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CONTENIDO DEL INFORME TECNICO

PROGRAMA DE FORMACION PARA LA INNOVACION AGRARIA

1. Antecedentes Generales de la Propuesta

Nombre: Actualizacién técnica y generacion de redes de colaboracién para el desarrollo
de proyectos comunes en fitopatologia.

Caédigo : FP-V-2002-1- A - 028

Entidad Responsable Postulante Individual: Instituto de Investigaciones Agropecuarias (INIA)

Coordinador: Inés Marlene Rosales Villavicencio

Lugar de Formacién (Pais, Regién, Ciudad, Localidad): Estados Unidos, Milwaukee
(Wisconsin), Gainesville, Bradenton (Florida)

Tipo 0 modalidad de Formacion:

- Asistencia al Congreso Anual de la Sociedad de Fitopatologia Americana (APS).

- Visita Técnica a los Centros de Investigacion de la Universidad de Florida- Departamento de
Fitopatologia.

- Desarrollo de una incubadora comun para proyectos en fitopatologia.

Fecha de realizacion: Inicio: 26 de Julio 2002; Termino: 6 Agosto 2002

Participantes: presentacion de acuerdo al siguiente cuadro:

Nombre Institucion/Empresa | Cargo/Actividad Tipo Productor (si
corresponde)

Marlene Rosales INIA-La Platina Investigador, Unidad
de Biotecnologia

Problema a Resolver. detallar brevemente el problema que se pretendia resolver con la
participacion en la actividad de formacion, a nivel local, regional y/o nacional.

Esta actividad de formacién tuvo dos objetivos centrales, el perfeccionamiento técnico del
investigador participante y la interaccion con investigadores extranjeros de forma de establecer
las bases para futuros proyectos comunes en el area de la fitopatologia. La asistencia al
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Congreso de la Sociedad Fitopatologica Americana nos permitié conocer y actualizarnos en los
avances y tendencias de la investigacion en el area fitopatologica y otras areas afines. Este
encuentro congregd este affo a mas de 1500 fitopatélogos y otros expertos, provenientes
desde mas de 30 paises. La asistencia a este evento se conviertié asi en una oportunidad
para el desarrollo profesional y la maximimizacion de las interrelaciones con los grupos de
investigadores lideres en el mundo, ya que este congreso promueve y entrega posibilidades
ilimitadas para el intercambio de ideas e informacion.

Obijetivos de la Propuesta:

Objetivo General: Asistencia a un Congreso Cientifico Internacional con el objetivo de
actualizarce en las avances y tendencias de la investigacion en el area de la fitopatologia, y
promover la interrelacién y/o cooperacion con grupos de investigacion lideres en el mundo.

Se propuso ademas complementar esta actividad con una visita técnica a los Centros de
Investigacion de la Universidad de Florida (UF)- Departamento de Fitopatologia.

Objetivos Especificos:

1. Asistir al Congreso Anual de la Sociedad Fitopatolégica Americana con el animo de
conocer los ultimos avances en el area de la biotecnologia vegetal y la fitopatologia en
particular.

2. Fortalecer el conocimiento en areas claves que actualmente se estan desarrollando e
investigando en nuestro laboratorio, y fomentar |a interrelacion y/o cooperacion con grupos
de investigacion extranjeros.

3. Resforzar los lazos de interacciéon con los grupos de investigacion en biotecnologia vegetal
y virologia de la Universidad de Florida, con especial énfasis en areas de transformacion
genetica, biologia molecular y caracterizacion de mosca blanca y los virus transmitidos por
este insecto.

4. Establecimiento de cooperacion para futuros proyectos de investigacion que se desarrollen
en las areas mencionadas en el objetivo especifico 3.

2. Antecedentes Generales: describir si se lograron adquirir los conocimientos y/o
experiencias en |a actividad en la cual se participd (no mas de 2 paginas).

