTIFICATION CERTIFICACION NOTARIAL

nthis {day) day of (Month) Alos dias del mes de

g , the undersigned Notary de 19 ol suscrito Notarlo

CERTIFIES DAFE
1. That (name of official signing power) 1. Qe Jerry L. Butler
Jerry L. Butler
of logat age and domiciied In  (Street, address) mayor y domicliado en

(clty, state, country)
Bothell, Washington, USA
set his hand on the foregalig dociment

2. That the grantor Is to me parsonafly know and thal he/she has
legal capacity to executa the Instrument.

3. That the granior has executed the foregoing document as
President (Position Held)

of '.'d" person EDEN BIOSCIENCE CORPORATION
(name of the company)

4, That the judiclal personEDEN BIOSCIENCE CORPORATION
(Name of the Company)

having ity home officeIn (Street, addrews)

!dd clty, stat t
11, address, :yua{.mlmq)

is duly organized, has present legal existenca and that the purposas for
which the power of attomey Is granted are within the scope of Its corporate
PUrposes.

5. That the grantor has in fact the referred by authority and that his/her
reprasantation s fegal.

6. That | have based certifications 3, 4 and 5 above on the following authentic
documents for such purpose exhibited to me and which | mention apecificatly,
giving thelr dates and their origin or source:

(st souTcan)

Bothell, Washington, EE.UU.
-smaiblbdasumwmddommmhqm anteceds.

2. Qua conazco 3l olorgentes y que éste tsne capacidad legal
para ol olorgamiento.

3. Que of otorgenis ha suscrilo ol referido documenio en su
caricter do

Presidente

de 1a parsona juridica
EDEN BIOSCIENCE CORPORATION

4. Que i3 persona juridica
EDEN BIOSCIENCE CORPORATION
con sede en
Bothell, Washington, EE.UU.

eatd lagaiments consfituida, qua tiens existencia legal actual y que
ol acto para el cuul se ha otorgedo el poder estl comprendido enire

los qua congtibryen su objeto social,
5.Que el otorgants teno efeciivamente la rgpfbserdacion que
ostants, ¥ que esla as legitima.
f 55
8. Que he bosado las cerificacionseteds 53 anterlores en o
A,(,“f phaicio sa me exhibleron -
speciicaiuanegthsanoieion db sus fochas y de &
. p - 1" M
o " el _L ‘_.'.'-‘ %
) i';: r
4 Oﬁ‘\\\\
oA ._

El Notario Pabllco



Notarial Certification — 2

6.

. Amended and Restated Articles of
Incorporation dated November 13,
2000

. Third Amended and Restated
Bylaws dated July 6, 2000

* Minutes of Board of Directors
dated December 16, 1999

[/DOCUMENT.01.DOC)

Acreditacién notarial ~ 2

6.

Articulos de incorporacién
modificados y reiterados del dia
trece de noviembre de dos il
Tercera directivas modificadas y
reiteradas del dia seis de julio de
dos mil

Libro actas del directorio del dia
diesiséis de diciembre de mil
novecientos noventa y nueve

125
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MARIA TERESA LARA .

RESOLUCION No. §18)

480

TRADUCCION OFICIAL No. 226/01 de un documento escrito en Inglés, el cual
para su identificacién se sella con el sello del Traductor. Esta es una Traducclén
Oficlal efectuada el dla 11 de junlo de 2001 por la Sra. Marla Teresa Lara R.,
C.Cc. 41.568.055 de Bogotd, Traductora Oficlal seglin Resolucién No. 01016 del 2

de octubre de 1998, expedida por e! Ministerio de Justicia.

Traspaso del invento ™“Receptores para Provocadores de Respuesta
Hipersensible y Usos de los Mismos®™ a EDEN BIOSCIENCE CORPORATION.
Certificacién notarial suscrita por Jo Ann Whalen, Notario Publico del Estado de

Nueva York, y legalizaclones subsigulentes.

DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS
Oficina de Patentes y Marcas

SECRETARIO ASISTENTE Y COMISIONADO

DE PATENTES Y MARCAS

Washington, D.C. 20231

Octubre 30, 2000
PTAS

NIXON PEABODY LLP
MICHAEL L. GOLDMAN
CLINTON SQUARE

P.O. BOX 31051
ROCHESTER, NY 14603

*101460287A*

OFICINA DE PATENTES Y MARCAS DE LOS ESTADOS UNIDOS
AVISO DE REGISTRO DE DOCUMENTO DE TRASPASO
El documento adjunto ha sido registrado por la DIvisién de Traspasos de la
Oficina de Patentes y Marcas de los EE.UU. Una copla completa en microfilm se
encuentra disponible en la Sala de Blsquedas de Traspasos bajo el NiUmero de

Rolio y Cuadro sefialados a continuacién.

Favor revisar toda la Informacién contenida en este aviso. La informaclén

contenida en este Aviso de Registro refleja los datos presentes en el Sistema de

X

=X
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RA OFICIAL

Dk MULIUSTICA

Traduccion Oficial No, 226/Q1 - Pégina 2 M
[T5
Traspasos de Patentes y Marcas. En caso de que encuentren cualquler error o
tengan cualquier pregunta en relacién con este aviso, pueden comunicarse con
el empleado cuyo nombre aparece en este aviso en el 703-308-9723. Favor
enviar cuaiquler solicitud de correcclén a: U.S. PATENT AND TRADEMARK
OFFICE, Assignment Division, Box Assignments, CG-4, 1213 Jefferson Davis
Hwy, Suite 320, Washington, D.C. 20231.

FECHA DE REGISTRO: 08/24/2000 ROLLO/CUADRO: 011062/0331

NUMERO DE PAGINAS: 4

RESUMEN: TRASPASO DEL INTERES DEL CEDENTE (VER DOCUMENTO PARA
DETALLES).

CEDENTE:

SONG, XIAOLING FECHA DOC: 05/08/2000

CEDENTE:
FAN, HAO FECHA DOC: 05/08/2000

CEDENTE:

WEI, ZHONG-MIN FECHA DOC: 05/08/2000

CESIONARIA:

EDEN BIOSCIENCE CORPORATION
11816 NORTH CREEK PARKWAY N.
BOTHELL, WASHINGTON 98011-8205

NUMERO DE SERIE: 60191649
NUMERO DE PATENTE:

FECHA PRESENTACION: 03/23/2000
FECHA EXPEDICION:

REGISTRADO
Nixon Peabody LLP

NOV 6 2000

EXPED. 21829/ 60
DKT 1B
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TRASPAS

CONSIDERANDO, que los suscritos, Xlaoling Song, cludadano de la
Republica Popular China, residente en 14110 NE 179%™ Street, Apt. 75,
Woodinville, Washington 98072, Hao Fan, cludadano de la Repiiblica Popular
China, residente en 19712 6™ Drive, S.E., Bothell, Washington 98012, y
Zhong-Min Wel, cludadano de los Estados Unidos, residente en 8230 125
Court, Kirkland, Washington 98034, hemos inventado clertas mejoras nuevas y
atiies en RECEPTORES PARA PROVOCADORES DE RESPUESTA
HIPERSENSIBLE Y USOS DE LOS MISMOS para las cuales hemos elaborado
una solicitud de Patente de Invenclidn en los Estados Unidos, presentada bajo el

No. de Serie de los EE.UU. 60/191,649 el 23 de marzo de 2000;

Y CONSIDERANDO, que Eden Blosclence Corporation, con sede

principal en 11816 North Creek Parkway N., Bothell, Washington 98011-8205,
desea adquirir todo derecho, titulo e Interés en y sobre las cltadas mejoras y la

antedicha Solicltud:

AHORA, POR TANTOQ, por contraprestacién véllda y vallosa, incluido el
salario o el pago por la reallzaclén de los Inventos, o los beneficios laborales, el
recibo de la cual se reconoce por la presente, nosotros, los antedichos
inventores, reconocemos por la presente que hemos vendido, cedido,
traspasado y entregado, y por la presente vendemos, cedemos, traspasamos y
entregamos, a la clitada EDEN Blosclence Corporation, sus sucesores,
representantes legales y ceslonarios, todo derecho, titulo e Interés en todo el
mundo en, sobre y en virtud de tales mejoras, y la citada solicitud y todas las
divisiones, renovaclones y continuaclones de la misma, y todas las Patentes de
Invencién de los Estados Unidos que puedan otorgarse sobre la misma y todas

las reexpediclones y prérrogas de la misma, y todos los derechos de prioridad



Traducclén Oficlal No, 226/01 - Pégina 4 %é

23

bajo Convenclones Internacionales y las solicitudes de Patentes de Invencién
que puedan en un futuro presentarse para tales mejoras en cualquier pais o
palses distintos de los Estados Unidos, y todas las Patentes de Invencldén que
puedan otorgarse para dichas mejoras en cualquler pals o paises distintos de
los Estados Unidos, y todas las prérrogas, renovaciones y reexpediclones de las
mismas; y por la presente autorizamos y solicitamos al Comisionado de
Patentes de los Estados Unldos, y a cualquier Funclonario de cualquier pals o
palses distintos de los Estados Unidos, cuya funcién sea expedir patentes en
virtud de solickudes del tipo menclonado, expedir todas las Patentes de
Invencién para tales mejoras a la citada EDEN Bioscience Corporation, sus
sucesores, representantes legales y cesionarios, de conformidad con los

términos de este Instrumento.

Y POR LA PRESENTE pactamos y acordamos que le comunicaremos a la
citada EDEN Blosclence Corporation, sus sucesores, representantes legales y
ceslonarios, cualesquiera hechos que lleguen a nuestro conocimiento con
respecto a dichas mejoras y testlficaremos en cualguler proceso judiclal,
firmaremos todos los documentos Iegaies, otorgaremos todas las solicitudes de
divisién, continuacidn y reexpedicién, prestaremos todos los juramentos que
correspondan y en general haremos todo lo posible por asistir a la cltada EDEN
Blosclence Corporation, sus sucesores, representantes legales y ceslonarios,
para obtener y hacer valer una protecclén de patente aproplada para tales

mejoras en todos los palses.

EN TESTIMONIO DE LO CUAL, firmo el presente y estampo aquf ml sello a

los 8 dlas del mes de mayo de 2000.

(Fdo.) Xlaoling Song

S
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Mayo 18, 2001

Juro que esta es flel copla del original.

(Fdo.) Jo Ann Whalen

[Sello] JO ANN WHALEN
Notario Plblico, Estado de Nueva York
Calificada en el Condado de Monroe
Certificado registrado en el Condado de Monroe
Reg. No. 5038037
La comislén expira el 1/17/2003

ESTADO DE WASHINGTON
CONDADO DE KING SS:

A los 8 dias del mes de mayo de 2000, ante ml personalmente

compareclé el mencionado Xiaoling Song, a qulen conozco personalmente

como la persona que firmé el documento por su propla y libre voluntad para los

propésitos alll sefialados.

(Fdo.) Ann M. Plerson
Notario Pdblico

[Sello] ANN M. PIERSON
NOTARIO PUBLICO
LA COMISION EXPIRA EL
7-1-03
ESTADO DE WASHINGTON

EN TESTIMONIO DE LO CUAL, firmo el presente y estampo aqul mi sello a

los 8 dlas del mes de mayo de 2000.

(Fdo.) Hao Fan
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MARIA TERESA LARA R
TRADUCTORA OFICIAL
RESOLUCION Me. 01018,
DE MILUSTIOA

Traduccién Oficial No, 226/01 - Pégina 6 Jé:g
[zt
ESTADO DE WASHINGTON

CONDADO DE KING SS:

A los B8 dlas del mes de mayo de 2000, ante mi personalmente js
comparecld el menclonado Hao Fan, a quien conozco personalmente como la
persona que firmé el documento por su propia y libre voluntad para los

propésitos alll sefialados.

(Fdo.) Ann M. Plerson

Notario Publico
[Sello] ANN M. PIERSON

NOTARIO PUBLICO
LA COMISION EXPIRA EL
7-1-03
ESTADO DE WASHINGTON

EN TESTIMONIO DE LO CUAL, firmo el presente y estampo aqul mi sello a
los 8 dias del mes de mayo de 2000.

(Fdo.) Zhong-Min Wel

ESTADO DE WASHINGTON

CONDADO DE KING SS:

A los 8 dias del mes de mayo de 2000, ante mi personaimente
comparecié el mencionado Zhong-Min Wel, a qulen conozco personalmente

como la persona que firmé el documento por su propia y llbre voluntad para los

propésitos alll sefialados.

(Fdo.) Ann M. Plerson

Notario Publico
[Sello] ANN M. PIERSON

NOTARIO PUBLICO
LA COMISION EXPIRA EL
7-1-03
ESTADO DE WASHINGTON



szt X

MARIA TERESA LARA R.
TRADUCTORA OFICIAL
RESOLUCION Ne. $1018

Traduccjén Oficlal No. 226/01 - Pgina 7 %
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ESTADO DE NUEVA YORK ) ss.

CONDADO DE MONROE )
OFICINA DEL SECRETARIO DEL CONDADO
Yo, MAGGIE BROOKS, Secretarla del Condado de Monroe, del Tribunal de Condado #
en dicho Condado y del Tribunal Supremo, los cuales son ambos Tribunales de
Registro, provistos de sello comuin, CERTIFICO POR EL PRESENTE, que

JO ANN WHALEN

ante qulen manifiesta haber sido otorgado o tomado el Juramento, Declaracién
Jurada o Reconocimiento anterior, y qulen lo certifica, era en el momento de otorgar
o tomar el mismo una NOTARIO PUBLICO en y para el antedicho Estado, y estaba
debldamente autorizada para tomarlo, y estaba autorizada por las leyes de este
Estado para tomar y certificar el reconocimiento y prueba de escrituras que deban
registrarse en este Estado; y que conozco bien su letra manuscrita y considero en
verdad que su fiima en el mismo es auténtica y que dicha funclonarla no esta
obligada por ley a tener un sello nl requlere tener una muestra de la Impresién del
mismo registrada o depositada en esta oficina, o registrada o depositada en cualquier
otro lugar.

En Fe de lo Cual, he colocado aqul ml firma y el sello oficlal de dichos

Tribunales a los 21 dias del mes de mayo de 2001.

(Fdo.) Maggle Brooks

A No. 26286 Secretaria

APOSTILLE

(Convention de La Haye du 5 octobre 1961)

1. Pals: Estados Unidos de América
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Este documento publico
ha sido firmado por Maggie Brooks
actuando en calidad de Secretaria del Condado

lleva el sello/estampillla del condado de Monroe

Certificado

en Albany, New York 6. el dia 01 de junio de 2001

por Subsecretario de Estado Especlal, Estado de Nueva York

No. A-77639E
Sello/Estampllla 10. Firma

(Gran Sello del (Fdo.) Joseph P. Brozowskl
Estado de Nueva York)

Joseph P. Brozowskl

Subsecretario de Estado Especlal

|29

La anterior es traduccién fiel y completa del documento en referencla, de la cual
se deja copia en este archivo para su confrontacién.

[Frecsolonal

Marfa Teresa Lara R.

c.c. 41.568.055 de Bogota
Traductora Oficlal segin
Resoluclén No. 01016 del
2 de octubre de 1998, del
Ministerio de Justicla
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(Convention da La Haye du 5 Octobre 1881)

Country: United States of America

This public document

has been signed by Maggie Brooks

acting in the capacity of County Clerk

bears the seal/stamp of the county of Monroe

Certified
At Albany, New York 6. the 01st day of June 2001

by Special De{:uty Secretary of State, State of New York

No. A-77639E
Seal/Stamp 10.  Signature
Joseph P. Brozowski
Special Deputy Secretary of State
\\
\/'.
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' f‘ \ UNITED STATES DEPARTMENT OF COMMERCE

’ . * | Patent and Trademark Office !3,

\ j ASSISTANT BECRETARY AND COMMISSIONER

. L g OF PATENTS AND TRADEMARKS t;}j7
) Washington, D.C. 20231
OCTOBER 30, 2000

PTAS

-NIXON PRABODY LLP lwmmm m "IW'IIMH
MICAHEL L. GOLDMAN i .
CLINTON SQUARE 101460287A
P.0. BOX 31051
ROCHESTER, NY 14603 §§2

UNITED STATES PATENT AND TRADEMARK OFFICE
NOTICE COF RECORDATION OF ASSIGNMENT DOCUMENT

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION OF
THE U.S. PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFILM COPY IS
AVAILABLE AT THE ASSIGNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBER
REFERENCED BELOW.

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE. THR
INFORMATION CONTAINED ON THIS RECORDATION NOTICE REFLECTS THE DATA
PRESENT IN THE PATENT AND TRADEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD

ND ANY ERRORS OR HAVE QUESTIONS CONCERNING THIS NCTICE, YOU MAY

ACT THE EMPLOYEE WHOSE NAME APPEARS ON THIS NOTICE AT 703-308-9723.

PLEASRE SEND REQUEST FOR CORRECTION TO: U.S. PATENT AND TRADEMARK OFFICE,
ASSIGNMENT DIVISION, BOX ASSIGNMENTS, CG-4, 1213 JEFFERSON DAVIS HWY,
SUITE 320, WASHINGTON, D.C. 20231.

RECORDATION DATE: 08/24/2000 REEL/FRAME: 011062/0331
NUMBER OF PAGES: 4

BRIEF: ASSIGNMENT OF ASSIGNOR'S INTEREST (SEE DOCUMENT- FOR DETAILS).

ASSIGNOR:

SONG, XIAOLING DOC DATE: 05/08/2000
ASSIGNOR:

FAN, HAO DOC DATE: 05/08/2000
ASSIGNOR:

WEI, ZHONG-MIN . DOC DATE: 05/08/2000

QSSI@'EE:

EDEN BIOSCIENCE CORPORATION
11816 NORTH CREEK PARKWAY N.
BOTHELL, WASHINGTON 98011-8205

SERIAL NUMBER: 60151649 FILING DATE: 03/23/2000
PATENT NUMBER: ISSUE DATE:
'ENTERED
Nixon Peabody LLP
NOV ¢ 2_000

29/60



STATE OF NEW YORK

COUNTY OF MONROE
OFFICE OF THE COUNTY CLERK

I, MAGGIE BROOKS, Clerk of the County of Monroe, of the County
Court of said County, "and of the Supreme Court, both being Courts of
Record, having a common seal, DO TIFY, that \ ,51

before the annexed Oath, Affidavit, Acknowledgement purports to have
been made or taken, and certified by her/him, was at the time of the making or
taking thereof a NOTARY PUBLIC in and for said State, and was duly authorized
to take the same, and was authorized by the Lxws of this State to take and certify the
acknowledgement and proof of deeds to be recorded in this State; and I am well
acquainted with his/her handwriting and verily believe her/his signature thereto is
genuine and that such officer is not required by law to have a seal nor is she/be
required to have a specimen impression thereof filed or deposited in this office, or

recorded, filed or deposited in any other place.
In Witaens lhavehaeunmletmyhandandﬂuoﬂimlmlofmd
Courts this f el

X“’ ;ﬁw&a

A N _zszss\JW’SXw %59..‘&"
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] WHEREAS, We, Xiaoling Song, a citizen of the Pcople’s Republic of China,

residing at 14110 NE 179™ Street, Apt. 75, Woodinville, Washington 98072, Hao Fan, a
citizen of the People’s Republic of China, residing 19712 6™ Drive, S.E., Bothell,

. Washington 98012, and Zhong-Min Wel, & United States citizen, residing at 8230 125
Court, Kirkland, Washington 98034 have invented certain new and useful improvements in
RECEPTORS FOR HYPERSENSITIVE RESPONSE ELICITORS AND USES THEREOF for
which we have executed an application for Letters Patent in the United States, filed as U. S,
Serial No. 60/191,649 on March 23, 2000;

AND WHEREAS, EDEN Bioscience Corporation, with its principal place of
business at 11816 North Creck Parkway N., Bothell, Washington 98011-8205, desires to
acquire the entire right, title and interest in and to the said improvements and the said
Application:

5]

NOW, THEREFORE, for good and valuable consideration, including salary or
payment for the making of inventions, or employee benefits, the receipt of which is hereby
acknowledged, we, the said inventors, do hereby acknowledge that we have sold, assigned,
transferred and set over, and by these presents do hereby sell, assign, transfer and set over,
unto the said EDEN Bioscience Corporation, its successors, legal representatives and
assigns, the entire right, title and interest throughout the world in, to and under the said
improvements, and the said application and all divisions, renewals and continuations thereof,
and all Letters Patent of the United States which may be granted thereon and ell reissues and
extensions thereof, and all rights of priority under International Conventions and applications
for Letters Patent which may h be filed for said improvements in any country or
countries foreign to the United States, and all Letters Patent which may be granted for said
improvements in any country or countries foreign to the United States and all extensions,
renewals and reissues thereof;, and we hereby authorize and request the Commissioner of
Patents of the United States. and any Official of any country or countries foreign to the
United States, whose duty it is to issue patents on applications as aforesaid, to issue all
Letters Patent for said improvements to the said EDEN Bioscience Corporation, its
successors, legal representatives and assigns, in accordance with the terms of this instrument.

AND WE HEREBY covenant and agree that we will communicate to the said
EDEN Bioscience Corporation, its successors, legal representatives and assigns, any facts
known to us respecting said improvements and testify in any legal proceeding, sign all lawful
papers, execute all divisional, continuing and reissue applications, make all rightful oaths and
generally do everything possible to aid the said EDEN Bioscience Corporation, its
successors, legal representatives and assigns, to obtain and enforce proper patent protection
for said improvements in all countries.

IN TESTIMONY WHEREOF, I hereunto set my hand and seal this 8¢k day

of Mﬂg , 2000. ‘
B e

Xiaoling Song /4

JO ANN WHALEN
Notery Public, State of New Yerk
Ty Cortlioaze Fec 1 Hotnas Sty
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This ﬁl‘lax g 2000, before me personally came the
pORE, t6 dféeperst lyknownasthemdmdualwhoexecumdthe
same of his/her own S

ges therein set forth.,
§ @

otary Public

IN TESTIMONY WHEREOF, I hereunto set my hand and seal this_ 3~ day

of__ Moy > 2000.
(e fon/

Hao Fan (

STATE OF UA

COUNTY OF %SS:
This y of 2000, before me personally came the

nmnamed HIIO F.n, e ! D T ". oy fNown as the indiVid“a], who ex the same of
his/her own free will fg E K2 Awrei ecuted

ﬁ'j Notary Public
%,
o,:? Or W ‘.‘.‘

"'lluut"

IN TESTIMONY WHEREOF, I hereunto set my hand and seal this £ day

of ‘P“V , 2000.
_-7él—d f—-/ -e /
Zhong;Mln Wei
STATEOF WA
COUNTY OF _51_97
‘téaay of 2000, before me personally came the
above-named Zhong in Wei, {q, ly known as the individual who executed the
same of his/her own free thmem set forth.
s 2
b Notary Public

R392304.1 W
21819/60 "l.....l"‘

I
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TRADUCCION OFICIAL No. 225/01 de un documento escrito en inglés, el cual
para su Identificaclén se sella con el sello del Traductor. Esta es una Traduccién
Oficlal efectuada el dfa 11 de junio de 2001 por la Sra. Marla Teresa Lara R.,
c.c. 41.568.055 de Bogotd, Traductora Oficlal seglin Resolucién No. 01016 del 2

de octubre de 1998, expedida por el Ministerio de Justicia.

Traspaso del Invento T“Receptores para Provocadores de Respuesta
Hipersensible y Usos de los Mismos” a EDEN BIOSCIENCE CORPORATION.
Certificacién notarial suscrita por Jo Ann Whalen, Notario Piblico del Estado de

Nueva York, y legalizaclones subsigulentes.

DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNID S
Oficina de Patentes y Marcas

SECRETARIO ASISTENTE Y COMISIONADO

DE PATENTES Y MARCAS

Washington, D.C. 20231

Abril 09, 2001
PTAS
NIXON PEABODY, L.L.P. *101598098A*
MICHAEL L. GOLDMAN
CLINTON SQUARE

P.O. BOX 31051
ROCHESTER, NY 14603

OFICINA DE PATENTES Y MARCAS DE LOS ESTADOS UNIDOS
AVISO DE REGISTRO DE DOCUMENTO DE TRASPASO
El documento adjunto ha sldo registrado por la Divisidn de Traspasos de la
Oficlna de Patentes y Marcas de los EE.UU. Una copla completa en microfilm se
encuentra disponible en la Sala de Busquedas de Traspasos bajo el NOmero de

Rollo y Cuadro sefialados a continuacién.

Favor revisar toda la Informacién contenida en este aviso. La Informaclién

contenida en este Aviso de Reglistro refleja los datos presentes en el Sistema de

2J
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DE MUUUSTIIA

'NUMERO DE SERIE: 60250710

Traducclén Oficlal No, 225/01 - Paglina 2 %
Traspasos de Patentes y Marcas. En caso de que encuentren cualquler error o
tengan cualquier pregunta en relaclén con este aviso, pueden comunicarse con

el empleado cuyo nombre aparece en este aviso en el 703-308-9723. Favor

2y

enviar cualquler solicitud de correcclén a: U.S. PATENT AND TRADEMARK
OFFICE, Assignment Division, Box Assignments, CG-4, 1213 Jefferson Davis
Hwy, Sulte 320, Washington, D.C. 20231.

FECHA DE REGISTRO: 01/22/2001 ROLLO/CUADRO: 011462/0806
NUMERO DE PAGINAS: 4

RESUMEN: TRASPASO DEL INTERES DEL CEDENTE (VER DOCUMENTO PARA
DETALLES).
CEDENTE:
SONG, XIAOLING FECHA DOC: 01/03/2001

CEDENTE:
FAN, HAO FECHA DOC: 01/03/2001

CEDENTE:
WEI, ZHONG-MIN FECHA DOC: 01/05/2001

CESIONARIA:

EDEN BIOSCIENCE CORPORATION
11816 NORTH CREEK PARKWAY N.
BOTHELL, WASHINGTON 98011-8205

FECHA PRESENTACION: 12/01/2000

NUMERO DE PATENTE: FECHA EXPEDICION:

REGISTRADO
Nixon Peabody LLP

ABR 13 2001

EXPED. 21829/ 61
DKT JB
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TRASPAS

CONSIDERANDO, que los suscritos, Xiaoling Song, cludadano de la
Republica Popular China, residente en 14110 NE 179" Street, Apt. 75,
Woodinvilie, Washington 98072, Hao Fan, cludadano de la Republica Popular
China, residente en 19712 6" Drive, S.E., Bothell, Washington 98012, y
Zhong-Min Wel, ciudadano de los Estados Unidos, residente en 8230 125%
Court, Kirkland, Washington 98034, hemos Inventado clertas mejoras nuevas y
utiles en RECEPTORES PARA PROVOCADORES DE RESPUESTA
HIPERSENSIBLE Y USOS DE LOS MISMOS para las cuales hemos elaborado
una solicltud de Patente de Invenclén en los Estados Unidos, presentada bajo el

No. de Serle de los EE.UU. 60/250,710 el 1 de diclembre de 2000;

Y CONSIDERANDO, que Eden Bioscience Corporation, con sede
principal en 11816 North Creek Parkway N., Bothell, Washington 98011-8205,
desea adquirir todo derecho, titulo e interés en y sobre las cltadas mejoras y la

antedicha Sollcitud:

AHORA, POR TANTO, por contraprestacién valida y valiosa, Incluido el
salario o el pago por la realizaclén de los Inventos, o los beneficlos laborales, el
reclbo de la cual se reconoce por la presente, nosotros, los antedichos
Inventores, reconocemos por la presente que hemos vendido, cedido,
traspasado y entregado, y por la presente vendemos, cedemos, traspasamos y
entregamos, a la clitada EDEN Bloscience Corporation, sus sucesores,
representantes legales y ceslonarios, todo derecho, titulo e Interés en todo el
mundo en, sobre y en virtud de tales mejoras, y la citada solicitud y todas las
divisiones, renovaclones y continuaciones de la misma, y todas las Patentes de
Invencién de los Estados Unidos que puedan otorgarse sobre [a misma y todas

las reexpediclones y prérrogas de la misma, y todos los derechos de prioridad

S
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bajo Convenclones Internaclonales y las solicitudes de Patentes de .Invencién
que puedan en un futuro presentarse para tales mejoras en cualquler pais o
paises distintos de los Estados Unidos, y todas las Patentes de Invencién que
puedan otorgarse para dichas mejoras en cualquler pals o palses distintos de
los Estados Unidos, y todas las prérrogas, renovaciones y reexpediciones de las
mismas; y por la presente autorizamos y solicitamos al Comislonado de
Patentes de los Estados Unidos, y a cualquier Funclonario de cualquier pais o
paises distintos de los Estados Unidos, cuya funclén sea expedir patentes en
virtud de solicitudes del tipo mencionado, expedir todas las Patentes de
Invenclén para tales mejoras a la citada EDEN Bloscience Corporation, sus
sucesores, representantes legales y cesionarlos, de conformidad con los

términos de este Instrumento.

Y POR LA PRESENTE pactamos y acordamos que le comunicaremos a la
cltada EDEN Blosclence Corporatlon, sus sucesores, representantes legales y
ceslonarlos, cualesqulera hechos que lleguen a nuestro conocimiento con
respecto a dichas mejoras y testificaremos en cualquler proceso judiclal,
firmaremos todos los documentos legales, otorgaremos todas las solicitudes de
divisién, continuacién y reexpediclén, prestaremos todos los juramentos que
correspondan y en general haremos todo lo posible por asistir a la citada EDEN
Bloscience Corporation, sus sucesores, representantes legales y ceslonarios,
para obtener y hacer valer una protecclédn de patente aproplada para tales

mejoras en todos los paises.

EN TESTIMONIO DE LO CUAL, firmo el presente y estampo aqul mi sello a

los 3 dias del mes de enero de 2001.

(Fdo.) Xlaoling Song
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ESTADO DE WASHINGTON

CONDADO DE KING SS:

A los 3 dias del mes de enero de 2001, ante mi personalmente #

compareclé el menclonado Xiaollng Song, a quien conozco personalmente

como la persona que firmé el documento por su propla y libre voluntad para los

propdsitos alll sefialados.

(Fdo.) Cella L. Moore
Notario Piblico

[Sello] CELIA L. MOORE
NOTARIO PUBLICO
LA COMISION EXPIRA EL
7-29-02
ESTADO DE WASHINGTON

EN TESTIMONIO DE LO CUAL, firmo el presente y estampo aquf mi sello a

los 3 dias del mes de enero de 2001.

(Fdo.) Hao Fan
ESTADO DE WASHINGTON

CONDADO DE KING §S:

A los 3 dlas del mes de enero de 2001, ante ml personalmente
compareclé el menclonado Hao Fan, a qulen conozco personalmente como la

persona que firmé el documento por su propla y llbre voluntad para los

propdsitos alil sefialados.

(Fdo.) Cella L. Moore
Notarlo Pdblico

[Sello] CELIA L. MOORE
NOTARIO PUBLICO
LA COMISION EXPIRA EL
7-25-02
ESTADO DE WASHINGTON
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EN TESTIMONIO DE LO CUAL, firmo el presente y estampo aquf mi sello a

los 3 dias del mes de enero de 2001.

(Fdo.) Zhong-Min Wel

ESTADO DE WASHINGTON

CONDADO DE KING SS:

A los 5 dias del mes de enero de 2001, ante mi personaimente
compareclé el menclonado Zhong-Min Wel, a qulen conozco personalmente

como la persona que firmé el documento por su propia y libre voluntad para los

propdsitos alll sefialados.

(Fdo.) Cella L. Moore
Notario Piblico

[Sello] CELIA L. MOORE
NOTARIO PUBLICO
LA COMISION EXPIRA EL
7-29-02
ESTADO DE WASHINGTON

Mayo 18, 2001
Juro que esta es fiel copla del original.

(Fdo.) Jo Ann Whalen

[Sello] JO ANN WHALEN
Notario Publico, Estado de Nueva York
Calificada en el Condado de Monroe
Certlficado registrado en el Condado de Monroe
Reg. No. 5038037
La comislén expira el 1/17/2003




Traducclén Oficlal No, 225/01 - P4gina 7 ‘,4/9
1yl

s

TRADUCTORA OFICIAL

ESTADO DE NUEVA YORK ) ss.

CONDADO DE MONROE )
OFICINA DEL SECRETARIO DEL CONDADO

Yo, MAGGIE BROOKS, Secretarla del Condado de Monroe, del Tribunal de Condado
en dicho Condado y del Tribunal Supremo, los cuales son ambos Tribunales de
Reglistro, provistos de sello comin, CERTIFICO POR EL PRESENTE, que
JO ANN WHALEN

ante qulen maniflesta haber sido otorgado o tomado el Juramento, Declaraclén
Jurada o Reconocimiento anterior, y qulen lo certifica, era en el momento de otorgar
o tomar el mismo una NOTARIO PUBLICO en y para el antedicho Estado, y estaba
debldamente autorizada para tomarlo, y estaba autorizada por las leyes de este
Estado para tomar y certificar el reconocimiento y prueba de escrituras que deban
registrarse en este Estado; y que conozco blen su letra manuscrita y consldero en
verdad que su fiima en el mismo es auténtica y que dicha funclonarla no esta
obligada por ley a tener un sello ni requiere tener una muestra de la Impresién del
mismo registrada o depositada en esta oficina, o registrada o depositada en cualquier
otro lugar.

En Fe de lo Cual, he colocado aqui ml firma y el sello oficlal de dichos

Tribunales a los 21 dias del mes de mayo de 2001.

(Fdo.) Maggle Brooks
A No. 26285 Secretaria

APOSTILLE

(Convention de La Haye du 5 octobre 1961)

1. Pals: Estados Unidos de América



Traducclén Oficlal No. 225/01 - Pégina 8 Vé?
Este documento publico
2. ha sido firmado por Maggle Brooks

3. actuando en calldad de Secretaria del Condado

4. lleva el sello/estampilla del condado de  Monroe
Certificado
5. en Albany, New York 6. el dia 01 de junio de 2001
7. por Subsecretario de Estado Especlal, Estado de Nueva York
8. No. A-77640E
9. Sello/Estampillla 10. Firma
(Gran Sello del (Fdo.) Joseph P. Brozowskl

Estado de Nueva York)

Joseph P. Brozowskli
Subsecretario de Estado Especlal

La anterior es traduccién flel y completa del documento en referencla, de la cual
se deja copia en este archivo para su confrontacién.

[Zresolowa

Marfa Teresa Lara R.

c.c. 41.568.055 de Bogotd
Traductora Oficlal seg(n
Resoluclén No. 01016 del
2 de octubre de 1998, del
Ministerio de Justicia
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{Convention de La Haye du 5 Octobre 1981)

1. Country: United States of America
This public document
2. has been signed by Maggie Brooks

3.  acting in the capacity of County Clerk

143

4.  bears the seal/stamp of the county of Monroe
Certified
5. At Albany, New York 6. the 01st day of June 2001
7. by Special De;;uty Secretary of State, State of New York
8. No. A-77640E
9. Seal/Stamp 10. Signature

fawwf-ﬁﬁ“r”‘“

~  Joseph P. Brozowski

Special Deputy Secretary of State

04135898.RBL { REV: 2/808)

A
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UNITED STATES PATENT AND TRADEMARK OFFICE
NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION OF
THE U.S. PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFI1IM COPY IS
AVAILABLE AT THE ASSIGNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBER
REFERENCED BELOW. .

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE. 'THE

INFORMATION CONTAINED ON THIS RECORDATION NOTICE REFLECTS THE DATA

PRESENT IN THE PATENT AND TRADEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD

FIND ANY ERRORS OR HAVE QUESTIONS CONCERNING THIS NOTICE, YOU MAY
%CJNTACT THE EMPLOYEE WHOSE NAME APPEARS ON THIS NOTICE AT 703-308-9723.

LEASE SEND REQUEST FOR CORRECTION TO: U.S. PATENT AND TRADEMARK OFFICE,

ASSIGNMENT DIVISION, BOX ASSIGNMENTS, CG~4, 1213 JEFFERSON DAVIS HWY,

SUITE 320, WASHINGTON, D.C. 20231.

RECORDATION DATE: 01/22/2001 REEL/FRAME: 011462/0806
NUMBER OF PAGES: 4

BRIEF: ASSIGNMENT OF ASSIGNOR'S INTEREST (SEE DOCUMENT FOR DETAILS).

ASSIGNOR:
SONG, XIAOLING DOC DATE: 01/03/2001

ASSIGNOR: .
FAN, HAO DOC DATE: 01/03/2001

ASSIGNOR:
WEI, ZHONG-MIN DOC DATE: 01/05/2001

ASSIGNEE:
EDEN BIOSCIENCE CORPORATION
11816 NORTH CREEK PARKWAY N.
‘BOTHELL, WASHINGTON 98011-8205

SERIAL NUMBER: 60250710 FILING DATE: 12/01/2G00
PATENT NUMBER: ISSUE DATE:
ENTERED
Nixon Peabody LLP
APR 1 3 2001
Fl 2
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ASSIGNMENT

WHEREAS, We, Xiaoling Song, a citizen of the People’s Republic of China,
residing at 14110 NE 179 Street, Apt. 75, Woodinville, Washi 98072, Hao Fan, a
citizen of the People’s Republic of China, residing 19712 6™ Drive, S.E., Bothell,
Washington 98012, and Zheng-Min Wei, a United States citizen, residing at 8230 125
Court, Kirkland, Washington 98034 have invented certain new and useful improvements in
RECEPTORS FOR HYPERSENSITIVE RESPONSE ELICITORS AND USES THEREOF for ‘h
which we have executed an application for Letters Patent in the United States, filed as U. S.
Serial No. 60/250,710 on December 1, 2000;

AND WHEREAS, EDEN Bioscience Corporation, with its principal place of
business at 11816 North Creek Parkway N., Bothell, Washington 98011-8205, desires to
acquire the entire right, title and interest in and to the said improvements and the said
Application:

NOW, THEREFORE, for good and valuable consideration, including salary or
payment for the making of inventions, or employee benefits, the receipt of which is hereby
acknowledged, we, the said inventors, do hereby acknowledge that we have sold, assigned,
transferred and set over, and by these presents do hereby sell, assign, transfer and set over,
unto the said EDEN Bioscience Corporation, its successors, legal representatives and
assigns, the entire right, title and interest throughout the world in, to and under the said
improvements, and the said application and all divisions, renewals and continuations thereof,
and all Letters Patent of the United States which may be granted thereon and all reissues and
extensions thereof, and all rights of priority under International Conventions and applications
for Letters Patent which may hereafter be filed for said improvements in any country or
countries foreign to the United States, and all Letters Patent which may be granted for said
improvements in any country or countries foreign to the United States and all extensions,
renewals and reissues thereof: and we hereby authorize and request the Commissioner of
Patents of the United States, and any Official of any country or countries foreign to the
United States, whose duty it is to issue patents on applications as aforesaid, to issue all
Letters Patent for said improvements to the said EDEN Bioscience Corporation, its
successors, legal representatives and assigns, in accordance with the terms of this instrument.

AND WE HEREBY covenant and agree that we will communicate to the said
EDEN Bioscience Corporation, its successors, legal representatives and assigns, any facts
known to us respecting said improvements and testify in any legal proceeding, sign all lawful
papers, execute all divisional, continuing and reissue applications, make all rightful oaths and
generally do everything possible to aid the said EDEN Bioscience Corporation, its
successors, legal representatives and assigns, to obtain and enforce proper patent protection
for said improvements in all countries.

IN TESTIMONY WHEREOF, I hereunto set my hand and seal this_§ “* day
of J.&u}.ac?_, 2001.