La primera actividad programada para esta unidad de capacitacion consistio en la
asistencia al Congreso Anual de la Sociedad Fitopatolégica Americana, en Milwaukee,
Wisconsin, con el objetivo de conocer y actualizarnos de los avances en ésta area. Este
evento congregd en esta oportunidad a mas de 1500 investigadores provenientes desde mas
30 paises distintos. Este gran evento cientifico conté con un numero importante de sesiones,
muchos de éstas vinculadas directamente o indirectamente con los proyectos que hoy en dia
se ejecutan en nuestro laboratorio o, con aquellos que esperamos desarrollar en un futuro
cercano. Debido a la simultaneidad de las sesiones, se debio priorizar la asistencia a aquellas
ponencias que fueran de particular interés para la investigadora asistente o a aquellas que se
enmarcan dentro de las lineas prioritarias de nuestro laboratorio. Entre éstas se destacan las
sesiones de bioseguridad de cultivos, prioridades en la secuenciacion de genomas
microbianos, la interaccién entre bacterias endosimbiontes y la transmision circulativa de virus,
gendomica funcional de la interaccion planta-patdgeno, muerte celular programada en
patologias y desarrollo y vectores de expresion viral. Sin duda, los objetivos planteados se
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pudieron cumplir satisfactoriamente ya que se presencié una gran cantidad de exposiciones,
en diferentes areas de la patologia vegetal. Esto también nos entregé una vision clara de las
tendencias de la investigacion en esta rama de la ciencia, la que sin duda pasa por conocer
las interacciones entre las plantas y sus patégenos. Las genémica funcional toma una posicién
relevante en este contexto, ya que permitira dilucidar los mecanismos que hasta ahora son
desconocidos en este tipo de interacciones. Tambiéen se destaca el uso de técnicas de alta
sensibilidad y exactitud en el diagnéstico de fitopatdgenos,

Sin duda que la gran cantidad de asistentes a este Congreso ofrecen una gran
oportunidad para la interaccion, el desarrollo profesional y la maximimizacion de las
interrelaciones con los grupos de investigadores lideres en el mundo. En nuestro caso,
pudimos establecer contactos con los grupos Norteamericanos que trabajan en Plum Pox
Virus, expertos que trabajan en el tema Bemisia tabaci y geminivirus, y Crinivirus (detallados
en el punto 5).

La segunda etapa de este proyecto contemplaba una visita técnica a algunos
laboratorios del Departamento de Fitopatologia de la Universidad de Florida. Alli pudimos
visitar el "Gulf Coast Research and Education Center” en Bradenton, donde pudimos visitar el
laboratorio de la Dra. Jane Polston. Esta visita nos permiti6 conocer las facilidades y
requerimientos necesarios para el trabajo con mosquita blanca, y se nos dié una introduccion
al tema del diagnéstico y control de enfermedades causadas por geminivirus, asi como
también una rapida inmersiéon en la biologia y desarrollo de B.tabaci. Aunque ya habiamos
establecidos contactos previos para colaboraciones en este tema, esta visita sirvio para
formalizar nuestro interés en futuras interacciones.

Posteriormente visitamos el “Citrus Research and Education Center’ en Lake Alfred,
donde pudimos conversar con los virélogos Dr. Richard Lee y Dr. Ron Brlansky, quienes
trabajan en la relacion virus-vector y en el diagnostico y control del virus de la tristeza de los
citricos.

3. lItinerario Realizado: presentacion de acuerdo al siguiente cuadro:

Fecha Actividad Objetivo Lugar
Llegada a WI el dia 27 de Julio, | Midest Expres Center,
26- 07-|Salida desde Santiago- | para registrarse en la conferencia y | Milwaukee, Wisconsin
2002 Milwaukee (WI) asistir a Orientacion inicial (WI)
27- 07-|Asistencia a las Sesiones y |Actualizar nuestro conocimiento en | Midest Expres Center,
2002 al | Conferencias plenarias de|areas de interés  particular. | Milwaukee, Wisconsin
31- 07-|Congreso Resforzar las posibilidades de | (WI)
2002 interaccién con grupos
internacionales.
31- 07-| Traslado a Florida Continuacion de la actividad con la| Florida
2002 visita técnica a la Universidad de

Florida.
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Visita Laboratorio Dr. Jane
Polston, Gulf Coast Research
and Education Center
Bradenton, Florida.

Entrevista
laboratorio.

con personal del
Discutir antecedentes

.| de la situacion chilena v/s FL con

respecto a B.tabaci, su control,
manejo integrado y caracterizacion
molecular de biotipos .

Discutir probabilidad de interaccion
y/o cooperaciéon bilateral. Visita a
las instalaciones de invernaderos
donde se estudia la biologia y
comportamiento de B.tabaci.
Discusion de protocolos y técnicas
de deteccion de geminivirus. Esta
visita sera dirigida por la estudiante
de Doctorado Alba Nava, quien es
supervisada por la Dra. Jane
Polston.

Bradenton, Florida

2-08-
2002

Visita Laboratorio Dr. R.F.Lee,
CREC-Lake Alfred.

Entrevista con virologos vegetales
del Centro quienes ejecutan
proyectos relacionados con
transmisién de virus por insectos y
transformacion genética.

Lake Alfred, Florida

3-08 -
2002

Traslado a Gainesville, campus
principal de UF

Continuar con la Visita Técnica a
UF

Gainesville

5.
2002

08-

Campus Principal UF,

Departamento Fitopatologia

Visita al, Departamento de
Fitopatologia, Visita Laboratorio Dr.