Xiaoling Séng &

STATE OF Wa
COUNTY OF __Kiwe? S8:

This _34%day of J. 2001, before me personally came the
above-named Xiaoling Sonj gersorally known as the individual who executed the
same of his/her own feeyWill Jor 1 oses therein set forth.

PR S Lr
7 TiF GOTARY ‘& A p
7 8 e— B 7 Notary Public
9% PUBUC F 7
;;l.s::l.l 'l, .%,&‘)Eg °§if
“\\‘ OFWFEE'-__,_-:



STATE OF NEW YORK

COUNTY OF MONROE
QOFFICE OF THE COUNTY CLERK

\\46
I, MAGGIE BROOKS, Clerk of the County of Monroe, of the (‘.ourkyl
Court of said County, "and of the Sggieme Court, both being Courts of
Record, having a common seal, DO TIFY, that

before whom &h€ annexed Oath, Affidavit, Acknowiedgement purports to have
been made or taken, and certified by her/him, was at the time of the making or
taking thereof a NOTARY PUBLIC in and for said State, and was duly authorized
to take the same, and was authorized by the laws of this State to take and certify the
acknowledgement and proof of deeds to be recorded in this State; and I am well
acquainted with hiv/her handwriting and verily believe her/his signature thereto is
genuine and that such officer is not required by law to have a seal nor is she/he
required to have a specimen impression thereof filed or deposited in this office, or
mdd.ﬁldordq:onmdmanyoﬂlupha.

lhavehqmwlelmy th:oﬂicuhulofmd

MXW }ﬁquoﬁa

A e 22— TASH Budle
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IN TESTIMONY WHEREOF, I hereunto set my hand and seal this day

of___olle? /o] , 2001.

STATE OFOF 3 Hip/C TN s
COUNTY o/ g :
_-__...-.\\ W,

30’8

Hao Fan {

y of ;l MJ% , 2001, before me personally came the
‘Fwn,!20 me personally kiiown as the individual who executed the same of

Notary Public

, 2001.

STATE OF UA%‘,QJM
COUNTY OF __K%s  SS:

above-named Zhong-Min Wei, 10
wn%ec b |the purposes therein set forth.
........... |' z ~

same of his’her ow

RA53966.1
21829/61

This 5™ day of%ml, before me personally came the
me ly known as the individual who executed the

Notary Public
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Esta es una traduccién parcial al idioma espafiol de un \\{QL

documento escrito originalmente en el idioma inglés.

LOS ESTADOS UNIDOS DE AMERICA

A TODOB AQUELLOS A QUIEN ESTE DOCUMENTO SE LES PRESENTE:
DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS

Oficina de Patentes y Marcas de los Estados Unidos

Abril 17, 2001

ESTO ES PARA CERTIFICAR QUE 1O ANEXADO A LA PRESENTE ES UNA
FIEL COPIA DE LOS EXPEDIENTES DE LA OFICINA DE PATENTES Y
MARCAS DE LOS ESTADOS UNIDOS DE AQUELIOS DOCUMENTOS DE LA
SOLICITUD DE PATENTE IDENTIFICADA A CONTINUACION QUE
REUNIERON LOS REQUERIMIENTOS PARA QUE SE LE CONCEDA UNA FECHA
DE PRESENTACION BAJO 35 USC (C6digo de los Estados Unidos)
111.

NO. DE SOLICITUD: 60/250,710

FECHA DE PRESENTACION: 1 de Diciembre de 2000

Por la Autoridad del

SELLO DE LA COMIBIONADO DE PATENTES Y MARCAS
OFICINA DE MARCAS Y PATENTES
DE LOS ESTADOS UNIDOS DE [Eirma ilegible]

T. WALLACE

Oficial de Certificacién
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1. Una proteina aislada la cual sirve como un

REIVINDICACIONES:

receptor en plantas para inductores patSgenos vegetales

de respuesta hipersensible.

2. Una proteina segin la reivindicacién 1, en
donde el patégeno vegetal es seleccionado entre Erwinia,

Pseudomonas, Xanthamonas, Phytophthora, y Clavibacter.

3. Una proteina gegiln la reivindicacién 2, en

donde el patégeno vegetal es un patégeno Erwinia.

4. Una proteina segin la reivindicacién 3, en

donde el patégeno vegetal es Erwinia amylovora.

5. Una proteina segiin la reivindicacién 1, en

donde la proteina proviene de un monocotiledéneo.

6. Una proteina segin la reivindicacién 5, en

donde la proteina proviene del arroz.
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7. Una proteina segiin la reivindicacién 1, en

donde la proteina tiene una secuencia de aminoacidos

parcial de la SEQ. ID. No. 6.

8. Una proteina seglin la reivindicacién 1, en

donde la proteina proviene de un dicotiledéneo.

9. Una proteina segfin la reivindicacién 8, en

donde la proteina proviene de la Arabidopsis thaliana.

10. Una proteina segfin la reivindicacién 1, en
donde la proteina tiene una secuencia de amino&cidos

parcial de la SEQ. ID. No. 1.

11. Una proteina segiin la reivindicacién 1, en

donde la proteina es recombinante.

12. Una molécula de &dcido nucleico aislada que

codifica una protefna seqiin la reivindicacién 1.

-
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13. Una molécula de 4cido nucleico segiin la
reivindicacién 12, en donde el patSgenoc vegetal es
seleccionado entre Erwinia, Pseudomonas, Xanthamonas,

Phytophthora, y Clavibacter.

14. Una molécula de &cido nucleico segin la
reivindicacién 13, en donde el patfgeno vegetal es un

patSégeno Erwinia.
15. Una molécula de dcido nucleico seglin la
reivindicacién 14, en donde el pat6geno vegetal es

Erwinia amylovora.

16. Una molécula de 4cido nucleico segin la

reivindicacién 12, en donde la proteina proviene de un

monocotiledéneo.
17. Una molécula de acido nucleico segin la
reivindicacién 16, en donde la proteina proviene del

arroz.
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18. Una molécula de &cido nucleico seglin la
reivindicacién 12, en donde la proteina tiene una

gecuencia de aminocécidos de la SEQ. ID. No. 6.

19. Una molécula de &cido nucleico segin la
reivindicacién 12, en donde el &4cido nucleico se
hibridiza en la secuencia nucleétida de la SEQ. ID. No. 7
bajo condiciones rigurosas de amortiguador de
hibridizacién que comprende 20% de formamida en buffer de

0.9M de salina/0.09M SSC a una temperatura de 42°C,

20. Una molécula de &cido nucleico segin la
reivindicacién 12, en donde el i4cido nuclelco tiene una

secuencia nucleétida que comprende la SEQ. ID. No. 7.

21. Una molécula de &cido nucleico segfin la
reivindicacién 12, en donde la proteina proviene de un

dicotiledéneo.
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reivindicacién 21, en donde la proteina proviene de la

22. Una molécula de &cido nucleico segiin la

Arabidopsis thaliana.

23. Una molécula de acido nucleico segin la
reivindicacién 12, en donde la proteina tiene una

secuencia de aminodcidos parcial de la SEQ. ID. No. 1.

24, Una molécula de &cido nucleico seglin la
reivindicacién 12, en donde el &cido nucleico se
hibridiza en la secuencia nucleétida de la SEQ. ID. No. 2
6 8 bajo condiciones rigurosas de amortiguador de
hibridizacién que comprende 20% de formamida en buffer de

0.9M de salina/0.09M SSC a una temperatura de 42°C.

25. Una molécula de dcido nucleico segiin la
reivindicacién 12, en donde el &cido nucleico tiene una

secuencia nucleétida que comprende la SEQ. ID. No. 2.
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26. Una molécula de &cido nucleic; segin la
reivindicacién 12, en donde el &cido nucleico se
hibridiza en la secuencia nucleétida de la SEQ. ID. No. 3
bajo condiciones riqurosas de amortiguador de
hibridizacién que comprende 20% de formamida en buffer de

0.9M de salina/0.09M SSC a una temperatura de 42°C.

27. Una molécula de &cido nucleico segliGn la
reivindicacién 12, en donde el &cido nucleico tiene una
secuencia nuclebétida que comprende la SEQ. ID. No. 3.

28. Una molécula de &cido nucleico antisentido

segiin la reivindicacién 12.

29. Un vector de expresién que contiene una
molécula de &cido nucleico segln la reivindicacién 12 el

cual es heterSlogo al vector de expresién.

30. Un vector de expresién seglin la reivindicacién

29, en donde la molécula del &cido nucleico es situada en
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el vector de expresién en orientacién con sentido y un

correcto marco de lectura.

31. Un vector de expresién sggﬁn la reivindicacién:
29, en donde, tanto: (1) la proteina tiene una secuencia
de aminolcidos de la SEQ. ID. No. 1; (2) el &cido
nucleico se hibridiza en la secuencia nuclet6tida de la
SEQ. ID. No. 2 6 8 bajo condiciones rigurosas de
amortiguador de hibridizacifn que comprende 20% de
formamida en buffer de 0.9M de salina/0.09M SSC a una
temperatura de 42°C; (3) el &cide nucleico comprende una
secuencia nucleétida de la SEQ. ID. No. 2; (4) el &cido
nucleico se hibridiza en la secuencia nucleétida de la
SEQ. ID. No. 3 bajo condiciones rigqurosas de amortiguador
de hibridizaciétn que comprende 20% de formamida en buffer
de 0.9M de salina/0.09M SSC a una temperatura de 42°C;
(5) el 4cido nucleico comprende una secuencia nucledtida
de la SEQ. ID. No. 3; (6) la proteina tiene una sgcuencia
de amino&cidos de la SEQ. ID. No. 6; (7) el &cido

nucleico se hibridiza en la secuencia nucleétida de la

~

F
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SEQ. ID. No. 7 bajo condiciones rigurosas de amortiguador

de hibridizacién que comprende 20% de formamida en buffer

de 0.9M de salina/0.09M SSC a una temperatura de 42°C; & s
(8) el &cido nucleico comprende una secuencia nuclebtida Eta

de la SEQ. ID. No. 7.

32. Un vector de expresién que contiene una
molécula de &cido nucleico seglin la reivindicacién 28 el

cual es heterSlogo al vector de exprespidn.

33. Una célula hospedera transgénica transformada
con la molécula del &4cido nucleico segin la

relvindicacién 12.

34. Una célula hospedera transformada segin la
reivindicacién 33, en donde la célula hospedera es
seleccionada entre una célula vegetal y una célula

bacteriana.
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35. Una célula hospedera segln la reivindicacién
33, en donde la molécula de ADN ee transformada con un

sistema de expresiém.

36. Una célula hospedera seglin la reivindicacién
33, en donde tanto: (1) la proteina tiene una secuencia
de aminodcidos de la SEQ. ID. No. 1; (2) el &cido
nucleico se hibridiza en la secuencia nuclebtida de la
SEQ. ID. No. 2 6 8 bajo condiciones rigurosas de
amortiguador de hibridizacién que comprende 20% de.
formamida en buffer de 0.5M de salina/0.09M SSC ¢ una
temperatura de 42°C; (3) el &cido nucleico comprende una
secuencia nucledtida de la SEQ. ID. No. 2; (4) el acido
nucleico se hibridiza en la secuencia nucleétida de la
SEQ. ID. No. 3 bajo condiciones rigurosas de amortiguador
de hibridizacién que comprende 20% de formamida en buffer
de 0.9M de salina/0.09M SSC a una temperatura de 42°C;
(5) el &cido nucleico comprende una secuencia nuclebtida
de la SEQ. ID. No. 3; (6) la proteina tiene una secuencia

de amino&cidos de la SEQ. ID. No. 6; (7) el &cido
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nucleico se hibridiza en la secuencia nucleétida de la
SEQ. ID. No. 7 bajo condiciones rigurosas de amortiguador
de hibridizacién que comprende 20% de formamida en buffer
de 0.9M de salina/0.09M SSC a una temperatura de 42°C; 6
(8) el Acido nucleico comprende una secuencia nuclebtida

de la SEQ. ID. No. 7.

37. Una célula hospedera transformada con una

molécula de 4cido nucleico segln la reivindicacién 28.

38. Una planta transgénica transformada con la

molécula de ADN de la reivindicacién 12.

39. Una planta transgénica seg(n la reivindicacién
38, en donde la planta es seleccionada entre alfalfa,
arroz, trigo, cebada, centeno, algodéfn, girasol, mani,
maiz, papa, batata, achicoria, lechuga, escarola,
repollo, col de Bruselas, remoclacha, chiviria, coliflor,

brécoli, nabo, rédbano, espinaca, cebolla, ajo, berenjena,

. pimienta, apio, zanahoria, calabaza, calabacin, pepino,

10
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manzana, pera, melén, citrico, fresa, uva, frambuesa,

pifia, soja, tabaco, tomate, sorgo, y cafia de azicar.

40. Una planta transgénica seglin la reivindicacién
38, en donde la planta es seleccionada entre Arabidopsis

thaliana, Saintpaulia, petunia, pelargonio, flor de

fuego, crispantemo, clavel, y cinnia.

41. Una planta transgénica seglin la reivindicacién

38, en donde la planta es un monocotiledfneo.

42. Una planta transgénica seglin la reivindicacién

38, en donde la planta proviene de un dicotiledéneo.

43. Una planta transgénica seg(n la reivindicacién
38, en donde tanto: (1) la proteina tiene una secuencia
de aminodcidos de la SEQ. ID. No. 1; (2) el &cido
nucleico se hibridiza en la secuencia nucleftida de la
SEQ. ID. No. 2 6 8 bajo condiciones rigurosas de

amortiquador de hibridizacién que comprende 20% de,

1l
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formamida en buffer de 0.9M de salina/0.09M S5C a una
temperatura de 42°C; (3) el &cido nucleico comprende una
secuencia nucleStida de la SEQ. ID. No. 2; (4) el &cido
nucleico se hibridiza en la secuencia nuclebtida de ia
SEQ. ID. No. 3 bajo condiciones rigurosas de amortiguador
de hibridizacién que comprende 20% de formamida en buffer
de 0.9M de salina/0.09M SSC a una éemperatura de 42°C;

(5) el &cido nucleico comprende una secuencia nucleétida
de la SEQ. ID. No. 3; (6) la proteina tiene una secuencia
de amino&cidos de la SEQ. ID. No. 6; (7) el &acido
nucleico se hibridiza en la secuencia nuclebtida de la
SEQ. ID. No. 7 bajo condiciones rigurosas de amortiguador
de hibridizacién que comprende 20% de formamida en buffer
de 0.9M de salina/0.05M SSC a una temperatura de 42°C; 6
(8) el &4cido nucleico comprende una secuencia nucleétida

de la SEQ. ID. No. 7.

44. Una planta tranagénica transformada con una

molécula de &cido nucleico segiin la reivindicacién 28.

12



45. Una semilla de planta transgénica transformada

con la molécula de ADN de la reivindicacién 1%.'”

46. Una planta transgénica segﬁn-la reivindicacién
45 en donde la planta es selecpionada entre alfalfa,
arroé, trigo, cebada, centeno, algodén, girasol, mani,
maiz, papa, batata, achicoria, lechuga, escarola,
repollo, col de Bruselas, remolégba, chiviria, coliflor,
brécoli, nabo, rébano, espinaca, cebolla, ajo, berenjena,
pimienta, apio, zanahoria, calabaza, calabacin, pepino,
manzana, pera, melén, citrico, fresa, uva, frambuesa,

pifia, soja, tabaco, tomate, sorgo, y cafla de azicar.

47. Una planta transgénica segin la reivindicacién
45, en donde la planta es seleccionada entre Arabidopsis
thaliana, Saintpaulia, petunia, pelargonio, flor de

fuego, crisantemo, c¢lavel, y cinnia.

48. Una planta transgénica seglin la reivindicacién

45, en donde la planta es un monocotiledéneo.

13
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49. Una planta transgénica segiin la reivindicacién

45, en donde la planta proviene de un dicotileﬁbneo.-

50. Una planta transgénica seglin la reivindiqacién
45, en donde, tanto: (1) la proteina tiene una.secuencia
de aminofcidos de la SEQ. ID. No. 1; (2) el &cido ~
nucleico se hibridiza en la secuencia nucleb6tida de la
SEQ. ID. No. 2 6 8 bajo condiciones rigurosas de
amortiguador de hibridizacién que comprende 20% de
formamida en buffer de 0.9M de salina/0.09M SSC a una
temperatura de 42°C; (3) el acido nucleico comprende una
secuencia nucledtida de la SEQ. ID. No. 2; (4) el &cido
nucleico se hibridiza en la secuencia nucleStida de la
SEQ. ID. No. 3 bajo condiciones rigurocsas de amortiguador
de hibridizacién que comprende 20% de formamida en buffer
de 0.9M de salina/0.09M SSC a una temperatura de 42°C;
(5) el &cido nucleico comprende una secuencia nucleétida
de la SEQ. ID. No. 3; (6) ia proteina tiene una secuencia

de aminoficidos de la SEQ. ID. No. 6; (7) el &cido

14
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nucleico se hibridiza en la secuencia nucleétida de la
SEQ. ID. No. 7 bajo condiciones rigurosas de amortiguador
de hibridizacién que comprende 20% de formamida en buffer
de 0.9M de salina/0.09M SSC a una temperatura.de 42°C; 6
(8) el &cido nucleico comprende una secuencia nucleétida

de la SEQ. ID. No. 7. '

51. Una semilla de planta transgénica transformada
con una molécula de dcido nucleico segin la

reivindicacién 28.

52. Un método para identificar agentes que tiene
como objetivo células vegetales, el cual comprende:

formar una mezcla de reaccién que comprende una
proteina segfin la reivindicacifn 1 y un agente candidato;

evaluar la mezcla de reaccién para unién entre la
proteina y el agente candi&ato; Y

identificar compuestos candidatos los cuales se unen
a la proteina en la mezcla de reaccidédn como agentes

objetivo de células vegetales.

15
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53. Un método seglin la reivindicacién 52, en donde

proteina proviene de un monocotiledéneo.

54. Un método seglin la reivindicacién 53, en donde

proteina proviene del arroz.

55. Un método seqfin la reivindicacién 52, en donde
proteina tiene una secuencia de amino&cidos parcial de

SEQ. ID. No. 6.

56. Un método eeglin la reivindicacién 52, en donde

proteina proviene de un dicotiledéneo.

57. Un método seqiin la reivindicacién 56, en donde

proteina proviene de la Arabidopsis thaliana.

58. Un método segiin la reivindicacién 52, en donde
proteina tiene una secuencia de aminoc&Acidos parcial de

SEQ. ID. No. 1.

16
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59. Un método para identificar agentes que tiene
como objetivo células vegetales, el cual combrende:

formar una mezcla de reaccién que compreﬁde una
célula hospedera transformada con una molécula de &cido
nucleico segfin la reivindicacién 12 y un agente
candidato;

evaluar la mezcla de reaccidén para unién entre la
proteina producida por la célula hospedera y el agente
candidato; y

identificar compuestos candidatos los cuales se unen
a la proteina producida por la célula hospedera en la
mezcla de reaccifén como agentes objetivo de células

vegetales.

60. Un método segln la reivindicacién 59, en donde

la proteina proviene de un monocotiled&neo.

61. Un método seglin la reivindicacién 60, en donde

la proteina proviene del arroz.

17
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62. Un método seg(in la reivindicacién 59, en donde

la proteina proviene de un dicotiledbneo.

63. Un método segln la reivindicacién 62, en donde

la proteina proviene de la Arabidopsis thaliana.

64. Un método segiin la reivindicacién 59, en donde,
tanto: (1) la proteina tiene una éecuencia de amino&cidos_
de la SEQ. ID. No. 1; (2) el &cido nucleico se hibridiza
en la secuencia nucle6tida de la SEQ. ID. No. 2 6 8 bajo
condiciones rigurosas de amortiguador de hibridizacién
que comprende 20% de formamida en buffer de 0.5M de
galina/0.09M SSC a una temperatura de 42°C; (3) el &cido
nucleico comprende una secuencia nucledtida de la SEQ.
ID. No. 2; (4) el &cido nucleico se hibridiza en la
secuencia nuclebtida de la SEQ. ID. No. 3 bajo
condiciones rigurosas de amortiguador de hibridizacidn
que comprende 20% de formamida en buffer de 0.9M de

salina/0.09M 8SC a una temperatura de 42°C; (5) el &cido

18
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nucleico comprende una secuencia nucleStida de la SEQ.

ID. No. 3; (6) la proteina tiene una secuencia de

aminodcidos de la SEQ. ID. No. 6; (7) el acido nucleico

se hibridiza en la secuencia nucle6tida de la SEQ. ID. ék;
No. 7 bajo condiciones rigurosas de amortiguador de

hibridizacién que comprende 20% de formamida en buffer de

0.9M de salina/0.09M SSC a una temperatura de 42°C; & (8)

el &cido nucleico comprende una secuencia nucledtida de

la SEQ. ID. No. 7.

65. Un método para mejorar la receptividad de 1la
planta al tratamiento con inductores de la respuesta
hipersensible, el cual comprende:

proporcionar una planta transgénica o una semilla de
planta transgénica transformada con la molécula de &Acido

nucleico segln la reivindicacidén 12.

66. Un método seglin la reivindicacién 65, en donde,
tanto: (1) la proteina tiene una secuencia de aminodcidos

de la SEQ. ID. No. 1; (2) el Acido nucleico se hibridiza

19
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en la secuencia nucledtida de la SEQ. ID. No. 2 & 8 bajo
condiéiones rigurosas de amortiguador de hibridizacién
que comprende 20% de formamida en buffer de 0.9M de
salina/0.09M SSC a una temperatura de 42°C; (3) el acido
nucleico comprende una secuencia nucleétida de la SEQ.
ID. No. 2; (4) el &cido nucleico se hibridiza en la
secuencia nuclebtida de la SEQ. ID. No. 3 bajo
condiciones rigurosas de amortiguador de hibridizacién
que comprende 20% de formamida en buffer de 0.9M de
salina/0.09M SSC a una temperatura de 42°C; (5) el &cido
nucleico comprende una secuencia nucleStida de la SEQ.
ID. No. 3; (6) la proteina tiene una secuencia de
amino&cidos de la SEQ. ID. No. 6; (7) el &cido nucleico
se hibridiza en la secuencia nucleé6tida de la SEQ. ID.
No. 7 bajo condiciones rigurosas de amortiguador de
hibridizacién que comprende 20% de formamida en buffer de
0.9M de salina/0.09M SSC a una temperatura de 42°C; & (8)
el acido nucleico comprende una secuencia nuclebdtida de

la SEQ. ID. No. 7.
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67. Un método segfin la reivindicacién 65, en donde
una planta transgénica es proporcionada.
68. Un método segln la reivindicacién 65, en donde ;£i5

una semilla de planta transgénica es proporcionada y '
dicho método ademis comprende:

sembrar las semillas de las plantas bajo
condiciones que sean efectivas para que las plantas
crezcan a partir de las semillas sembradas.

69. Un método segfin la reivindicacién 65, en donde
la planta es seleccionada entre alfalfa, arroz, trigo,
cebada, centeno, algodén, girasol, mani, maiz, papa,
batata, achicoria, lechuga, escarola, repollo, col de
Bruselas, remolacha, chiviria, coliflor, brécoli, nabo,
ribano, espinaca, cebolla, ajo, berenjena, pimienta,
apio, zanahoria, calabaza, calabacin, pepino, manzana,
pera, melén, citrico, fresa, uva, frambuesa, pifia, soja,

tabaco, tomate, sorgo, y cafia de az(car.
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70. Un método segln la reivindicacién 65, en donde
la planta es seleccionada entre Arabidopsis thaliana,
Saintpaulia, petunia, pelargonio, flor de fuego,

crisantemo, clavel, y cinnia.

71. Un método seglin la reivinddcacidn 65, en donde
el tratamiento con inductores de la respuesta
hipersensible es para impartir resistencia a la

enfermedad.

72. Un método segiin la reivindicacién 65, en donde
el tratamiento con inductores de la respuesta
hipersensible es para mejorar el crecimiento de las

plantas.

73. Un método seglin la reivindicacién 65, en donde

el tratamiento con inductores de la respuesta

hipersensible es para controlar insectos.
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74. Un método segiin la reivindicacidén 65, en donde
el tratamiento con inductores de la respuesta

hipersensible es para impartir tolerancia al estrés.

75. Un método segln la reivindicacién 65, en donde
la planta transgénica o semilla de planta es
adicionalmente transformada con un gpegundo &cido nucleico
que codifica un inductor de la respuesta hipersensible,
en donde la expresiétn del segundo &cido nucleico surte
efecto sobre el tratamiento con inductores de la

respuesta hipersensible.

76. Un método seglin la reivindicacidn 65, en donde
el tratamiento con inductores de la respuesta
hipersensible comprende:

aplicar un inductor de la respuesta hipersensible a

la planta o semilla de la planta.
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77. Un método seglin la reivindicacién 76, en donde

el inductor de la respuesta hipersensible es aplicado de

manera aislada. .
‘. Eﬂi

78. Un método para impartir resistencia a la
enfermedad, mejorar el crecimiento, controlar insectos,
y/o impartir resistencia al estrés, el cual comprende:

proporcionar una planta transgénica o semilla
de planta transgénica transformada con una construccién
de ADN efectiva para silenciar la expresién de una

molécula de &cido nucleico seglin la reivindicacién 12.

79. Un método segln la reivindicacién 78, en donde

la proteina proviene de un monocotiledéneo.

80. Un método seglin la reivindicacién 79, en donde

la proteina proviene del arroz.

81. Un método segiin la reivindicacidn 78, en donde

la proteina proviene de un dicotiledé6neo.
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82. Un método seqliGn la reivindicacién 81, en donde

la proteina proviene de la Arabidopsis thaliana.

83. Un método segln la reivindicdcién 78, en donde,
tanto: (1) la proteina tiene una secuencia de aminoécidos
de la SEQ. ID. No. 1; (2) el &cidb nucleico se hibridiza
en la secuencia nuclebdtida de la SEQ. ID. No. 2 6 8 bajo
condiciones rigurosas de amortiguador de hibridizécién
que comprende 20% de formamida en buffer de 0.9M de
salina/0.09M 58C a una temperatura de 42°C; (3) el Acido
nucleico comprende una secuencia nuclefétida de la SEQ.
ID. No. 2; (4) el &cido nucleico se hibridiza en la
secuencia nucledtida de la SEQ. ID. No. 3 bajo
condiciones rigurosas de amortiguador de hibridizacién
que comprende 20% de formamida en buffer de 0.9M de
salina/0.09M SS8C a una temperatura de 42°C; (5) el &cido
nucleico comprende una secuencia nuclebétida de la SEQ.
ID. No. 3; (6) la proteina tiene una secuencia de

aminofcidos de la SEQ. ID. No. 6; (7) el &cido nucleico
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se hibridiza en la secuencia nucleétida de la SEQ. ID.
No. 7 bajo condiciones rigurosas de amortiguador de
hibridizacién que comprende 20% de formamida en buffer de
0.9M de salina/0.09M S5C a una temperaturazdé 42°C; 6 (8)
el &dcido nucleico comprende una secuencia nucleétida de

la SEQ. ID. No. 7.

84. Un método seglin la reivindicacién 78, en donde

la planta transgénica es proporcionada.

85. Un método segfin la reivindicaclién 78, en donde
una semilla de planta transgénica es proporcionada y
dicho m&todo ademds comprende:
sembrar las semillas de las plantas bajo
condiciones que sean efectivas para que las plantas

crezcan a partir de las semillas sembradas.

86. Un método seglin la reivindicacién 78, en donde
la planta es seleccionada entre alfalfa, arroz, trigo,

cebada, centeno, algodén, girasol, mani, maiz, papa,
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batata, achicoria, lechuga, escarola, repollo, cj;r;e
Bruselas, remolacha, chiviria, coliflor, brécoli, nabo,
r8bano, espinaca, cebolla, ajo, berenjena, pimienta,
apio, zanahoria, calabaza, calabacin, pepino, manzana,

pera, melén, citrico, fresa, uva, frambuesa, pifia, soja,

tabaco, tomate, sorgo, y cafia de az(car.

87. Un método seglin la reivindicacién 78, en donde
la planta es seleccionada entre Arablidopsis thaliana,
Saintpaulia, petunia, pelargonio, flor de fuego,

crisantemo, clavel, y cinnia.

88. Un método segln la reivindicacién 78, en donde
la planta transgénica o semilla de planta es
adiciocnalmente tranaformada con un segundo &cido nucleico
que codifica un inductor de la respuesta hipersensible,
en donde la expresién del segundo acido nucleico surte
efecto sobre el tratamiento con inductores de la

respuesta hipersensible.
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89. Un método segln la reivindicacién 78 que ademdis
comprende:
aplicar un inductor de la respuesta

hipersensible a una planta o semilla de planta.

90. Un método seglin la reivindicacifn 89 en donde
el inductor de la respuesta hipersensible es aplicado de

manera aislada.

91. Un método eeglin la reivindicacién 78, en donde

reaistencia a la enfermedad es impartida a las plantas.

92. Un método seglin la reivindicacién 78, en donde
un crecimiento mejorado de las plantas es impartido a las

mismas.

93. Un método segfin la reivindicacién 78, en donde

un controlar insectos es impartido a las plantas.
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94. Un método geglin la reivindicacién 78, en donde

una tolerancia al estrés es impartida.

95. Un método segin la reivindicacién 78, en donde ﬁ
la construccién de ADN es una molécula de &cido nucleico
antisentido a una molécula de &cido nucléico que codifica
un receptor en plantas para inductores de la respuesta

hipersensible de patfgenocs vegetales.

96. Un método segfin la reivindicacién 78, en donde
la construccién de ADN se puede transcribir a un primer
&cido nucleico que codifica un receptor en plantas para
inductores de la respuesta hipersensible de pat&genos
vegetales acoplados a un segundo dcido nucleico que
codifica el complemento invertido del primer &cido

nucleico.

97. Un método para impartir resistencia a la

enfermedad, mejorar el crecimiento, controlar insectos,
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y/o impartir resistencia al estrés en plantas, el cual
comprende:

proporcionar una planta transgénica o semiila
de planta transgénica transformada con una molécula de

&cido nucleico segfin la reivindicacién 12.

98. Un método segiin la reivindicacién 97, en donde,
tanto: (1) la proteina tiene una secuencila de aminoédcidos
de la SEQ. ID. No. 1; (2) el &cido nucleico se hibridiza
en 15 pecuencia nuclebdtida de la SEQ: ID. No. 2 6 8 bajo
condiciones rigqurosas de amortiguador de h;bridizacidn
que comprende 20% de formamida en buffer de 0.9M de
salina/0.09M SSC a una temperatura de 42°C; (3) el &cido
nucleico comprende una aecuenci; nuclebtida de la SEQ.
ID. No. 2; (4) el &cido nucleico se hibridiza en la
secuencia nuclettida de la SEQ. ID. No. 3 bajo
condiciones rigurosas de amortiguador de hibridizacién
que comprende 20% de formamida en buffer de 0.9M de
salina/0.09M SSC a una temperatura de 42°C; (5) el &cido

nucleico comprende una secuencia nucleétida de la SEQ.
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ID. No. 3; (6) la proteina tiene una secuencia de
aminodcidos de la SEQ. ID. No: 6; (7) el &cido nucleico
se hibridiza en la secuencia nucleétida de la SEQ. ID.

No. 7 bajo condiciones riqurosas de amortiguador de
hibridizacién que comprende 20% de formamida en buffer de
0.9M de salina/0.09M SSC a una temperatura de 42°C; & (8)
el &cido nucleico comprende una secuencia nucleébtida de

la SEQ. ID. No. 7.

99. Un método segin la reivindicacién 97, en donde

la planta transgénica es proporcionada.

100. Un método seglin la reivindicacién 97, en donde
una semilla de planta transgénica es proporcionada y
dicho método ademis comprende:
sembrar las semillas de las plantas bajo
condiciones que sean efectivas para que las plantas

crezcan a partir de las semillas sembradas.
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101. Un método segGn la reivindicacién 97, en donde
la planta es seleccionada entre alfalfa, arroz, trigo,
cebada, centeno, algodén, girasol, mani, maiz, papa,
batata, achicoria, lechuga, escarola, repollo, col de
Bruselas, remolacha, chivirfia, coliflor, bré6coli, nabo,
r&bano, espinaca, cebolla, ajo, berenjena, pimienta,
apio, zanahoria, calabaza, calabacin, pepino, manzana,
pera, melén, citrico, fresa, uva, frambuesa, pifia, soja,

tabaco, tomate, sorgo, y cafla de azlcar.

102. Un método segfin la reivindicacién 97, en donde
la planta es seleccionada entre Arabidopsis thaliana,
Saintpaulia, petunia, pelargonio, flor de fuego,

crisantemo, clavel, y cinnia.

103. Un método segfin la reivindicacién 97, en donde

reaistencia a la enfermedad es impartida.

104. Un método seqlin la reivindicacién 97, en donde

un crecimiento vegetal es mejorado.

32



.y

130

105. Un método segiin la reivindicacién 97, en donde

insectos son controlados.

106. Un método seg(in la reivindicacién 97, en donde

una tolerancia al estrés es impartida.

107. Un método seg(in la reivindicacién 97, en donde

la proteina proviene de un monocotiledSneo.

108. Un método seglin la reivindicacién 107, en donde

la proteina proviene del arroz.

109. Un método segiin la reivindicacién 97, en donde

la proteina proviene de un dicotiledéneo.

110. Un método segln la reivindicacién 97, en donde

la proteina proviene de la Arabidopsis thaliana.
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RECEPTORS FOR HYPERSENSITIVE RESPONSE ELICITORS
AND USES THEREOF -

FIELD OF THE INVENTION

The present invention relates to recepiors for hypersensitive response
elicitors and uses thereof.,

BACKGROUND OF THE INVENTION

Plants have evolved a complex army of biochemical pathways that
canble them to recognize and respond to environmental signals, including pathogen
infection. There are two major types of interactions between & pathogen and plant -
compatible and incompatible. When a pathogen and a piant ar¢ compatible, disease
generally occurs. If a pathogen and a plant are incompatible, the plant is usually
resistant to that particular pathogen. In an incompatible interaction, a plant will
restrict pathogen proliferation by causing localized necrosis, or death of tissues, to a
small zone surrounding the site of infection. This reaction by the plant is defined as
the hypersensitive response ("HR") (Kiraly, Z. “Defenses Triggered by the Invader:
Hypersensitivity,” Plant Disease; An Advanced Treatise 5:201-224 J. G. Horsfall and
E. B. Cowling, eds. Academic Press, New York (1980); (Klement “Hypersensitivity,”
Phytopathogenit Prokaryotes 2:149-177, M.S. Mount and G. H. Lacy, eds. Acadenmic
Press, New York (1982)). The localized cell death not only contains the infecting
puthogen from spresding further but also lcads to a systemic resistance preventing
subsequent infections by other pathogens. Therefore, HR is & common form of plant
resistance to diseases caused by bacteria, fungi, nematodes, and viruses.

A sct of genes designated as /rp (Hypersensitive Response and
Pathogeuicity) is responsible for the elicitation of the HR by pathogenic bacteria
including Erwinia spp, Pseudomonas spp, Xanthomonas spp, end Ralstonia
solanacearum (Willis et al. “Arp Genes of Phytopathogenic Bacteria,” Mal, Plant-
Microbe Interacs, 4:132-138 (1991), Bonas, U. “Arp Genes of Phytopsthogenic
Bacteria,"” pages 79-98 in: Current topics in Microbiology and Immunology, Vol. 192,
Bacterial Pethogenesis of Plants and Animals: Molecular and Cellular Mechanisms.
J. L. Dangl, ed. Springer-Verlag, Berlin (1994); Alfano et al., “Bacterial Pathogens in
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Plants: Life Up Against the Wall,” Plant Ccll 8:1683-98 (1996). Typically, there are
multiple Jrp genes clustered in a 30-40 kb DNA, Mutation in any one of the rp
genes will result in the loss of bacterial pathogenicity in host plants and the HR in
non-host plants. On the basis of genetic and biochemical characterization, the
function of the Arp genes can be classified into three groups: 1) structural genes
encoding extracellularily located HR elicitors, for example harpin of Erwinfa
amylovora (Wei ct al. *“Harpin, Elicitor of the Hypersensitive Response Produced by
the Plant Pathogen Erwinla amylovora,” Science 257:85 (1992)); 2) sccretion ganes
encoding a secretory sppantus for exporting HR. elicitors and other proteins from the
bacteria! cytoplasm to the cell surface or extracellular space (Van Gijsegem et al.,
“Evolutionary Conservation of Pathogenicity Determinants Among Plant and Animal
Pathogenic Bacteria,” Trends Microbiol, 1:175-180 (1993); He et al, “Pseudomonss
syringae pv. Syringae harpin,, A Protein that is Secreted Via the Hrp Pathway end
Elicits the Hypersensitive Response in Plants,” Cell 73:1255 (1993); Wei et al., “Hrpl
of Erwinia amylovorg Functiona in Secretion of Harpin and is a Member of a New
Protein Family,” 1. Bactegiol., 175:7985-67 (1993), Arlat et al. “PopAl, & Protein
which Induces a Hypersensitive-Like Response on Specific Petunia Genotypes, is
Secreted via the Hrp Pathway of Prewdomonas solanacearum,” EMRBO I, 13:543-53
(1994), Galsn et al., “Cross-talk between Bacterinl Pathogens and their Host Cells,”
Ann. Rey. Cell Dev, Biol, 12:221-55 (1996); Bogdanove et al., “Erwinia amylovora
Secretes Harpin via a Type IIT Pathway and Containg a Homolog of yopN of
Yersinia,” . Bacicriol, 178:1720-30 (1996); Bogdanove ¢t al., “Homology and
Punctional Similerity of a hrp-linked Pathogenicity Operon, dspEF, of Erwinia
amylovora and the awE locus of Pseudomonas syringae pathovar tomato,”™ Prog Natl
Acad Sci USA 95:1325-30 (1998)); and 3) regulatory genes that control the
expression of frp genes (Wei, Z. M., “Harpin, Elicitor of the Hypersensitive
Response Produced by the Plant Pathogen Erwinia amylovora,” Science 257:85
(1992); Wei et al., “rpL Activetes Erwinia amylovora krp Genes in Response to
Environmental Stimuli,” I, Bacteriol, 174:1875-82 (1995); Xieo et al., “A Single
Promoter Sequence Recognized by 8 Newly Identified Alternate Sigma Factor Directs
Expression of Pathogenicity and Host Range Determinants in Preudomonas
syringae,” ], Bacierial 176:3089-91 (1994); Kim et al., “The hrpA and hrpC Operons-
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of Erwinia amylovora Encode Components of a Type III Pathway that Secrets
Harpin,” J. Bacteriol 179:1690-97 (1997); Kim et al., “HrpW of Erwinia amylovora, a
New Harpin that Contains a Domain Homologous to Pectate Lyases of a Distinct
Class,” 1. Bacteriol, 180:5203-10 (1998); Wengelnik et al., “HrpG, A Key brp
Regulatory Protein of Xanthomonas campestris pv. Vesicatoria is Homologous to
Two Component Response Regulators,” Mol. Plant-Microbe Interact, 9:704-12
(1996)). Because of their role in interactions between plants and microbes, krp genes
have been a focus for bacterial pathogenicity and plant defense studies.