Gainesville

E.Hiebert y reunion con Estudiantes
Graduados .

6- 08 —
2002

Traslado a Miami, Viaje Miami-
Santiago.

La entrevista personal con la Chair del Departamento de Fitopatologia de la Universidad de
Florida, programada para el dia 5 de Agosto, debid suspenderse por motivos personales que
afectaron a la Dra. Wisler, lo que la llevd a ausentarse de las actividades programadas para
esa semana. Similarmente, la Dra. Polston recibié una invitacion para asistir al “XIl
International Congress of Virology-Paris” (27 de Julio- 1 de Agosto 2002) por lo que la
entrevista planificada no se llevo a efecto. En su reemplazo, los colaboradores de su grupo se
encargaron de nuestra visita, lo que permitié que de todas formas se cumpliera con el objetivo
planificado, particularmente aquellos relacionados con las técnicas de deteccion de
geminivirus y el estudio de su vector Bemisia tabaci.

5. Resultados Obtenidos: descripcion detallada de los conocimientos adquiridos. Explicar el
grado de cumplimiento de los objetivos propuestos, de acuerdo a los resultados obtenidos.
Incorporar en este punto fotografias relevantes que contribuyan a describir las actividades
realizadas.

Esta actividad de formacion planteé como objetivo general el asistir a un Congreso

Internacional para actualizar nuestro conocimientos y promover la interrelacion con grupos
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internacionales que trabajan en el area de la fitopatologia. Sin duda que estos objetivos se
cumplieron satisfactoriamente, ya que debido a la variedad y gran numero de presentaciones
realizadas durante este encuentro fué posible conocer los Ultimos avances de la investigacion
en variados temas:

Estrategias y posiciones frente a la secuenciacion de genomas microbianos

Mecanismos involucrados en la transmision de virus vegetales

Novedades y tendencias en el diagnostico de fitopatogenos

Bioseguridad de Cultivos

'

El avance de la tecnologia y por sobre todo de los estudios de genémica funcional han
cambiado el rumbo de la investigacion en ésta y otras areas. En el caso de la fitopatologia, es
cada vez mas importante conocer las relaciones que ocurren entre las plantas y sus
patogenos. De esta forma se espera disefar estrategias de control mas efectivas, mejorar su
diagnostico y deteccion , asi como estudiar la diversidad genética de los patégenos.

Por otra parte, la gran cantidad de asistentes a este encuentro nos permiti6 establecer
contactos con importantes grupos dedicados a investigar algunos virus de importancia
econdomica. Entre ellos podemos destacar a los investigadores que trabajan en el virus de
Sharka: Vern Damsteegt y Dr. W.L.Schneider del USDA-ARS Foreign Disease Weed Science
Research Unit; Dr. Laurene Levy del USDA-APHIS). quienes manifestaron interés en futuras
interacciones con nuestro grupo. Ademas, en torno al tema Bemisia tabaci y geminivirus,
pudimos establecer los primeros contactos con las expertas Dra. Judith Brown (University of
Arizona) y la Dra. Pamela Anderson (Centro Internacional de Agricultura Tropical, CIAT)
quienes nos entregaron su opinion hacerca de la situaciéon de riesgo que enfrenta Chile con la
llegada de la mosquita blanca, B.tabaci, al norte de nuestro pais. En otras areas, también
contactamos al Dr. Wiliam M. Wintermantel, Research Plant Pathologist del USDA-ARS
(Salinas, California) quien es un especialista en virus transmitidos por mosquita blanca, en
especial Crinivirus, tema que esperamos desarrollar proximamente en nuestra unidad.

La segunda etapa de este proyecto contemplaba una visita técnica a algunos laboratorios del
Departamento de Fitopatologia de la Universidad de Florida. Alli se visité el laboratorio de la
Dra. Jane Polston en el "Gulf Coast Research and Education Center’ (Bradenton). Esta visita
nos permitié conocer las facilidades y requerimientos necesarios para el trabajo con mosquita
blanca, y se nos di6 una introduccion al tema del diagnéstico y control de enfermedades
causadas por geminivirus, asi como también una rapida inmersién en la biologia y desarrolio
de B.tabaci. Aunque ya habiamos establecidos contactos previos para colaboraciones en este
tema, esta visita sirvid para formalizar nuestro interés en futuras interacciones. Se anexan
algunas fotografias de los hitos mas importantes de esta visita.