In addition to the local defense response, HR also activates the defense
System in uninfected parts of the samo plant. This results in a general systemic
resistance to a secondary infection termed Systemic Acquired Resistance (“SAR™)
(Ross, R. F. “Systemic Acquired Resistance Induced by Localized Virus Infections in
Plants,” Virglogy 14:340-58 (1961); Malamy et al., “Salicylic Acid and Plant Discase
Resistance,” Plant ], 2:643-654 (1990)). SAR confers long-lasting systemic disease
resistance agninst a broad spectrum of pathogens end is associated with the expression
of a certain set of genes (Ward et al. “Coordinate Gene Activity in Response to
Agents that Induce Systemic Acquired Resistance,™ Plant Cell 3:1085-94 (1991)).
SAR is an important component of the disease resistance of plants and has long been
of intercst, because the potential of inducing the plant to protsct itself could
significantly reduce or eliminate the need for chemical pesticides. SAR can be
induced by biotic {microbes) and abiotic (chemical) agents (Gorlach et al.
“Benzothiadiazole, a Novel Class of Inducers of Systemic Acquired Resistance,
Activates Gene Expression and Disease Resistance in Wheat,” Plant Cell 8:629-43
(1996)). Historically, weak virulent pathogens were used as a8 biotic inducing agent
for SAR. Non-virulent plant growth promotion bacteria (PGPR) were also reported to
be able to induce resistance of some plants against various diseases. Biotic agent-
induced SAR has been the subject of much research, especiaily in the late 70s and
carly 80s. Only very limited success was achicved, however, due to: 1) inconsistency
of the performance of living organisms in different environmental conditions;
2) considerable concerna regarding Lhe unpredictable consequences of the intentional
introduction of weakly virulent pathogens into the environment; end 3) the technical
complication of applying a living microorganism into a variety of environmental
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conditions. To overcome the limitations of using living organisms to induce SAR,
scicntists have jong been looking for an HR elicitor derived from a pathogen for SAR
induction. With the advancement of molecular biology, the first proteinaceous HR
elicitor with broad host spectrum was lsolatgd in 1992 from Erwinia amylovora, a
pathogenic bacterium causing fire blight in apple and pear. The HR elicitor wes
named “harpin”. It consists of 403 amino ecids with a molecular weight about
40 kDa. The harpin protein is heat-stable and glycine-rich with no cysteine. The gene
encoding the harpin protein is contained ina 1.3 kB DNA fragment located in the
middle of the Arp gene cluster. Harpin is secreted into the extracelluar space and is
very sensitive to proteinase digestion. Since the first harpin was isolated from
Erwinla amylovora, several harpin or harpin-like proteing have been isolated from
other major groups of plant pathogenic bacteria. In addition to the harpin of Erwinia
amylovora, the following harpin or herpin-like proteins have been isolated and
characterized: HrpN of Erwinla chrysanthemi, Erwinia carotovora (Wei et al.
“Harpin, Elicitor of the Hypersensitive Response Produced by the Plant Pathogen
Erwinia amylovora,” Science, 257:85 (1992)), and Erwinia stewartii; HrpZ of
Pseudomonas syringae (He ct al, “Pseudomonas syringae pv. Syringac harping,: A
Protein that is Secreted Via the Hrp Pathway and Elicits thc Hypersensitive Response
in Plants,” Cell 73:1255 (1993)), PopA of Ralstonia solanacearum, (Arlat et al.
“PopAl, s Protein which Induces a Hypersensitive-Like Response on Specific Petunia
Genotypes, is Secreted via the Hrp Pathway of Pseudomonas solanacearum,” EMBO
‘L 13:543-53 (1994)); HrpW of Erwinia amylovora (Kim et al., “HrpW of Erwinia
amylovora, a New Harpin that Contains a Domain Homologous to Pectate Lyases of a
Distinct Class,” ], Bacterial, 180:5203-10 (1998)), and Pseudomonas syringae. All of
the currently described harpin or harpin-like proteins share common characteristies.
They are heat-stable and glycine-rich proteins with no cysteine amino acid residue,
are very sensitive to digestion by proteinases, and elicit the HR and induce resistance
in many plants ageinst many diseases. Based on their shared biochemical and
biophysical characteristics as well as biological functions, these HR elicitors from
different pathogenic bacteria belong to a new protein family — i.e. the harpin protein
family. The described cheracteristics, especially their ability to induce HR in a broad
range of plants, distinguish the harpin protein family from other host specific
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proteinaceous HR elicitors, for example elicitins from Phyophthora spp (Bonnet et
al., “Acquired Resistance Triggered by Elicitors in Tobacco and Other Plents,” Bur, I,
Plant Path, 102:181-52 (1996); Kellex, et al. “Physiological and Molecular
Characteristics of Elicitin-Induced Sylhﬂnic‘Acquired Resistance in Tobacco,” Plant
Physiol 110:365-76 (1996)) or avirulence proteins (such as Avr9) from Cladosporium
fulvum, which are only able to elicit the HR in a specific variety or species of a plaat.

In nature, when certain bacterial infections occur, harpin protein is
expressed and then secreted by the bacteria, signaling the plant to mount a defense
against the infection. Harpin serves as a gignal to activats plant defense end other
physiological systems, which include SAR, growth enhancement, and resistance to
certain insect damage. .

The current understanding of critical plant molecules that may have a
significant role in interacting with elicitors and then triggering a sequential signat
transduction cascade is described as follows.

Interaction of Plant Resistance Genes (R) and Pathogen Avirulence Genes (avr)

The concept of gene-for-gene interaction is that “for cach gene
determining resistance (R gene) in the host, there is a corresponding gene determining
avirulence in the pathogen (avr gene)”. In this model, pathogen avirulence genes
genexate a specific ligand molecule, called an elicitor. Only plants carrying the
matching resistance gene respond to this elicitor and invoke the HR. In the past few
years, scveral disesse-resistance, R genes, have been cloned and sequenced. It was
expected that R genes might encode components involved in signal recognition or
signal transduction pathways that ultimately lead to defense responses. The cloned R
genes could be grouped into four clesses: (1) cytoplasmic protein kinase; (2) protein
kinases with an extracellular domain; (3) cytoplasmic proteins with a region of
leucine-rich repeats and a nucleotide-binding site; and (4) proteins with a region of
leucine-rich repeats that appeer to encode extracellular proteins. (Review in Bent,
ALF. "Plant Disease Resistance Genes: Function Meets Structure,” Plant Cell 8:1757-
71 (1996); Baker B., et al., “Signaling in Plant-Microbe Interactions,” Scicnce
276:726-33 (1997)). The first R gene cloned, Pto, encodes a serine/threonine protein
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kinase. The protein product of Pto directly interacts with the cognate avirulence gene
protein, AvrPro, which has been demonstrated in a yeast two-hybrid system. It was
shown that only co-existence of both AvrPro and Pto proteins could elicit HR in
plants (Tang et al., “Initiation of Plant Disease Resistance by Physical Interaction of
AviPio and Pto kinase,” Sgignos 774:2060-63 (1996); Scoficld et al., “Molecular
Basis of Gene-for-Gene Specificity in Bacterial Speck Disease of Tomato,” Science
274:2063-65 (1996); Zhou et al., “The Pto kinase Conferring Resistance to Tomato
Bacterial Speck Disease Interacts with Proteins that Bind a cis-element of
Pathogenesis-related Genes,” EMBO ], 16:3207-18 (1997)). The results from cloned
R genes support the view that plant-pathogen interactions mvolve protein-protein
interactions. Syringolide, a water-soluble, low-molecular-weight elicitor, triggers a
defense response in soybean cultivars carrying the Rpgé4 disease-resistance gene, A
34-KDa protein has been isolated from soybean and is considered to be the
physiological active syringolide receptor (Ji et al, “Characterization of & 34-kDa
Soybean Binding Protein for the syringolide Elicitors,” Proc, Natl, Acad. Sci. USA
95:3306-11 (1998)).

Putative Binding Factor of Elicitin

Elicitins are a family of small proteins secreted by Phytophthora
species that have a high degree of homology. Pure elicitins alone can cause a
hypersensitive response, a local cell death, and trigger systemic acquired resistance in
tobacco and other plants (Bonnet et al., “Acquired Resistance Triggered by Elicitors
in Tobecco and Other Plants,” Eur, J. Plant Path, 102:181-92 (1996); Keller, et al.
“Physiological and Molecular Characteristics of Elicitin-Induced Systemic Acquired
Resistance in Tobacco,” Plant Physiol 110:365-76 (1996)). However, the spectrum of
HR elicitation and induced systemic resistance in plants is much narrower then that
achieved by harpin family elicitors. Like harpin, elicitins induce a series of metabolic
events in tobacco cells, including the accumulation of phytoalexins, ethylene
production, transmembrane electrolyte leakage, HyO; accurnulation, and expression of
plant defense related genes (Yu L, et el., “Elicitins from Phytophthora an:i Basic
Resistance in Tobacco,” Prog, Natl, (1995); Keller et al., “Pathogen-Induced Elicitin
Production in Transgenic Tobacco Geaerates a Hypersensitive Response and
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receptor-like binding factor has been identified in tobacco plasma membrane, which
has a specific high-affinity to the crytogein, one member of the elicitin family
{Wendehenne, et al., “Evidence for Specific, High-Affinity Binding Sites fora
Proteinaceous Elicitor in Tobacco Plasma M.Hnbl‘lnﬂ.“ FERS Lettcrs 374:203-207
(1995)). Recently, it was found that 2 basic elicitins (i.c. cryptogein and cinmamomin)
and two acidic eliciting (i.e. capsicein and parasiticein) were able to interact with the
same binding sites on tobacco plasma membranes (Bourque et al., “Comparison of
Binding Properties and Early Biological Effects of Elicitins in Tobacco Coells,” Plant
Physiol, 118:1317-26 (1998)). However, the gene of the receptor-like factor has not
been isolated.

Putative Binding Factor of Glycoprotein Elicitors

A 42 kDa glycoprotein elicitor bas been isolated from Phylophthora
megasperma (Parker et al., " An Extracellular Glycoprotein from Phvrophthora
megasperma f. sp. glycinea Elicits Phytoalexin Synthesis in Cultured Parsley Cells
and Protoplasts,” Mol, Plant Microbe Imteract, 4:19-27 (1991)). An oligopeptide of
13 amino acids within the glycoprotein (“Pep-13") was able to induce a response in
plants like that achieved by the full glycoprotein. A high affinity-binding pettern has
been observed in parsiey microsomal membranes with an isotope labeled
oligopeptide. There are estimated to be about 1600 to 2900 binding sites per cell with
evidence indicating that a low abundant protein receptor of the Pep-13 is localized in
the plasma membrane (Nurnberger et al., “High Affinity Binding of a Fungnl
Oligopeptide Elicitor to Parsley Plasma Membranes Triggers Multiple Defense
Respanses,” Coll 78:449-60 (1994)).

Harpin Protein Binding Factors
Harpin proteins, which elicit HR in a variety of different nonhost

plants, have been isolated from plant pathogens (Wei et al. “Harpin, Elicitor of the
Hypersensitive Response Produced by the Plant Pathogen Erwinia amylovora,™

~0
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Science 257:85 (1992)). A family of barpin proteins has been identified from plant 1 %,
bacterial pathogens. All of them have similar biological activities. It is well
documented that harpin protein can induce plants to produce active oxygen, chanpe
ion flux, lead to local cell death, and induce systemic acquired resistance (“SAR™)
(Wi et al. “Harpin, Elicitor of the Hypersensitive Response Produced by the, Plant
Pathogen Erwinla amylovora,” Science 257:85 (1992); He ct al., “Pseudomonas
syringae pv. syringne Harping,: A Protein that is Secreted via the Hrp Pathway and
Elicits the Hypersensitive Response in Plants,” Cell 73:1255-66 (1993); Baker, C.J.,
et al., “Harpin, an Elicitor of the Hypersensitive Reapomse in Tobacco Caused by
Erwinia amylovora, Elicits Active Oxygen Production in Suspension Cells,” Plant
Physiol, 102:1341-44 (1993)). No harpin protein binding factor has been isolated do
far. It was reported that an amphipathic protein, named HRAP, isolated from sweet
pepper could dissociate harping,, in multimeric form (frpZ from Pseduomonas
nwingae). The biological activity of the HRAP is believed to be its ability to intensify
harpin,-mediated hypersensitive response. HRAP protein does not bind to harping,,
directly (Chen et al., “An Amphipathic Protein from Sweet Pepper can Dissociate
Harping, Multimeric Forms and Intensify the Harping, -Mediated Hypersensitiye
Response,” Physiclogical & Malecular Pathology 52:139-49 (1998)). Usinga
fluorochrome tagged antibody to harpin to examine the interaction of harping, and
tobacco suspension cells, it was found that harping, interacted with the cultured cells,
but not with protoplasts with the cell walls being digested and removed. It was
interpreted that harping; was localized in the outer portion of the plant cell, probably
on the cell well. However, it was not ruled out that the binding factor was located on
the plasma membrune.

The present invention seeks to identify receptors for hypersensitive
response elicitor proteins or polypeptides and uses of such receptors.

SUMMARY OF THE INVENTION

The present invention is directed to an isolated protein which serves as
a receptor in plants for a plant pathogen hypersensitive response elicitor. Also
disclosed are nucleic acid molecules encoding such receptors as well as expression
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nucleic acid molecules. ,
‘The protein of the present invention can be used in conjunction with a
mcdwdoﬁdmﬁfyingmumeﬁnsplm?euabyfmnﬁngamﬁonmixmw
including the protein and a candidate agent, cveluating the reaction mixtare for
binding between the protein and the candidate agent, and identifying candidate
compounds which bind to the protein in the reaction mixture as plant cell targeting
agents.

-9.
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The nucleic acid molecule of the preseat invention can be used in a
method of identifying agents targeting plant cells by forming a reaction mixture
including a cell transformed with the nucleic acid molecule of the present invention
and a candidate agent, evaluating the resction mixture for binding between protein
produced by the host cell and candidate agent, and identifying candidate compounds
which bind to the protein or the host cell in the reaction mixture as plant cell targeting
agents.

Ancther aspect of the present invention relates to & method of
cohancing a plant’s receptivity to treatment with hypersensitive response elicitors by
providing & transgenic plant or transgenic plant seed transformed with the nucleic acid
molecule of the present invention. .

The present invention is also directed to a method of imparting disease
resistance, enhancing growth, controlling insects, and/or imparting stress resistance to
plants by providing a transgenic plant or transgenic plant sced transformed with a
DNA construct effective to silence expression of a nucleic acid molecule encoding a
receptor in accondance with the present invention.

The discovery of the present invention bas great significence. This
putative receptor protein can be used as a novel way to screen for new inducers of
plant resistance against insect, disease, and stress, and of growth enhancement. This
protein is the first step toward the understanding of the harpin induced signal
transduction pathway in plants. Further studies of this pathway will provide more
possible targets for new plant vaccine and growth enhancement products
development. In addition, this protein can serve as an anchor providing a new way to
target anything to the plant cells.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a yeast two-hybrid screening with the Erwinfa
amylovora hypersensitive response elicitor (Le. harpin) and & schematic
representation of the interaction between harpin and 8 cDNA encoded protein. Harpin
is fused to LexA protein which contains a DNA binding domain (“BD"). The cDNA
oncoded protein is fused to the GALA transcription activation domain (“AD™). This
interaction targets the activation domain to two different LexA-dependent promoters
with consequent activation of the transcription of the HIS3 and lacZ reporter genes.

Figures 2A-B show that the Erwinia amylovora hypersensitive
response elicitor (.. harpin) is u good yeast two-hybrid bait. Reporter genes were
not expressed in yeast strain L40 containing plasmids expressing the LexA - harpin
fusion in combination with plasmids expresaing GAL4 activation domain alone, or
fused to unrelated protein. Therefore, harpin is not autoactive in this yeast two-hybrid
system. In addition, reporter genes were not expressed in yeast strain L40 containing
plasmids expressing the GAL4 activation domain-harpin fusion in combinstion with
plasmids expressing LexA alone, or fused to unrelsted protein. Figure 2A shows a B-
galactosidase assay where blue color indicates the expression of lacZ reporter gene.
Figure 2B shows a synthetic minimal (“SD") media plate which lacks leucine,
tryptophan, and histidine. Growth on such a plate indicates the expression of the
HIS3 reporter geno.

Figures 3A-B show the interaction between HrBP1 (hypersensitive
response elicitor hinding protein 1) and a hypersensitive response elicitor (i.c. harpin)
is specific. Reporter genes were expressed in yeast strain 140 containing plasmids
expressing the GALA activation domain-HrBP1 fusion in combination with plasmids
expressing LexA fused to hypersensitive response elicitor (i.e. harpin), but were not
expressed in combination with LexA alone, or LexA fused to unrelated proteing.
Figure 3A is a §-galactosidase assay where the blue color indicates the expression of
lacZ reporter gene. Figure 3B is an SD media plate which lacks leucine, tryptophan,
and histidine. Growth on such a plate indicates the expression of the HIS3 reporter
gene.
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Figures 4A-B show the inleraction of HrBP1 and a hypersensitive ‘qb '
response elicitor (ie. harpin) in another orientation. Reporter genes were expressed in
yeast strain L40 containing plasmids expressing the LexA - HrBP1 fusion in
combination with plasmids expressing GAL4 activation domain fused to harpin, but o~
were not expressed in combination with GAL4 activation domain alone, or GAL4 4
activation domain fused to unrelated proteins. Therefore, interaction between harpin
end HrBP1 is specific. Figure 4A shows a P-galactosidase assay where blue color
indicates the expression of /acZ reporter gene. Figure 4B shows an SD media plats
which lacks leucine, tryptophan, and histidine. Growth on such a plate indicates the
expression of the HIS3 reporter gene.
Figure 5 shows the mucleic acid sequence of HrBP1 cDNA.
Figure 6 shows the deduced amino acid sequence of HrBP1,
Figure 7 shows the gene structure of HrBP1 end a schematic
represcntation of the exons and introns of the HIBP1 gene. When comparing the
HrBP1 ¢cDNA sequence with the Arabidopsis thaliana genomic DNA sequence
published in a public database, four exons and three introns were discovered.
Figure 8 shows 2 Northemn blot where the translated region of HrBP1
c¢DNA (855 bp) was used as a probe in the Northern analysis of both total RNA and
Poly A" RNA from Arabidopsis thaliana. One single band with an apparent
molecular weight of about 1.1 Kb was detected.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is dirccted to isolated receptors for
hypersensitive response elicitor proteins or polypeptides. Also disclosed are DNA
molecules encoding such receptors as well as expression systems, host cells, and
plants containing such molecules. Uses of the receptors themselves and the DNA
molecules encoding them are disclosed. The receptor for a hypersensitive response
elicitor from a plant pathogen can be from a monocot or a dicot. One example of such
& receptor is that found in Arabidopsis thaliana which has the amino acid sequence of
SEQ. ID. No. 1 as follows:

Mat Ala Thr Sar Ber Thr Phe Ser fer Leu Leu Pro S3ar Pra Pra Ala
1l 5 10 15
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Lou Leu Ber Asp His Arg Ser Pro Pro Pro Sar Ils Arg Tyr Sexr Phe ‘C\i
a0 a5 0

Ser Pro Lau Thr Thr Pro Lys Sar Ser Ary Leu Gly Phe Thr Val Pro
3s 40 45

Glu Lys Arg Asn Leu Ala Ala Asn Ser Ser Leu Val Glu Val SBer Ile
50 55 &0

Qly Gly Qlu Ger Asp Pro Pro Pro Ser Ser Ssr Gly Ser Gly Gly Aap
&5 70 75 80

Asp Lys Gln Ile Ala Leu Leu Lys Leu Lys Leu Leu Bex Val Val Ser -
as ) 95

Gly Leu Asn Arg Gly Leu Val Ala Ser Val Asp Asp Leu OGlu Arg Ala
100 165 110

Glu Val Ala Ala I¥» Glu Lsu Glu Thr Ala Gly Gly Pro Val Asp Leu
115 120 125

Thx Asp Asp Leu Asp Lys Lav Gln Gly Lyw Trp Arg Leu Leu Tyr Ser
130 138 140

Ser Ala Phe Sexr Der Arg Sex Leu Gly Gly Her Arg FPro Gly Leu Preo
145 150 155 i60

Thr Gly Arg Leu Ile Pro val Thr Leu Gly Gln Val Phe Gln Arg Zle
165 . 170 175

ASp Val Phs Bar Lys Asp Phe Asp Asn Ile Ala Glu Val Glu Leu Gly
1080 185 130

Ala Pro Trp Pro Phe Pro Pro Leu Glu Ala Thr Ala Thr Lau Ala His
135 200 205

Lya Pha Glu Ley Leu @ly Thr Cys Lys Ile Lyw Ile Thr Phe Glu Lya
210 2158 220

L}
Thr Thr Val Lys Thr Ber Gly Asn Leu Sar Glm Ile Pro Pro Pha Asp
225 130 235 a4

Ile Pro Ary Lsu Fro Asp Sar Phe Arg Pro Sar Ser Asa Pro Qly Thr
245 a50 rit]

Qly Asp Fha Glu Val ThY Tyr Val Asp Asp Thr Met Arg Ile Thr Arg
260 265 470

9ly Asp Arg Gly Glu Leu Arg Val Pha Val Ile Ala
278 200

This protein, known as HrBP1p, is encoded by a cDNA molecule having SEQ. ID.
No. 2 as follows:

tttttectto LCARCAATSY cgactiotic tactiteteg teactactac otteaceacc 60
agctcttett tcegaccace gttetectce accatceate agatactest tttctcectt 120
aactactcoce amAtcgtctc gtttgggtit cactgtaccg gaguagagua acctcgetge 100
taattegtct crogtigasg tatceattqg cggagaaagt gaccCACCAC CAtCcAtcatc 240
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tggatcagga
ttcgggatta
tgctaaagan
tcaagagaaa
ccgteotggt
gattgatgty
goeatttoocg
ttgcaagatc
gattcctcog
aictggggat
aggtgaactt
taaatacttt

ggagacgaca
alcagnggac
cttoaascty
tggaggctgt
atacctactg
tttagcassg
ccattagaag
aagataacat
tttgutatee
ttogmagtta
agggtattcy

L b LT

agcaaattge
ttgtygcgag
otgggsyace
tgtatagtag
guegrttgat
attttgataa
ccactgegec
ttgagasaac
cguggcttac
ectatgttga
teattgetta

am et A
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attactcana ctcsaattac
tgttgatgat ttagamagag
ggttgattta accgitgatc
tgegttetet tctoggtett
ccotgttact cttggccagy
catagcagag gtogaattag
attggcacac amgtttgaac
aactgtgasg scatogggaa
cgacagtttc agaccatcgt
tgataccaty cgcmbaactc
attctcaaag ctttgacatg
ctgcttyatyg cagtctcaty agttittgtac aamtcatgtg

tgogetttat aagtsaatga gtgtettgtt castgaatca

Ml san

ttagtgtagt
ctgaagtgge
ctgataaget
taggtggtag
tgtteonacy
gagcceettg
tcttaggcac
acttgtcgea
caaacectog
goggygacay
tasagatasa
sacatatasa

300
360
420
480
540
00
660
720
780
a0
200
960
1080

The genomic DNA molecule containing the receptor encoding cDNA

aattagaasa
agtatagtga
cattcgaact
tacatgttge

tttanca
teanctange
aatetgttot
attcttatat
tgaccattat
aAtactgtual
tcataaattyg
ttggacgatt
atgtcteccat
atctcosaga
atagacaact
gatatgasgt
aasatgatat
cctgtatata
tattgggcoea
atttatatgt
agtattatct
agcaspttan
ttcgtttacy
aattaaagtc
ttecttocteoa
tcttettter

attaacaacc

Saga
aacgtetact
apataacaca
cgtggattca
atatcasage
taatctettg
ttcaacttgt
agctcoagta
TatoTLItgL
cagttctage
tcttaagaca
asaactgyga
tgaatgttta
agaatggata
tacattattt
coanataant
agtattggat
tacttanatg
tttacatcaa
acatagatta
aattttgtgg
cacacacgta
ttcttettet
acaatggcaa
guccacegtt

aacatciagt
sgatcguata
tttettikce
BATCLOgTass
togacacass
ttttaatgca
cagtagttat
tettetteoca
ccaagttote
teaccaaaca
cacacaattt
agaagancat
gattteceea
atttttteokt
ccaactaage
tcaamctita
ggsaggcaty
catgetgect
guasaaguey
taamatcaat
aaatcamagt
cacaasacga
tacgegctan
tcttettote
cttctictan
ctcetecace

tagaatattt
tcgaatagta
agcattaaca
ttgaaagact
cagaAAROTy
agocctantat
ctttteatta
aattgtaatt
ttecttanctt
tatatttoga
tgeagtteca
agcanccaaa
sataaagega
tcageanasa
sasagasatt
tatactacta
aatgtcatat
ocgagtgnch
AALARARRTE
atttaatit:
actgcatatyg
catcattita
tasccoytog
tacaaattat
ttrctogtea
atccatcaga

molecule of SEQ. ID. No. 2 has SEQ. ID. No. 3 as follows:

sAtttgcace
cgtatageat
tgtagcttgt
aassaacctt
cagaactaag
saacacaag:s
ttogoantic
atatccacat
taatatcagc
accsaactgc
accattaaat
ccttattgat
acacggcaan
acajasahac
caaaagacaa
aaagcctaaa
gactannAga
apACATACTA
gggcaakgte
atatatgtgg
gtccataats
ctcaganagt
tgettctcaa
ctcactetct
ctactaccte
tacteoekLtt

aAtgtcttom
catctagate
cattagcatt
gtacagcaga
CACARARACY
ggttatocat
gcaatretat
cgtettaget
cactattcto
tasasgctta
gccacasaat
tasatatges
tgttcacgta
cttaactcant
atatatattg
aatttqttct
gasasacaca
totoggtoett
tatggtegaa
gtcttamtot
atacaaccas
astatgcaat
atcacataat
tocgtetttte
CACCACCAge
ctcccttaac

60
120
180
240
J00
350
4120
480
540
£00
660
720
780
840
s0o
960
1020
1080
1140
1300
1260
120
1380
1440
1500
1560

[ — ._-uﬂ
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tactccanaa
ttogtatate
atcaggagga
tcasaccaat
ttaoctgttaa
atgtgttgtg
cgagtgttaa
gaceggttga
gtagtgegte
tgatccotgt
gattoggttt
tagtottget
tggtaatgte
cggtetggte
geaatgtcat
tagtomatca
otttggteta
attatctott
agattttgat
agcecactgoen
ttaagtttat
gaRARCAZgC
aaacttgteg
gtcaaaccet
togcgyggac
cgtasagata
tgascatata
aatitgtaty
atgtgagata
togaaggtca
agcaangatyg
gtacasaaat
tottgtcace
tgtasgcaas
ttgataggac
ttogtagtet
attggmatgt
asctacctcs
antcaatgtt
acggtcataa
aaccttgtge
tggaatgtcc
tcaagagact
tagatctgaa

.14 -

tegtotogtt tgggttteac tgtaccggag

gttgaagtat
gaogacaigc
oggtgquaatt
gattcgatta
ctgtgagaaa
tgutttagaa
tttaaccgat
ctottctogy
tactcttgge
ttcoggtasg
tgagtitgaa
atetratact
tatcattoggt
ctactccita
tetttattot
natttggcen
gtttetgmat
ascactagcag
acattggcac
cgaattgegt
acttgcanga
cagattecte

coattggeoay
asattgeatt
atasgasatt
tagagtgsat.
ttgcagagty
agngctgsag
gatcttgata
tctttaggtyg
caggtaatte
ttgttgaggs
tggggotgey
CAAAQTAMA
agtcttigtt
ateatttret
tggttgagtt
ageaccatac
cattanasca
aggtggaste
acaagtttga
angegcasaa
toaagateac
cgtttgata:

goaactygyy atticgasgs

agaggtgaac
aataaatact
satgegettt
actcagpaaa
ttagtgattt
atgattneca
agacaatctt
ogcagasaat
accgatctey
ttaccaagtt
gctgcgaaaa
tagcctgtta
ctgtitecte
tttcaactas
acctttitgt
egacgeutte
anagtatget
Aagcttcaaaa
tttaaggtta
aAACBALACE

ttagggtstt
ttctgettga
ataagtasat
tiggacastg
tttcttaggr
GUAARRCCRL
atacgagaga
asgatgusac
amatgcttge
acanatcegy
gtgottgcag
acsmgattca
acagctcact
ctagacctaa
ggasgRcagy
ctigagcagc
ttrtgeatte
ttcataaaatc
atcaasatac
avaaatcaat

agasagtgac
ackcaaacte
gytttegttt
JLttgggaaga
tagtttoegqy
tggctgctaa
agcttcaagy
gtagcegtee
ttgaatcatt
gtttatgtge
ctaagaatct
ctttettota

aagagaaacc
coaccaccat

ssattacttg
ctttogaatt
tttttcagat

o emsiesmm oA i iy

tegotgoctaa
catcateegg
tgagtctgat
agggtctata
ttgatttgty

attaascagu ggacttgtog

agascttgas
gasatggagy
tggtctacct
getetgteee
atggtctagt
agetrtotga
tattgtcasg

actgctaggg
ctgttgtata
actggacgtt
taccoegtcan
ctatcatcaa
ggttacaatt
rteatgtgta

gagcttgaat ggtgaggagc ttagaatcta
tctatattge casgtttatg tgtacggtct

tgaatggtga
ctoguatcagt
ggtgttbcan
aggagececct
actgttaggt
tascttatct
actctgaguak
cccqaggett
tacctatgte
cgteattges
tgeagtotca
gagtgtettg
atatagacct
tggtagagag
atctigatga
gctaaaacad
cascttaasa
acotctgaaa
tatastgasc
atttgacact
casgatgtat
tcoaanatte
Etcaaactga
cttagtetga
asgactgtct
cttgttctta
casaastgea
BAACALCAtt
casccatgta

tgagcttaga
SFAMAGCARR
cogactgatg
tggecattte
ttgoatttee
gtatctetga
acanctgtga
ccegacagtt
gacgatacea
taattctcaa
tgagttttgt
ttcaatgaat
CCCARALLLL
ancggattyg
ttcaaaatat
atggatteca
cagagatgtec
taaacaacas
tgatatatgt
geagectcas
ctcagtocaa
tactataasat
asasacaatc
ccaccataac
ttaccctter
cagtaagcgt
teactcacac
tagattgaan
ttgttgttct

atcragetet
ettctttaat
tgtttagean
cgcocattaga
otttctctea
catttatagg
agacatcogy
tcagaceatc
tgcgeoataac
agectttgaca
acaaatcatg
catatgasag
scacceteta
caasaasata
sgagttaaca
astccagcaa
cectttocct
accaacacan
toctatgecaco
aAcaatcttc
asctgaguct
ggtteettaa
aatgcatgat
cagattgttt
tetattgggt
tcttrgtett
acatacaaaa
acttrtatga
tcasagtcan
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1680
1740
1800
1860
1920
i%a0
2040
4100
2160
2220
2280
axao
2400
2480
a520
15680
2640
a700
4760
1820
2080
2940
3000
1060
3120
180
3240
3300
33160
3420
400
3540
o0
1660
3720
a780
a0
3so0
1960
4020
408¢
4140
4300
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ogaactttac asattccasa atcacatcga sagaguagan acaatttace attttegegt 4260

tlypersensitive response elicitors recoguized by the receptors of the
present inveation are able to clicit local necrosis in plant tissue contacted by the
o %

Examples of suitable bacterial sources of hypersensitive response
elicitor polypeptides or proteins include Erwinia, Pseudomonas, and Xanthamonas
species (e.g., the following bacteria: Erwinia amylovora, Erwinia chrysanthem,
Erwinia stewartii, Erwinia carotovora, Pseudomonas syringae, Pseudomonas
solancearum, Xanthomonas campestris, and mixtures thereof).

An example of a fangal source of a hypersensitive response elicitor
protein or polypeptide is Piptophthora. Suitable species of Phytophthora include
Phyiophthora parasitica, Phytophthora cryptogea, Phytophthora cinnamomi,
Phytophthora capsici, Phytophthora megasperma, and Phytophthora clirophthora.

The hypersensitive response elicitor polypeptide ot protein from
Erwinia chrysanthemi ia disclosed in U.S. Patent No. 5,850,015 and U.S. Patent No.
6,001,959, which are hereby incorporated by reference. This hypersensitive response
elicitor polypeptide or protein has a molecular weight of 34 kDa, is hoat stable, has a
glycine content of greater than 16%, and contains substantially no cysteine.

The hypersensitive response elicitor polypeptide or protein derived
from Erwinia amylovora and its encoding DNA molecule has a molecular weight of
about 39 kDa, has a pl of approximately 4.3, and is heat stable a1 100°C for at least 10
minutes. This hypersensitive response elicitor polypeptide or protein has a glycine
content of greater than 21% and contains substantially no cysteine. The '
bypersensitive response elicitar polypeptide or protein derived from Erwinia
amylovora is more fully described in U.S. Patent No. 5,849,868 to Beer and Wei,
Z-M., et al, “Hurpin, Elicitor of the Hypersensitive Response Produced by the Plant
Pathogen Erwinia amylovora,” Sgience 257:85-88 (1992), which are bereby
incorporated by reference.

The hypersensitive response clicitor polypeptide or protein derived
from Prewdomonas syringae has 4 melecular weight of 34-25 kDa. Itisrichin
glycine (about 13.5%) and lacks cystcine and tyrosine. Further information sbout the
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hypersensitive response elicitor derived from Psexdomonas syringae and its encoding
DNA molecule is found in U_S. Patent Nos. 5.708,139 and 5,858,786 and He et al.,
“Pseudomonas syringae pv. syringae Harpinp,: A Protein that is Secreted via the Hrp
Pathway and Elicits the Hypersensitive Response in Plants,” Cell 73:1255-66 (1993), i
which are hereby incorporated by reference.

The hypersensitive response elicitor polypeptide or protein derived
from Pseudomonas solanacearum is set forth in Arlat, M., F. Van Gijscgem, J. C.
Huet, J. C, Pemollet, and C. A. Boucher, “PopAl, a Protein which Induces a
Hypersensitive-like Response in Specific Petunia Genotypes, is Secreted via the Hrp
Pathway of Pseudomonas solanacearum,” EMBQ J. 13:543-533 (1994), which is
heroby incorporated by reference. This protein has 344 amino acids, a molecular
weight 0f 33.2 kDa, and & pl of 4.16, is heat stable and glycine rich (20.6%).

The hypersensitive response elicitor polypeptide or protein from
AXanthomonas campestris pv. glycines has a partial amino acid sequence
corresponding to SEQ. ID. No. 4 as follows:
Thr Leu Ile Glu Leu Met Ile Val Val Ala Ile Ile Ala Ile Leu Ala

h 5 10 15

Ala Ile Ala Leu Pro Als Tyr Oln Aap Tyr
a0 as

This sequence is an amino terminal sequence haviag only 26 residues from the
hypersensitive response elicitor polypeptide or protein of Xanthomonas campestris
pv. glycines. I1 matches with fimbrial subunit proteins determined in other
Xanthomaonas campesiris pathovars.

The hypersensitive response elicitor polypeptide or protein from
Xanthomonas campesiris pv. pelargonii is heat stable, protease sensitive, and has a
molecylar weight of 20 kDa. [t includes a partial amino acid sequence corresponding
to SEQ. ID. No. § as follows:

Met Awp Her Ile Oly Asn Asn Fhe Ber Asn
1 5 10

Isolation of Erwinia carotovora hypersensitive response elictor protein
or polypeptide is described in Chui et al., “The RsmA Mutants of Erwinia carotovora
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suhsp, carotovora Strain Ecc71 Overexpress hrp N and Elicit « Hypersensitive ,LOL
Reaction-like Response in Tobacco Leaves,” MPMI, 9(7):565-73 (1996), which is
hereby incorporated by reference. This protein has 356 amino acids, s moleculsr
weight of 35.6 kDa, and a pl of 5.82 and i3 heat stable and glycine rich (21.3%6). é

The hypersensitive response elicitor protein or polypeptide of Erwinia
stewartii is set forth in Ahmad et al., “Harpin is Not Necessary for the Pathogemicity
of Erwinia stewartif on Maize,” 8th Int’], Cong. Molec, Plnt-Microbe Interact., July
14-19, 1996 and Ahmad, e1 al., “Harpin is Not Necessary for the Pathogenicity of
Erwinia stewartii an Maize,” Ann, Mtg, Am, Phytopath, Soc., July 27-31, 1996,
which are hereby incorporated by reference.

Hypersensitive response elicitor proteins or polypeptides from
Phytophthora parasitica, Phytophthora cryptogea, Phytophthora cinnamoni,
Phytophthora capsici, Phytophthora megasperma, and Phytophora citrophthora arc
described in Kaman, et al., “Extracellular Protein Elicitars from Phytophthora: Most
Specificity and Induction of Resistance to Bacterial and Fungal Phytopathogens,”
Moleg, Plant-Microbe Intemct., 6(1):15-25 (1993), Ricci et al., “Structure and
Activity of Proteins from Pathogenic Fungi Phytophthora Eliciting Necrosis and
Acquired Resistance in Tobecco,” Eur, J, Biochem,, 183:555-63 (1989), Ricci et al.,
“Differential Production of Parasiticein, and Elicitor of Necrosis and Resistance in
Tobacco, by Isolutes of Phytophthora parasitica,” Plant Path, 41:298-307 (1992),
Baillreul et al, “A New Elicitor of the Hyperssnsitive Respanse in Tobacco: A
Fungal Glycoprotein Elicits Cell Death, Expression of Defence Genes, Production of
Salicylic Acid, and Induction of Systemic Acquired Resistance,” Plant L, 8(4):551-60
(1995), and Bonnet et al., “Acquired Resistance Triggered by Elicitors in Tobacco
and Other Plants,” Eur, I, Plant Path,, 102:181-92 (1996), which are hereby
incorporated by reference. These hypersensitive response elicitors from Phytophthora
arc called elicitins. Al known elicitins have 98 amino acids and show >66%
sequence identity. They can be classified into two groups, the basic elicitios and the
acidic elicitins, based on the physicochemical properties. This classification also
corresponds to differcnces in the elicitins’ ability to elicit HR-like symptoms. Basic
elicitins are 100 times more effective than the acidic ones in causing leaf nccrosis on
tobacco plants.
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The hypersensitive response clicitor from Gram positive bacteria like
Clavibacter michiganesis is described in WO 99/11133, which is hereby incorporated
by reference.

The above elicitors are exemplary, Other elicitors cen be identified by
growing fungi or bacteria that elicit a hypersensitive response using conditions under
which genes encoding an elicitor are expressed. Cell-free preparations from culture
supernatants can be tested for elicitor activity (i.e. local necrosis) by using them 10
infiltrate approprixte plant tissues.

Turning again to the receptor of the present invention for such
hypersensitive response elicitors, fragments of the above receptor protein are
encompassed by the method of the present invention. In addition, fragments of full
length receptor proteins from other plants can also be utilized.

Suitable fragments can be produced by several means. In the first,
subclones of the gene encoding a known receptor protein are produced by
conventional molecular genctic manipulation by subcloning gene fragments. The
subclones then are expressed /s vitro or in vivo in bacterial cells to yield a smaller
protein or peptide that can be tested for receptor activity according to the procedure
described above.

As an alteruative, fragments of a receptor protein can be produced by
digestion of a full-length receptor protein with proteolytic enzymes like chymotrypsin
or Staphylococcus proteinase A, or trypsin. Differeat proteolytic enzymes ure likely
to cleave receptor proteins at different sites based on thc amino acid sequence of the
receptor protein. Some of the fragments that result from proteolysis may be active
receptors.

In another approach, based on knowledge of the primary structure of
the receptor protein, fregments of the receptor protein gene may be synthesized by
using the PCR technique together with specific sets of primers chosen to represent
particular portions of the protein. These then would be cloned into an appropriate
vector for expression of a truncated peptide or protein

Chemical synthesis can also be used to make suitable fragments. Such
a synthesis is camried out using known amino acid sequences for the receptor being
produced. Alternatively, subjecting a full length receptor to high temperatures and

17)
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pressures will produce fragments. These fragments can then be separatad by 704
conventional procedures (e.g., chromatography, SDS-PAGE).

Variants may be made by, for example, the deletion or addition of
amino acids that have minimal influence or-the properties, secondary structure, and
hydropathic nature of the polypeptide. For example, a polypeptide may be conjugated
to a signal (or leader) sequence at the N-termingl end of the protein which co-
translationally or post-translationally directs transfer of the protein. The polypeptide
roay also be conjugated to a tag or other sequence for easc of synthesis, purification,
or identification of the polypeptide.

Suitable DNA molecules are those that hybridize to a DNA molecule
comprising a nucleotide sequence of 50 continuous bases of SEQ. ID. No. 2 under
stringent conditions characterized by a hybridization buffer comprising 0.9M sodium
citrate (“SSC™) buffer at a tempemature of 37°C and remeining bound when subject to
washing with the SSC buffer at 37°C; and preferably in a hybridization buffer
comprising 20% formamide in 0.9M saline/0.09M SSC buffer at a temperature of

42°C and remaining bound when subject to washing at 42°C with 0.2x SSC buffer at
42°C,

-19-

The receptor of the present invention is preferably produced in pusified
form (preferably at least about 60%, more preferably 80%, pure) by conventional
techniques. Typically, the receptor of the present inveation is produced but not
secreted into the growth medium of recombinant host cells. Alternatively, the
receptor protein of the present invention is secreted into growth medium. In the case
of unsecreted protein, to isolats the receptor protein, the host ccll (e.g., E coli)
carrying a recombinant plasmid is propagated, lysed by sonication, or chemical
treatment, and the homogenate is centrifuged to remove bacterial debris. The cell
lysate can be further purified by conventionally utilized chromatography procedures.
The supernatant is then subjected to heat treatment and the protein is separated by
centrifugation. The supernatant fraction containing the receptor protein is subjected
to gel filtration in an appropriately sized dextran or polyacrylamide column to
separate the receptor protein. If necessary, the protein fraction may be further
purified by ion exchange or HPLC.
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The DNA molecule encoding the recepior pratein can be incorporated zO 5,
in cells using conventional recombinant DNA technology. Generally, this involves
inserting the DNA molecule into an expression system to which the DNA molecule is
heterologous (i.e. not normatly present). The heterologous DNA molecule is inserted
inlo the expression system or vector in sense orientation and correct reading frame.
The vector contains the necessary elements for the transcription and translation of the
inserted protein-coding sequences.

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 and ligation with DNA
ligase. These recambinant plasmids are then introduced by mesns of transformation
and replicated in unicellular cultures including procaryotic organisms and eucaryotic
cells grown in tissue culture.

Recombinant genes may also be introduced into viruses, such as
vaccina virus. Recombinant viruses can be generated by tranfection of plasmids into
cells infected with virus,

Suitable vectors include, but are not limited to, the following viral
vectors such as lambda vector system gtl 1, gt WES.tB, Charon 4, and plasmid vectors
such as pBR322, pBR325, pACYC177, pACYC1084, pUCS, pUCS, pUCIS, pUC19,
pLG339, pR290, pKC37, pKC101, SV 40, pBluescript IT SK +/- or KS +/- (see
“Stratagene Cloning Systems” Catalog (1993) from Stratagene, La Jolia, Calif, which
is hereby incorporated by reference), pQE, plH821, pGEX, pET series (see F.W.
Studier et. al., “Use of T7 RNA Polymerase to Direct Expreasion of Cloned Genes,”
Gene Expression Technplogy vol. 185 (1990), which is hereby incorporated by
reference), and any derivatives thereof. Recombinant molecules can be introduced
into cells via transformation, transduction, conjugation, mobilization, or
tlectroporution. The DNA sequences are cloned into the vector using standard
cloning procedures in the art, as described by Sambrook et al., Molecular Cloning: A
Labomatory Manual, Cold Springs Laboratory, Cold Springs Harbor, New York
(1989), which is hereby incorporated by reference.

A variety of host-vector systems may be utilized to express the protein-
encoding sequence(s). Primarily, the vector system must be compatible with the host

-20-
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cell used. - Host-vector gystems include but are not limited to the following: bacteria 206
transformed with bacteriophage DNA, plasmid DNA, or cosmid DNA;

microorganisms such ag yeast containing yeast vectors; mammalian cell systems _
infected with virus (e.g-, vaccinia virus, adenovirus, etc.); insect cell systems infected $
with virus (e.g., baculovirus); and plant cells infected by bacteria. The expression

clements of these vectors vary in their strength and specificities. Depending upon the
host-vector system utilized, any one of 3 number of suitable transcription end
transiation elements can be used.

Different genetic signals and processing events control marry levels of
gene expression (e.8., DNA transcription and messenger RNA (nRNA) translation).

Transcription of DNA is dependent upon the presence of & 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 genetic signals may not be recognized in or may not functionins
procaryotic system, and, further, procaryotic promotors are not recognized and do not
function in eucaryotic cells.

Similarly, translation of mRNA in procaryotes depends upon the
presence of the proper procaryotic signals which differ from those of eucaryotes.
Efficient translation of mRNA in procaryotes requires a ribosome binding site called
the Shine-Dalgamo (*SD"™) sequence on the mRNA. This sequence is a short
nucleotide sequence of mRNA that is located before the start codon, usually AUG,
which encodes the amino-terminal methionine of the protein. The SD sequences are
complementary to the 3°-end of the 168 rRNA (ribosomal RNA) and probably
promote binding of mMRNA to ribosomes by duplexing with the tfRNA to allow correct
positioning of the ribosome. For a review on maximizing gene expression, see
Roberts and Lauer, Methods in Enzymology, 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 expressing a cloned gene, it is desirable to use
strong promotors in order to obtain a high level of transcription and, hence,
expression of the gene. Depending upon the host cell system utilized, any one of a

-21-
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number of suitable promotors may be used, For instance, when cloning in E. coll, its
bacteriophages, or plasmids, promotors such as the T7 phage promoter, /ac promotor,
trp promotor, recA promotor, ribosomal RNA promotor, the Pg and P, promotors of
coliphage lambda and others, including but not limited, to lacUV5, ompF, bla, Ipp,
and the like, may be used to direct high levels of transcription of adjacent DNA
segments. Additionally, a hybrid trp-lacUVS5 (tac) promotor or other E. coli
promotors produced by recombinant DNA or other synthetic DNA techniques may be
used to provide for transcription of the inserted gene. )

Bacterial host cell strains and expression vectors may be chosen which
inhibit the action of the promotor unless specifically induced. In certain operations,
the addition of specific inducers is necessary for efficient transcription of the inserted
DNA. For example, the lac operon is induced by the addition of lactose or IPTG
(isopropylthio-bets-D-galactoside). A variety of other operons, such as frp, pro, etc.,
are under different controls.

Specific initiation signals are also required for efficient gene
transcription and translation in procaryotic cells. These transcription and translation
initintion signals may vary in “strength” as measured by the quantity of gene specific
messenger RNA and protein synthesized, respectively. The DNA expression vector,
which contains & promotor, may also contain any combination of various “strong™
transcription and/or manslation initiation signals. For instance, efficient translation in
E. coli requires an SD sequence about 7-9 bases 5’ to the initiation codon (“ATG™) to
provide a ribosome binding site. Thus, any SD-ATG combination that can be utilized
by host cell ribosomes may be employed. Such combinations include but are not
limited to the SD-ATG combination from the cro gene or the N gene of coliphage
lambda, or from the E. coli tryptophan E, D, C, B or A genes. Additionally, any SD-
ATG combination produced by recombinant DNA or other techniques involving
incorporation of synthetic nucleotides may be used.

Once the isolated DNA molecule encoding the receptor protein has
been cloned into an expression system, it is ready to be incorporated into a host cell.
Such incorporation can be carried out by the various forms of transformation noted
above, depending upon the vector/host cell system, Suitable host cells include, but
are not limited to, bacteria, virus, yeast, mammalian cells, insect, plant, and the like.

9(
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One aspect of the present invention involves enhancing a plant’s
receptivity fo treatment with a hypersensitive response elicitor by providing a
transgenic plant or transgenic plant seed, transformed with a aucleic acid molecule
encoding a receptor protein for & hypersensitive response elicitor. It has been found
that hypersensitive response elicitors are useful in imparting disease resismnce to
plants, enhancing plant growth, effecting insect contro] and/or imparting stress
resistance in a variety of plants. In view of the receptor of the present invention’s
interaction with such elicitors, it is expected that these beneficial effects would be
enhanced by carrying out such clicitor treatments with plants transformed with the
receptor encoding gene of the present invention.

Transgenic plants containing & gene encoding a receptor in acoordance
with the present invention can be prepared according to techniques well known in the
art,

A vector containing the receptor encoding gene described above can be
microinjected directly into plant cells by use of micropipettes to transfer mechanically
the recombinant DNA. Crossway, Mol. Gen, Genetics, 202:179-85 (1985), which is
hereby incorporated by reference. The genetic material may also be transferred into
the plant ccll using polyethylene glycol. Krens, et al., Nature, 296:72-74 (1982),
which is hereby incorporated by reference.

Another spproach to transforming plant cells with a gene which
imparts resistance to pathogens is particle bombardment (also known as biolistic
transformation) of the host cell. This can be accomplished in one of several ways.
The first involves propelling inest or biologically active particles at cells. This
technique i disclosed in U.S. Patent Nos. 4,945,050, 5,036,006, and 5,100,792, all to
Sanford et al., which are hereby incorporated by reference. Generally, this procedure
involves propelling inert or biologically active particles at the cells under conditions
cffective to penetrate the outer surface of the cell and to be incorporated within the
interior thereof. When inert particles are utilized, the vector can be introduced into
the cell by coating the particles with the vector containing the heterologous DNA.
Alternatively, the target cell can be surrounded by the vector so that the vector is
carried into the cell by the wake of the particle. Biologically active particles (e.g.,

= malidvs i it wRY .
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dried bacterial cells containing the vector and heterologous DNA) can also be
propelled into plant cells.

Yet another method of introduction is fusion of protoplasts with other
entities, either mimicells, cells, lysosomes, or other fusible lipid-surfaced bodies.
Fraley, et al., Proc, Natl. Acad, Sci USA, 79:1859-63 (1982), which is hereby
incorporated by reference. '

The.DNA molecule may also be introduced into the plant cells by
electroporation. Fromm et al., Proc. Natl, Acad. Sci, USA, 82:5824 (1985), which is
hereby incorporated by reference. In this technique, plant protoplasts are
clectroporated in the presence of plasmids containing the expression cassette,
Electrical impulses of high field strength reversibly permesbilize biomembranes
allowing the introduction of the plasmids. Electroporated plant protoplasts reform the
cell wall, divide, and regencrate.

Another method of introducing the DNA molecule iato plant cells is o
infect a plant cell with Agrobacterium tumefaciens or A. rhizogenes previously
transformed with the gene. Under appropriate conditions known in the art, the
transformed plant cells arc grown to form shoots or roots, and develop further into
plants. Generally, this procedure involves inoculating the plant tissue with a
suspension of bacteria and incubating the tissue for 48 to 72 hours an regeneration
medium without antibiotics at 25-28°C,

Agrobacterium is a representative genus of the gram-negative family
Rhizobiaceae. Its species are responsible for crown gall (4. nonefaciens) and hairy
oot discase (4. rhizogenes). The plant cells in crown gall tumors and hairy roots are
indyced to produce amino acid derivatives known as opines, which are catabolized
only by the bacteria. The bacterial genes responsible for expression of opines are a
convenient source of control elements for chimeric expression cassettes. In addition,
assaying for the presence of opines can be used to identify transformed tissue,

Heterologous genetic sequences can be introduced into appropriate
plant cells, by means of the Ti plasmid of A. rumefaciens or the Ri plasmid of A.
rhizogenes. The Ti or Ri plasmid is transmitted to plant cells on infection by
Agrobacterium and is stably integrated into the plant genome. J. Schell, Science,
237:1176-83 (1987), which is hereby incorporated by reference.
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Afler transformation, the transformed plant cells must be regenerated.

Plant regeneration from cultured protoplasts is described in Evans et
al., Handbook of Plant Cell Cultures, Vol, 1: (MacMillan Publishing Co., New York,
1983); and Vasil L.R. (ed.), Cell Culture and Somatic Cell Genetics of Plants, Acad.
Press, Orlando, Vol. 1, 1984, and Vol. III (1986), which are hereby incorporated by #ﬁ
reference.

It is known that practically all plants cen be regenerated from cultured
cells or tissues, including but not limited to, all major species of sugarcane, sugar
beets, cotton, fruit trees, and legumes.

Means for regeneration vary from species to species of plants, but
generally a suspension of transformed protoplasts or a petri plate containing
transformed explants is first provided. Callus tissue is formed and shoots may be
induced from callus and subsequently rooted. Alternatively, embryo formation can be
induced in the callus tissue. These embryos germinate as natural embryos to form
plants. The culture media will generally contain various amino acids and hormones,
such as auxin and cytokinins. [t is also advantageous to add glutamic acid and proline
to the mediumn, especially for such species as comn and alfalfa. Efficient regeneration
will depend on the medium, on the genotype, and on the history of the culture, If
these three variables are controlled, then regencration is usually reproducible and
repeatable.

Afier the expression cassette is stably incorporated in transgenic plants,
it can be trunsferred to other plants by sexual crossing. Any of a number of standard
breeding techniques can be used, depending upon the spceies to be crossed.

Once transgenic plants of this type are produced, the plants themselves
can be cultivated in accordance with conventional procedures. Alternatively,
transgenic seeds or propagules {e.g., cuttings) are recovered from the transgenic
plants. The seeds can then be planted in the soil and cultivated using conventional
procedures to produce transgenic plants. The transgenic plants are propagated from
the planted transgenic seeds.

These elicitor treatment methods can involve applying the
hypersensitive response elicitor polypeptide or protein in a non-infectious form to all
or part of a plant or a plant sced transformed with a receptor gene in accordance with
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registance, enhance growth, control insects, and/or to impart stress resistance.
Alernatively, the hypersensitive response elicitor protein or polypeptide can be
applied to plants guch that seeds recovered from such plants themselves ate able to
impart discase resistance in plants, to enhance plant growth, to effect insect control,
and/or to impart resistance to stress. g

As sn altemative to applying a hypersensitive response elicitor
polypeptide or protein to plants or plant seeds in order to impart disease resistance in
plants, to effect plant growth, to control insects, and/or to impart stress resistance in
the plants or plants grown fiom the seeds, transgenic plants or plant seeds can be
utilized. When utilizing transgenic plants, this involves providing a transgenic plant
transformed both a DNA molecule encoding a receptor in accordance with the present
invention and with a DNA molecule encoding a hypersensitive response elicitor
polypeptide or protein. The plant is grown under conditions effective to permit that
DNA molecule to impart discase resistance to plants, to enhance plant growth, to
control insects, and/or to impart resistance to stress. Alternatively, a transgenic plant
seed transformed with a DNA molecule encoding & hypersensitive response elicitor
polypeptide or protein can be provided and planted in soil. A plant is then propagated
from the planted sced under conditions effective to permit that DNA molecule to
impart discase resistance to plants, to enhance plant growth, to control insects, and/or
to impart resistance to stress.

The embodiment where the hypersensitive response elicitor
polypeptide or protein is applied to the plant or plant seed can be carried outins
number of ways, including: 1) application of an isolated elicitor or 2) application of
bacteria which do not cause disease and are tmnsformed with a gene encoding the
elicitor. In the latter embodiment, the elicitor can be applied to plants or plant seeds
by applying bacteria containing the DNA molecule encoding the hypersensitive
response elicitor polypeptide or protein. Such bacteria must be capable of secreting or
exporting the elicitor so that the elicitor can contact plant or plant seeds cells. In these
embodiments, the elicitor is produced by the bacteria in plania or on seeds or just
prior to introduction of the bacteria to the plants or plant seeds.
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The hypersensitive response elicitor treatment can be utilized to treat a
wide variety of plants or their sceds to impart discase resistance, enhance growth,
control insects, and/or impart stress resistance. Suitable plants include dicots and
monocots. More perticularly, useful crop plents can include: aifalfn, rice, wheat,
berley, rye, cotton, sunflower, peanut, corn, potato, sweet potato, bean, pea, chicory,
lettuce, endive, cabbage, brussel sprout, beet, parsnip, turnip, cauliflower, broccoli,
turnip, radish, spinach, onion, garlic, eggplant, pepper, celery, carrot, squash,
pumpkin, zuechini, cucumber, apple, pear, melon, citrus, strawberry, grape, raspberry,
pinecapple, soybean, tobacco, tomato, sorghum, and sugarcane. Examples of suitable
omamental plants are: Arabidopsis thaliana, Saintpaulia, petunia, pelargonium,
poinsettia, chrysanthemum, carnation, and zinnia.

With regard to the use of hypersensitive response elicitors in imparting
disease resistance, absolute immunity against infection may not be conferred, but the
severity of the disease is reduced and symptom development is delayed. Lesion
number, lesion size, and extent of sporulation of fungal pathogens are all decreased.
This method of imparting disease resistance has the potential for treating previously
untreatable discases, treating diseases systemically which might not be treated
scpasately due to cost, and svoiding the use of infectious agents or environmentally
harmful materials.

The method of imparting pathogen resistance to plants is useful in
imparting resistance to a wide variety of pathogens including viruses, bacteria, and
fungi. Resistance, Infer alia, to the following viruses can be achieved by the method
of the present invention: Tobacco masaic virus and Tomato mosaic virus.
Resistance, inter alia, to the following bacteria can also be imparted to plants
Pseudomonas solancearum, Pseudomonas syringae pv. tabaci, and Xanthamonas
campestris pv. pelargonii Plants can be made resistant, inter alla, to the following
fungi: Fusarium axysparum and Phytophthora infestans.

With regard to the use of the hypersensitive response elicitor protein or
polypeptide to enhance plant growth, various forms of plant growth cnhancement or
promotion can be achieved. This can occur as eerly as when plant growth begins
from seeds or later in the life of a plant. For example, plant growth according to the
present invention encompasses grester yicld, increased quantity of seeds produced,

10t~
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increased percentage of seeds germinated, increased plant size, greater biomass, more ﬁ 3
and bigger fruit, earlier fruit coloration, and earlier fruit and plant maturation. Asa

result, there is significant economic bencfit to growers. For example, early

germination and carly maturation permit crops to be grown in areas where short

growing seasons would otherwise preclude their growth in that locale. Increased {_-k

rtdn
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percentage of seed germination results in improved crop stands and more efficient
sced use. Greater yield, increased size, and enhanced biomass production allow
greater revenue generation from a given plot of land.

The use of hypemensitive response elicitors for insect control
encompasses preventing insects from contacting plents to which the hypersensitive
response elicitor has been applied, proventing direct insect damage to plants by
feeding injury, causing insects to depart from such plants, killing insects proximate to
such plants, interfering with insect larval {eeding on such plants, preventing insects
from colonizing host plants, preventing colonizing insects from releasing phytotoxins,
etc. The present invention also prevents subsequent discase damage to plants
resulting from insect infection.

Elicitor treatment is effective against a wide variety of insects.
Buropean comn borer is a major pest of corn (dent and sweet corn) but also feeds on
over 200 plant species including green, wax, and lima beans and edible soybeans,
peppers, potato, and tomato plus many weed species. Additional insect larval feeding
pests which damage a wide varicty of vegetable crops include the following: beet
armyworm, cabbage looper, corn ear worm, fall ermyworm, diamondback moth,
cabbage root maggot, onion maggot, seed corn maggot, pickleworm (melonworm),
pepper maggot, tomato pinworm, and maggots. Collectively, this group of insect
pests represents the most economically important group of pests for vegetable
production worldwide.

Hypersensitive response elicitor treatment is also useful in imparting
resistance to plants against environmenta! stress. Stress cncompasses any
environmental factor having an adverse effect on plant physiology and development.
Examples of such environmental stress include climate-related stress (e.g., drought,
water, frost, cold temperature, high tempcrature, excessive light, and insufTicient
light), air pollution stress (e.g., carbon dioxide, carbon monoxide, sulfur dioxide,
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NO,, hydrocarbons, 0zone, ultraviolet radiation, acidic rain), chemical (e.g., \Y
insecticides, fungicides, herbicides, heavy metals), and nutritional stress (¢.g.,
fertilizer, micronutrients, macronutrients).

The application of the hypersonsitive response elicitor polypeptide or
protein can be carried out through a variety of procedures when all or part of the plant
is treated, including lcaves, stcms, roots, etc. This may (but need not) involve
infiltration of the hypersensitive response elicitor polypeptide or protein iato the plant.
Suitable application methods include high or low pressure spraying, injection, and
leaf abrasion proximate to when elicitor application takes place. When treating plant
sceds or propagules (¢.g., cuttings), the hypersensitive response elicitor protein or
polypeptide can be applied by low or high pressure spraying, coating, immersion, or
injection. Other suitable application procedures can be envisioned by those skilled in
the art provided they are able to effect contact of the elicitor with cells of the plant or
plant seed. Once treated with a hypersensitive response elicitor, the seeds can be
planted in natural or artificial sail and cultivated using conventional procedures to
produce plants. Afier plants have been propagated from seeds treated with an elicitor,
the plants may be treated with one or more applications of the hypersensitivc response
elicitor protein or polypeptide to impast disease resistance to plants, to enhance plant
growth, to control insects on the plants, and/or to impart stress resistance.

The hypersensitive response clicitor polypeptide or protein can be
applied to plants or plant seeds alone or in a mixture with other materials.
Alternatively, the elicitor can be applied separately to plants with other materials
being applied at different times.

A composition suitebic for treating plants or plant sceds contains a
hypersensitive response elicitor polypeptide or protein in a carrier. Suitable carriers
include water, aqueous solutions, slurries, or dry powders.

Although not required, this composition may contain additional
additives including fertilizer, insecticide, fungicide, nematacide, and mixtures thereof.
Suitable fertilizers include (NH.)2NOj. An example of a suitmble insecticide is
Malathion. Useful fungicides include Captan,

Other suitable additives include buffering agents, wetting agents,
coating agents, and abrading agents. In addition, the hypersensitive response elicitor
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can be applied to plant seeds with other conventional seed formulstion and treatmeat 7 (&
materials, including clays and polysaccharides.

In the alternative technique involving the use of transgenic plants and
fransgenic sceds encading a hrypersensitive response elicitor encoding gene, a
hypersensitive response elicitor need not be applied topically to the plants ot seeds.
Instead, transgenic planty transformed with a DNA molecule encoding such an elicitor
are produced according to procedures well known in the art as described above.

In enother embodiment, the present invention relates to a DNA
construct which is an antisense nucleic acid molecule to & nucleic acid molecule
encoding a receptor in plants for plant pathogen hypersensitive response elicitors. An
cmmple of such a construct would be an antisense DNA molecule of the DNA
molecule having the micleotide sequence of SEQ. ID. Nos. 2 or 3. Alternatively, the
DNA construct can have a DNA molecule having the pucleotide sequence of SEQ.
ID. Nos. 2 or 3 (or a portion thereof) and its complementary strand and is used to
genevate a single transcript with an inverted repeat (i.e. a double-stranded) RNA. This
transcript as well as the above-discussed antisense nucleic acid molecule can be used
to induce silencing of a nucleic acid molecule encading a receptor for a hypersensitive

Sensing the hypersensitive response elicitor by the receptor is the very
first step of the signal tramsduction pathway in plants which eventually leads to
disease registance, growth enhancement, insect control, and siress resistance.
Silencing the receptor provides a powerful tool to find and study the downstream
components of this pathway. Additionslly, the receptor could be a negative regulator
of such plant signal transduction pathway. Silencing of the receptor will impert to
plants the ability to resist disesse and stress, control insects, and enhance growth
without hypersensitive response elicitor treetment,

-30-

EXAMPLES

Examplel - Moaterisls and Methods

The laboratory technique used in the following examiple is straight
forward. All DNA manipulations described here followed conventional protocols

« ol Lo
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(Sambrock et al,, “Molecular Cloning: A Laboratory Mamual,” 2% ed,, Cold Spring 2 {
Harbor Laboratory (1989); Ausubel, et al., “Current Protocols in Molecular Biology,”

John Wiley (1987), which are hereby incorporated by reference). The plasmids and
microorganisms described herein, used for making the present invention, were

obtained from commercial sources, or from the authors of previous publications. #
Sequences were anslyzed with Clone Manager 5 (Scientific & Educations! Software,

Durham, North Carolina).

Yeast strain 140 was grown in YPD or in different minimal synthetic
dropout selection media at 30°C. E.coli strains DH5a and HB101 were grown in LB
at 37°C.

The yeast Two-Hybrid system is based on the fact that many
eukaryotic transcription factors are composed of physically separable, finctionally
independent DNA-binding domain (DNA-BD) and activation domain (AD). Both the
DNA-BD and the AD are required to activate a gene. When physically separated by
recombinant DNA technology and expressed in the same host cell, the DNA-BD and
the AD do not interact dircctly with each other and thus cannot activate the responsive
gene (Ma & Ptashne, “Converting a Eukaryotic Transcriptional Inhibitor into an
Activator,” Cell 55:443 (1988) and Brent & Ptashne, “A Eukaryotic Transcriptional
Activator Bearing thge DNA Specificity of a Prokaryotic Repressor,™ Cell 43:729
(1985), which are hereby incorporated by reference). But if the DNA-BD end the AD
are brought into close physical proximity in the promoter region, the transcriptional
activation function will be restored. Therefore, the yeast Saccharomyces cerevisiae
and the Two-Hybrid system have become essential genetic tools for studying the
macromolecular interactions.

In the Two-Hybrid system utilized here, the DNA-BD, encoded in the
bait vector pVJIL1] (Jullien-Flores, V., “Bridging Ral GTPase to Rho Pathways.
RLIP76, a Ral Effector with CDC42/Rac GTPase-activating Protein Activity,” 1. Biol
Chem, 27:22473 (1995), which is hereby incorporated by reference), is the
prokaryotic LexA protein, «nd the activation domain, encoded in the prey vector
pGAD 10 or pGAD GH (Clontech; Hannon, GJ., “Isolation of the Rb-related p130
Through its Interaction with CDK2 and Cyclins,” Genes Dev, 7:2378 (1993), which is
hereby incorporated by refcrence) is derived from the yeast GAL4 protein. pVIL11
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also has 8 7RP] macker, and the pGAD u LEUZ marker. An interaction betweenthe /7, |
bait protein (fused to the DNA-BD) and a library-encoded protein (fumd to the AD)
creates a novel transcriptional activator with binding affinity for LexA operators. The
yeast host L40 {MATa his3D200 trp1-901 leu2-3, 112 ade2 LYS2::(lexAop)y-HIS3
URAS3::(lexAop)s-lacZ)} harbors two reporter genes, lacZ and HIS3, which contain
upstreamn LexA binding site. The HIS3 nutritional reporter provides a sensitive
growth selection that can identify a single positive transformant out of several million
candidate clones. The expression of the reporier genes indicates interaction between a
candidate protein and the bait protein. Ses Figure 1.

Erwinia amylovora harpin was used as the bait protein to screen the
Arabidopsis thaliana MATCHMAKER cDNA library cioned in the pGAD 10 vector
(Clontech, laboratories, Inc., Palo Alto, California). One cDNA library encoded
protein was identified as e strong harpin interacting protein and, thus, a putative
harpin receptor. The present invention reports the nucleic ecid sequence and the
deduced amino acid sequence of this cDNA.

-32-

Example 2

HipN of Erwinia amylovora was subcloned into the yeast Two-Hybrid
bait vector pVIL1]. PCR was carried out using the 1.3 Kb harpin fragment (Wei ct
al., “Barpin, Elicitor of the Hypersensitive Response Produced by the Plant Pathogen
Erwinia emylovora,” Science 25785 (1992), which is hereby incorporated by
reference) as a template to amplify the harpin encoding region. A Bam HI site was
added to the 5° end of the coding sequence, and a Sal I site to the 3° end. A Bam HI
and Sal I digested PCR fragment wes ligated with the bait vector pVIL11 digested
with the same restriction enzymes. pVJL11 has a TRP/ marker to be selected in yeast
and an Amp resistance marker to be selected in £ coif. The plasmid DNA was
amplified in E coli strain DH50. When tested in the Two-Hybrid system with empty
prey veetor pPGAD GH and several unrelated proteins, HrpN didn't show auto-
activation or nonspecific interaction with unrelated proteins, as shown in Figure 2.
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Example 3

HipN-pVIL 11 was transformed into yeast strsin L40 by a lithium
acctate (LiAc)-mediated method (Tto et al., “Transformation of Intact Yeast Cells
Treated with Alkeli Cations,” I, Bacteriol, 153:163 (1983) and Vojtek et al.,
“Mammalisn Ras Interacts Directly with the Sexine/Threonine Kinase Raf.,” Call
74:205 (1993), which are hereby incorporsted by reference). The Arabidopsis
thaliana MATCHMAKER cDNA library (Clontech Laborataries, Inc., Palo Alto,
CA) was screened for harpin interacting proteins. Approximately 6.8 million primary
library transformants were plated onto plates lacking histidine, leucine, and
tryptophan. A total of 148 colonics grew on the histidine dropout plates, 55 of which
stained positive when tested for expression of f-galactosidase. After three rounds of
selection on synthetic minimal (S3D) media plates lacking leucine, tryptophan, and
histidine, and confirming by the expression of the second reporter gene lacZ using a
B-galactosidase assay, 47 colonies seemed to be strong interacting candidates.

Example 4

Plasmid DNA was extracted from the 47 independent yeast colonics
and shuttled into E.coli strain HB101, which carries the /exB mutation. Therefore, the
prey plasmid (¢cDNA-pGAD 10) was selected for on minimal nutrient plates since
pGAD 10 bears the LEU?2 marker.

The 47 independently rescued prey plasmids purified from £ coll were
re-tested in the yeast two-hybrid system with harpin as bait. They were also tested
against unrelsted protein. 20 tumed out to be strong specific interaction candidates
again. Sequencing snalysis showed that the 20 independent cDNA clones were
actually from the same gens with different integrity at the 5° end. The sequence
reactions were performed using the PE Prism BigDye™ dye terminator reaction kit.
The sequencing gel was run in Thatagen (Bothell, WA)

One of the eight plasmids, which had the longest cDNA insert of 1kb,
was used for further analysis. When co-transformed into yeast strain L40, it was
shown to be negative with empty bait and unrelated proteins in the Two-Hybrid
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system, indicating the specificity of the interaction between harpin and this receptor ,2 l q
candidate. See Figure 3.

<34-

Example 5 .

The longest cDNA insert, HrBP1, was subcloned into the Bam HI and
Sall sites of the beit vector pVIL 11. This construct didn"t show auto-activation of
the reporter genes, nor interaction with unrelated proteins in the yeast Two-Hybrid
system. However, the expression of the reporter genes was activated when L40 was
co-transformed with HrBP1-pVJIL11 and HipN-pGAD GH, indicating the specific
interaction between HrBP1p (the protein encoded by HrBP1) and harpin. See
Figure d.

Example 6

Total RNA was extracted from two-week-old Arabidopsis thaliana
using QIAGEN RNeasy plant mini kit (Qisgen, Inc., Valencia, California). Paly A*
RNA was further purified from the total RNA with a QIAGEN Oligotex column
{(Qiagen, Inc., Valencia, California). A Northern blot was carried out using the
translated region of HrBP1 as a probe. One single species with an apparent molecular
weight of about [.1 Kb was detected from both total RNA and Poly A* RNA. See
Figure 8. Therefore, the longest cDNA of HrBP1 from the yeast two-hybrid screen
seems to be the full-length cDNA. The integrity of the 5' of cDNA was further
confirmed by a primer extension assay.

As described, a ycast Two-Hybrid system was used to screen for
harpin interacting proteins. HrpN of Erwinia amylovora wes subcloned into the yeast
Two-Hybrid bait vector pVJL11, which bas a TRP! marker. The lexA harpin fasion
protein is expressed from this construct in yeast The Arabidopsis thaliana
MATCHMAKER cDNA library {Clontech Laboratories, Inc., Palo Alto, CA) was
screened for hypersensitive response elicitor interacting proteins. Out of the 6.3
million independent colonies screened, 148 grew on SD media plates lacking leucine,
tryptophan, and histidine. After three rounds of selectior on a -His plate and
confirmation by a fi-galactosidase assay, 47 colonics seemed to be strongly interacting
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candidates. The prey plasmids from the 47 candidate colonies were rescued and
shuttled into £ coll.

The 47 independent prey plasmids purified from E coli were re-tested
in the yeest Two-hybrid system with harpin as bait. They were also tested sgainst '
unrelated protein: LexA-lamin. 20 tumed out to have a strong specific intermction.
Sequencing analysis showed that the 20 independent cDNA clones were actually fiom
the same gene with differcnt integrity at the 5° end. The longest sequence was 1,000
bp, which was named HrBP1. It was mapped to Arabidopsis thaliana genomic DNA,
chromosome 3, P1 clone MLM24 (Nakamura, “Structural Anslysis of Arabidopsis
thaliana chromosaome 3,” Direct submission to the DDBJ/EMBL/GenBank databases
(1998), which is hereby incorporated by reference). Four exons end three introns
were discovered (See Figure 7). Exon 4 includes a 130 bp non-translated 3’ region.
The in-frame open reading frame from the first methionine encodes a polypeptide
{named HrBP1p) of 284 amino acids. The predicted molecular weight of HrBPIp is
304543 and pl is 5.72. There is no apparent hydrophobic trans-membrane domain in
this polypeptide. The HrBP1-AD fusion prey was negative with empty bait and
unrelated proteins in the yeast 2-H system, indicating the specificity of the inferaction
between harpin and this receptor candidate. When being put in the opposite
orientation, i.c. HiBP1p fused with the DNA-BD and barpin with the AD, they sti}!
specifically interacted with each other,

HrBP1 has no significant sequence similarity with sequences deposited
in major sequence database accessible with the Blast search program. Therefore,
HrBPlp is a novel protein.
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The HrBP1 cDNA was subcloned into the Nde | and Sal I sites of the
vector pET-28a (Novagen, Madison, WI). The his-tagged HrBP1p recombinant
protein was purified with Ni-NTA resin (QJAGEN Inc., Valencis, CA) according to
the memal provided by the mamufacturer, The HrBPI cDNA was also subcloned into
the BamH 1 and Sal 1 sites of the vector pGEX-4T-1 (Amersham Pharmacia Biotech,
Piscataway, NJ). The GST-tagged HrBP1p recombinant protein was purificd by
Glutathione Sepharose™ 4B (Amersham Pharmacia Biotech, Piscataway NJ)
according to the menufacturer’s instructions.

Exampile 8

Anti-sense HrBP1, which is complementary to SEQ. ID. No. 2, was
sub-cloned into binary vector pPZP212, under the control of the NOS promotor.
Arabidopsis thaliana plants were transformed with this construct using
Agrobacterium-mediated transformation. The Agrobacterium tumefaciens strain used
was V3101 (CS8CI Rifr) pMP90 (Gmr). Arabidopsis plants were also transformed
with a construct, which had an inverted repeat consisting of bases 3-650 of the HrBP1
¢DNA (i.e. SEQ. ID. No. 2) and the complementary sequence of bases 3-500 of *
HrBP1 cDNA. This construct gencrated a double-stranded mRNA in transformed
plants.

Both anti-sense and double-stranded approaches were intended to
silence the expression of HrBP1. Some of the transformexi Arabidapsis plants had
spontaneous necrosis on their leaves. They were also very disessed and
developmentsally reterded.

Exampie 9
The HrBP1 homologue from rice, R6, was clone by yeast two hybrid

screening.  However, it is not a full- length cDNA; there is some sequence
information missing from the 5° end. The partiai sequence of HrBP1-like cDNA from
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rice encodes & peptide of 203 amino acids, R6-p, which starts at aa #84 of HrBPIp. te
They are 74.4% identical and 87.2% positive at a protein level, 65% identical at a

DNA level. The amino acid sequence of RS is SEQ. ID. No. 6, while the nucleotide

sequence of R6 is SEQ. ID. No. 7. '

At protein level: Identities = 151/203 (74.4%), Posttives = 177/203 (87.2%y), Gaps =~ 27203 (0%)

R6-p : 1 VAALKVYLLSAVEGLNROLAGSCEDLDRADARARILEAAAGGG PVDLERDVDELOGCRMRL
+A LE+KLLS VOLNROL 8§ +DL+RA+ AMELE A GOGPVDL p+DKLOG+WRL
HrBPlp: 84 IALLYLELLSVVSGLRROLVASVDDLERAEVAAKELETA-~-QIFVDLTUDLDKLOGKMRL

RE-p : 61 VYSBAFSSRTLOGSRFPOPPTURLLPITLOOVFQRIDVVSEKDFONIVDVELGAPNPLIPVE
+YBSAFSSR+LOGERPG PYGRL+P+TLOQUVFQRIDV SKDFONI +VELGADHE PP+E
HrBPlp: 142 LYSSAFSSRSLOGERPILPTGRLIFVILAQVFQRIDVFSKDFONIAEVELOAPHEFPPLE

R6-p : 121 LTATLAAKFREIIGTSSIKITFDKITVEKTRINLSQLPPLEVPRIPDHLEPPENTOCGRFEV
TATLANEFE++Q@T IKITF+KTIVET GNLEQ+PP ++FR+FD+ RP SN G+O4FEV
HrBPlp: 202 ATATLANKFELLOTCKIKITFEXTTVRTSGNLEQIPPFDIFRLPDEFRPEASNPOTGOFEV

Ré-p : 181 TYLDGDTRITRODRGELRVFVIS 203
TY+D RITRGDROELEVIVI+
HrBPlp: 262 TYVDDTMRITRGIRGELRVFVIA 284
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At DNA level: Idantities = 397/610 {6S%)

RE
HzBP1

ne
HrBP1

R6
Hx3aP1

RE
HrBP1

R6
HEZBPL

R6
HrBPL

RE
HrBP1

R6
HBPl

RE6
HrBPl

Ré
HrEP1

R6
HrRPl

1
249

61
o9

121
k111

181
423

241
483

3ol
542

36l
603

421
663

481
723

541
T83

601

{dots indicate identical bases}

cgtggctgcgctcaaagtcasgct tctgagogcggigtcogggctgancegeggoctoge
as.t..stta.,....C....ak.a..t..t.ta..t..g..at.a...a.8..4a..L.C

ggggagccaggaggatettgaccgogecgacgegycggegogggagetcaaggeggegge
..C.,.tgtt..t...t.a..80.8..t..8.L...C..Lhdd..&..C.. 8.8, .-~

gugtagcgycccegtoguectggagaggaacgtggacaagetgcaggygoggtggaggct
===...9..4..9..t..CL.a0ccgat..tc.t..E. ... . LR RBR. .. 0 u

gutgtacagcagogegttctogt ogeggacgcscygeggcagcegeccoggccogeccac
I o e i S W Y S S T T

cggocgectcotococatoaccotogggeagytgt ttoagageatcgatgttgtcagoaa
£..8..0C.9qa....88.L. ... E..Ciuinnnrnnnn ad....t,....gt.t.....

ggacttcgacsavstogtogatgtegaget ocggegegccatggoegotgoegeeggtgoa
a..t..t..t.....8.8..9..9..at.a..8..8..C..... at.t.....at.a..

ge:gaegg'egneuccggel:e.eugtctgngutul:eggeleetcgagutung.:enc
agce..t..... BL. .o Bonnvnrnanss ac..t.a.....t.gc.ag..C..... ..

attcgacaagacgacggtgasgacgasggggascetgteccagetgcogeogetggaggt
-v-t..g..a8..8..L....,...atC...4...C....9.,.3.C..C...C.E..ta.

ccoctogoatcocoggacaacot ccggeogacgtcocaacaceggcagoggogagttogaggt
..ga.gc.t..c....gtt..a.a..8k....8...C.%. .8, ct..g..E.....A..

glcetncctcgumegacleccgclteleecgeggggncagnggggngc..c-gggtgtl:
Tovnu- tg.r..t.atac..tg..... F O a..b..,,.a..

cgtcatctcy
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A Northem blot using an RNA probe of bases 651-855 of the. HrBP1]
coding region picked up a band with a size similar to HrBP1 in many species such as
rice, tobacco, citrus, cotton, grass, pansy, pepper, potato, tomato, whest, and com.