Posteriormente se visitdé el “Citrus Research and Education Center” en Lake Alfred, donde
conversamos con los virélogos Dr. Richard Lee y Dr. Ron Brlansky, quienes trabajan en la
relacion virus-vector y en el diagnostico y control del virus de la tristeza de los citricos.
Finalmente, en Gainesville contactamos al Dr. Manjunath Keremane, quien esta desarrollando
un proyecto de produccién de anticuerpos de cadena simple en bacteriofagos, los que
reconocen especificamente diferentes razas de virus vegetales.

Por lo tanto, desde nuestra perspectiva creemos que los objetivos planteados al presentar esta
propuesta se han cumplido en su totalidad y nos deja planteadas excelentes perspectivas de
interacciéon con grupos especializados del area de la Virologia Vegetal.

N



Algunos momentos relevantes de
la visita efectuada al Laboratorio
de Ila Dra Jane Polston,
Universidad de Florida

A. Visita a las camaras de
crecimiento donde se mantienen
las colonias de B.tabaci

B. Sintomas del geminivirus
TYLCV (Tomato Yellow Leaf
Curl Virus) en tomate

C. Colonias de mosquita blanca
mantenidas en repollo

D. Explicacion demonstrativa de la
captura de mosquitas blancas
utilizando un aspirador artesanal

E. Actividad demonstrativa de
diferenciacion de mosquitas
machos y hembras

F. Sintomas de

Visita al Citrus Research and Education
Center (Universidad de Florida). En la
fotografia de izquierda a derecha: Dr.
Ron Brlansky, Dra Marlene Rosales y Dr.
Richard Lee.
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5. Aplicabilidad: explicar la situacion actual del rubro en Chile (regién), compararla con la
tendencias y perspectivas en el pais (region) visitado y explicar la posible incorporacién de los
conocimientos adquiridos, en el corto, mediano o largo plazo, los procesos de adaptacion
necesarios, las zonas potenciales y los apoyos tanto técnicos como financieros necesarios
para hacer posible su incorporacion en nuestro pais (regién).

Chile se ha plateado el gran desafio del desarrollo de la biotecnologia en distintas areas o
disciplinas. La biotecnologia vegetal en particular se vera beneficiada de los resultados y
conocimientos que se generen por parte de los Proyectos de Gendémica Funcional Vegetal
recientemente seleccionados para su ejecucién por grupos de investigacion nacionales
(PLATAFORMA CIENTIFICA-TECNOLOGICA PARA EL DESARROLLO DE LA GENOMICA
EN CHILE). En este contexto, esta actividad de formacién permitié conocer la experiencia de
grupos norteamericanos que estan desarrollando el analisis genémico de microorganismos
asociados a plantas y delineando las politicas y prioridades en este tema. También fué
interesante conocer como los resultados de estas investigaciones han permitido realizar
avances en el diagnostico de fitopatégenos y en el mejoramiento vegetal. Todos estos temas
son también un desafio para nuestro pais, por lo que conocer la experiencia de otros grupos
nos permitira utilizar mas eficientemente los conocimientos que se generen en nuestro pais.

La investigacion en el area de la Virologia Vegetal se estd desarrollando rapidamente en
nuestro pais. Sin duda uno de los principales problemas a abordar es la presencia del Virus
Plum Pox que afecta a frutales de carozo en distintas regiones de Chile. EI conocer como
EEUU y Canada han enfrentado su erradicacion y el estudio de sus posibles vectores nos
plantea desafios importantes, tanto a los investigadores del area como a las agencias a cargo
del control fitosanitario. Esperamos en el futuro poder iniciar estudios en este tema, apoyados
por fondos concursables nacionales, por lo que la interaccién con los grupos de investigacion
que fueron conocidos y contactados durante el desarrollo de esta actividad de formacién sera
clave en el desarrollo de éstos proyectos de investigacion..

6. Contactos Establecidos: presentacion de acuerdo al siguiente cuadro:

Institucion/Empresa |Persona de |Cargo/Actividad |Fono/Fax |Direccion E-mail
Contacto
USDA-ARS Foreign | Dr. Vern | Investigador damste
Disease Weed | Damsteegt eg@ncif
Science  Research crf.gov;
Unit verndd
@hotm
ail.com
USDA-ARS Foreign | Dr. Investigador wschnei
Disease Weed | W.L.Schneid der@fd
Science Research |er wsr.ars.
Unit usda.go
v
USDA-APHIS Dra. Laurene | Investigador laurene.
Levy e.levy@
aphis.us
da.gov
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. Dra. Judith | Profesor/ jbrown
University of Arizona | Brown Investigador @ag.ari
zona.ed
u
Centro Internacional | Dra. Pamela | Directora cip-ddg-
de Agricultura [ Anderson Programa researc
Tropical, CIAT Intenacional de h@cgiar
Manejo .org
Integrado de
Mosca Blanca
USDA-ARS Dr. William | Investigador wwinter
(Salinas, California) | M. mantel
Wintermante @pw.ar
I s.usda.g
oV
University of Florida |Dr  Ronald | Profesor/ Rhby@I
Brlansky Investigador al.ufl.ed
u
Univerity of Florida |Dr. R.F.Lee |Profesor/ rfl@lal.u
Investigador fl.edu
University of Florida |Dr. Jane | Profesor/Investig jep@ma
Polston ador il.ifas.ufl
.edu