Rice Yes
Tobacco Yes
Citrus Yes
Cotton Yes
Grass Yes
Pansy Yes
Pepper Yes
Potato Yes
Tomato Yes
Wheat Yes
Com Yes
Geranium ?

soy bean ?

sunflower ?

strawberry  ?

Sequence of HrBP1 fragment used as the Northern probe (SEQ. ID. No. 8):

GATCAAGATAACATTTGAGARRACAACTETGAMIACATOGGGAARCT TOTCGCAGATTOCTCOG TTTGATATCCCG
AGGCTTCCCGACAGT TTCAGACCATCGTCARACCCTGGARCTOOGAAT T TCGAAGT TACCTATOTTGATGATACCA
TGOGCATARCTOGOGGOGACAGAGG TGAACT TABOGTATTOGTCATTGCT TAR

Exampic 11

A transgenic approach was used for functional analysis of HrBP1.
Arabidopsis plants were transformed with an HrBP! anti-sense construct or a
construct that generates double stranded RNA of an HrBP1 fragment (sense strand of
HrBP1 coding region bases 4-650 + anti-sense strand of HrBP1 coding region bases



ococroat" orscffeos
o

[~ ]
Q

1#°

22y

-39-

4-500). The double stranded RNA method was found to be more efficient in silencing
the HrBP1 gene. In the T1 generation, four lines showed spontaneous HR-mimic
lesion. The most severe line was developmentally retarded, looked very sick, and -
didn"t produce seeds. However, this phenotype did not appear in the T2 and T3
genemations and, therefore, was not genetically inberitable. T2 and T3 generations of
HrBP1 “knockout” Arabidopsis plants were more resistant to Pseudomonas syringae
DC3000 than wild type plaats. T2 plants were also more sensitive to harpin protein in
an HR assay than wild type plants. Preliminary data also showed that HrBP1
“knockout” lines bolted earlier than wild type plants and were bigger as weli. HrBP1
scemed like a negative regulator in Arabidopsis.

HrBP1 was over-expressed in tobacco plants under the control of an
NOS promoter or a GST promoter. Three high expression lines (2 NOS lines and 1
GST line) were chosen for further studies in the T2 generation. When infiltrated with
purified harpin, the transgenic lines developed HR much faster than wild type plants,
which is consistent with a previous experiment in which His-tagged HrBP1 increased
tobacco’s sensitivity to harpin protein. The HrBP1 over-expressing lines were taller
than wild type Xanthi NN plants and were also more resistant to TMV as measured by
both disease spot size and spot number. Spot size was more significant: the diameter
of the spot on transgenic plants was over 30% less then that on the wild type plants.

Although the invention has been described in detail for the purpose of
illugtration, it is understood that such detail is solely for that purpose, and variations
can be made therein by those skilled in the art without departing from the spirit and
scope of the invention which is defined by the following claims.
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WHAT IS CLAIMED: 21 g'

1. An isolated protein which serves as a receptor in plants for
plant pathogen hypersensitive response elicit:_m.

2 A protein according to claim 1, wherein the plant pathogen is
sclected from the group consisting of Erwinia, Pseudomonas, Xanthamonas,

Phytophthora, and Clavibacter.

3. A pratein according to claim 2, wherein the plant pathogen is
an Erwinia pathogen.

4. A protein according to claim 3, wherein the plant pathogen is
Erwinia amylovora.

5. A protein according to claim 1, wherein the protein is from a
monocot.

6. A protein according to claim 5, wherein the protein is from
rice.

7. A protein according to claim |, wherein the protein has an
amino acid sequence of SEQ. ID. No. 6.

8. A protein according to claim 1, wherein the protein is from a
9. A protein according to claim 8, wherein the protein is from
Arabidapsis thaliana. '

10. A protein according to claim 1, wherein the protein has an
amino acid sequence of SEQ. [D. No. 1.
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11. A protcin according to claim 1, whercin the protein is
recombinant.

P

716

12.  Anisolated nucleic acid molecule encoding a protein according

to claim I.

13. A nucleic acid molecule according to claim 12, wherein the
plant pathogen is selected from the group consisting of Erwinia, Pseudomonas,
Xanthamonas, Phkytophthora, sud Clavibacter.

14, A mucleic acid molecule according to claim 13, wherein the
plant pathogen is sn Erwinia pathogen,

15. A nucleic acid molecule according w claim 14, wherein the
plant pathopen is Erwinia amylovora.

16. A nucleic acid molecule according to claim 12, wherein the
protein is from & monocot.

17. A nucleic acid molecule according to claim 16, wherein the
protein is from rice.

18. A mucleic acid molecule according to claim 12, wherein the
protein has ep amino acid sequence of SEQ. ID. No. 6.

19. A nucleic acid molecule acconding to claim 12, wherein the

mucleic acid hybridizes to the nneleotide sequence of SEQ. ID. No. 7 under stringent
conditions of hybridization buffer comprising 20% formamide in 0.9 M saline/0.09M

SSC buffer at a tempemture of 42°C.
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20. A nucleic acid molecule according to claim 12, wherein the
nucleic acid has a nucleotide sequence of SEQ. ID. No. 7.

21. Anucleicucidmoleculfaceordingtocllimlz.whetaintha
protein is from a dicot.

22. A mxleic acid molecule according to claim 21, wherein the
protein is from Arabidopsis thaliana.

23. A nuxleic acid molecule acconding to claim 12, whercin the
protein has an amino acid sequence of SEQ. ID. No. 1.

24. A nucleic acid molecule according to claim 12, wherein the
nucieic acid hybridizes to the sucleotide sequence of SEQ. ID. Nos. 2 or 8 under
stringent conditions of a hybridization buffer comprising 20% formamide in 0.9M
saline/0.09M SSC buffer at a temperature of 42°C.

25. A mucleic acid molecule according to claim 12, wherein the
nuclejc acid has a nucleotide sequence of SEQ. ID. No. 2.

26. A mucleic acid according to claim 12, wherein the nucleic acid
hybridizes to a nucleotide sequence of SEQ. ID. No. 3 undérstringent conditions of a
hybridization buffer comprising 20% formarmide in 0.9M saline/0.09M SSC buffer at
a temperature of 42°C.

27. A mxleic acid according to claim 12, wherein the nucleic acid
has a nucleotide sequence comprising SEQ. ID. No. 3.

.28,  An antisense nucleic acid molecule to the aucleic acid
according to claim 12.
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29.  Anexpression vector containing a nuclejc acid molecile
according to claim 12 which is heterologous to the expression vector.

30.  Anexpression vector according to claim 29, wherein the
nucleic acid molecule is positioned in the expression vector in sense orientation and
correct reading frame.

/10

3]1.  An cxpression vector according to claim 29, wherein either:
(1) the protein bas an amino acid sequence of SEQ, ID. No. 1; (2) the mucleic acid
hybridizes to a nucleotide sequence of SEQ. ID. Nos. 2 or 8 under stringent
canditions of a-hybridization buffer comprising 20% formamide in 0.9M saline/0.09M
SSC buffer at u temperature of 42°C; (3) the nucleicacid comprises a nucleotide
sequence of SEQ. ID. No. 2; (4) the nucleic acid hybridizes to a nucleotide sequence
of SEQ. ID\ No. 3 under stringent conditions of & hybridization buffer comprising
20% formamide in 0.9M saline/0.09M SSC buffer at a tempersture of 42°C; (5) the
nucleic acid comprisesa nucleotide sequence of SEQ. ID. No. 3; (6) the protein has
an amino aéid sequence of SEQ. ID. No. 6; (7) the nucleic acid hybridizes 1o the
mucleotide sequence of SEQ. ID. No. 7 under stringent conditions of hybridization
buffer comprising 20% formamide in 0.9 M saline/0.09M SSC buffer at a temperature
of 42°C; or (8) the mucleic acid comprises a nucleotide sequence of SEQ. ID. No. 7.

32. An expression vector containing a nucleic acid molccule
according to claim 28 which is heterologous to the expression vector.

33. A transgenic host cell transformed with the nucleic acid
molecule according to claim 12,

34. A host cell transformed according to claim 33, wherein the host
cell is selected from the group consisting of & plant cell and a bacterial cell

35. A host cell according to claim 33, wherein the DNA melccule
is transformed with an expression system.
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36. A host cell according to claim 33, wherein ¢ither: (1) the
protein has an amino acid sequence of SEQ. ID. No. 1; (2) the nucleic acid hybridizes
to a nucleotide sequence of SEQ. ID. Nos. 2 or 8 under stringent conditions of a
hybridization buffer comprising 20% formamide in 0.9M saline/0,09M SSC buffer at
a temperature of 42°C; (3) the nucleic acid comprises a nucleotide sequence of SEN).
ID. No. 2; (4) the nucleic acid hybridizes to & nucleotide sequence of SEQ. ID. No. 3
under stringent conditions of a hybridization buffer comprising 20% formamide in
0.9M saline/0.09M SSC buffer at a temperature of 42°C; (5) the mucleic acid
comprises a nucleotide sequence of SEQ. ID. No. 3; (6) the protein has an smino acid
sequence of SEQ. ID. No. 6; (7) the nucleic acid hybridizes to the nuclootide '
sequence of SEQ. ID. No. 7 under stringent conditions of hybridization buffer
comprising 20% formamide in 0.9 M saline/0.09M SSC buffer at a tempersture of
42°C; or (8) the nucleic acid comprises a nucleotide sequence of SEQ. ID. No. 7.

37.  Ahost cell transformed with a nucleic acid molecule according
to claim 28.

38. A trensgenic plant transformed with the DNA molecule of
cleim 12.

39. A transgenic plant according to claim 38, whercin the plant is
sclected from the group consisting of alfalfa, rice, wheat, barley, rye, cotton,
sunflower, peamut, corn, potato, swect potato, bean pea, chicory, lettuce, endive,
cabbage, brussel sprout, beel, parsnip, caulifiower, broceoli, turnip, radish, spinach,
onion, garlic, eggplant, peppe, celery, carrot, squash, pumpkin, zucchini, cucumber,
apple, pear, melou, citrus, strawberty, grape, raspbetry, pineapple, soybean, tobaceo,
tomato, sorghum, and sugarcane. .

40. A transgenic plant according to claim 38, wherein the plant is
selected from the group consisting of Arabidopsis thaliana, Sainipaulia, petunia,
pelargonium, poinsettia, chrysanthemum, camation, and zinnia,

NF
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41. A transgenic plant according to claim 38, wherein thé plant is a
monocot.

42. A vunsgenic plant according to claim 38, wherein the plant is
from a dicot.

43. A transgenic plant according to claim 38, wherein either: (1)
the protein has an amino acid sequence of SEQ. ID. No. 1; (2) the nucleic acid
hybridizes to a mucleotide sequence of SEQ. ID. Nos. 2 or 8 under stringent
conditions of & hybridization buffer comprising 20% formamide in 0.9M saline/0.09M
SSC buffer at a temperature of 42°C; (3) the nucleic acid comprises a nucleotide
sequance of SEQ. ID. No. 2; (4) the nucleic acid hybridizes to a nucleotide sequence
of SEQ. ID. No. 3 under stringent conditions of a hybridization buffer comprising
20% formamide in 0.9M saline/0.09M SSC buffer at a temperamre of 42°C; (5) the
nuclejc acid comprises a micleotide sequence of SEQ. ID. No. 3; (6) the protein has
an amino acid sequence of SEQ. ID. No. 6; (7) the nucleic acid hybridizes 1o the
nucleotide sequence of SEQ. ID. No. 7 under stringent conditions of hybridization
buffer comprising 20% formamide in 0.9 M saline/0.09M SSC buffer at a temperatire
of 42°C; or (8) the nucleic acid comprises a nucleotide sequence of SEQ. TD. No. 7.

44, A transgenic plant transformed with a nucleic acid molecule
according to claim 28.

45. ‘A transgenic plant sced transformed with the DNA molecule of
claim 12.

46. Amsgenicplmt'seedicemdingtoclaim4s,whminthe
plant is selected from the group consisting of alfalfa, rice, wheat, barley, rye, cotton,
sunflower, peamut, corn, potato, sweet potato, bean pea, chicory, letuce, endive,
cabbage, brussel sprout, beet, parsnip, cauliflower, broccoli, tamip, radish, spinach,
onion, garlic, cggplant, pepper, celery, carrot, squash, pumpkin, Zucchini, cucumber,

<30
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apple, pear, melon, citrus, strawberry, grape, raspberry, pineapple, soybean, tobacco,
tomato, sorghum, and sugarcane.

47. A transgenic plant seed according to claim 45, wherein the
plant is selected from the group consisting of Arabidopsis thaliana, Saintpalia, %
petunia, pelargonium, poinsettia, chrysanthemum, carnation, and zinnia,

48. A transgenic plant seed according to claim 45, wherein the
plant is a monocot.

49, A transgenic plant sced according to claim 45, wherein the
plant is & dicoL.

50. A transgenic plant seed according to claim 45, wherein either:
(1) the protein has an amino acid sequence of SEQ. ID. No. 1; (2) the nucleic acid
hybridizes to a nucleotide sequence of SEQ. ID. Nos. 2 or 8 under stringent
conditions of a hybridization buffer comprising 20% formamide in 0.9M saline/0.09M
SSC buffer at a temnperature of 42°C; (3) the mucleic acid comprises a mcleotide
secuence of SEQ. ID. No. 2; (4) the nucleic acid hybridizes lo s nucleotide sequence
of SEQ. ID. No. 3 under stringent conditions of a hybridization buffer comprising
20% formamide in 0.9M saline/0.09M SSC buffer at a temperature of 42°C; (5) the
nucleic acid comprises a nucleotide sequence of SEQ. ID, No. 3; (6) the protein has
an amino acid sequence of SEQ. ID. No. 6; (7) the mucleic acid hybridizes to the
nucleotide sequence of SEQ. ID. No. 7 under stringent conditions of hybridization
buffer comprising 20% formamide in 0.9 M saline/0.09M SSC buffer at a temperature
of 42°C; or (8) the nucleic acid comprises a nucleotide sequence of SEQ. ID. No. 7.

51. A transgenic plant sced transformed with a nucleic acid
molecule according to claim 28.

S2. A method of identifying agents targeting plant cells
camprising:
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forming a reaction mixture comprising a protein according to
claim 1 and a candidate agent;
evaluating the reaction mixture for binding between the protein
and the candidate agent; and .
identifying candidate compounds which bind to the protein in
the reaction mixture as plant cell targeting agents.

-

53. A method according to claim 52, wherein the protein is from a

54. A method according to claim 53, wherein the protein is from

rice.

55. A method according to claim 52, wherein the protein has an
amino acid sequence of SEQ. ID. No. 6.

56. A method according to claim 52, wherein the protein is from 8

57. A method according to claim 56, wherein the protein is from
Arabidopsis thallana.

58. A method according to claim 52, wherein the protein has an
amino acid sequence of SEQ. ID. No. 1.

59. A method of idemtifying agents targeting plant cells
comprising:
forming a reaction mixture comprising a host cell transformed
with a nucleic acid molecule according to claim 12 and a candidate agent;
evaluating the reaction mixture for binding between protein
produced by the host cell and the candidate agent; and
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identifying candidate compounds which bind to the protein
produced by the host cell in the reaction mixture as plant cell targeting agents.

60. A method according to claim 59, wherein the protein is from a

monocol.

61. A method according to claim 60, wherein the protein is from
rice.

62. A method according to claim 59, wherein the protein is from a
dicot.

63. A method according to claim 62, wherein the protein is from
Arabidopsis thaliana.

64. A method according to claim 59, wherein either: (1) the
protein has an amino acid sequence of SEQ. ID. No. 1; (2) the nucleic acid hybridizes
to a nucleotide sequence of SEQ. ID. Nos. 2 or 8 under stringent conditions of a
hybridization buffer comprising 20% formamide in 0.9M saline/0.09M SSC buffer at
a temperature of 42°C; (3) the nucleic acid comprises a mucleotide sequence of SEQ.
ID. No. 2; (4) the nucleic scid hybridizes to a nucleotide sequence of SEQ. ID. No. 3
under stringent conditions of a hybridization buffer comprising 20% formamide in
0.9M saline/0.05M SSC buffer at a temperature of 42°C; (5) the nucleic acid
comprises a nucleotide sequence of SEQ. ID. No. 3; (6) the protein has an amino acid
sequence of SEQ. ID. No. 6; (7) the nucleic acid hybridizes to the nucleotide
sequence of SEQ. ID. No. 7 under stringent conditions of hybridization buffer
comprising 20% formamide in 0.9 M saline/0.09M SSC buffer at a temperature of
42°C; or (8) the nucleic acid comprises a nucleotide sequence of SEQ. ID. No. 7.

65. A method of enhancing plant receptivity to treatment with
hypersensitive response elicitors comprising:
providing a transgenic plant or transgenic plant seed
transformed with the aucleic acid molecule according to claim 2.

7257
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66. A method according to claim 65, wherein either: (1) the
protein has an amino acid sequence of SEQ. ID. No. 1; (2) the mucleic acid hybridizes
to a nucleotide sequence of SEQ. ID. Noa. '{or 8 under stringent conditions of a
hybridization buffer comprising 20% formamide in 0.9M saline/0.09M SSC buffer at
& temperature of 42°C; (3) the nucleic acid comprises a nucleotide sequence of SEQ.
ID. No. 2; (4) the nucleic acid hybridizes to a puceotide sequence of SEQ. ID. No. 3
under stringent conditions of a hybridization buffer comprising 20% formamide in
0.9M saline/0.09M SSC buffer at a temperature of 42°C; (5) the nucleic acid
comprises a nucleotide sequence of SEQ. ID. No. 3; (6) the protein has an amino acid
sequence of SEQ. ID. No. 6; (7) the nucleic acid hybridizes to the nucleotide
sequence of SEQ. ID. No. 7 under stringent conditions of hybridization buffer
comprising 20% formamide in 0.9 M saline/0.09M SSC buffer at a temperature of
42°C; or (8) the nucleic acid comprises a nucleotide sequence of SEQ. ID. No. 7.

67. A method according to claim 65, wherein a transgenic plant is

68. A method according to claim 65, whercin a transgenic plant
seed is provided and said method further comprises:
planting the plant seeds under conditions eflective for plants w0
grow from the planted plant seeds.

69. A method according to claim 65, wherein the plant ig selected
from the group consisting of alfaifs, rice, wheat, barley, rye, cotion, sunflower,
peanut, corn, potato, sweet potato, bean pes, chicory, lettuce, endive, cabbago, brussel
sprout, beet, parsnip, turnip, cauliflower, broccoli, radish, spinach, onion, garlic,
eggplant, pepper, celery, carrot, squash, pumpkin, zucchini, cucumber, apple, pear,
melon, citrus, strawberry, grape, raspberry, pineapple, soybean, tobaceo, tometo,
sorghum, snd sugarcane.

12
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70. A method according to claim 65, wherein the plant s selected
from the group consisting of Arabidopsis thallana, Sainipaulia, petunia, pelargonium,
poinsettia, chrysanthemum, camnation, and zinnia.

71. A method according to claim 65, wherein the hypersensitive
response elicitor treatment is for imparting discase resistance.

72. A method acconding to claim 65, wherein the hypersensitive
response elicitor treatment is for enhancing plant growth.

73. A metbod according to claim 65, wherein the hypersensitive
response clicitor reatment is for controlling insects.

74. A method according to claim 65, wherein the hypersensitive
response elicitor treatment is for imparting stress tolerance.

75. A method according to claim 65, wherein the transgenic plant
or plant seed is further transformed with a second nucleic acid encoding a
hypersensitive response elicitor, wherein expression of the second mucleic acid effects
the hypersensitive response elicitor trestment.

76. A method according to claim 65, wherein the hypersensitive
response elicitor treatment comprises:
applying a hypersensitive response elicitor to the plant or plant
seed. )

77. A method according to claim 76, wherein the hyperuengtive
response elicitor is applied in isolated form,

78. A method of imparting disease resistance, enhancing growth,
controlling insects, and/or imparting stress resistance to plants comprising:
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providing a transgenic plant or transgenic plant seed
transformed with a DNA construct effective to silence expression of a nucleic acid
molecule according 1o claim 12,

79. A method according to claim 78, wherein the protein is from a

monocot.

80. A method according to claim 79, wherein the protein is from
rice.

Bl. A method according to claim 78, wherein the protein is from a
dicot.

82. A method according 1o claim 81, wherein the protein is from
Arabidopsis thaliana.

83. A method according to claim 78, wherein either: (1) the
protein has an amino acid sequence of SEQ. ID. No. 1; (2) the nucleic acid hybridizes
to a nucleotide sequence of SEQ. ID. Nos. 2 or 8 under stringent conditions of a
hybridization buffer comprising 20% formamide in 0.9M saline/0.09M SSC buffer at
a temperature of 42°C; (3) the nucleic acid comprises a nucleotide sequence of SEQ.
ID. No. 2; (4) the nucleic acid hybridizes to a nucleotide sequence of SEQ. ID. No. 3
under stringent conditions of a hybridization buffer comprising 20% formamide in
0.5M saline/0,09M SSC buffer at a temperature of 42°C; (5) the nucleic acid
comprises a nucleotide sequence of SEQ. ID. No. 3; (6) the protein has an amino acid
sequence of SEQ. ID. No. 6; (7) the nucleic acid hybridizes to the nucleotide

sequence of SEQ. ID. No. 7 under stringent conditions of hybridization buffer

comprising 20% formamide in 0.9 M saline/0.09M SSC buffer at 2 temperature of
42°C; or (8) the nucleic acid comprises a nucleotide sequence of SEQ. ID. No. 7.

84. A method according to claim 78, wherein a transgenic plant is
provided.
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85. A method according to claim 78, wharein a transgenic plant
seed is provided and said method further comprises:
planting the plant sceds under conditions effective for plants 1o
grow from the planted plant seeds. . e\
N
86. A method acconding to claim 78, wherein the plant is selecied
from the group consisting of alfalfa, rice, wheat, barley, rye, cotton, sunflower,
peanut, comn, potato, sweet potato, bean pea, chicory, lettuce, endive, cabbage, brussel
sprout, beet, parsnip, turnip, cauliflower, broccoli, tumip, radish, spinach, onion,
gaclic, eggplant, pepper, celery, carrot, squash, pumpkin, zucchini, cucumber, apple,
pear, melon, citrus, strawberry, grape, raspberry, pincapple, soybean, tobacco, tomato,
sorghum, and sugarcene.

87. A method according to claim 78, wherein the plant is selected
from the group consisting of Arabidopsis thaliana, Saintpaulia, peumia, pelargonium,
poinsettia, chrysanthemum, carnation, and zinnia.

88. A method according to claim 78, wherein the transgenic plant
or plant seed is further trangformed with a second nucleic acid encoding a
hypersensitive response elicitor, wherein expression of the second nuclcic acid effects
a hypersensitive response elicitor treatment.

89. A method according to claim 78 further comprising:
applying a bypersensitive response elicitor to the plant or plant
90. A method according to claim 89, wherein the hypersensitive
response clicitor is applied in isolated form.

91. A method according to claim 78, wherein disease resistance is
imparted to plants.
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92. A method according to claim 78, wherein enhanced growth is
imparted to plants.

93. A method according to claim 78, wherein insect control is
imparted to plents.

94. A method according to claim 78, wherein stress resistance is
imparted to plants.

95. A method eccording to claim 78, wherein the DNA construct is
&n antisense mucleic acid molecule to a nucleic acid molecule encoding a receptor in
plants for plant pathogen hypersensitive response elicitors.

96. A method according to claim 78, wherein the DNA construct is
transcribable 1o a first nucleic acid encoding a receptor in planis for plant pathogen
hypersensitive response elicitors coupled to a second nucleic acid encoding the
inverted complement of the first nucleic acid.

97. A method of imparting discase resistance, enhancing growth,
cantrolling insects, and/or imparting stress resistance to plants comprising:
providing a transgenic plant or transgenic plant seed
transformed with the nucleic acid molecule according to claim 12.

98. A method according to claim 97, wherein either: (1) the
protein hag an amino acid sequence of SEQ. ID. No. 1; (2) the nucleic acid hybridizes
to a nucleotide sequence of SEQ. ID. Nos. 2 or 8 under stringent conditions of a
hybridization buffer comprising 20% formamide in 0.9M saline/0.09M SSC buffer at
a temperature of 42°C; (3) the nucleic acid comprises a nucleotide sequence of SEQ.
ID. No. 2; (4) the mucleic acid hybridizes to a nucleotide sequence of SEQ. ID. No. 3
under stringent conditions of a hybridization buffer comprising 20% formamide in
0.9M saline/0.09M SSC buffer at a temperature of 42°C; (5) the nucleic acid
comprises & nucleotide sequence of SEQ. ID. No. 3; {(6) the protein has an amino acid

759
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sequence of SEQ. ID. No. 6; (7) the nucleic acid hybridizes to the nucleotide
sequence of SEQ. ID. No. 7 under stringent conditions of hybridization buffer
comprising 20% formamide in 0.9 M saline/0.09M SSC buffer at a temperature of
42°C; or (8) the nucleic acid comprises a w& sequence of SEQ. ID. No. 7.

99. A method according to claim 97, wherein a transgonic plant is
provided.

100. A method according to claim 97, wherein a transgenic plant
seed is provided and said method further comprises:
planting the plant seeds under conditions effective for plants to
grow from the planted plant seeds.

101. A method according to claim 97, wherein the plant is selected
from the group consisting of alfalfa, ricc, wheat, barley, rye, cotion, sunflower,
peanut, corn, potato, sweet potato, bean pea, chicory, lettuce, endive, cabbage, brussel
sprout, beet, parsnip, turnip, caulifiower, broceoli, radish, spinach, onion, garlic,
egeplant, pepper, celery, camot, squash, pumpkin, zucchini, cucumber, apple, pear,
melon, citrus, strawbezry, grepe, raspberry, pineapple, soybean, tobacco, tomato,
sorghum, and sugarcane.

102. A method according to claim 97, wherein the plant is selected
from the group consisting of Arabidopsis thaliana, Sainipaulia, petunia, pelargonium,

poinsettia, chrysantheznum, camation, and zinnia.

103. A method sccording to claim 97, wherein disease resistance is

104. A method according to claim 97, wherein plant growth is

29
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A method according to claim 97, wherein insects are

A method eccording to claim 97, wherein stress tolerance is

A method according to claim 97, wherein the protein is from a

A method according to claim 107, wherein the protein is from

A method according to claim 97, wherein the protein is from a

A method according to claim 97, wherein the protein is from

7240
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ABSTRACT OF THE DISCLOSURE

The prescnt invention is directed to an isolated protein which serves as
a receptor in plants for a plant pathogen hypersensitive response elicitor. Also
discloudmnucleicacidmolecﬂuenmdin‘gsunhmemnuweuummim
vectors, host cells, transgenic plants, and transgenic plant seeds containing such
nucleic acid molecules. Both the protein and nucleic acid can be used to identify
agents targeting plant cells and to enhance a plant’s receptivity to treatment with a
hypersensitive respoase elicitor.

241
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02 Jul 15999 Sequence Data
Molecule: HrBP1, 1000 bps DNA
Description: cDMA = of HrBP1 N
File Name: figs.cm5, dated 04 Jun 1999
Printed: 1-1000 bpa (Full), format Singla Strand
1 Ettttcocttec tcaacaatgg cgacttottc tactttctcg tocactactac cttoaccace
61 agoctcttett tcocgaccacce gttctectoe accatccatc agatactoct tttotccetkt
121 asctactcea aaatcgtcte gttitgggttt cactgtaceg gagaagagaa acctogetge
181 taattcgtet ctegttgaag tatccattyg cogaguasgt gacccaccac catcatcatce
241 tggatcagga ggagacgaca agcaaattge attactcsas ctcaaattac ttagtgtagt
301 ttegggatta aacagaggac ttgtggogag tgttgatgat ttagaaagag ctgaagtage
361 tgctasagaa cttgasactg ctogogguce ggttgattta acogatgute ttgataagol
421  tceagugnaa tggeggctgt tgtatagtag tgogttetet toteggtott taggtagtag
481 cogtectggt ctacctactg gacgtttgat ccatgttact aottogecoagy tgtttoaacy
111 541 guttgatgtg tttagcamag attttgataa catagosgag gtggaattag gagecccttdg
o] 6§01 gecattteoog ccattagaag ccactgogec attggeacae aagtttgaac tcttaggcac
661 ttgcaagatc aagataacat tLOguGARAAC AAC acatcgogas acttgtogca
T21 gattectcog tttgatatce cgaggettoc cgucagtite agaccategt camaccotag
781 aactggggat ttcgaagtta cctatgttge tgataccatg cgoataacto goggoggacag
B4l aggtgaactt agggtattcg tcattgetta attctcasag ctttgacatg taaagataan
" 01 taaatacttt ctgcttgaty cagtetcatg agtttbgtac aaatcatgtg aacatataaa
h 961 tgegetttat aagtaaatga gtgtettgtt castgaatcoa
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02 Jul 1999 Sequence Data Page 1 \L.
Molecula: 4+47+i4R-p, 284 ams Protein ? Sb
Description: ORF from 4+47+14R
PFlle Name: figé.cm5, dated 04 Jun 1999
Printed: 1-284 aas (Full), format Singls Strand
1l nuatsstfsal lpsppallsd hrapppsiry -!splt.tplu arlgftvpek rmlaansslv
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REIVINDICACIONES:

1. Una proteina aislada la cual sirve como un
receptor en plantas para inductores patégenos vegetales

de respuesta hipersensible.

2. Una proteina segin la reivindicacién 1, en
donde el patdgeno vegetal es seleccionado entre Erwinia,

Pseudomonas, Xanthamonas, Phytophthora, y Clavibacter.

3. Una proteina segin la reivindicacién 2, en

donde el patbgeno vegetal es un patSgeno Erwinia.

4, Una proteina segin la reivindicacién 3, en

donde el patbSgeno vegetal es Erwinia amylovora.

5. Una proteina segln la reivindicacién 1, en

donde la proteina proviene de un monocotiledéneo.

6. Una proteina seqiin la reivindicacién 1, en

donde la proteina proviene de un dicotiledéneo.
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7. Una proteina seqg(n la reivindicacién 8, en

donde la proteina proviene de la Arabidopsis thaliana.

8. Una proteina segilin la reivindicacibén 1, en
donde la proteina tiene una secuencia de aminodcidos

parcial de la SEQ. ID. No. 1.

9. Una proteina seqin la reivindicacién 1, en

donde la proteina es recombinante.

10. Una molécula de acido nucleico aislada que

codifica una proteina seqgiin la reivindicacién 1.

11. Una molécula de dcido nucleico seglin la
reivindicacién 10, en donde el patSgeno vegetal es
seleccionado entre Erwinia, Pseudomonas, Xanthamonas,

Phytophthora, y Clavibacter.
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12. Una molécula de &cido nucleico segin la

reivindicacién 11, en donde el patSgeno vegetal es un

patSgeno Erwinia. Eﬁs

13. Una molécula de 4cido nucleico segfin la
reivindicacién 12, en donde el patégeno vegetal es

Erwinia amylovora.

14. Una molécula de dcido nucleico segin la
reivindicacién 10, en donde la proteina proviene de un

monocotiledéneo.

15. Una molécula de &cido nucleico seqglin la
reivindicacién 10, en donde la proteina proviene de un

dicotiledéneo.

16. Una molécula de acido nucleico segiin la
reivindicacién 15, en donde la proteina proviene de la

Arabidopsis thaliana.
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17. Una molécula de &cido nucleico segiin la

reivindicacién 10, en donde la proteina tiene una

secuencia de aminodcidos parcial de la SEQ. ID. No. 1.

18. Una molécula de &4cido nucleico seglin la
reivindicacién 10, en donde el &cido nucleico se
hibridiza en la secuencia nucleétida de la SEQ. ID. No. 2
bajo condiciones rigurosas de amortiguador de
hibridizacién que comprende 20% de formamida en buffer de

0.9M de salina/0.09M SSC a una temperatura de 42°C.

19. Una molécula de &cido nucleico segGn la
reivindicacién 10, en donde el acido nucleico tiene una

Becuencia nuclebétida que comprende la SEQ. ID. No. 2.

20. Una molécula de &cido nucleico seglin la
reivindicacién 10, en donde el &cido nucleico se
hibridiza en la secuencia nucleétida de la SEQ. ID. No. 3
bajo condiciones rigurosas de amortiguador de
hibridizaciétn que comprende 20% de formamida en buffer de
0.9M de salina/0.05M SSC a una temperatura de 42°C.

4
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21. Una molécula de &cido nucleico segfin la
reivindicacién 10, en donde el &cido nucleico tiene una

secuencia nucleétida que comprende la SEQ. ID. No. 3. —

22. Una molécula de &cido nucleico antisentido

segiin la reivindicacién 10.

23. Un vector de expresifin que contiene una
molécula de Acido nucleico segln la reivindicacién 10 el

cual es heterSlogo al vector de expresiédn.

24. Un vector de expresién segln la reivindicacién
23, en donde la molécula del &4cido nucleico es situada en
el vector de expresidén en orientacién con sentido y un

correcto marco de lectura.

25. Un vector de expresibfn segin la reivindicacién
23, en donde, tanto: (1) la proteina tiene una secuencia
de aminodcidos de la SEQ. ID. No. 1; (2) el &cido

micleico se hibridiza en la secuencia nucleé&tida de la

5
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SEQ. ID. No. 2 bajo condiciones rigqurosas de amortiquador
de hibridizacién que comprende 20% de formamida en buffer
de 0.9M de salina/0.09M SSC a una temperatura de 42°C;

(3) el &4cido nucleico comprende una secuencia nuclebtida
de la SEQ. ID. No. 2; (4) el &cido nucleico se hibridiza
en la secuencia nuclebétida de la SEQ. ID. No. 3 bajo
condiciones rigurosas de amortiguador de hibridizacién
que comprende 20% de formamida en buffer de 0.9M de
galina/0.09M SSC a una temperatura de 42°C; (5) el &cido
nucleico comprende una secuencia nuclebtida de la SEQ.

ID. No. 3;

26. Un vector de expresién que contiene una
molécula de acido nucleico segin la reivindicacién 22 el

cual es heterflogo al vector de expresién.

27. Una célula hospedera transgénica transformada
con la molécula del &cido nucleico seqgfin la

reivindicacién 10.

]
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28. Una célula hospedera transformada segtin la
reivindicacién 27, en donde la célula hospedera es
seleccionada entre una célula vegetal y una célula

bacteriana.

29. Una célula hospedera segiin la reivindicacién
27, en donde la molécula de ADN es transformada con un

sistema de expresién.

30. Una célula hospedera segln la reivindicacién
27, en donde tanto: (1) la proteina tiene una secuencia
de aminodcidos de la SEQ. ID. No. 1; (2) el &cido
nucleico se hibridiza en la secuencia nuclettida de la
SEQ. ID. No. 2 bajo condiciones rigurosas de amortiguador
de hibridizacién que comprende 20% de formamida en buffer
de 0.9M de salina/0.09M SSC a una temperatura de 42°C;
{(3) el &cido nucleico comprende una secuencia nuclebtida
de la SEQ. ID. No. 2; (4) el &4cido nucleico se hibridiza
en la secuencia nucleétida de la SEQ. ID. No. 3 bajo
condiciones rigurosae de amortiguador'de hibridizacién
que comprende 20% de formamida en buffer de 0.9M de

7
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salina/0.09M SSC a una temperatura de 42°C; (5) el &cido 3;75
nucleico comprende una secuencia nucledtida de la SEQ.

ID. No. 3.

1z

31. Una célula hospedera transformada con una

molécula de dcido nucleico segfin la reivindicacién 22.

32. Una planta transgénica transformada con la

molécula de ADN de -la reivindicacién 10.

33. Una planta- transgénica segin la reivindicacién
32, en donde la planta es seleccionada entre alfalfa,
arroz, trigo, cebada, ceﬁteno, algodén, girasol, mani,
maiz, papa, batata, achicoria, lechuga, escarola,
repollo, col de Bruselas, remolacha, chiviria, coliflor,
brécoli, nabo, rébano, espinaca, cebolla, ajo, berenjena,
pimienta, apio, zanahoria, calabaza, calabacin, pepino,
manzana, pera, melén, citrico, fresa, uva, frambuesa,

pifia, soja, tabaco, tomate, sorgo, y cafia de azficar.



34. Una planta transgénica segin la reivindicacién
32, en donde la planta es seleccionada entre Arabidopsis
thaliana, Saintpaulia, petunia, pelargonio, flor de

fuego, crisantemo, clavel, y cinnia.

35. Una planta transgénica segin la reivindicacién

32, en donde la planta es un monocotiledéneo.

36. Una planta transgénica segilin la reivindicacién

32, en donde la planta proviene de un dicotiledéneo.

37. Una planta transgénica segiin la reivindicacibn
32, en donde tanto: (1) la proteina tiene una secuencia
de aminodcidos de la SEQ. ID. No. 1; (2) el &cido
nucleico se hibridiza en la secuencia nuclebétida de la
SEQ. ID. No. 2 bajo condiciones rigurosas de amortiguador
de hibridizacién que comprende 20% de formamida en buffer
de 0.9M de salina/0.09M SSC a una temperatura de 42°C;
(3) el &cido nucleico comprende una secuencia nucledtida
de la SEQ. ID. No. 2; (4) el &cido nucleico se hibridiza
en la secuencia nuclebtida de la SEQ. ID. No. 3 bajo

9
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condiciones rigurosas de amortiguador de hibridizaci6n
que comprende 20% de formamida en buffer de 0.9M de
salina/0.09M SSC a una temperatura de 42°C; (5) el acido
nucleico comprende una secuencia nucledtida de la SEQ.

ID. No. 3.

38. Una planta transgénica transformada con una

molécula de &cido nucleico seqgiin la reivindicacidn 22.

39. Una semilla de planta transgénica transformada

con la molécula de ADN de la reivindicacién 10.

40. Una planta transgénica seqin la reivindicacién
39 en donde la planta es seleccionada entre alfalfa,
arroz, trigo, cebada, centeno, algodén, girasol, mani,
maiz, papa, batata, achicoria, lechuga, escarola,
repollo, col de Bruselas, remolacha, chiviria, coliflor,
brécoli, naba, rabano, espinaca, cebolla, ajo, berenjena,
pimienta, apio, zanahoria, calabaza, calabacin, pepino,
manzana, pera, melén, citrico, fresa, uva, frambuesa,
pifia, soja, tabaco, tomate, sorgo, y cafia de azficar.

10



41. Una planta transgénica seglin la reivindicacién
39, en donde la planta es seleccionada entre Arabidopsis
thaliana, Saintpaulia, petunia, pelargonio, flor de

fuego, crisantemo, clavel, y cinnia.