7. Deteccion de nuevas oportunidades y aspectos que quedan por abordar. senalar
aquellas iniciativas detectadas en la actividad de formacién, que significan un aporte para el
rubro en el marco de los objetivos de la propuesta, como por ejemplo la posibilidad de realizar
nuevos cursos, participar en ferias y establecer posibles contactos o convenios. Indicar
ademas, en funcién de los resultados obtenidos, los aspectos y vacios tecnolégicos que aun
quedan por abordar para la modernizacion del rubro.

Uno de los objetivos principales de esta actividad de formacion fue el maximimizar las
interrelaciones con los grupos de investigadores lideres en el mundo. Se pudo establecer
comunicacion con investigadores que trabajan en areas que actualmente se desarrollan en
nuestra unidad de biotecnologia, contactos que esperamos mantener en el tiempo, de forma
de poder establecer redes de interacciéon y posibles trabajos en conjunto. Este tipo de
inquietud fue también mencionada por los investigadores extranjeros, por lo que vemos
posibilidades ciertas de interaccién en el futuro cercano. A continuacién se detallan algunos
aspectos relevantes del trabajo que ellos realizan:

- Dr. Vern Damsteegt y Dr. W.L.Schneider (wschneider@fdwsr.ars.usda.gov) del USDA-ARS
Foreign Disease Weed Science Research Unit. Estos investigadores trabajan activamente en
caracterizacion molecular del virus plum pox presente en Pensylvannia, EEUU y los posibles
vectores involucrados en su distribuciéon.  Ellos manifestaron interés en obtener los
aislamientos de PPV chilenos (secuencias, estacas de material infectado, etc) con el objetivo
de realizar estudios de variabilidad genética del virus.

- Dra. Laurene Levy (laurene.e.levy@aphis.usda.gov)del USDA-APHIS, quien también centra
su investigacion en PPV. Ella manifesté interés en futuras cooperaciones con nuestro grupo.



=
- GOBIERNO DE CHILE

FUNDACION PARA LA
INNOVACION AGRARIA

Se conversaron distintas posibilidades de interaccién en torno a este tema, en cuanto a areas
de colaboracién y posibilidad de acceso a fondos internacionales de investigacion.

- En torno al tema Bemisia tabaci y geminivirus, pudimos establecer -os primeros contactos
con las expertas Dra. Judith Brown (jbrown@ag.arizona.edu) académica e investigadora de la
University of Arizona y la Dra. Pamela Anderson (cip-ddg-research@cgiar.org) (Centro
Internacional de Agricultura Tropical, CIAT) quienes nos entregaron su opinién de la situacion
de riesgo que enfrenta Chile con la llegada de la mosquita blanca, B.tabaci, al norte de
nuestro pais. La Dra Brown nos sefialé su disposicion para colaborar en un proyecto de
caracterizacién molecular de biotipos chilenos de mosca blanca.

- Dr. William M. Wintermantel (wwintermantel@pw.ars.usda.gov), Research Plant Pathologist
del USDA-ARS (Salinas, California) quien es un especialista en virus transmitidos por mosquita
blanca, en especial aquellos miembros de la familia Closteroviridae, areaque esperamos
desarrollar proximamente en nuestra unidad.

- Dr Ronald Brlansky (rhby@lal.ufl.edu), Profesor del Dpto de Fitopatologia de UF, virélogo del
Citrus Research and Education Center. Dr Brlansky es un experto en microscopia electrénica
de transmision y de barrido. En el Laboratorio de Biotecnologia del INIA-CRI La Platina se
ejecuta el proyecto FONSAG (Chanchito Blanco) que tiene comprometido estudios de
microscopia electrénica de barrido. Se habl6 la posibilidad de cooperar en estas actividades,
para los cual se establecié un en contacto entre el Bioquimico Carlos Aguirre, y el Dr.
Briansky.

8. Resultados adicionales: capacidades adquiridas por el grupo o entidad responsable,.corpo
por ejemplo, formacién de una organizacion, incorporaciéon (compra) de alguna maquinaria,
desarrollo de un proyecto, firma de un convenio, etc.

9. Material Recopilado: junto con el informe técnico se debe entregar’ un set de todo el
material recopilado durante la actividad de formacién (escrito y audiovisual) ordenado .de
acuerdo al cuadro que se presenta a continuacién (deben sefalarse aqui las fotografias

incorporadas en el punto 4):

Tipo de Material N° Correlativo (si es|Caracterizacion (titulo)
necesario)

Posters APS 1,2,3,4 Posters varios

Articulo Real Time PCR 5 On-site one tourPCR
diagnosis of bacterial
diseases

Guia de manejo de moscas |6 Whitefly management guide

blancas




Specific detection and duantification of plum
pox potyvirus by real-time fluorescent RT-PCR

PLUM POX POTYVIRUS (PPV)

« Causal agent of Sharka, economically ol
devastating disease ol Prunus
species

= 87 kb positive sensa RNA genome

- 764 X 20 nm particle

+ Genome expressed as 350kDa
polyprotein precursor proteolytically
processed into 9 proteins

HISTORY

* First identified in Bulgaria in 1915,
PPV has since spread across Europe

* 4 strains found in Europe:

-0, M, El Amar (EA) and C strains

+ PPV (D strain) ftound in Chile - 1932

+ Pennsylvania - 1998

+ Canada - 2000

PPV DETECTION METHODS
+ Enzyme-linked immunosorbent assays (ELISA) are time

consuming, crudely quantitative at best, and not always
sensitive enough,

« Reversa transcription-polymurase chain reaction 1RT-

PCR: assays are less labor intensive and more sensitive,

but not guantitative.

« Real-time RT-PCR is as sensitive as conventional RT-

CPR, with higher specificity and very reproducible instant
resulls.

Hapaner

REAL-TIME PCR w
i ‘ Guancner
— @ o @
e T :
;:;'Al-:nﬂl-lll

CLEAVAGL —

PRIMERS AND PROBES

Primers and probes designed from conserved
regions of the NIB and coat protein (CP) genes
-Probes synthesized with 5' FAM reporter and 3
TAMARA quencher

cP

2 1

g ERAAL CIRIEN

u vPg m-
MATERIALS AND METHODS

-RNA  extraction
. , RNA i

-One step RT-PCR (Invitrogen)
Platinum Tag
1X Reaction Butter
6.0 mM MgSO,
200 nM Fwd and Rev, Primer
100 nM 3"CP-Fam Prob
0.5 pL RTITag mix pi
1X Smart Cycler Addilive Rnnnnl B0°C for 30 seconds

FTA card (W

52°C for 15 minutes
95°C for 5 minutes

- Real-time RT-PCR reactions perfarmed in Smart Cycler
(Cepheid)

CP AND NIB ASSAY COMPARISON

- Both CP and NIB Primer/Probe sets detect PPV transcript

| — |
_‘]Tnn CP Assay is conbistently cP
better than the NiB assay

iJl | |

Hualthy smd-

The CP PrimeriProbe set was chosen for furthor use

PPV CP ASSAY SENSITIVITY

~The CP Primer/Probe sensilivity was dotermined using an
in vitro PPV uanscrlpl with the target mqmn

The assay cnr;\sislantly detects l
10-20 fg of transcript RNA  — | e

At loast 10 times | |
maora sensitive than | | | I
ELISA A8 c| [o'€e F

e
Rogression analysis ol lour independent assays
dotorminod that the CT wvalues ware highly consistent
~The assay can generale a quantitative standard curve.

PPV CP ASSAY SPECIFICITY

~-The assay was lested on total RNA extracted
fram infected plants and an aphid vector

Wirus .nd su-ln , Host _] Resulls {++} |
Eplulnpul virus - D PPV D} 3 ﬁm_-x:pfu_i? e _- |
= i El Amar |PP\|' EA} | Prunus persica *

& Plum pox virus - Charry (PPV-C) | Prunus lomentoss .
:: lum pax virus - M 1PP\r My Prunus persica o 1T +
 Plum pox virus - PA annluyl\unu] ﬁmm.-_p-a:c. T :
‘;‘Appu. ehiorobic lea virus m:Lw mel!p.mu : _ __: :_ =
Z| Tomata nngspot virus lT nmRS\l’] Prunus pcn-l'u -
13 Myrabalan latent ningspot virus Prunus persics 3 |
SHMLRY) P — —J
&] Peach rosette masaic vieus (PRMV) | Prunus persica - 1
a Prunus necratic ringspot iFNRY) Prunus parsica : _— :
tato irus YPVY) _ A]
Sorghum hlhpnnn —

Micottana bmmmrm-

found in Blrlnl lhll
cross reacis -tln NW anltbedy v n-m..L parssns communicatien),

CONCLUSIONS
The PPV CP Real-time RT-PCR assay is:

1. Sensitive
- Consistently detects 10 fg of PPV RNA
- Al least 10 times more sensitive than ELISA

2. Quantitative
- When used with a standard curve the assay can be |
used to accurately estimate viral RNA titer
3. Specilic

| Detocts Dm.: not detect

ean !.lnlru nF PP\-‘ Olllur comman Frurlus rllubLS{

nl PPV Ollnar potyvl

Pi'\l' in numurous Ilus.l- | Plant host mHNA»

PI-'V in mosl Pm-m.\ lssun lyunn |
PPV in aphids |



A LOW TITER RNA ENTITY IN A CITRUS TRISTEZA VIRUS -INFECT

D

MEXICAN LIME PLANT WITH SIMILARITIES TO OAT BLUE DWARF VIRUS

AND GRAPEVINE FLECK VIRUS

C. M. Herron (1,2), B. M. da Graga(2).J. V.da Graga (1. R. G

Shatters Jr. (3) and T. E. Mirkov (2).

(1) Texas A & M University-Kingsville Citrus Center,

Weslaco, TX 78596; (2) Dept. Plant Pathology and Microbiology, Texas A & M University .Ap,r:ruilurr.; Experiment Station, Weslaco, TX 78596; (3) USDA, ARS

LLS. Horticultural Research laboratory, Ft. F

rree, FL 34945,

A eDNA with high simsilarity tn part of the Ont Mue dwarf vine (OBDV, genan
AURNA eutraets of o Cirues mistess virws
iafocted plant. Narthern snshees using the source plant taa] RNA snd RN A exirwen
frem virus purification fractens revealed o graamsc RNA of ol lesst 7.5 kb OBDY
rwet protean (CF) antibodies resst seakly with pretein exiraces from the surre plast
wnd produee & kpecific band of spprovimaiely I8-kDs. Grapevine feck virus (GFAV:
“ira) has many festure rommen 16 marsfiviruses snd » 7.5 kb grosmic
RNA GFLNY OF antibedus do net resct with protein extracs frem the soarce plent by
ELISA. Toe entirs appears nos-grafl transmassible o citrus. sné o boat range study ts
herbacrsus plants concluted the entiry coubd net be mechamicully fremamitied.

During » sequenciag propect wning diRNA extrected frem ane plant infroed
with Ciirus fristess virws, sequences were found which were smilar be fymesiruses and
marafivirases, =ith grestrd similasy te part of the Oar M dwary vines (OBDV )
pemame berween nuckonde 14013668 | BLASTN, Aluschul of al. 19971 One of these
sequences, OBDY dike chone-1 (OL-]) containing o ca. 1113 bp insert was used in

lurther e riligatssns. Sisee the sauree plant was bring sasessed for CTV severin snd
e knewn marsfivirus had bern identified e infecting citrus, further et weee
perinrmed ta ibentify If the squences represenied § pousible new virus or new ool
rampe for an wiresdy charweteruwd virue Fig. 1. i the ethidium bromide stained 8%
potiscrameds gri wsed (e separsie the duRN A extracied fram the souree plant for the
nequemcIng projecs

Virus parification: Freshh caliecird sem
werr ewliecied fram o Mrvwan lime (Cirws sursntifolia; plasi inlected with Carui
misirza virws. An OBDV purifiestion methed wes werd (Edwards of al. 1997 | and this
Fred el o (DrAres ofal, 1983, Fallowing the fimal centrifugetmn
an & 154045 surrees praduni 124 540 oL Irectans =ere drwsn off =it » syrimgs

g wnd bl i (1325

BN A analyses: Tetal RNA wus euirseted from the virus purifeston recten
£ 100 ul. for sbot biat wad 50 ul far the sim extimetions) by o

ehbarsiorm ratracisen faliswed precipitaton of the squess invers m 5%
ethanel Total ritrus el RNA was entracied i o similar manner with the sdditan of
» lithiuem chisruls trestment. Finsl peliets from all surces wees washed with 70%
ethanel then resuspended i nuchsse-ires ulirs pure water, U4

Iy quantified, qushifind and sered o1 $07C

wntsl wnr. Far virus eitrus irsnsmaiien n-mu wnd e wnalvees of the RNA (rom
prulied citrus plants, red RNA (10wl sepuruind sie tropherstesily o
Tarmakdrhyde-1 4% sgarass. A RNA ladder was included a3 the sier marker. For
RN A eutracted [ram the virsl purification frartiom and used for v snsbe. the
wl) wes trvated an o uimiler manner. Afler
der was remaved, sained with ethidium bromide,
viswaburd under LV bight. and phetegraphed for the sise estimatoon on the biet. The
rrst of the pel o img. comtrnl wnd trst RN A sumypbes was incubsied with 2X S5C
far M0 mun. pries in dompmurd cupiliary ramfer of muchtic scids i Hyband-N= nylon
e wning 20X 55C. & perfarmed ot 6
Church & Gilbers (1984), with & 12P-labaled dCTF DNA probe compbementan i
OL-1. mede wsng » randem primers INA labeling kit and the supplier imirusnons
| Gibes BRL Lite Technoboghesi. Faralat blat analyses of the RNA {rom the virsl
purifaeatimn Irscimne il of the ssmple wus denatired and ihen veruum bletid
irvetis anie s Hybend-5 = nylen membrane, with hybrudization using simisr
rondstsns s (he aforementioned