42. Una planta transgénica seqin la reivindicacién

39, en donde la planta es un monoccotiledéneo.

43. Una planta transgénica segin la reivindicacién

39, en donde la planta proviene de un dicotiledéneo.

44l Una planta transgénica segiin la reivindicacién
39, en donde, tanto: (1) la proteina tiene una secuencia
de aminodcidos de la SEQ. ID. No. 1; (2) el A&cido
nucleico se hibridiza en la secuencia nucleétida de la
SEQ. ID. No. 2 bajo condiciones rigurosas de amortiguador
de hibridizacién que comprende 20% de formamida en buffer
de 0.9M de salina/0.09M SSC a una temperatura de 42°C;
(3) el &cido nucleico comprende una secuencia nucleédtida
de la SEQ. ID. No. 2; (4) el &cido nucleico se hibridiza

11
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en la secuencia nucleftida de la SEQ. ID. No. 3 bajo
condiciones rigurosas de amortiguador de hibridizacién
que comprende 20% de formamida en buffer de 0.9M de
salina/0.09M SSC a una temperatura de 42°C; (5) el &cido
nucleico comprende una secuencia nucleétida de la SEQ.

ID. No. 3.

45. Una semilla de planta transegénica transformada
con una molécula de &cido nucleico seglin la

reivindicacién 22.

46. Un método para identificar agentes gque tiene
como objetivo células vegetales, el cual comprende:

formar una mezcla de reaccién que comprende una
proteina segin la reivindicacién 1 y un agente candidato;

evaluar la mezcla de reaccién para unién entre la
proteina y el agente candidato; y

identificar compuestos candidatos los cuales se unen
a la proteina en la mezcla de reaccifn como agentes

objetivo de células vegetales.

12
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47. Un método seqiin la reivindicaci6én 46, en donde

la proteina proviene de un monocotiledéneo.

48. Un método seqgfin la reivindicacitn 46, en donde

la proteina proviene de un dicotiledéneo.

49. Un método seglin la reivindicaci6n 48, en donde

la proteina proviene de la Arabidopsis thaliana.

50. Un método segfin la reivindicacién 49, en donde
la proteina tiene una secuencia de amino&cidos parcial de

la SEQ. ID. No. 1.

51. Un método para identificar agentes que tiene
como objetivo células vegetales, el cual comprende:

formar una mezcla de reaccién que comprende una
célula hospedera transformada con una molécula de acido
nucleico segln la reivindicacién 10 y un agente

candidato;

13
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evaluar la mezcla de reaccibén para unién entre la 11
proteina producida por la célula hospedera y el agente
candidato; y

identificar compuestos candidatos los cuales se unen 1;5
a la proteina producida por la célula hospedera en la

mezcla de reaccién como agentes objetivo de células

vegetales.

52. Un método segiin la reivindicacién 51, en donde

la proteina proviene de un monocotiledéneo.

53. Un método segfin la reivindicacién 51, en donde

la proteina proviene de un dicotiledéneo.

5S4, Un método segiin la reivindicacién 53, en donde

la proteina proviene de la Arabidopsis thaliana.

55. Un método seglin la reivindicacién 51, en donde,
tanto: (1) la proteina tiene una secuencia de aminodcidos
de la SEQ. ID. No. 1; (2) el &cido nucleico se hibridiza

en la secuencia nucleéftida de la SEQ. ID. No. 2 bajo

14
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condiciones rigurosas de amortiguador de hibridizacién
que comprende 20% de formamida en buffer de 0.9M de
salina/0.09M SSC a una temperatura de 42°C; (3) el &acido

nucleico comprende una secuencia nuclebStida de la SEQ.

/

ID. No. 2; (4) el &cido nucleico se hibridiza en la
secuencia nucleétida de la SEQ. ID. No. 3 bajo
condiciones rigqurosas de amortiguador de hibridizacifn
que comprende 20% de formamida en buffer de 0.9M de
salina/0.09M SSC a una temperatura de 42°C; (5) el &cido
nucleico comprende una secuencia nucleb6tida de la SEQ.

ID. No. 3.

56. Un método para mejorar la receptividad de la
planta al tratamiento con inductores de la respuesta
hipersensible, el cual comprende:

proporcionar una planta transgénica o una semilla de
planta transgénica transformada con la molécula de &cido

nucleico segfin la reivindicacién 10.

57. Un método seglin la reivindicacién 56, en donde,

tanto: (1) la proteina tiene una secuencia de aminodcidos

15
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de la SEQ. ID. No. 1; (2) el &cido nucleico se hibridiza il |
en la secuencia nucleb6tida de la SEQ. ID. No. 2 bajo
condiciones rigurosas de amortiguador de hibridizacién
que comprende 20% de formamida en buffer de 0.9M de
salina/0.09M SSC a una temperatura de 42°C; (3) el &cido
nucleico comprende una secuencia nucleb6tida de la SEQ.
ID. No. 2; (4) el &cido nucleico se hibridiza en la
secuencia nucleétida de la SEQ. ID. No. 3 bajo
condiciones rigurosas de amortiguador de hibridizacién
que comprende 20% de formamida en buffer de 0.9M de
galina/0.09M SSC a una temperatura de 42°C; (5) el &cido
nucleico comprende una secuencia nucleétida de la SEQ.

ID. No. 3.

58. Un método segin la reivindicacién 56, en donde

una planta transgénica es proporcionada.

59. Un método segln la reivindicacidn 56, en donde
una semilla de planta transgénica es proporcionada y

dicho método ademés comprende:

16
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sembrar las semillas de las plantas bajo
condiciones que sean efectivas para que las plantas

crezcan a partir de las semillas sembradas.

60. Un método segiin la reivindicacién 56, en donde
la planta es seleccionada entre alfalfa, arroz, trigo,
cebada, centeno, algodén, girasol, mani, maiz, papa,
batata, achicoria, lechuga, escarola, repollo, col de
Bruselas, remolacha, chiviria, coliflor, brécoli, nabo,
r&bano, espinaca, cebolla, ajo, berenjena, pimienta,
apio, zanahoria, calabaza, ;alabacin, pepino, manzana,
pera, melén, citrico, fresa, uva, frambuesa, pifia, soja,

tabaco, tomate, sorgo, y cafia de azficar.

61. Un método segfin la reivindicacién 56, en donde
la planta es seleccionada entre Arabidopsis thaliana,
Saintpaulia, petunia, pelargonio, flor de fuego,

crisantemo, clavel, y cinnia.

62. Un método segln la reivindicacién 56, en donde
el tratamiento con inductores de la respuesta

17
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hipersensible es para impartir resistencia a la

enfermedad.

63. Un método seglin la reivindicacién 56, en donde
el tratamiento con inductores de la respuesta
hipersensible es para mejorar el crecimiento de las

plantas.

64. Un método segln la reivindicacién 56, en donde
el tratamiento con inductores de la respuesta

hipersensible es para controlar insectos.

65. Un método segin la reivindicacién 56, en donde
el tratamiento con inductores de la respuesta

hipersensible es para impartir tolerancia al estrés.

66. Un método seglin la reivindicacién 56, en donde
la planta transgénica o semilla de planta es
adicionalmente transformada con un segundo &cido nucleico
que codifica un inductor de la respuesta hipersensible,

en donde la expresién del segundo &cido nucleico surte

18



efecto sobre el tratamiento con inductores de la

respuesta pipersensible.

1
67. Un método segiin la reivindicacién 56, en donde gEE
el tratamiento con inductores de la respuesta
hipersensible comprende:
aplicar un inductor de la respuesta hipersensible a

la planta o semilla de la planta.

68. Un método sBegfin la reivindicacién 67, en donde
el inductor de la respuesta hipersensible es aplicado de

manera aislada.

69. Un método para impartir resistencia a la
enfermedad, mejorar el crecimiento, controlar insectos,
y/o impartir resistencia al estrés, el cual comprende:

proporcionar una planta transgénica o semilla
de planta transgénica transformada con una construccién
de ADN efectiva para silenciar la expresién de una

molécula de &cido nucleico seglin la reivindicacién 10.
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70. Un método seglin la reivindicacitn 69, en donde

la proteina proviene de un monocotiledéneo.

71. Un método seglin la reivindicacién 69, en donde

la proteina proviene de un dicotiledéneo.

72. Un método seglin la reivindicaci6n 71, en donde

la proteina proviene de la Arabidopsis thaliana.

73. Un método segln la reivindicacién 69, en donde,
tanto: (1) la proteina tiene una secuencia de aminoécidos
de la SEQ. ID. No. 1; (2) el acido nucleico se hibridiza
en la secuencia nucleb6tida de la SEQ. ID. No. 2 bajo
condiciones rigurosas de amortiguador de hibridizacifn
que comprende 20% de formamida en buffer de 0.5M de
salina/0.09M SSC a una temperatura de 42°C; (3) el Acido
nucleico comprende una secuencia nucleétida de la SEQ.
ID. No. 2; (4) el &cido nucleico se hibridiza en la
secuencia nucleétida d; la SEQ. ID. No. 3 bajo
condiciones rigurosas de amortiguador de hibridizacién

que comprende 20% de formamida en buffer de 0.9M de

20
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salina/0.09M SSC a una temperatura de 42°C; (5) el &cido
nucleico comprende una secuencia nucleétida de la SEQ.

ID. No. 3.

74. Un método seqglin la reivindicacién 69, en donde

la planta transgénica es propofcionada.

75. Un método seglin la reivindicacién 69, en donde
una semilla de planta transgénica es proporcionada y
dicho método ademis comprende:
sembrar las semillas de las plantas bajo
condiciones que sean efectivas para que las plantas

crezcan a partir de las semillas sembradas.

76. Un método seglin la reivindicacién 69, en donde
la planta es seleccionada entre alfalfa, arroz, trigo,
cebada, centeno, algodén, girasol, mani, maiz, papa,
batata, achicoria, lechuga, escarola, repollo, col de
Bruselas, remolacha, chiviria, coliflor, brécoli, nabo,
rdbano, espinaca, cebolla, ajo, berenjena, pimienta,
apio, zanahoria, calabaza, calabacin, pepino, manzana,

21
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pera, meldén, citrico, fresa, uva, frambuesa, pifia, soja,

tabaco, tomate, sorgo, y cafia de azGcar.

)
77. Un método segin la reivindicacién 69, en donde $
la planta es seleccionada entre Arabidopsis thaliana,
Saintpaulia, petunia, pelargonio, flor de fuego,

crisantemo, clavel, y cinnia.

78. Un método seglin la reivindicacidén 69, en donde
la planta transgénica o semilla de planta es
adicionalmente transformada con un segundo &cido nucleico
que codifica un inductor de la respuesta hipersensible,
en donde la expresién del segundo &cido nucleico surte
efecto sobre el tratamiento con inductores de la

respuesta hipersensible.

79. Un método seglin la reivindicacién 69 que ademés
comprende :
aplicar un inductor de la respuesta

hipersensible a una planta o semilla de planta.

22
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el inductor de la respuesta hipersensible es aplicado de

80. Un método segiin la reivindicaci6n 79 en donde

manera aislada.

81. Un método segln la reivindicacién 69, en donde

registencia a la enfermedad es impartida a las plantas.

82. Un método segin la reivindicacién 69, en donde
un crecimiento mejorado de las plantas es impartido a las

mismas.

83. Un método seglin la reivindicacién 69, en donde

un controlar insectos es impartido a las plantas.

84. Un método seglin la reivindicacién 69, en donde

una tolerancia al estrés es impartida.

85. Un método segGn la reivindicacién 69, en donde
la construccién de ADN es una molécula de acido nucleico

antisentido a una molécula de acido nucleico que codifica
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un receptor en plantas para inductores de la respuesta

hipersensible de patfégenos vegetales.

B6. Un método seglin la reivindicacién 69, en donde E;;i
la construccién de ADN se puede transcribir a un primer
dcido nucleico que codifica un receptor en plantas para
inductores de la respuesta hipersensible de patégenos
vegetales acoplados a un segundo &cido nucleico que
codifica el complemento invertido del primer &acido

nucleico.
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RECEPTORS FOR HYPERSENSITIVE RESPONSE ELICITORS
AND USES THEREOF

FIELD OF THE INVENTION

The present invention relates to receptors for hypersensitive response
elicitors and uses thereof.

BACKGROUND OF THE INVENTION

Plants have evolved & complex amay of biochemical pathways that
ensble them to recognize and respond to environments| signals, including pathogen
infection. There are two masjor types of interactions betwoen a pathogen and plant —
compatible and incompatible. When a pathogen and a plant are compatible, disease
genenally occurs. If a pathogen and a plant are incompatible, the plant is usually
resistant to that particular pathogen. In an incompetible interaction, a plent will
restrict pathogen proliferation by causing localized necrosis, or death of tissues, to a
small zone surrounding the site of infection. This reaction by the plant is defined as
the hypersenasitive response ("HR") (Kiraly, Z. “Defenses Triggered by the Invader:
Hypersensitivity,” Plant Discase: An Advanced Treatisc 5:201-224 J. G. Horsfall and
E. B. Cowling, eds. Academic Press, New York (1980); (Klement “Hypersensitivity,”
Phytogathagenic Prokaryotes 2:149-177, M.S. Mount and G. H. Lacy, eds. Academic
Preas, New York (1982)). The localized cell degth not only contains the infecting
pathogen fram spreading further but also leads to a systemic resistance preventing
subsequent infections by other pathogens. Therefors, HR is a common form of plant
resistance to discases caused by bacteria, fumgi, nematodes, and viroses.

A set of genes designated as ivp (Hypersensitive Response and
Pathogenicity) is responsible for the elicitation of the HR by pathogenic bacteria
including Erwinia spp, Preudomonas spp, Xanthomonas spp, end Ralstonia
solanacearum (Willis et al. “Arp Genes of Phytopathogenic Bacteria,™ Mol, Plant-
Microhe Interact, 4:132-138 (1991), Bonas, U. “Arp Genes of Phytopathogenic
Bacteria,” pages 79-98 in: Current topics in Microbiology and Immunology, Vol. 192,
Bacterial Pathogenesis of Plantg and Animals: Molecular and Cellular Mechanisms,
1. L. Dangl, ed. Springer-Verlag, Berlin (1994); Alfano et al., “Bacterial Pathogens-in

28T
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Plants: Life Up Against the Wall,” Plant Cel| 8:1683-98 (1996). Typically, there arc
multiple Arp genes clustered in a 30-40 kb DNA, Mutation in any one of the hrp
genes will result in the loss of bacterial pathogenicity in host plants and the HR in
non-host plants. On the basis of genetic and biochemical charecterization, the
function of the Arp genes can be classified into three groups: 1) structural genes
encoding extracellularily located HR elicitors, for example harpin of Erwinia
amylavora (Wei et al. “Harpin, Elicitor of tho Hypersensitive Response Produced by
the Plant Pathogen Erwinia amplovora,” Ssicncp 257:85 (1992)); 2) secretion genes
encoding a secretory apparatus for exporting HR elicitors and other proteins from the
bacterial cytoplasm to the cell surface or extracellular space (Van Gijsegem et al,,
“Evolutionary Conservation of Pathogenicity Determinants Among Plant and Animal
Pathogenic Bacteris,” Trenda Microbiol, 1:175-180 (1993); He et al, “Pseudomonas
syringse pv. Syringas harpingg: A Protein that is Secreted Via the Hrp Pathway and
Elicits the Hypersensitive Response in Plants,” Call 73:1255 (1993); Wei et al., “Hrpl
of Erwinia amylovora Functions in Secretion of Harpin and is a Member of a New
Protein Family,” 1. Bacteriol, 175:7985-67 (1993), Ariat et al, “PopAl, & Protein
which Induces a Hypersensitive-Like Response on Specific Petunia Genotypes, is
Secreted via the Hrp Pathway of Pseudomonas solanacearum,” EMBO ], 13:543-53
(1994), Galan ¢t al., “Cross-talk between Beacterial Pathogens and their Host Cells,”
Ann. Rev, Cell Dev, Biol, 12:221-55 (1996); Bogdanove et al., “Erwinla amylavora
Secretes Harpin via a Type III Pathway and Contains a Homolog of yopN of
Yersinia,” |, Bacteriol, 178:1720-30 (1996); Bogdanove ct al., “Homology and
Functional Similarity of a hrp-linked Pathogenicity Operon, dspEF, of Erwinia
amylovora and the avrE locus of Pseudomonas syringae pathovar tomato,” Proc Natl
Acad Sci USA 95:1325-30 (1998)); and 3) regulatory genes that control the
expression of /7p genes (Wei, Z. M., “Harpin, Elicitor of the Hypersensitive
Response Produced by the Plant Pathogen Erwinia amylovora,™ Science 257:85
(1992); Wei et al., “ArpL Activates Erwinia amylovora hrp Genes in Responss to
Bavironmental Stimmli,” ], Bacteriol, 174:1875-82 (1995); Xiuno etal., “A Single
Promoter Sequence Recognized by a Newly Identified Alternate Sigma Factor Directs
Expression of Pathogenicity and Host Range Determinants in Psexdomonas
syringae,” 1. Bacterial 176:3089-91 (1994); Kim et al., “The hrpA and hrpC Operons
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of Erwinia amylovara Encode Components of a Type III Pathway that Secrets
Harpin,” L. Bagteriol 179:1690-97 (1997); Kim et al., “HrtpW of Erwinia amylovora, s
New Harpin that Contains & Domain Homologous to Pectate Lyases of a Distinct
Class,” J, Bacteriol, 180:5203-10 (1998); Wengelnik et al., “HrpG, A Key hrp
Regulatory Protein of Xanthomonas campestris pv. Vesicatoria is Homologous to
Two Component Response Regulators,” Mol. Plant-Microbe Interact, 9:704-12
(1996)). Because of their role in interactions between plants and microbes, Arp genes
have been a focus for bacterial pathopenicity and plant defense studies.

In addition to the local defense response, HR also activates the defense
system in uninfected parts of the same plant. This results in a general systemic
resistence to a secondary infection termed Systemic Acquired Resistance (“SAR"™)
(Ross, R. F. “Systemic Acquired Resistance Induced by Localized Virus Infections in
Plants,” Virology 14:340-58 (1961); Malsmy et al., “Salicylic Acid and Plant Discase
Resistance,” Plant J, 2:643-654 (1990)). SAR confers long-lasting systemic disease
resistance against a broad spectrum of pathogens and is associated with the expression
of a certain sel of genes (Ward et al. “Coordinate Gene Activity in Response to
Agents that Induce Systemic Acquired Resistance,” Plant Cell 3:1085-54 (1991)).

SAR is an important component of the discase resistance of plants and has long been
of interest, because the potential of inducing the plant to protect itself could
significantly reduce or eliminate the need for chemical pesticides. SAR can be
induced by biotic (microbes) and abiotic (chemical) agents (Gorlach et al.
“Benzothindizzole, a Novel Class of Inducers of Systemic Acquired Resistance,
Activates Gene Expression and Disease Resistance in Wheat,” Plant Cell 8:629-43
(1996)). Historically, weak virulent pethogens were used as a biotic inducing agent
for SAR. Non-virulent plant growth promotion becteria (PGPR) were also reported to
be able to induce resistance of same plants against various discases. Biotic agent-
induced SAR bas been the subject of much research, especially in the late 70s and
carly 80s. Only very limited success was achieved, however, due to: 1) inconsistency
of the performance of living organisms in different environmental conditions;

2) considerable concems regarding the unpredictable consequences of the intentional
introduction of weakly virulent pathogens into the environment; and 3) the technical
complication of applying a living microorganism into a variety of environmental
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conditions. To overcome the limitations of using living organisms to induce SAR,
scientists have long been looking for an HR elicitor derived from a pathogen for SAR
induction. With the advancement of molecular biology, the first proteinaceous HR
elicitor with broad host spectrum was isolated in 1992 from Erwinia amylovora, a
pathogenic bacterium causing fire blight in appie and pear. The HR elicitor was
named “harpin”. It consists of 403 amino acids with a molecular weight about

40 kDa. The harpin protein is heat-stable and glycine-rich with no cysteine. The gene
encoding the harpin protein is contained in a 1.3 kB DNA fragment located in the
middle of the irp gene cluster. Harpin is secreted into the extracelluar space snd is
very sensitive to proteinase digestion. Since the first harpin was isolated from
Erwinia amylavora, several harpin or harpin-like proteins have been isolated from
other major groups of plant pathogenic bacteris. In addition to the herpin of Erwinia
amylovora, the following harpin or harpin-like proteins have been isolated and
characterized: HxpN of Erwinia chrysanthemi, Erwinia carotovora (Wei et al.
“Harpin, Elicitor of the Hypersensitive Response Produced by the Plant Pathogen
Erwinia amylovora,” Sgience, 257:85 (1992)), and Erwinla stewartii; HipZ of
Pseudomonas syringae (He et al, “Pseudomonass syringae pv. Syringac harping,: A
Protein that is Secreted Via the Hrp Pathway and Elicits the Hypersensitive Response
in Plants,” Cgll 73:1255 (1993)), PopA of Ralstonia solanacearum, (Ariat et al.
“PopAl, a Protein which Induces & Hypersensitive-Like Response on Specific Petmia
Genotypes, is Secreted via the Hrp Pathwey of Pseudomonas solanacearum,” EMBO
L 13:543-53 (1994)); HrpW of Erwinia amylovora (Kim et al., “HrpW of Erwinia
amylovora, s New Harpin that Contains a Domain Homologous to Pectate Lyases of a
Distinct Class,” ], Bagteriol, 180:5203-10 (1998)), and Pseudomonas syringae. All of
the currently described harpin or harpin-like proteins share common characteristics.
They e hent-stable and glycine-rich proteins with no cysteine amino acid residue,
are very sensitive to digestion by proteinases, and elicit the HR and induce resistance
in many plants against many diseases. Based on their shared biochemical and
biophysical characteristics as well as biological fimctions, these HR elicitors from
different pathogenic bacteris belong to a new protein family — i.e. the harpin protein
family. The described characteristics, especially their ability to induce HR in a broad
range of plants, distinguish the harpin protein family from other host specific
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proteinaceous HR elicitors, for example elicitins from Phyfophthora spp (Bonnet et
al., “Acquired Resistance Triggered by Elicitors in Tobacco and Other Plants,” Eur. J.
Plant Path, 102:181-92 (1996); Keller, et al. “Physiclogical and Molecular
Characteristics of Elicitin-Induced Systemic Acquired Resistance in Tobacco,” Plant
Physiol 110:365-76 (1996)) or avirulence pioteins (such as Avr9) from Cladasporium
Julvum, which are cnly able to elicit the HR in a specific variety or specices of a plant.

In nature, when certain bacterial infections occur, harpin protein is
expressed and then secreted by the bacteria, signaling the plant to moant a defense
ageinst the infection. Harpin serves as & signal to activate plant defense and other
physiological systems, which include SAR, growth enhancement, and resistance to
certain insect damage.

The current understanding of eritical plant molecules that may have a
significant role in interacting with elicitors and then triggering & sequential signal
transduction cescade is described as follows.

Interaction of Plant Resistance Genes (R) and Pathogen Avirulence Genes (avr)

The concept of gene-for-gene interaction is that “for each gene
determining resistance (R gene) in ths host, there is a corresponding gene determining
avirulence in the pathogen (avr gene)”. In this model, pathogen avirulence genes
geoerste a specific ligand molecule, called an elicitor. Only plants carrying the
matching resistance gene respond to this elicitor and invoke the HR. In the past few
years, scveral disease-resistance, R genes, have been cloned and sequenced. It was
expected that R genes might encode components involved in signal recognition or
signal transduction pathways that ultimately lead to defense responses. The cloned R
genes could be grouped into four classes: (1) cytoplasmic protein kinase; (2) protein
kinases with an extracellular domain; (3) cytoplasmic proteins with a region of
leucine-rich repeats and a nucleotide-binding site; and (4) proteins with a region of
leucine-rich repeats that appear to encode extracellular proteins. (Review in Bent,
AF. “Plant Disease Resistance Genes: Function Meets Structure,” Plant Cell 8:1757-
71 (1996); Baker B, et al., “Signaling in Plant-Microbe Interactions,” Science
276:726-33 (1997)). The first R gene cloned, Pto, encodes a serine/threonine protein
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kinsse. The protein product of Plo directly interacts with the cognate avirulence gene
protein, AviPro, which has been demonstrated in a yeast two-hybrid system. It was
shown that only co-existence of both AviPro and Pto proteins could elicit HR in
plants (Tang et aL, “Initiation of Plant Discase Resistance by Physical Interaction of
AviPto and Pio kinase,” Science 274:2060-63 (1996); Scofield et sL., “Molecular
Basis of Gene-for-Gene Specificity in Bacterial Speck Disease of Tomato,” Science
274:2063-65 (1996); Zhou et al., “The Pto kinase Conferring Resistance o Tomato
Bacterial Speck Disease Interacts with Proteins that Bind a cis-element of
Pathogenesis-related Genes,” EMBO J, 16:3207-18 (1997)). The results from cloned
R genes support the view that plant-pathogen interactions involve protein-protein
interactions. Syringolide, a water-soluble, low-molecular-weight elicitor, triggers a
defense response in soybean cultivars carrying the Rpg4 discase-resistance gene. A
34-KDa protein has been isolated from soybean and is considered to be the
pliysiological active syringolide receptor (Ji et al., “Characterization of a 34-kDa
Soybean Binding Protein for the syringolide Elicitors,” Pmc, Natl. Acad. Sci, USA
95:3306-11 (1998)).

Putative Binding Factor of Elicitin

Elicitins are 8 family of small proteins secreted by Phyophthora
species that have a high degree of homology. Pure elicitins alone can cause a
hypersensitive response, a local cell death, and trigger systemic acquired resistance in
tobacco and other plants (Bonnet et al., “Acquired Resistance Triggered by Elicitors
in Tobacco and Other Plants,” Enr, L. Plant Path, 102:181-92 §1996); Keller, et al.
“Physiological and Molecular Characteristics of Elicitin-Induced Systemic Acquired
Resistance in Tobacco,” Plant Physiol 110:365-76 (1996)). However, the spectrum of
HR elicitation und induced systemic resistance in plants is much narrower than that
achisved by harpin family elicitors. Like harpin, elicitins induce a series of metabolic
events in tobacco cells, including the accumulation of phytoalexins, ethylene
production, transmembrene electrolyte leakage, H;0; accumulation, and expression of
plant defense related genes (Yu L, et al., “Elicitins from Phytophthora and Basic
Resistance in Tobacco,” Prac. Natl, (1995); Keller et al., “Pathogen-Induced Elicitin
Production in Transgenic Tobacco Generates 8 Hyperseasitive Response and
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Nonspecific Discase Resistance,” The Plant Cell 11:223-35 (1999)). A putative
receptor-like binding factor has beea identified in tobacco plasma membrane, which
hes a specific high-affinity to the crytogein, one member of the elicitin family
(Wendehenne, et al., “Bvidence for Specific, High-Affinity Binding Sites for a
Proteinaceous Elicitor in Tobacco Plasma Membrene,” FERS Letters 374:203-207
(1995)). Recently, it was found that 2 basic elicitins (i.e. cryptogein and cinnemomin)
and two scidic elicitins (i.e. capsicein and parasiticein) were able 1o interact with the
same binding sites on tobacco plasma membranes (Bourque et al., “Comparison of
Binding Properties and Early Biological Effects of Elicitins in Tobacco Cells,” Plant
Physiol. 118:1317-26 (1998)). However, the genc of the receptor-like factor has not
been isolated.

Patative Binding Factor of Glycoprotein Elicitors

A 42 kDa glycoprotein elicitor has been ivolated from Phytophthora
megasperma (Parker et al., “An Extracellular Glycoprotein from Phytophthora
megasperma £ sp. glycinea Elicits Phytoalexin Synthesis in Cultured Parsley Cells
and Protoplasts,” Mol Plant Microbe Interact. 4:19-27 (1991)). An oligopeptide of
13 amino acids within the glycoprotein (“Pep-13") was able to induce a response in
plants like that achieved by the full glycoprotein. A high affinity-binding pattern has
been observed in parsley microsomal membranes with an isotope labeled
oligopeptide. There are estimated to be about 1600 to 2900 binding sites per cell with
evidence indicating that a low abundant protein receptor of the Pep-13 is localized in
the plasma membrane (Nurnberger et al., “High Affinity Binding of a Fungal
Oligopeptide Elicitor to Parslcy Plasma Membrancs Triggers Multiple Defense
Responses,” Cgll 78:449-60 (1994)).

Harpin Protein Binding Factors

Harpin proteins, which elicit HR in a variety of different nonhost
plants, have been isolated from plant pathogens (Wei et al. “Harpin, Elicitor of the
Hypersensitive Response Produced by the Plant Pathogen Erwinia amylovora,”

!
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257:85 (1992)). A family of harpin proteins has been identified from plant
pathogens. All of them have similar biological activities. Itis well
. wed that harpin protein can induce plants to produce active oxygen, change
ir1. 5iv- | lead to Jocal cell death, end induce systemic acquired resistance (“SAR™) i
U " v+ s, “Harpin, Elicitor of the Hypersensitive Response Produced by the Plant 3%
Erwinia angylovora,” Science 257-85 (1992); He et al., “Pseudomonas
pv. Syringae Harpinpy: A Protein that is Secreted via the Hrp Pathway and
: Hypersensitive Response in Plants,” Cell 73:1255-66 (1993); Baker, CJ.,
arpin, an Elicitor of the Hypersensitive Response in Tobacco Camsed by
mylovora, Blicits Active Oxygen Production in Suspension Cells,” Plant
.02:1341-44 (1993)). No harpin protein binding factor has been isolated so
= reported that sn amphipathic protein, named HRAP, isolated from swest
. +.ld dissociate harping, in multimeric form (frpZ from Pseduomonas
. The biological activity of the HRAP is believed to be its ability to intensify
1»diated hypersensitive response. HRAP protein does not bind to harpings
.nen et al, “An Amphipathic Protein from Sweet Pepper can Dissociate
./uitimeric Forms and Intensify the Harpin,,, -Mediated Hypersensitive
» Physiological & Molecular Pathology 52:13949 (1998)). Using
1me tegged antibody to harpin to examine the interaction of harpin, and
-:spension cells, it was found that harping, interacted with the cultured cells,
"th protoplasts with the cell walls being digested and removed., It was
. that harpin,,, was localized in the outer portion of the plant cell, probably
. ... well. However, it was not ruled out that the binding factor was located on
1 membrane.
The present invention secks to identify receptors for hypersensitive
elicitor proteins or polypeptides and uses of such receptors.

SUMMARY OF THE INVENTION

The present invention is directed to an isolated protein which serves as
+ in plants for a plant pathogen hypersensitive response elicitor. Also
vi . - arenucleic acid molecules encoding such receptors as well as expression
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vectors, host cells, transgenic plants, and transgeaic plant seeds containing such
nucleic acid molecules.

The protein of the present invention can be used in conjunction with a
methodofidmﬁfyinaagmtsmdingpla_nteelhbyfnrmingamﬂimmm ~N
including the protein and a candidate agent, cvaluating the reaction mixture for E
compounds which bind to the protein in the reaction mixture as plant cell targeting
agents.

The nucleic acid molecule of the present invention can be used in a
method of identifying agents targeting plant cells by forming a reaction mixture
including a cell transformed with the nucleic acid molecule of the present invention
produced by the host cell and candidate agent, and identifying candidste compounds
which bind to the protein or the host cell in the reaction mixture as plant cell targeting
agents.

Another aspect of the present invention relates to a method of
enhancing s plant’s receptivity to treatment with hypersensitive response elicitors by
providing a transgenic plant or transgenic plant seed transformed with the nucleic acid
molecule of the present invention.

The present invention is also directed to a method of imparting disease
resistance, enhancing growth, controlling insects, and/or impesting stress resistance to
plants by providing a transgenic plant or transgenic plant seed transformed with a
DNA construct effective to silence expression of a mcleic acid molecule encoding a
receptor in accordance with the present invention,

The discovery of the present invention has great significance. This
putative receptor protein can be used as a novel way to screen for new indncers of
plant resistance against insect, disease, and stress, and of growth enhancement. This
protein is the first step toward the understanding of the harpin induced signal
transduction pathway in plants, Further studies of this pathway will provide more
podblemmm;vplmmmdmwthmhmmmm
development. In addition, this protein can serve as sn anchor providing & new way to
target anything to the plant cells.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a yeast two-hrybtrid screening with the Erwinia
amylovora hypersensitive responsa elicitor (i.e. harpin) and a schematic
representation of the interaction between harpin and a cDNA encoded protein. Harpin
is fused to LexA protein which containg a DNA binding domain (“BD"). The cDNA
encoded protein is fused 1o the GAL4 transcription activation domain (“AD™). This
interaction targets the activation domain to two different LexA-dependent promoters
with consequent activation of the transcription of the HIS3 and lacZ reporter genes.

Figures 2A-B show that the Erwinig amylovora hypersensitive
msponse elicitor (1.e. harpin) is a good yeast two-hybrid bait. Reporter genes were
not expressed in yeast strain L40 containing plasmids expressing the LexA - harpin
fusion in combination with plasmids expressing GAL4 activation domain alone, or
fused to unrelated protein. Therefore, harpin is not autoactive in this yeast two-hybrid
system. In addition, reporter genes were not expreased in yeast strain 140 containing
plasmids expressing the GALA4 activation domain-harpin fusion in combination with
plasmids expressing LexA alone, or fused to unrelated protein. Figure 2A shows a -
galactosidase assay where blue color indicates the expression of lacZ reporter gene.
Figure 2B shows a synthetic minimal (“SD™) media plate which Iacky leucine,
tryptophan, end histidine. Growth on such a plate indicates the expreasion of the
HIS3 reporter gene.

Figures 3A-B show the interaction between HrBP1 (hypersensitive
response elicitor binding protein 1) and a hypersensitive response elicitor (iLe. harpin)
is specific. Reporter gones were expressed in yeast strain L40 containing plasmids
expregsing the GAL4 activetion domain-HrBP1 fusion in combination with plasmids
expressing LexA fused to hypersensitive response elicitor (i.c. harpin), but were not
expressed in combination with LexA alone, or LexA fused to unrelated proteins.
Figure 3A is a f-galactosidase assay where the blue color indicates the expresxion of
lacZ reporter gene. Figure 3B is an SD media plate which lacks leucine, tryptophan,
and histidine. Growth on such a plate indicates the expression of the HIS3 reporter
Ecne.
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Figures 4A-B show the interaction of HrBP1 and a hypersensitive ZO' z
" response elicitor (i.e. harpin) in another orientation. Reporter gencs were expressed in
yeast strain L40 containing plasmids expressing the LexA - HiBP1 fusion in
combination with plasmids expressing GAL4 activation domain fused to harpin, but
5 wero not expressed in combination with GALA activation domain alone, or GALA
activation domain fused to unreinted protgins. Therefore, interaction between harpin
and HrBP1 is specific, Figure 4A shows a B-galactosidase assay where blue color
indicates the expreasion of lacZ reporter gene. Figure 4B shows an SD media plate
which lacks leucine, tryptophan, and histidine. Growth on such a plate indicates the
10 expression of the HIS3 reporier gene.

Figure 5 shows the nucleic acid sequence of HrBP1 ¢cDNA.

Figurc 6 shows the deduced amino acid sequence of HrBP1.

Figure 7 shows the gene structure of HrBP1 end & schematic
representation of the exons and introns of the HrBP1 gene. When comparing the

15 HrBP! cDNA sequence with the Arabidopsis thaliana genomic DNA sequence
published in a public database, four exons and three introns wese discovered.

Figure 8 shows a Northern blot where the trenslated region of HrBP1
cDNA (855 bp) was used as a probe in the Northern analysis of both total RNA and
Poly A* RNA from Arabidopsis thallana. One single band with an apparent

20  molecular weight of about 1.1 Kb was detected.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to isolated receptors for

25  hypersensitive response elicitor proteins or polypeptides. Also disclosed are DNA
molecules encoding such receptors as well as expression systems, host cells, and
plants containing such molecules. Uses of the recoptors themselves and the DNA
moleculea encoding them are disclosed. The receptor for a hypersensitive response
elicitor from a plant pathogen can be from a monocot or a dicot. One example of such

30 arcceptoris that found in Arabidopsls thaliana which bas the amino acid sequence of
SEQ. ID. No. 1 as follows:

Mat Ala Thr Ser Sar Thr FPha Sar Bar Leu Lau Pro 8sxr Pro Pro Ala
1 5 10 15

Lg?
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I-.uhul-rhp!ulmscrhummmnohqmurm
a5 30

Ser Pro Leu Thr Thr Pro Lys Ser Ser Arg Leu Gly Fha Thr Val Pro
as 40 415

Glu Lys Arg Asn Leu Ala Ala Asn Ser Ser Lem Val Glu Val Ser Ile
50 55 . €0

Gly Gly Qlu Sexr Asp Pro Pro Pro Ser Ser Ser Gly Ser Gly Gly Asp
70 75 [ ]

Asp Lys Gln Ile Ala Leu Leu lys Leu Lys Leu Leu Ser Val Val Ser
85 90 95

Glymunugelymvnmsermnpmuuclukgm
100 105

Glu Val Ala Ala Lys Glu Leu Glu Thr Ala Gly Gly Pro Val Asp Lesu
115 120 128

mmupmmmmmalymmugmmmm
138 148

Bar Ala Phe Ser Her Arg Ser Leu Gly Gly Ber Ary Pro Gly Leu Pro
145 150 155 160

Thr Oly Arg Lesu Ile Pro Val Thr Leu Oly Gln Val Phe Gln Arg Ile
165 17¢ 175

Asp Val Phe Ser Lys Asp FPhs Asp Asn Ile Ala Glu Val Glu Leu Gly
180 145 190

Ala Pro Trp Pro Fha Pro Fro Leu Glu Ala Thr Ala Thr Leu Ala His
185 200 405

xq-maluuuuuulymcww-zlew-n-mmuuny-
210 220

Thr Thr Val Lys Thr Ser Qly Asn Leu Sor Gln Ila Pro Pro Phe Aasp
225 a30 215 240

Ila Pxo Arg Leu Pro Asp Ser Fha Arg Pru Ber flex Aan Pro Gly Thr
245 aseo 255

Gly Asp Pha Olu Val Thr Tyr Val Asp Asp Thr Mat Axg Ile Thr Arg
280 265 270

Gly Asp Arg Gly Glu Leu Arg Val FPhe Val Ile Ala
275 aso

This protein, known as HrBP1p, is encoded by a cDNA molecule having SEQ. ID.

No. 2 as follows:

tttttocttc tcaacaatgy cgucttctte tactttcteg tcactactac cttcaceace 60

agctcttott tecgaccace gttetocctec accatccoate agatactoct ttcetecott 120
sactactooa asatcgicte gtttgggttt cactgtacog gageagagaa ac=tegoctge 180
taattcgtet ctogttgasg tatceattyg cggugaasgt gaccesccac carcatcate 240
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Lggatcagya gYgAgACGACA RgCABRAttge Attactcmal
ttcuggatta ascagaggac ttgtggogag tgttgatget
tgctaaagas cttgasactg ctgggggacce ggttgattta
tcangggasa tggaggctyt tgtatagtay tgogttctct
cogtoctgyt ctacctactyg gacgtttgat ccctgttact
gattgatgtg titagcasag attttgatas catagcagmg
gceatttceg ccattagasy ccactgegac attggoacac
ttgcangatc asgatascat ttgagasaac- anctgtgaag
gattecctoeg tttgatatce cgaggcttec cgacagttte
aactggggut ttogaagtta cctatgttga tgatacoatg
aggtgasctt agggtattcg tcattgetta attcrcaasg
tamatacttt ctgcttgmtyg cagtctcatg agttttgtao

cteaaattac
ttagaaagag
accgatgatc
teteggtett
cttggocagy
gtggaattag
aagtttgaac
acatcgggaa
agaccategt

ttagtgtagt
ctomagtgge
ttgataagct
taggtggtag
tgtectcaacy
gagcocctty
tottaggcac
aottgtogon
caanccctgy

CgcALtaAGtS GOUUaYAUNY

ctrtgacatg
aaatcatgtg

thaagataan
aacatatasa

720
780
BAC
.00
960

tgogetttat asgtasatga gtgtcttgtt castgaatca

1000

The genomic DNA molecule containing the receptor encoding cDNA

sattageans
agtatagtga
cattogaact
tacatgttge
tggtttaaca
tocaagtamgc
aatotgttet
attcttatat
tgaccattat
atactgtana
teataasttyg
ttggacgatt
atgtctecat
atotocaaga
atagacaact
gatatgaagt
aasatgatat
coctgtatata
tattgggcca
atttatatgt
agtattatct
agcasattaa
ttogtitacyg
asattasagte
ttoottetca
tottettten

attaacaacc
aAaaaaatage
amcgtctact
aaatancace
cgtoggattea
atatcaasga
tantctottg
ttoaacttgt
agctccagta
tatcttitgt
cagttetage
tecttaagaca
Aasactgggn
tgaatgttta
sgaatggata
tacattattt
ccaaataaat
agtattggat
tacttaaaty
cttacatcan
agatagatta
asttttgtoy
cacacacgta
ttottectet
acaatggoga
gaccaccgtt

aacatotagt
aguntogaata
tttettttee
aattggyguan
tggacacaaa
ttttastgoa
cagtagttat
tecttetteom
ccaagttete
tcaccaaaca
cacacaattt
agaagaacat
gattteccon
attttttett
ccaactaage
tecaanctita
genaggcaty
catgetgeet
ganaaagyag
taanntcaat
santcaaagt
cacassacga
tacgcgctaa
tottettote
cttottctac
ctcctecace

tagantattt
cogastagta
agcattaaca
ttgaaagact
cagasaacog
agcctaatat
ctttteoatta
mattgtaatt
ttettaacte
tatatttcga
tgeagttcca
agcasccaan
AAtRARGAgGR
tcagasaann
aaangaamtt
tatactacta
astgtcatat
cogagtgaca
ARAAAARAEL
Atttaattect
actgcatatg
catcatttta
taacccgigg
tacaaattat
tttctegtcoa
atccatcaga

molecule of SEQ. ID. No. 2 has SEQ. ID. No. 3 as follows:

aatttgeacc
cgtataguat
tgtagetigt
ARBBARCCTT
cagaactaag
amacacaagt
trcgosatte
atatotacat
taatakcagec
accaaactgc
accactasat
ccttattgat
ACACGYCARA
acaaashhac
caaaagacas
aaagccetaaa
gactaaaaga
RAACRtACTR
gggoaatgtc
atatargtgg
gteccataata
Ctcagasagt
tgcttctcan
ctcactoter
ctactacctt
tactootttt

aatgtctteyg
catetagute
cattagecatt
gtacagcaga
CacAaRRACTH
ggttatccat
goaattetat
cgtcttaget
tactattcte
taanagetta
gceacaaast
tasatatges
tgttcacgta
ttanctoaat
atatatattg
anttitgttet
gaaanacaca
tgtggytett
tatggtogua
gtcttaatet
atacaaccaa
aatatgaaat
atcacataat
togtttetet
CACCACCAgT
ctocccttaac

€0
120
180
240
300
160
4320
480
540
§00
§60
720
730
240
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
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tactccaaan togtotogtt Cgggttteac tgtaccygag asgegeaace togotgotaa
ttegtetctc gttgaagtat coattygegg ageaagtguc coaccaceat catcatctgg
atcaggagga gacqucAngc amattgcatt aActCABactc asattactty tgagtctgat
cggtgasatt atasgaaatt ggtttogttt ctttggmatt agugtttata
gattcgatta tagagtgaat tttaggasges tttttcosgat ttgatttgtyg
ttgtgagaaa Ctgcagagty tagtitcogg attasacaga ggacttgtgg
tgatttagea sgagctguag tggctgcotaa agaactrgas actgetgggy
tttancogat gatcttgata agcttcaagg gasatggagg cogttgtata
ctcttctegy tcotttaggtg gtagccgteo tggtotacct
tactottgge caggtaatte ttgaatcatt gototgtitt
ttcgggtang ttgtigagga gritatgtge atsgoeragt
tgagtttqua tggggctqag ctasgaatct agctttetga

tcasaccaat
ttactgttas
atgtgtrgty
cgagtgttga
gaccggttgm
gtagtgogtt
tgatceoctgt
gatteggtit
tagtetiger
tgutantgte
cggtctggte
gcaatgtoat
tagtcaatoa
atttggttta
attatctott
agattttgat
agccactgog
Etaagtttat
gquaaacsggc
aaacttgteg
gtcasaccct
tcgoggggac
tgtasagata
tgaacatata
aatttgtatg
atgtgagata
tcgaaggtca
agcasagatg
gtacaasastc
tcttgtcacc
tgtaagcsan
ttgataggac
ttegtggtect
attggaatgt
aactacctea
aatcaatgtt
acggtcataa
saccttgtge
tggaatgtic
tcaagagack
tagatctgaa

atcttatact cgAaagcasa
tatcatiggt agtctttgtt

ctactectta
tetttattcot
aatttggosa
gtttotgaat
aacatagcag
acattggcac
cgaattgtgt
acttgoaaga
cagattecte
ggaactgggg
Agaggtguac
aacaaatact
antgegettt
actcagaaan
ttagtgattt
atgattaaca
agacaarctt

atcatttttt
tggtigugtt
agaaccatac
cattaaaaca
aggtggeatt
acaagtttgn
ARGRSCARAL
tcasgataac
cgtttoatat
atttcgasgt
ttagggtatt

cttttttota tattgtcang
gugcttouat gutgaggage
tetatattge casgtttatg
tgaatggtga tgagottaga
CtgRAtCGOt AgRsRgCAMR

ggtgtttcan
aggagocect

actcttaggt
tascttatet

atttgagaans
ccogaggett
tacctatgtt
cgteattgot

ttctgettga tgoagictea
atasgtasat gagtgtcttg
ttggacaatg atstagacot
tttcttaggt tggtagagag
gcaaaaccat atcttgatga

atacgagaga gCLASRRCAR

cgcagassat aagatgaaac
accgatcteg aaatgettge
ttacocangtt acasatccgy
gctgogmasa gtgottgeag
tagcotgtta acangattea
ctgtttcete acageteact
tttcaactas otagacctas
acctttttgt ggeaagacagg
cgacgettte cttgagcage
aaagtatgct ttttgcatrc
accttcanaa ttcatasaat
tttaaggtta atcammatac
anacaataca ataaatcast

cascttaasa
acctctgana
tataatgaac
ctttgucact
caaguatgtat
tecaasatte
ttoanactga
cttagtetga
smgactgtet
ctigttetta
CaRARAtgas
asacmtcatt
cascoatgta

cggattgatg
tggceattic
ttgcoatttce
qtatotttga
acaactgtga
ccogacagtt
gutgatacca
taattctoaa
tgagttttgt
ttcaatgaat
tecaaattte
ascggattgg
ttcaaaatac
atggattcca
cagagatgtc
taaacaacas
tgatotatgt
guagectcaa
otcagtocaa
CACEATARAL
mAaRsacastc
Ccaceataac
ttaccettet
chgTaagtyt
tcacteacac
taguttgnaa
ttgtegtict

actggacgtt
taccogtcaa
ctatcatcaa
ggttacaatt
tttatgtgta
ttagaatcta
tgtacggtet
atctagettt
cttetttant
tgtttagcas
ogccattana
ctttctctca
catttatggg
agacatcyggy
teagaceate
tgcgcataac
mgctttgaca
acaaatcatg
catatquaay
gcacocteta
casappaate
agagttaaca
Batccagoas
ccetttocet
accaacacas
tctatgoaco
sacaatctte
aactgagact
ggttccttas
aatgcatgut
cagattgtrt
tgtattgugt
tcttigtett
acatacaaan
acttttatga

tcassgtcas

1620
1680
1740
1800
1s60
1920
1980
2040
2100
2160
2220
2200
2340
2400
2460
2520
aseo
2640
2700
2760
aso
2800
2540
3000
3060
3120
3180
3340
3300
3360
3420
3480
3540
Jso0
31660
3720
3780
3840
3300
3560
4020
4080
4140
4200
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Cgeactttac asattcossa Atcacatogs angAgasgas BCBALTtacc attttogogt 4260

Hypersensitive response elicitors recognized by the receptors of the
present invention are able to elicit local necroais in plant tissue contacted by the
elicitor. .

Examples of suitable bacterial soarces of hypersensitive response
elicitor polypeptides or proteins include Erwinia, Pseudomonas, snd Xanthamonas
species (e.g., the following bacteria: Erwinia amplovora, Erwinla chrysanthemi,
Erwinia stewartil, Erwinia carotovora, Pseudomonas syringae, Pseudomonas
solancearum, Xanthomonas campestris, and mixtures thereof).

An example of a fungal source of a hypersensitive response elicitor
protein or polypeptide is Phyrophthora. Suitable species of Phyophthora include
Phytophthora parasifica, Piytophthora crypiogea, Phytophthora cirmamormd,
Phytophthora capsici, Phytophthora megasperma, and Phytophthora citrophthora.

The hypersensitive response elicitor polypeptide or protein from
Erwinia chrysanthemi is disclosed in U.S. Patent No. 5,850,015 and U.S. Patent No.
6,001,959, which are hereby incorporated by reference. This hypersensitive response
elicitor polypeptide or protein has a molecular weight of 34 kDa, is heat stable, bas a
glycine content of greater than 16%, and contains substantially no cysteine,

The hypersensitive response elicitor polypeptide or protein derived
from Erwinia amylovora and its encoding DNA molecule has a molecular weight of
about 39 kDa, has a pl of approximately 4.3, and ig heat stable at 100°C for at least 10
minutes, This hypersensitive response elicitor polypeptide or protein has a glycine
content of greater than 21% and contains substantially no cysteine. The
hypersensitive response elicitor polypeptide or protein derived from Erwinia
amylovora is more fully described in U_S. Patent No. 5,849,868 to Beer and Wei,
Z.-M., et al.,, “Harpin, Elicitor of the Hyperseasitive Response Produced by the Plant
Pathogen Erwinia amylovora,” Scicnce 257:85-88 (1992), which are hereby
incorporated by reference.

The hypersensitive response elicitor polypeptide or protein derived
from Pseudomonas syringas bas a molecular weight of 34-35 kDa. 1t is rich in
glycine (about 13.5%) and lucks cysteine and tyrosine. Further information about the
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hypersensitive response elicitor derived from Psevudomonas syringae and its encoding
DNA molecule is found in U.S. Patent Nos. 5,708,139 and 5,858,786 and He et al.,
“Pseudomonas syringae pv. syringae Harpinpy: A Protein that is Secreted via the Hrp
Pathway and Blicits the Hypersensitive Response in Plants,” Cgll 73:1255-66 (1993), E
which are hereby incorparated by reference.

The hypersensitive response elicitor polypeptide or protein derived
from Pseudomonas solanacearum is set forth in Arlat, M., F. Van Gijsegem, J. C.
Huet, J. C. Pemollet, and C, A. Boucher, “PopAl, a Protein which Induces a
Hypersensitive-like Response in Specific Petunia Genotypes, is Secreted via the Hrp
Pathway of Pseudomonas solanacearsm,” EMBOQ 1, 13:543-533 (1994), which is
hereby incorporated by reference. This protein has 344 amino acids, a molecular
weight of 33.2 kDa, and a pl of 4.16, is hest stable and glycine rich (20.6%).

The hypersensitive response elicitor polypeptide or protein from
Xanthomonas campesiris pv. glycines has a partial amino acid sequence
corresponding to SEQ. ID. No. 4 as follows:

Thr Leu Ile Glu Leu Met Ile Vaml Val Ala Ile Ile Ala Ile Lau Ala
1 5 10 15

Ala Ile Ala Lsu Pro Ala Tyr Gln Asp Tyr
a9 as

This sequence is en amino terminal sequence having only 26 residues from the
hypersensitive response elicitor polypeptide or protein of Xanthomonas campesiris
pv. glycines. It matches with fimbrial subunit proteins determined in other
Xanthomonas campestris psthovars.

The hypersensitive response elicitor polypeptide or protein from
Xanthomonas campestris pv. pelargondi is heat stable, protease sensitive, and has &
molecular weight of 20 kDa. It includes a partial amino acid sequence corresponding
to SEQ. ID. No. 5 as follows:

Met Asp Ber Ile Gly Asn Asn Fhe Ser Asn
1 5 10

Isolation of Erwinia carotovora hypersensitive response elictor protein
or polypeptide is described in Cui et al,, “The RsmA Mutants of Erwirda carotovora,



O0E2ED" 1191:6'39

10

15

20

25

30

-17-

subsp. carotovora Strain Ece71 Overexpeess hrp Neo and Hlicit a Hypersensitive
Reaction-like Response in Tobacco Leaves,” MPMI, 9(7):565-73 (1996), which is
hereby incorporated by reference. This protein has 356 amino acids, 2 molecular
weight of 35.6 kDe, and a pl of 5.82 and is heat stable and glycine rich (21.3%).

The hypersensitive response elicitor protein or polypeptide of Erwinia
stewartil is set forth in Ahmad et al., “Harpin is Not Necessary for the Pathogenicity
of Erwinia stewartil on Maize,” fith Int'l, Cong. Molec. Plant-Microhe Intemct.,, July
14-19, 1996 and Ahmad, et al., “Harpin is Not Necessary for the Pathogenicity of
Erwinia stewartii on Maize,” Ann. Mtg. Am. Phytopath, Soc,, July 27-31, 1996,
which are hereby incorporated by reference.

Hypersensitive response elicitor proteins or polypeptides from
Phytophthora parasitica, Phytophthora cryptogea, Phytophthora cirmamond,
Phytophthora capsici, Plgophthora megasperma, and Phytophora citrophthora are
described in Kaman, et al., “Extracellular Protein Elicitors from Phytophthora: Most
Specificity and Induction of Resistance to Bacterial and Fungal Phytopathogens,”
Malec. Plant-Microhe Interact., 6(1):15-25 (1993), Ricci et al., “Structure and
Activity of Proteins from Pathogenic Fungi Phytophthora Eliciting Necrosis and
Acquired Resistance in Tobacco,” Bur, J. Biochem,, 183:555-63 (1989), Ricci et al,
“Differential Production of Parasiticein, and Elicitor of Necrosis and Resistance in
Tobacco, by Isolates of Phytophthora parasitica,” Plant Path, 41:298-307 (1992),
Baillreul et al, “A New Elicitor of the Hypersensitive Response in Tobacco: A
Fungal Glycoprotein Elicits Cell Death, Expression of Defence Genes, Production of
Salicylic Acid, and Induction of Systemic Acquired Resistance,” Plant I., 8(4):551-60
(1995), and Bonnet et al., “Acquired Resistance Triggered by Elicitors in Tobacco
and Other Plants,” Bur, J, Plant Path., 102:181-92 (1996), which are bereby
incorporated by reference. These hypersensitive response elicitars from Phyfophthora
are cailed elicitins. All known elicitins have 98 amino acids and show >66%
sequence identity. They can be classified into two groups, the basic elicitins and the
acidic eliciting, based on the physicochemical properties. This clessification also
corresponds to differences in the elicitina® ability to elicit HR-like symptoms. Basic
eliciting are 100 times more cffective then the acidic ones in cansing leaf necrosis on
tobacco plants.

ammmwhitl
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The hypersensitive response elicitor from Gram positive bacteria like
Clavibacter michiganesis is described in WO 99/11133, which is hereby incorporated
by reference.

The above elicitors are exemplary. Other elicitors can be identified by i
growing fungi or bacteria that elicit a hypersensitive response using conditions under
which genes encoding an elicitor are expressed. Cell-free preparations from culture
supernatants can be tested for elicitor activity (i.e. local necrosis) by using them to
infiltrate appropriate plant tissues.

Turning again to the receptor of the present invention for such
hypersensitive response elicitors, fragments of the above receptor protein are
encompassed by the method of the present invention. In addition, fragments of full
length receptor proteins from other plants can also be utilized.

Suitablo fragments can be produced by several means. In the first,
subclones of the gene encoding a known receptor protein are produced by
couventional molecular genetic manipulstion by subcloning gene fragments. The
subclones then are expressed in vifro or ir vivo in bacterial cells to yicld a amaller
protein or peptide that can be tested for receptor activity according to the procedure
described above.

As an aiternative, fragments of a receptor protein can be produced by
digestion of a full-length receptor protein with proteolytic enzymes like chymotrypsin
or Staphylococcus proteinase A, or trypsin. Different proteolytic enzymes are likely
to cleave receptor proteins at different sitcs based on the amino acid sequence of the
receptor protein. Some of the fragments that result from proteolysis may be active
recepton.

In another approach, based on kmowledge of the primary structure of
the receptor protein, fragments of the receptor protein gene may be synthesized by
using the PCR technique together with specific sets of primers chosen to represent
particular portions of the protein. These then would be cloned into an appropriate
vector for expression of a truncated peptide or protein.

Chemical synthesis can also be used to make suitable fragments. Such
a synthesis is carried out using known amino acid sequences for the receptor being
produced. Alternstively, subjecting a full length receptor to high temperatures and
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pressures will produce fragments. These fragrnents can then be separated by
conventional procedures {e.g., chromatography, SDS-PAGE).

Variants may be made by, for example, the deletion or addition of <D
amino acids that heve minimal infiuence on the properties, secondary structure, and &-
hydropathic nature of the polypeptide. For example, a polypeptide may be conjugated
to a signal (or leader) sequence st the N-terminal end of the protein which co-
translationally or post-translationaily directs transfer of the protein. The polypeptide
may also be conjugated to a tag or other sequence for ease of synthesis, purification,
or identification of the polypeptide.

Suitable DNA molecules are those that hybridize to a DNA molecule
comprising a nucleotide sequence of 50 continuous bases of SEQ. ID. No. 2 under
stringent conditions characterized by & hybridization buffer comprising 0.9M sodium
citrate (“SSC™) buffer et a temperature of 37°C and remaining bound when subject to
washing with the SSC buffer at 37°C; and preferably in a hybridization buffer
comprising 20% formamide in 0.9M saline/0.09M SSC buffer at a temperature of
42°C and remaining bound when subject to washing at 42°C with 02x SSC buffer at
42°C.

The receptor of the present invention is preferably produced in purified
form (preferably at least about 60%, more preferably 80%, pure) by conventicnal
techniques. Typically, the receptor of the present invention is produced but not
secreted into the growth medium of recombinant host cells. Alternatively, the
receptor protein of the present invention is secreted into growth medium. In the case
of unsecreted protein, to isolats the receptor protein, the host cell (e.g., E colf)
carrying a recombinant plasmid is propagated, lysed by sonication, or chemical
treatment, and the homogenate is ceatrifuged to remove bacterial debris. The cell
lysate can be further purified by conventionally utilized chromatography procedures.
The supernatant is then subjected to heat treatment and the protein is separated by
centrifugation. The supernatant fraction containing the receptor protein is subjected
to gel filtration in an appropriately sized dextran or polyacrylamide column to
scparate the receptor protein. If necessary, the protein fraction may be further
purified by ion exchange or HPLC.



- ammme WA VB R AT

g g3s0" Erhg'l-"ﬂg

10

15

20

25

30

L L LT T ¥ S

2. 20\

The DNA molecule encoding the receptor protein can be incorporated
in cells using conventional recombinant DNA technology. Generally, this involves
inserting the DNA molecule into an expreasion system to which the DNA molecule is
heterologous (i.c. not normally present). 'I‘hehel::mlogmn DNA molecule is inserted
into the expression system or vector in sense orientation and correct reading frame.
The vector contains the necessary elements for the transcription end transiation of the

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 and ligation with DNA
ligase. These recombinant plasmids are then introduced by means of transformation
and replicated in vmicellular cultures including procaryotic organisma and eucaryotic
cells grown in tissue culture.

Recombinant genes may also be introduced into viruses, such as
vaccina virus. Recombinant viruses can be generated by tranfection of plasmids into *
cells infected with virus.

Suitable vectors include, but are not limited to, the following viral
vectors such as Jambda vector system gtl1, gt WES.tB, Charon 4, and plasmid vectors
such as pBR322, pBR325, pACYC177, pACYC1084, pUCS, pUCY, pUCI8, pUC19,
pLG339, pR290, pKC37, pKC101, SV 40, pBluescript I SK +- or KS -+/- (see
“Stratagene Cloning Systems” Catalog (1993) from Stratagene, La Jolla, Calif, which
is hereby incorpomted by reference), pQE, plHS21, pGEX, pET series (sec F.W.
Studier et. al., “Use of T7 RNA Polymerase to Direct Expression of Cloned Genes,”
Gene Expression Technology vol. 185 (1990), which is hereby incorporated by
reference), and any derivatives thereof. Recombinant molecules can be introduced
into cells via transformation, transduction, conjugation, mobilization, or
electroporation. The DNA sequences are cloned into the vector using standard
cloning procedures in the art, as described by Sambrook et al., Molecular Cloning: A
Lahoratory Manual, Cold Springs Laboratory, Cold Springs Harbor, New York
(1989), which is hereby incorporated by reference.

A varicty of host-vector systems may be utilized to cxpress the protein-
encoding sequence(s). Primarily, the vector system must be compatible with the host

A
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cell used. Host-vector systems include but are not limited to the following: bacteria

transformed with bacteriophage DNA, plasmid DNA, or cosmid DNA;

microorganisms such as yeast containing yeast vectors; mammalien cell systems |
infacﬁwi&v&u(ag..mcinhﬁmgldfmﬁmm);innﬁmﬂminfwwd #
with virus (e.g., baculovirus); and plant cells infected by bacteria. The expression T
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
translistion clements can be used.

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

Transcription of DNA is dependent upon the presence of a promotor
which is a DNA sequence that directs the binding of RNA polymerase and thereby
promotes mRNA synthesis. The DNA sequences of eucaryotic promotors differ from
those of procaryotic promotors. Furthermare, eucaryotic promotors and
accompanying genetic signals may not be recognized in or may not functionina
procaryotic system, and, further, procaryotic promotogs are not recognized and do not
function in eucaryotic cells.

Similarly, translation of mRNA in procaryotes depends upon the
presence of the proper procaryotic signals which differ from those of eucaryotes.
Efficient transiation of mRNA in procaryotes requires a ribosome binding site called
the Shine-Dalgarno (“SD") sequence on the mRNA. This sequence is a short
nucleotide sequence of mRNA that is located beforc the start codon, usually AUG,
which encodes the amino-terminal methionine of the protein. The SD sequences are
complementary to the 3'-end of the 16S rRNA (ribosomal RNA) and probably
promote binding of mRNA to ribosomes by duplexing with the rRNA to allow correct
positioning of the ribosome. For a revicw on maximizing gene expression, see
Roberts and Lauer, Mothods in Enzymology, 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 expressing a cloned genc, it is desirable to use
strong promotors in order to obtain a high level of transcription and, hence,
expression of the gene. Depending upon the host cell system wutilized, any one of a
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number of suitable promotors may be used. For instance, when cloning in £ coll, its
bacteriophages, or plasmids, promotors such as the T7 phage promoter, lac promotor,
frp promotor, recA promotor, ribosomal RNA promotor, the Pg and Py promotors of
coliphage iambda and others, including but not limited, to lacUVS, ompF, bla, lpp,
and the like, may be used to direct high levels of trnscription of adjacent DNA
scgments. Additionally, a hybrid irp-lacUV5 (tac) promotor or other E. colf
protmotors produced by recombinant DNA or other synthetic DNA techniques may be
used to provide for transcription of the inserted gene.

Bacterial host cell strains and expression vectors may be chosen which
inhibit the action of the promotor unless specifically induced. In certain operations,
the addition of specific inducers is necessary for efficient transcription of the inserted
DNA. For example, the lac operon is induced by the addition of lactose or [PTG
(isopropylthio-beta-D-galactoside). A variety of other operons, such as rp, pro, eic.,
are under different controls.

Specific initintion signals are also required for efficient gene
tranacription and transiation in procaryotic cells. These transcription and translation
initiation signals may vary in “strength™ as measured by the quantity of gene specific
messenger RNA and protein synthesized, respectively. The DNA expression vector,
which contains a promotor, may also contain any combination of various “strong”
transcription and/or translation initistion signals. For instance, efficient translation in
E. coli requires an SD sequence about 7-9 bases 5° to the initiation codon (“ATG™) to
provide a ribosome binding site. Thus, any SD-ATG combination that can be utilized
by host cell ribosomes may be employed. Such combinations include but are not
limited to the SD-ATG combination from the cro gene or the N gene of coliphage
lambda, or from the £ colf tryptophan E, D, C, B or A genes. Additionally, any SD-
ATQ combination produced by recombinant DNA or other techniques involving
incorparation of synthetic nucleotides may be used.

Once the isolated DNA molecule encoding the receptor protein has
been cloned into an expression system, it is ready to be incorporated into a host cell.
Such incorporation can be carried out by the various forms of transformation noted
sbove, depending upon the vector/host cell systemn. Suitable host cells include, but
are not limited to, bacteria, virus, yeast, mammalian cells, insect, plant, and the like.
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One aspect of the present invention involves enhancing a plant’s
receptivity to treatment with a hypersensitive response elicitor by providing a
transgenic plant or transgenic plant seed, transformed with a micleic acid molecule
encoding a receptor protein for 8 hypersensitive response elicitor, It has been found
that hypersensitive respanse elicitors are useful in imparting discase resistance to
plants, enhancing plant growth, effecting insect control and/or imparting stress
resistance in & variety of plants. In view of the receptor of the present invention’s
interaction with such elicitors, it is expected that these beneficial effects would be
enhemeed by carrying out such elichtor treatments with plants transformed with the
receptor encoding gene of the present invention.

Trasgenic plants containing a gene encoding a receptor in accordance
with the present invention can be prepared according to techniques well known in the
art

A vector containing the receptor encoding gene described above can be
microinjected directly into plant cells by use of micropipettos to transfier mechanically
the recombinant DNA. Crossway, Mal. Gen, Genetics, 202:179-85 (1985), which is
hereby incorporated by reference. The genetic material may also be transferred into
the plant cell using polyethylene glycol. Krens, et al., Nature, 296:72-74 (1982),
which is hereby incorporated by reference.

Another approach to transforming plant cells with a gene which
imparts resistance to pathogens is particle bombardment (also known as biolistic
transformation) of the host cell. This can be accomplished in one of severnl ways.
The first involves propelling inart or biologically active particles at cells. This
technique is disclosed in U.S. Patent Nos. 4,945,050, 5,036,006, and 5,100,792, all to
Sanford et al., which are hereby incorporated by reference. Generally, this procedure
involves propelling inert or biologically active particles at the cells under conditions
effective to penetrate the outer surface of the cell and to be incorporated within the
interior thereof. When inert particles are utilized, the vector can be introduced into
the cell by coating the particles with the vector containing the heterologous DNA.
Alternatively, the target cell can be surrourkied by the vector so that the vector is
carried into the cell by the wake of the particle. Biologically active particles (e.g.,
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dried bacterial cells containing the vector and heterologous DNA) can also be
propelled into plant cells.

Yet another method of introduction is fusion of protoplasts with other
entitics, either minicells, cells, lysosomes, or other fusible lipid-surfaced bodies.
Fraley, et al., Proc. Natl. Acad. Sci. USA, 79:1855-63 (1982), which is hereby
incorporated by reference.

The DNA molecule may aiso be introduced into the plant cells by
olectroporation. Fromm et al., Proc, Natl, Acad, Sci, USA, 82:5824 (1985), which is
hereby incorporated by reference. In this technique, plant protoplasts are
electroporated in the presence of plasmids contrining the expression cassette.
Rleetricel impulses of high field strength reversibly permeabilize biomembranes
allowing the introduction of the plasmids. Electroporated plant protoplasts reform the
cell wall, divide, and regenerate.

Anpther method of introducing the DNA molecule into plant cells is to
infect a plant cell with Agrobacterium tumefaciens or A. rhizogenes previously
transformed with the gene. Under appropriate conditions known in the art, the
trangformed plant cells are grown to form shoots or roots, and develop further into
plants. Generally, this procedure involves inoculating the plent tissue with a
suspension of bacteria and incubating the tissus for 48 to 72 hours on regenertion
medium without antibiotics at 25-28°C.

Agrobacterium is a representative genus of the gram-negative family _
Rhizobiaceae. Its specics are responstble for crown gall (4. fumefaciens) and hairy
root disease (4. rhizogenes). The plant cells in crown gall tumors and hairy roots are
induced to produce amino acid derivatives known as opines, which are catabolized
only by the bacterie. The bacterial genes responsible for expression of opines aro s
convenient source of control elements for chimeric expression cassettes, In addition,
assaying for the presence of opines can be used to identify transformed tissue.

Heterologous genetic sequences can be introduced into appropriate
plant cells, by means of the Ti plasmid of A fumefaciens or the Ri plasmid of 4.
rhizogenes. The Ti or Ri plasmid is transmitted to plant cells on infection by
Agrobacterium and is stably integrated into the plant genome. J. Schell, Science,
237:1176-83 (1987), which is hereby incorporated by reference.
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After transformation, the transformed plant cclls must be regenerated.

Plant regencration from cultured protoplasts is described in Evans et
al., Handbook of Plant Cell Cultures, Vol 1: (MacMillan Publishing Co., New Yark,
1983); and Vasil LR. (ed.), Cell Culture and Somatic Cell Genetics of Plants, Acad.
Press, Orlando, Vol. I, 1984, and Vol. LII (1986), which are hereby incorporated by ﬁ
reference.

It is known thet practically all plants can be regenerated from cultured
cells or tissues, including but not limited to, all major species of sugarcans, sugar
beets, cotton, fruit trees, and legumes.

Meana for regencration vury from species to species of plants, but
genanlly a suspension of transformed protoplasts ar a petri plate containing
transformed explants is first provided. Callus tissue is formed snd shoots may be
induced from calius and subsequently rooted. Alternatively, embryo formation can be
induced in the callus tissue. These embryos germinste as natural embryos to form
plants. The culture media will generally contain various amino acids and hormones,
such as auxin and cytokinins. It is also advantageous to add glutamic acid and proline
to the mediam, especially for such species as com and sifalfa. Efficient regeneration
will depend on the medium, on the genotype, and on the history of the culture. If
these three variables are controlled, then regeneration is usually reproducible and
repeatable.

After the expression cassette is stably incorporated in transgenic plants,
it can be transferred to other plants by sexual crossing. Any of a rumber of standard
breeding techniques can be used, depending upon the species to be crossed.

Once transgenic planty of this type are produced, the plants themselves
can be cultivated in accondance with conventional procedures. Alternatively,
transgenic seeds or propagules (e.g., cuttings) are recovered from the transgenic
plants. The seeds can then be planted in the s0il and cultivated using conventional
procedures to produce transgenic plants. The transgenic plants are propagated from
the planted transgenic seeds.

These clicitor treatment methods can involve applying the
hypersensitive response elicitor polypeptide or protein in a non-infecticus form to all
or part of a plant or a plant seed transformed with a receptor gene in accordance with
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the present invention under conditions effective for the elicitor to impart disease
resistance, enhance growth, control insects, and/or 1o impart stress resistance.,
Alternatively, the hypersensitive response elicitor protein or polypeptide can be
applied to plants such that scods recovered from such plants themselves are able to
impart disewse resistance in plants, to enhance plant growth, to effect insect control,
and/or to impert resistance to stress.

As an alternative to applying a hypersensitive response clicitor
polypeptide or protein to plants or plant seeds in order 10 impart discase resistance in
plants, to effect plant growth, to control insects, and/or to impart stress registance in
the plants or plants grown from the seeds, transgenic plants or plant seeds can be
utilized. When utilizing transgenic plants, this involves providing a tranagenic plant
tranaformed both a DNA molecule encoding a receptor in accordance with the present
invention and with a DNA molecule encoding a kypersensitive response elicitor
polypeptide or protein, The plant is grown under conditions cffective to permit that
DNA molecule to impart discase resistance to plants, to enhance plant growth, to
comirol insects, and/or 10 impart resisitance to stress. Alternatively, a transgenic plant
seed transformed with a DNA molecule encoding a hypersensitive response elicitor
polypeptide or protein can be provided and planted in soil. A plant is then propagated
from the planted seed under conditions sffective to permit that DNA molecule to
impart disease resistance to plants, to enhance plant growth, to control insects, and/or
to impart resistance to stress.

The embodiment where the hypersensitive response elicitor
polypeptide or protein is applied to the plant or plant seed can be carried out ina
number of ways, including: 1) application of an isolated elicitor or 2) application of
bacteria which do not cause disease and are transformed with a gene encoding the
elicitor. In the latter embodiment, the elicitor can be applied to plants or plant seeds
by applying becteria containing the DNA molecule encoding the hypersensitive
response elicitor polypeptide or protein. Such bacteria must be capable of secreting or
exporting the elicitor so that the elicitor can contact plant or plant seeds cells. In these
embodiments, the elicitor is prodaced by the bacteria in plania or on seeds or just
prior to introduction of the bacteria to the plants or plant seeds.

3
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The hypersensitive response elicitor treatment can be utilized to treat »
wide variety of plants or their seeds to impart disease resistance, enhance growth,
monocots. More particulerly, useful crop plants can include: alfalfa, rice, wheat,
berley, rye, cotton, sunflower, peanut, com, potato, sweet potato, bean, pes, chicary, ‘?"L
lettuce, endive, cabbage, brussel sprout, beet, parsnip, turnip, cauliflower, broccoli, 7:
turnip, radish, spinach, onion, garlic, eggplant, pepper, celery, carrot, squash,
pumpkin, zucchini, cucumber, apple, pear, melon, citrus, strawberry, grape, raspberry,
pincapple, soybean, tobacco, tomato, sorghum, and sugarcane. Examples of suitable
omamental plants are: Arabidopsis thaliama, Sainipaulia, petunia, pelargonium,
poinsettia, chrysanthemum, camation, and zinnia.

With regard 1o the use of hypersensitive response elicitors in imparting
disease resistance, absolute immunity against infection may not be conferred, but the
severity of the disease is reduced and symptom development is delayed. Lesion
numbser, lesion size, and extent of sporulation of fungal pathogens are all decreased.
This method of imparting disease resistance has the potential for treating previously
untreatable discases, treating diseases systemically which might not be treated
scparately due to cost, and avoiding the use of infectious agents or environmentally
harmful materials.

The method of imperting pathogen resistance to plants is useful in
imparting resistance to a wide variety of pathogens including viruses, bacteria, and
fungi. Resistance, inter alia, to the following viruses can be achieved by the method
of the present invention: Tobacco mosaic virus and Tomato mosaic virus.
Resistance, inter alia, to the following bactaria can also be imparted to plants
Pseudomonas solancearson, Pseudomonas syringae pv. tabacl, and Xanthamonas
campestris pv. pelargonil. Plants can be made resistaut, infer alia, to the following
fungi: Fusartum axysporum and Phytophthora infestans.

With regard to the use of the hypersensitive response elicitor protein or
polypeptide to enhance plant growth, various forms of plent growth enhancement or
promotion can be achieved. This can occur ay early as when plant growth begins
from seeds or later in the life of a plant. For example, plant growth according to the
present invention encompasses greater yield, increased quantity of seeds produced,
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increased percentage of seeds germinated, increased plant size, greater biomass, more
and bigger fruit, earlier fruit coloration, and earlier fruit and plant maturation. As a
result, there is significant economic benefit to growers. For example, early
germination and early maturation permit crops to be grown in areas where short
growing seasons would otherwise preclude their growth in that locale. Increased
percentage of seed germination results in improved crop stands and more efficient
seed use. Greater yield, increased size, and enhanced biomass production allow
greater revenue generation from a given plot of land

The use of hypersensitive response elicitors for insect control
encompasses preventing insects from coutacting plants to which the hypersensitive
respaonse clicitor has been applied, preventing direct insect damage to plants by
feeding injury, cansing insects to depart from such plants, killing insects proximate to
such plants, interfering with insect larval foeding on such plants, preventing insects
from colonizing host plants, preventing colonizing insects from releasing phytotoxins,
etc. The present invention also prevents subsequent discase damage to plants
resulting from insect infection.

Elicitor treatment is effective against a wide variety of insects.
European comn borer is a major pest of com (dent and sweet corn) but also feeds on
over 200 plant gpecies including green, wax, and lima beans and edible soybeans,
peppers, potato, and tomato plus many weed species. Additional ingect larval feeding
pests which damage a wide variety of vegetable crops include the following: beet
armyworm, cabbage looper, com ear worm, fall armyworm, diamondback moth,
cabbage root maggot, onion maggot, seed com maggot, pickleworm (melopworm),
pepper maggot, tomate pinworm, and maggots. Collectively, this group of insect
pests represents the most economicelly important group of pests for vegetable
production worldwide,

Hypersensitive response elicitor treatment is also useful in imperting
registance to plants against environmental stress. Stress encompasses any
environmental factor having an adverse effect on plant physiology and development.
Examples of such environmental stress include climate-related stress (e.g., drought,
water, frost, cold temperature, high tempersture, excessive light, and insufficient
light), air pollution stress (e.g., carbon dioxide, carban monoxide, sulfur dioxide,

37
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NOy, hydrocarbons, ozone, ultraviolet radiation, acidic rain), chemical (e.g.,
insecticides, fungicides, herbicides, heavy metals), and mutritional stress (c.g.,
fertilizer, micronutrients, macronutrients).

The application of the hypersensitive response elicitor polypeptide or
protein can be carvied out through & variety of procedures when all or part of the plant
is treated, including leaves, stems, roots, etc. This may (but need not) involve

infiltration of the hypersensitive response elicitor polypeptide or protein into the plant.

Suitable application methods include bigh or low pressure spraying, injection, and
leaf abresion proximate to when elicitor application takes place. When treating plant
secds or propegules (e.g., cuttings), the hypersensitive response elicitor protein or
polypeptide can be applied by low or high pressure spraying, coating, immersion, or
injection. Other suitable application procedures can be envisioned by those skilled in
the art provided they are able to effect cantact of the elicitor with cells of the plant or
plant seed. Once treated with a hypersensitive response elicitor, the seeds can be
planted in natural or artificial soil and cultivated using conventional procedures to
produce plants. Afier plants have been propagated from seeds treated with an elicitor,
the plants may be treated with one or more applications of the hypersensitive response
elicitor protein or polypeptide to impxrt disease resistance to plants, to enhance plant
growth, to control insects on the plants, and/or to impart stress resistance,

The hypersensitive response elicitor polypeptide or protein can be
applied to plants or plant seeds alone or in a mixture with other materials.
Altemnatively, the elicitor can be applied separately to plants with other materials
being applied at different times.

A composition suitable for treating plants or plant seeds contrins a
hypersensitive response elicitor polypeptide or protein in & cartier. Suitable cexticrs
include water, aqueous solutions, slurries, or dry powders.

Although not required, this composition may contain additional
additives including fertilizer, insecticide, fungicide, nematacide, and mixtures thereof.
Suitable fertilizers include (NH¢);NO;. An example of a suitable insecticide is
Malathion. Useful fimgicides include Captan.

Other guitable additives include buffering agents, wetting sgents,
coating agents, and abmading agents, In addition, the hypersenzitive response elicitor

319
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can be applied to plant seeds with other conventional seed formulation and treatment
materials, including clays and polysaccharides.

In the altemative technique involving the use of transgenic plants and
transgenic sceds encoding a hypersensitive response elicitor encoding gene, a
hypersensitive response elicitor need not bé applied topically to the plants or seeda.
Instead, transgenic plants transformed with s DNA molecule encoding such an elicitor
are produced according to procedures well known in the art as described above.

In another embodiment, the present invention relates to a DNA
construct which is an antisense micleic acid molecule to a nucleic acid molecule
encoding a receptor in plants for plant pathogen hypersensitive response elicitors. An
example of such a construct would be en antisense DNA molecule of the DNA
molecule having the nucleotide sequence of SEQ. ID. Nos. 2 or 3. Altematively, the
DNA construct can have a DNA molecule having the nucleotide sequence of SEQ.
ID. Nos. 2 or 3 (or a portion thereof) and its complementary strend and is used to
generate a single transcript with an inverted repeat (i.e. a double-stranded) RNA. This
transcript as well as the above-discussed antisense nuclcic acid molecule can be used
to induce silencing of a nucleic acid molecule encoding a receptor for a hypersensitive

Sensing the hypersensitive response elicitor by the receptor is the very
first step of the aignal transduction pathway in plants which eventually leads to
disease resistance, growth enhancement, insect control, and stress resistance,
Silencing the receptor provides a powerful tool to find and study the downstream
components of this pathway. Additionally, the receptor could be a negative regulator
of such plant signal transduction pathway. Silencing of the receptor will impart to
plants the ability to resist disease and stress, coatrol insects, and enhance growth
without hypersensitive response elicitor treatment.

EXAMPLES

Examplel- Materials and Methods

The laboratory tecimique uscd in the following example is straight
forward. All DNA manipulations described here followed conveational protocols
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(Sambrook et al., “Molecular Cloning: A Laboratory Manual,” 2 ed., Cold Spring
Harbor Laboratory (1989); Ausubel, et al., “Current Protocals in Molecular Biology,”
John Wiley (1987), which are hereby incorporated by reference). The plasmids and
microorgapisms described herein, used for making the present invention, were
obtained from commercial sources, or fron the authors of previous publications.
Sequences were snelyzed with Clone Manager 5 (Scientific & Educational Software,
Durham, North Carolins).

Yeast strain LAO was grown in YPD or in different minimal synthetic
dropout sclection media at 30°C. E colf strains DH5a and HB101 were grown in LB
at 37°C.

The yeast Two-Hybrid system is based on the fact that many
eukaryotic transcription factors are composed of physically scparable, functionally
independent DNA-binding domain (DNA-BD) and activation domain (AD). Both the
DNA-BD and the AD are required to activate a gene. ' When physically separated by
recombinant DNA technology aud expressed in the same host cell, the DNA-BD and
the AD do not interact directly with each other and thus cannot activate the responsive
gene (Ma & Piashne, “Converting a Eukaryotic Transcriptional Inhibjtor into an
Activator,” Cell 55:443 (1988) and Brent & Pashne, “A Eukaryotic Transcriptional
Activator Bearing the DNA Specificity of a Prokaryotic Repressor,” Cell 43:729
(1985), which are hereby incorporated by refarence). But if the DNA-BD and the AD
are brought into close physical proximity in the promoter region, the transcriptional
activation function will be restored. Therefore, the yeast Saccharomyces cerevisiae
and the Two-Hybrid system have become essential genetic tools for studying the
macromolecular interactions.

In the Two-Hybrid system utilized here, the DNA-BD, encoded in the
bait vector pVIL11 (Jullien-Flores, V., “Bridging Ral GTPase to Rho Pathways.
RLIP76, a Ral Effector with CDC42/Rac GTPase-activating Protein Activity,” 1, Biol.
Chem, 27:22473 (1993), which is hereby incorporated by reference), is the
prokaryotic LexA protein, and the activation domain, encoded in the prey vector
pGAD 10 or pGAD GH (Clontech; Hannon, GJ., “Isolation of the Rb-related pt30
Through its Interaction with CDK2 and Cyclins,” Genes Dev. 7:2378 (1993), which is
hereby incorporated by reference) is derived from the yeast GAL4 protein. pVILI1
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also has a TRP] marker, and the pGAD a LEU2 marker. An interaction between the
bait protein (fused to the DNA-BD) and a library-encoded protein (fised to the AD)
creates a novel transcriptional activator with binding affinity for LexA operators. The
yeast host L40 {MATa his3D200 trp1-901 leu2-3, 112 ade2 LYS2::(lexAop)-HIS3
URA3::(lexAop)s-lacZ} harbors iwo reporfer genes, lacZ and H7S3, which contain
upstream LexA binding site. The HIS? nutritional reporter provides a sensitive
growth selection that can identify a single positive transformant out of several million
candidate clones. The expression of the reporter genes indicates intcraction between a
candidate protein and the bait protein. See Figure 1.

Erwinia amylovora harpin was used as the bait protein to screen the
Arabidopsis thaliana MATCHMAKER cDNA library cloned in the pGAD 10 vector
(Clontech, laboratories, Inc., Palo Alto, California). One cDNA library encoded
protein was identified as a strong harpin interacting protein and, thus, a putative
harpin receptor. The present invention reports the nucleic acid sequence and the
deduced amino acid sequence of this cDNA.

Example 2

HmpN of Erwinla amylovora wes subcloned into the yeast Two-Hybrid
bait vector pVIL11. PCR was carried out using the 1.3 Kb harpin fragment (Wei et
al., “Harpin, Elicitor of the Hypersensitive Response Produced by the Plant Pathogen
Erwinia amylovora,” Science 257:85 (1992), which is hereby incorporated by
reference) as a template to amplify the harpin encoding region. A Bam HI site was
added to the 5° end of the coding sequence, and a Sal [ site to the 3’ end. A Bam HI
and Sai I digested PCR fragment was ligated with the bait vector pVIL11 digested
with the same restriction enzymes. pVJL11 has a TRPI marker {0 be selected in yeast
and an Amp resistance marker to be selected in E. coll. The plasmid DNA was
amplified in E. colf strain DH5ct. When tested in the Two-Hybrid system with empty
prey vector pGAD GH and several unrelated proteins, HrpN didn't show auto-
activation or nonspecific interaction with unrelated proteins, as shown in Figure 2.

<4
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Example3

HrpN-pVIL 11 was transformed into yeast strain L40 by a lithium
scetate (LiAc)-mediated method (Ito et al., “Transformation of Intact Yeast Cells
Treated with Alknli Cations,” I, Bacteriol, 153:163 (1983) and Vojtek etal,
“Mammslian Ras Interacts Directly with the Serine/Threonine Kinase Raf.,” Cell
74:205 (1993), which are hereby incorporated by reference). The Arabidopsis
thaliana MATCHMAKER cDNA library (Clontech Laboratories, Inc., Palo Alto,
CA) was screened for harpin interacting proteins. Approximately 6.8 million primary
library transformants were piated onto plates lacking histidine, leucine, and
tryptophan. A total of 148 colonies grew on the histidine dropout plates, 55 of which
stained positive when tested for expression of f-galactosidase. After three rounds of
selection on synthetic minimal (S8D) media plates lacking leucine, tryptophan, and
histidine, and confirming by the expression of the second reporter gene lacZ using a
B-galactosidase assay, 47 colonies seemed to be strong interacting candidates.

Example 4

Plasmid DNA was extracted from the 47 independent yeast colonies
and shattled into E coli strain HB101, which carries the /exB mutation. Therefore; the
prey plasmid (cDNA-pGAD 10) was selected for on minimal nutrient plates since
pPGAD 10 bears the LEU? marker.

The 47 independently rescued prey plasmids purified from E. colf were
re-tested in the yeast two-hybrid system with harpin ss bait. They were also tegted
against unrelsted protein. 20 tumed out to be strong specific interaction candidates
again. Sequencing analysis showed thet the 20 independent cDNA clones were
actually from the same gene with different integrity at the 5° end. The sequence
reactions were performed using the PE Prism BigDye™ dye terminator reaction kit.
The sequencing gel was nm in Thatagen (Bothell, WA)

One of the eight plasmida, which had the longest cDNA insert of 1kb,

_ was used for further analysis. When co-transformed into yeast strain L40, it was

shown to be negative with empty bait and unrelated proteins in the Two-Hybrid
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system, indicating the specificity of the interaction between harpin and this receptor
candidate, See Figure 3.

- 5
The longest cDNA insext, HrBP1, was subcloned into the Bam HI end !

Sall sites of the bait vector pVIL 11. This construct didn’t show auto-activation of o=

the reporter genes, nor interaction with unrelated proteins in the yeast Two-Hybrid

system. However, the expression of the reporter genes was activated when L40 was

co-transformed with HrBP1-pVJL11 and HrpN-pGAD GH, indicating the specific

interaction between HrBP1p (the protein encoded by HrBP1) and harpin. See

Figure 4.

Example 6

Total RNA was extracted from two-week-old Arabidepsis thaliana
using QIAGEN RNeasy plant mini kit (Qiagen, Inc., Valencia, California). Poly A*
RNA was further purified from the total RNA with & QIAGEN Oligotex column
(Qiagen, Inc., Valencia, California). A Northern blot was carried out using the
translated region of HrBP1 as a probe. One single species with an apparent molecular
weight of about 1.1 Kb was detected from both total RNA and Poly A* RNA. See
Figure 8. Therefore, the longest cDNA of HrBP1 from the yeast two-hybrid screen
seems to be the full-length cDNA. The integrity of the 5° of cDNA was further
confirmed by a primer extension assay.

As described, a yeast Two-Hybrid system was used to screen for
harpin interacting proteins. HrpN of Erwinia amylovora was subcloned into the yeast
Two-Hybrid bait vector pVJIL11, which has a TRP marker. The lexA harpin fusion
protein is expressed from this construct in yeast The Arabidopsis thaliana
MATCHMAKER cDNA library (Clontech Laboratories, Inc., Palo Alto, CA) was
screened for hypersensitive response elicitor interacting proteins. Out of the 6.8
million independent colonies screened, 148 grew on SD medin plates lacking leucine,
tryptophan, and histidine. After three rounds of selection on a -His plate and
confirmation by & B-galactosidase assay, 47 colonies seemed to be strongly interacting
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candidates. The prey plasmids from the 47 candidate colonies were rescued and
shuttled into E. coll.

The 47 independent prey plasmids purified from E coli were re-tested
in the yeast Two-hybrid system with harpin as bait. They were glso tested against
unrelated protein: LexA-lamin. 20 turned out to have a strong specific interaction. i
Sequencing analysis showed thist the 20 independent cDNA clones were actually from
the same gene with different integrity at the 5° end. The longest sequence was 1,000
bp, which was named HrBP1. It was mapped to Arabidopsis thallana genomic DNA,
chromosome 3, P1 clone MLM24 (Nakemura, “Structural Analysis of Arabidopsis
thalisna chromosoma 3,” Direct submission to the DDBJ/EMBL/GenBank databases
(1998), which is hereby incarporated by reference). Four exons and three introns
were discovered (See Figure 7). Exon 4 includes a 130 bp non-translated 3° region.
The in-frame open reading frame from the first methionine encodes a polypeptide
(named HrBP1p) of 284 amino acids. The predicted molecular weight of HrBP1p is
30454.3 and pl is 5.72. There is no apparent hydrophobic trans-membrane domain in
this polypeptide. The HrBP1-AD fusion prey was negative with empty bait and
unrelated proteins in the yeast 2-H system, indicating the specificity of the interaction
between harpin amd this receptor candidate. When being put in the opposite
orientation, i.e, HiBP1p fused with the DNA-BD and harpin with the AD, they still
specifically interacted with each other.

HrBPI1 has no significant sequence similarity with sequences deposited
in major sequence database accessible with the Blast search program. Therefore,
HrBP1p is a novel protein.
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Exsmple 7 | 50y

The HrBP1 ¢cDNA was subcloned into the Nde 1 and Sal I sites of the
vector pET-28a (Novagen, Madison, WI). The his-tagged HrBP1p recombinant
protein was purified with Ni-NTA resin (QIAGEN Inc., Valencia, CA) according to
the manual provided by the manufacturer. The HrBP1 cDNA wes also subcloned into
the BamH I and Sal I sites of the vector pGEX-4T-1 (Amersham Pharmacia Biotech,
Piscataway, NJ). The GST-tagged HrBP1p recombinant protein was purified by
Glutathione Sepharose™ 4B (Amersham Pharmacia Biotech, Piscataway NJ)
according to the manufacturer’s instructions.

Example 8§

Anti-sense HrBP1, which is complementary to SEQ. ID. No. 2, was
sub-cloned into binary vector pPZP212, under the control of the NOS promotor.
Arabidopsis thaliana plants were transformed with this construct using
Agrobacterinm-medinted transformation. The Agrobacterium tumefaciens strain used
was GV3101 (C58C1 Rifr) pMPS0 (Gmr). Arabidopsis plants were also transformed
with a construct, which had an inverted repeat consisting of bases 3-650 of the HfBP1
cDNA (i.e. SEQ. ID. No. 2) and the complementary sequence of bases 3-500 of
HrBP1 cDNA. This construct generated a double-stranded mRNA in transformed
plants.

Both anti-sense and double-stranded approaches were intended to
silence the expression of HrBP1. Some of the transformed Arabidopsis plants had
developmentally retarded.

Although the inventipn has been described in detail for the purpose of
illustration, it is understood that such detail is solely for that purpose, and varistions
can be made therein by those skilled in the art without departing from the spirit and
scope of the invention which is defined by the following claims.
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WHAT IS CLAIMED: % '3

1. An isolated protein which serves as a receptor in plants for
phntpaﬂiosmhypmmiﬁvemeligitm g

2. Aprotein according to claim 1, wherein the plant pathogen is

selected from the group consisting of Erwinia, Pseudomonas, Xanthamonas,
Phytophthora, and Clavibacter.

3. A protein according to claim 2, wherein the plant pathogen is
an Erwinig pathogen.

4, A protein according to claim 3, wherein the plant pathogen is
Erwinia amylovora.

5. A protein according to claim 1, wherein the protein is from a

monocot,

6. A protein acconding to claim 1, wherein the protein is from a
dicot.

7. A protein according to claim 6, wherein the protein is from
Arabidopsis thaliana,

8. A protein according to claim 1, wherein the protein has an
amino acid sequenace of SEQ. ID. No. 1.

9. A protein according to claim 1, wherein the protein is

10.  An isolated nucleic acid molecule encoding a protein according
to claim 1.
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11. A nucleic acid molecule according to claim 10, wherein the
plant pethogen is selected from the group consisting of Erwinia, Pseudomonas,
Xanthamonas, Phytophthora, and Clavibacter.

12. A nucleic acid molecule according to claim 11, wherein the
plant pathogen is an Erwinia pathogen.

13. A mucleic acid molecule according to claim 12, wherein the
plant pathogen is Erwinla amylovora.

14. A nucleic acid molecule according to claim 10, wherein the
protein is from a monocot.

15. A mucleic acid molecule according to claim 10, wherein the
protein i3 from a dicot.

16. A nucleic acid molecule according to claim 15, wherein the
protein is from Arabidopsis thallana.

17. A oucleic acid molecule according to claim 10, wherein the
protein has an amino acid sequence of SEQ. ID. No. 1.

18. A nucleic acid molecule according to claim 10, wherein the
mucleic acid hybridizes to nucleotide sequence of SEQ. [D. No. 2 under stringent

conditions of a hybridization buffer comprising 20% formamide in 0.9M saline/0.09M

SSC buffer at a temperature of 42°C.

19. A mucleic acid molecule according to claim 10, wherein the
nucleic acid has a nucleotide sequence of SEQ. ID. No. 2.

319
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20. A nucleic acid acconding to claim 10, wherein the mucleic acid ZZD
hybridizes to a nucleotide sequence of SEQ. ID. No. 3 under stringent conditions of a
hybridization buffer comprising 20% formamide in 0.9M saline/0.09M SSC buffer at
a temperature of 42°C.

/11

~ A

21. A mucleic acid according to claim 10, wherein the mucleic acid
has a nucleotide sequence comprising SEQ. ID. No. 3.

22.  An entisense micleic acid molecule to the mucleic acid
according to claim 10,

23. Anexpression vector containing a nucleic acid molecule
according to claim 10 which is heterologous to the expression vector.

24.  Anexpression vector according to claim 23, wherein the
nocleic acid molecule is positioned in the expression vector in sense orientation and
correct reading frame.

25. An expression vector according to claim 23, wherein sither:
(1) the protein hes an amino acid sequence of SEQ. ID. No. 1; (2) the nucleic acid
hybridizes to a nucleotide sequence of SEQ. ID. No. 2 under stringent conditions of a
hybridization buffer comprising 20% formamide in 0.9M saline/0.09M SSC buffer at
a temperature of 42°C; (3) the nucleic acid comprises a nucleotide sequence of SEQ.
ID. No. 2; (4) the nucleic acid hybridizes to a nucleotide sequence of SEQ. ID. No. 3
under stringent conditions of a hybridization buffer comprising 20% formemide in
0.9M saline/0.09M SSC buffer st a temperature of 42°C; or (5) the nucleic acid
comprises » nucleotide sequence of SEQ. ID. No. 3.

26.  An expression vector containing a mucleic acid molecule
sccording to claim 22 which is heterologous to the expression vector.
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27.  Atcansgenic host cell tranformed with the mucleic acid 4 2
molecule according to claim 10.

28. A host cell tramsformed according to claim 27, wherein the host
cell is selected from the group consisting of a plant cell and a bacterial cell.

29. A host cell according to claim 27, wherein the DNA molecule
is transformed with an expression system.

' 30. A host cell according to claim 27, wherein cither: (1) the
protein has en smino acid sequence of SEQ. ID. No. 1; (2) the micleic acid hybridizes
to & nucleotide sequance of SEQ. ID. No. 2 under stringent conditions of &
hybridization buffer comprising 20% formamide in 0.9M saline/0.09M SSC buffer at
a temperature of 42°C; (3) the nucleic acid comprises a nucleotide sequence of SEQ.
ID. No. 2; (4) the nucleic acid hybridizes to a nncleotide sequence of SEQ. ID. No. 3
under stringent conditions of a hybridization buffer comprising 20% formamide in
0.9M salina/0.09M SSC buffer at a temperature of 42°C; or (5) the nucleic acid
comprises a nucleotide sequence of SEQ. ID. No. 3.

31. A host cell trensformed with a nucleic scid molecule according
to claim 22.

32, A transgenic plant transformed with the DNA molecule of
claim 10.

33. A transgenic plant according to claim 32, wherein the plant is
selected from the group consisting of alfalfa, rice, wheeat, barley, rye, cotton,
sunflower, peanut, comn, potato, sweet potato, bean pea, chicory, letuce, endive,
cabbege, brussel sprout, beet, parsnip, cauliflower, broccoli, tumip, radish, spinach,
onion, garlic, eggplant, pepper, celery, carrot, squash, pumpkin, zucchini, cucumber,
apple, pear, melon, citrus, strawberry, grape, raspberry, pineapple, soybean, tobacco,
tomato, sorghum, and sugarcane.
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34, A transgenic plant according to claim 32, wherein the plant is
selected from the group consisting of Arabidopsis thaliana, Saintpaulia, petunis,

35. A tremsgenic plant according to claim 32, wherein the plantisa

36. A transgenic plant according to claim 32, wherein the plant is
from a dicot.

37. A transgenic plant according to claim 32, wherein either: (1)
the protein has an amino scid sequence of SEQ. ID. No. 1; (2) the nucleic acid
hybridizes to a nucleotide sequence of SEQ. ID. No. 2 under stringent conditions of a
hybridization buffer comprising 20%6 formamide in 0.9M saline/0.09M SSC buffer at
a temperature of 42°C; (3) the nucleic acid comprises a nucleotide sequence of SEQ.
ID. No. 2; (4) the nucleic acid hybridizes to a nucleotide sequence of SEQ. ID. No. 3
under stringent conditions of 2 hybridization buffer comprising 20% formamide in
0.9M saline/0.09M SSC buffier at a temperature of 42°C; or (5) the nucleic acid
comprises a nucleotide sequence of SEQ. ID. No. 3.

38. A transgenic plant transformed with & nucleic acid molecule
according to claim 22,

39. A trensgenic plant seed tramsformed with the DNA molecule of
claim 10.

40. A transgenic plant soed according to clsim 39, wherein the
plent is selected from the group consisting of alfalfu, rice, whest, barley, rye, cotton,
sunflower, peanut, com, potato, sweet potato, bean pea, chicary, lettuce, endive,
cabbage, brugsel sprout, beet, parsnip, cauliflower, broceoli, turip, radish, spinach,
onion, garlic, eggplant, pepper, celery, carrot, squash, pumpkin, zucchini, cucumber,

s
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apple, pear, melon, citrus, strawberry, grape, raspberry, pincapple, soybean, tobacco,
tomato, sorghum, and sugarcane.

41. A transgenic plant seed acconding to claim 39, wherein the
plant is selccted from the group consisting of Arabidopsis thallana, Saintpaulia,

WAL

42. A transgenic plant seed according to claim 39, whexein the
plant is a monocot.

43. A transgenic plant seed according to claim 39, wherein the
plant is a dicot.

44. A transgenic plant seed according to claim 39, wherein either:
(1) the protcin has an amino acid sequence of SEQ. ID. No. 1; (2) the nucleic acid
hybridizes to & nucleotide sequence of SEQ. ID. No. 2 under stringent conditions of a
hybridization buffer comprising 20% formamide in 0.9M saline/0.09M SSC buffer at
a temperature of 42°C; (3) the nucleic acid comprises & nucleotide sequence of SEQ.
ID. No. 2; (4) the nucleic acid hybridizes to a nucleotide sequence of SEQ. ID. No. 3
under stringent conditions of a hybridization buffer comprising 20% formamide in
0.9M saline/0.09M SSC buffer at & temperature of 42°C; or (5) the mucleic acid
comprises a nucleotide sequence of SEQ. ID. No. 3.

45. A transgenic plant seed transformed with a nucleic acid
molecule according to claim 22,

46. A method of identifying agents targeting plant cells
comprising:
forming a reaction mixture comprising a protein according to
claim 1 and a candidate agent;
evaluating the reaction mixture for binding between the protein
and the candidate agent; and
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identifying candidate compounds which bind to the protein in
the reaction mixture as plant cell targeting agents.

47. A method according to claim 46, wherein the protein is from a
48. Ameﬁodmdhgbdﬁm%whuﬁqhmtﬁomu

49. A method according to clsim 48, wherein the protein is from
Arabidopsis thaliana.

50. A method according to claim 49, wherein the protein has an
amino acid sequence of SEQ. ID. No. 1.

51. A method of identifying agents targeting plant cells

comprising:

forming a reaction mixture comprising a host cell transformed
with a nucleic acid molecule according to claim 10 and a candidate agent;

evaluating the reaction mixture for binding between protein
prodiced by the host cell and the candidste agent; and

identifying candidate compounds which bind to the protein or
the host cell in the reaction mixiure as plant cell targeting agents.

52. A method according to claim 51, wherein the protein is from a
53. A method according to claim 51, wherein the protein is from a
dicot.

54. A method eccording to claim 53, wherein the protein is from
Arabidopsis thaliana.
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55. A method according to claim 51, wherein either: (1) the
protein has an amino acid sequence of SEQ. ID. No. 1; (2) the mucleic acid hybridizes
to a nucleatide sequence of SEQ. ID. No. 2 under stringent conditions of a
hybridization buffer comprising 20% formamide in 0.9M saline/0.09M SSC buffsr at
a temperature of 42°C; (3) the nucleic acid comprises a nucleotide sequence of SEQ.
ID. No. 2; (4) the mucleic acid hybridizes to a mucleotide sequence of SEQ. ID. No. 3
umder stringent conditions of s hybridization buffer comprising 20% formamide in
0.9M saline/0.09M SSC buffer at a temperature of 42°C; or (5) the nucleic acid
comprises a mxcleotide sequence of SEQ. ID. No. 3.

56. A method of enhancing plant receptivity to treatment with
| itive i - '
providing a transgenic plant or transgenic plant seed
transformed with the nucleic acid molecule according to claim 10.

57. A method eccording to claim 56, wherein either: (1) the
protein has an amino acid sequence of SEQ. ID. No. 1; (2) the nucleic acid hybridizes
to & nucleotide sequence of SEQ. ID. No. 2 under stringent conditions of a
hybridization buffer comprising 20% formamide in 0.9M salins/0.09M SSC buffer at
a temperature of 42°C; (3) the nucleic acid comprises a nucleotide sequence of SEQ.
ID. No. 2; (4) the nucleic acid hybridizes to a nucleotide sequence of SEQ. ID. No. 3
under stringent conditions of a hybridization buffer comprising 20% formamide in
0.9M 3aline/0.09M SSC buffer at a temperature of 42°C; or (5) the nucleic acid
comprises & nuclcotide sequence of SEQ. ID. No. 3.

58. A method according to claim 56, wharein a transgenic plant Is
provided.

59. A method eccording to claim 56, wherein a transgenic plant
seed is provided and said method further comprises:

A
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planting the plant seeds under conditions effective for plants to
grow from the planted plant seeds.

60. A method according to claim 56, wherein the plant is sclected
from the group consisting of alfalfi, rice, wheat, barley, rye, cotton, sunflower,
peanut, corn, potato, sweet potato, bean pea, chicory, lettuce, endive, cabbage, brussel
sprout, beet, parsnip, turnip, cauliflower, broceoli, radish, spinach, enian, gartic,
melon, citrus, strawberry, grape, raspberry, pineapple, soybean, tobacco, tomato,
sorghum, and sugarcane.

6. A method nccording to claim 56, wherein the plant is solected
from the group consisting of Arabidopsis thaliara, Sairtpaulia, petunia, pelargonium,
insettia. cl d fion. and zinni

62. A method according to claim 56, wherein the hypersensitive
response elicitor treatment is for imparting disease resistance.

63. A method according to claim 56, wherein the hypersensitive
response elicitor treatment is for enhancing plant growth.

64. A method according to claim 56, wherein the hypersensitive
response elicitor treatment is for controlling insects.

65. A method according to claim 56, wherein the hypersensitive
response elicitor treatment is for imparting stress tolerance.

66. A method according to claim 56, wherein the transgenic plant
or plant seed is further tramsformed with a second mucleic acid encoding a
hypersenaitive response elicitor, wherein expression of the second mucleic acid effects
ths hypersensitive response elicitor treatment.

Lt
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67. A mcthod according to claim 56, wherein the hypersensitive
response elicitor treatment comprises: )
applying a hypersensitive response elicitor to the plant or plant
seed.

68. A method according to claim 67, wherein the hypersensitive
response elicitor is applied in isolated form.

69. A method of imparting discase resistance, enhancing growth,
controlling insects, and/or imparting stress resistance to plants comprising:
providing a transgenic plant or transgenic plant seed
transformed with a DNA construct effective to silence expression of a nucleic acid
molecule according to claim 10.

70. A method according to claim 69, wherein the protein is from a
monocot.

71. A method according to claim 69, wherein the protein is from a

72. A method according to claim 71, wherein the protein is from
Arabldopsis thallana.

73. A method according to claim 69, wherein either: (1) the
protein has an amino acid sequence of SEQ. ID. No. 1; (2) the nucleic acid hybridizes
to a nucleotide sequence of SEQ. ID. No. 2 under stringent conditions of a
hybridization buffer comprising 20% formamide in 0.9M saline/0.09M SSC buffer at
a temperature of 42°C; (3) the mucleic acid comprises a nucleotide sequence of SEQ.
ID. No. 2; (4) the nucleic acid hybridizes to a nucleotide sequence of SEQ. ID. No. 3
under stringent conditions of a hybridization buffer comprising 20% formamide in
0.9M saline/0.09M SSC buffer at a temperature of 42°C; or (5) the mucleic acid
comprises a nucleotide sequence of SEQ. ID. No. 3.

27}

e
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74, A method sccording to claim 69, wherein a transgenic plantis = 225
provided,

75. A method according to claim 69, wheroin 8 transgenic plant
seed is provided and said methog further comprisea:
planting the plant seeds wmder conditions effective for plants to
grow from the planted plant seeds.

+

76. A method according to claim 69, wherein the plant is selected
from the group consisting of alfalfa, rice, wheat, barley, rye, cotion, sunflower,
pesnut, com, poteto, sweet potatn, bean pes, chicary, lettuce, endive, cabbage, brussel
sprout, best, parsnip, tumnip, caulifiower, broecoli, turnip, radish, spinach, onion,
garlic, cggplant, pepper, celery, camot, squash, pumpkin, zucchini, cacumber, apple,
pear, melon, citrus, strawberry, grape, raspberry, pineapple, soybean, tobacco, tomato,
sorghum, and sugarcane.

77. A method acconding to claim 69, wherein the plant is selected
from the group consisting of Arabidopsis thaliana, Sainipaulia, petunia, pelargonium,

78. A method according to claim 69, wherein the transgenic plant
or plant seed is further transformed with a secand nucleic acid encoding 2
hypersensitive response elicitor, wherein expression of the second nucleic acid effects
u hypersensitive response elicitor trestment.

79. A method according to claim 69 further comprising:

applying a hypersensitive response elicitor to the plant or plant

80. A method according to claim 79, wherein the hypersonsitive
response elicitor is applied in isolated form.
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81. A method according to claim 69, wherein disease resistance is
imparted to plants.

82. A method according to claim 69, wherein enhenced growth is
imparted to plants.

83. A method according to claim 69, wherein insect control is
imparted to plants.

84. A method according to claim 69, wherein stress resistance is
imparted to plants.

85. A method according to claim 69, wherein the DN A construct is
an antisense nucleic acid molecule to a nucleic acid molecule encoding a receptor in
plants for plant pathogen hypersensitive response elicitors..

86. A method according to claim 69, wherein the DNA construct is
transcribable to a first nucleic acid encoding & receptor in plants for plant pathogen
hypersensitive response elicitors coupled to a second nucleic acid entoding the
inverted complement of the first nucleic acid.
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ABSTRACT OF THE DISCLOSURE

The present invention is directed to an isolated protein which serves as
a receptor in plants for a plsnt pathogen hypersensitive response clicitor. Also
disclosed are nucleic acid molecules encoding such receptors ss well as expression
vectors, host cells, transgenic plants, and transgenic plant seeds containing such
nucleic acid molecules. Both the protein and mucleie acid can be used to identify
agenis targeting plant cells and to enhance a plant’s receptivity to treatment with a -
hypersensitive response elicitor.

Zi
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02 Jul 1999 Sequenice Data

Moleculm: HrBPFl, 31000 bps DNA

Description: chilA saquence of HrBP)L

File Home: figS5.cm5, dated 04 Jun 1999

Printed: 1-1000 bps {Sull), format Bingle Btrand

1 tttttcctte tcaacaacgg ogacttettc tactttctog teoactactac cttocaccace

61 agctettoctt tccgaccace gtietoctce accatccate agutacteoct tttetocett
131 aactactcoa aaatogtcote gtttogattt cactgtaceq gagaagagasm acctegetge
181 taattogtet ctegttgaaqg tatccattgy cogagaiRagt gacccaccac catcatcate
241 tggatcagga ggagacgaca asgcaasttge attactcaaa ctcamattac ttagtgtagt
01 ttogggatts aacagaggac ttgtggegag tgttgatgat ttaguaagag ctgaagtggce
361 coctasagas cttgasactg ctggggaacce gghitgattta accgutgatce ttgatamgot
421 tcasgggass tggaggctgt tgtatagtag tgogttcetct tetoggtott taggtggtag
481 cogtectggt ctacctactg gacgtttget coctgttact cttgoooagg tgtttcascg
541 gattgatgtg tttagcaaag attttgatasn catagoagag gtggaattag gagoccottg
601 groatttceg ccattagaag ccactgegac attggeacac sagtttgasc tcttaggcac
661 ttgoaagatc aagatancat ttgaguasac sactgtgeag acatcgggas acttgiegea
721 gattecctcog tttgatatcc cgaggottcc cgacagtttc agaccatcgt casaccctgg
781 asctgggoat ttcgasgtta ccotatgttga tgataccatg cgoataactc goggagacag
241 ajgtgaactt agegitattog teattgetta attcoteasad critgacaty taaagataaa
901 caaatacttt ctgettgatg cagtctcatg agtttigtac asatcatgtg aacatataaa
961 tgegetttat aagtasatga gtgtcttgtt caatgaatca

Figure 3

Page 1
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02 Jul 199
Molecula:

Description: ORF from 4+47+14R

File Name:
Printed:

61
121
1a1
241

336

9 Sequancea Data Page 1
4+47+14R-p, 284 aas P:ol:el.n_

7TF

Eig6.cm5, dated 04 Jun 19599
1-384 ass (Full), format Single Strand
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SUPERINTENDENCIA

2o, EXAMEN DE FORMA PATENTE DE INVENCION

- 33

Folio
Radicacién no 01-23525 ' ;ﬁ
Concepto Técnico no 1988
Clasificacién Intemacional de Patentes CO7K14 /4156 G12 N15/29

Practicado el examen de acuerdo a lo establacido en el Art. 38 de ia Decision 486 se determind
que esta soliciud de Patertte de Invencién:

SI[¥] NO[] Contiene un resumen de la invencidn (Art.26-a).

SI[¥] NO[]) Contiene el titulo o nombre de la invencién (Art.27-d).

SI[¥] NO[] Contiene la descripcidn de la invencidn (Art.26-b).

SI[¥] NO[ ] N&ZEss_d)APLIGABLE[ ] Contiene los dibujos necesarios para comprender la Invencién
SI[Y] NOJ[ ] Contiene una o més reivindicaciones. (Art.26-c}.

SI[ ] NO[] NO ES APLICABLE [¥] Han sido desarrollados los producios y/o procedimientos a partir

de recursos genéticos o de sus productos derivados de los que cualquiera de los Paises
Miempros es pals de origen. (Art. 26- h).

Si[T] NO[] NO. APLICABLE [¥]Los producios y/o procedimientos han sido obtenidos o
desarroliados a partir de los conocimientos tradicionales de las comunidades indigenas,
almanmhunu.oloealesdolospalmmlunbm.dewuadoabmbhddomla
Decision 391 y sus modificacionss y reglamentaciones vigentes.(Art.26-).

SI{Y] NO[ ] La invencitn se reflere a un producto relativo a un material bioldgico. (Art26-J).
SI[¥] NOJ[ ] La prioridad coincide con la materia relvindicada.
SI[V] NOI] CUMPLE LOS REQUISITOS TECNICOS

OBSERVACIONES Y OTROS: SI[¥] NO [ ] ver hoja(s) anexa(s)

EXAMINADOR TECNICO
202044

Bogot4 D. C.Enero 23 de 2003. '

Carrera 13 No. 2700 Pl 5y 10
Conmutador: 334 12 21-2-34
Fax: 281 31 25 e-mail: info@aic.gov.co
Santa Fe de Bogotd D.G - colombla
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Concepto técnico no.198
OBSERVACIONES

Anexa los documentos mediante los cuales reivindica prioridad No. 60/250,710 folios 188-256 y
60/191,649 folios 262-348,

Anexa las traducciones respectivas de las prioridades presentadas. Folios 154-187 y 254 -281.

Indica el lugar de constitucidn de la sociedad solicitante. Folios 128 y 129.

Anexa documento mediante el cual se conflere el poder al representante legal, junto con la persona
juridica del solicitante. Follo 127.

Anexa el comprobante de pago por presentacion de la prioridad. Follo 123.

EXAMINADOR TECNICO
202044

Bogot4, Enero 23 de 2003.

Carrera 13 No. 2700 Fle0 5y 10
Conmutador: 334 12 21-2-34
Fax: 281 31 25 e-mall: infoGec.gov.co
Santa Fe de Bogoté D.G. - Colombia
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SUPERINTENDENCIA

Folio qé

2020
Bogota DC

Doctor(a)
CARLOS R. OLARTE
Apoderado(a)

REFERENCIA: Radlicacién No. 00-23525

Tramhie 002
Evento R
Actuacion 416
Oficio No. 217
Folios 001

Tenlendo en cuenta que la solictud de privilegio do patente que se tramita bajo el
expediente Indicado en la referen cia. retine los requisitos de forma establecidos en los
articulos 26 y 27 de la Decislén 486 de la Comlsldndelacomunldad Andina, y en las
demas disposiciones vigentes sobre la materia, se envia el extracto de la solicitud a la
Oficina de Comunicaclones para efecto de su publicacion en la Gaceta de Propledad
Industrial, conforme lo establece el articulo 40 de la misma Decision.

Campilase
Dado en Bogotd DC, a los

74 Fp oz

ALIX CARM
Jefedela

CESPEDES DE VERGEL
n de Nuevas Creaclones

202044

Carrera 13 No. 27-00 o 5y 10
Conmutador: 334 12 21-2-34
Fax: 281 31 25 e-mall:info@sc.gov.co
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SUPERINTENDENCIA

DIVISION DE NUEVAS CREACIONES

RADICACION EXPEDIENTE No. 01-023525

EL EXTRACTO DE LA PRESENTE SOLICITUD DE PATENTE DE INVENCION
FUE PUBLICADO EN LA GACETA DE PROPIEDAD INDUSTRIAL No 529, DE
FECHA 27 DE JUNIO DE 2003, EL TERMINO HABIL SENALADO POR LA LEY

EXPIRA EL 24 DE SEPTIEMBRE DE 2003.

NOTA: Dentro del plazo de los seis (6) méses siguientes a partir de la fecha de publicacion
en la gaceta de Propiedad Industrial, deberd solicitar y cancelar el examen de
patentabilidad so pena de que la solicitud caiga en abandono, de acuerdo con lo
establecido en el Articulo 44 de la Decision

486/2000.

SE PRESENTARON OPOSICIONES POR PARTE DE TERCEROS.
Si NO X

Bogota D.C., Diciembre de 2003

42



- SUPERINTENDENCIA DE INDUSTRIA Y C MERCI

RADICACION: 1-23525 EDICTO No. 1301

LA secnsr&!: GENERAL AD-HOC ’5(_‘3

Qua eeta Superintendencla profird Resolucidn No. 37170 de 20-DIC-2003. Que el contenido de Ia parte resolutive s como sigue: E
Superintendente de Industria y Comercio.

RESUELVE

ARTICULD PRIMERD: Declarar sbandonaia ls solicid de privilsgio de petente de invenciin contenitia en
ol expadianta do | referencia.

ARTICULO BEGUNDO: Notificer pansanaimasie al contankio anp-mhm_ummun.
Molthmummhmmwmuﬁmmm
enkegindala copia do bs misme, advirtidndols que contra alis proceds &l recurso da reposicidn (nlerpussio
an's o] Superiniendants de industrin y Comercio, al momento de bn noiiicadin o dantro de i 5 diza hithios
siguisnies aalla. .

NOTIFIQUESE Y CUMPLASE

EL SUPERINTENDENTE DE INDUSTRIA Y COMERCIO,

Para notificar a ks Interesados, sa fla el presente EDICTO en luger vishle al gblco en Is SUPERINTENDENCIA DE INDUSTRIA Y
COMERCIQ, por el ¥érmino de {10) diex dias h contados a partir de las 8:30 a.m. de hoy.

Secrstarfa General Ad-Hoc 22-ENE-2004 Eats edicto sa desflla hoyO4-FEB-2004 a las cinco (5:00 p.m.)
Secretaria General Ad-Hoc
EDICTO No. 1301