whle

™
phes

Fins| PevshprmLsn velume
ehertrapharess the BN |

Serolom : Immunsblon af virus purifacstin Iractions and grafied piani SDS.
116 ur 15% serviemide) was prrisrmed oo the serrsie gradient (raction:
4 15, 1B wnd 12 Thhe Ireetions werw heated 10 99°C with an equal velime of
ernehing bufler (83 mM Trn<Cl ph 8.5 2% SDS. 10% gheersd 5% §-

jar & manutes. A vabume of 10 ul Asmplelane werr used. Conirsl
frem OBDV set tissue, lrom e
soarer piant end o virus-fres Meissn lime plant. Bearsd brosd speetrum prote;
marken were usd om ruch prl. One el wes stained with Coomesse Bl o visuslor
the preteums present while the sther = ss used to iranafer protein o w sitrere ke
e Mo rene thee devebaped with s OBDY antited s

ELISA A GFAY indireet daubie antibedy sandwuh ELISA was used on ratrecn (rom
all i ewirus plants which sere grafied from the seurce tree with the snknes® entiry
(Bamrss ot al, 1995, Antibed s were suppled in o kot ferm (Agrand ool
Trenepain 70010 V aknmmns, al | with pasitive and pegative grapevioe ceniret.
Laimscubsird snd seuree iree grafi meculated 51 George grapevine tissues were sl
nclwded s samples on the merre platrs. ss well o0 bufler snh contrai. L
nstructens mere fallewed . The hvdrehied enm me subeirsie eituncins velie were
reod a1 405 o

Mechanical 100€ulation Insculum wu citrus seurce beal tissue tituraied in s pre-
ehilied meeriar wikh u pestie whing reld 085 M petesiam phaspheie buflee pH 7 A
10wy mas wned. The resuliant sap =us then sramed throsgh
rme Lavers of steriie muskis. Primary leaves nesr s ull eapansion werr imeculeied
ith & g ed finper dipped it the inscuium. Test plants were then rimsed prat
ith tap waser aod shaded fur 12 hr. Recepiary of Cotton, Nicanams benthamisns, &
abarum_ Chraopedism quinsa, O amarantivader, Maim. Cawpes. Melsn. snd Spmarh
merr ramed from seed in & conled greenhouss (smbient trmpersiure nel Eresier than
30T Plasts mere kept prit end duease free. Four seedlings per speeies wees used.
=ik three plasn besng inoculsied s0d sne being ineculaird with buller snh . Plann
mery smualls nasesard for laliss v mptoms duily for up te 4 merky alier imsculatmn

Graft inoculation: Lewrs! mersiems from the ssuree tree sere
surms-free 5L Geerpe prapevwns ( Vit repestris) seedlings. This subtns
wr far GFRY. One 52 Grorpe gre
mparssn Flants were kept under cosied greenheise
Thoe indicatar plant foliagr prowih and siem slier grafiing was
whasrved lar g mpisms fur b weeka alier inoculaimn
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The BN A siot blot shamed positive resctmns = e OL-1 probe far ol the
RNA rutrwcted fram the secress gradient fractons (Fig. 1A Lewer biatl. The resctisns
Tor the upper ten surrss grodiont fractiens were svak snd the srenget rrections wery
wberrved ie be for the sucrosr gradient fructions 11, 12 14, 15 snd 17, The wide spresd
[positive reactson widh (e probe sigeests it the virsl particies did met remain intert
during the ruiractien snd purificstion process snd that the virsl RN A was degraded 1
that, ruther settling in = narres band in the swersse gradant, it was dipersed
ihrougheut

The RN A denaturing gel with RNA exirseied fram the 12 sersse gradient
Truetions (Fig. 24 Uppre blol) shawed strung pesitive resetsens in the lane
correponding 18 sserase gradient fractions 14 and 17, Fraction 12 was not eaded in
Fig. 2. hewever Northerns werr repested twire mare with semples frem 12. 14, 16 and
17 dats net shwny, Dats confirmed fraction 12, 14 17 provided the best aign
during hybeidumton. The lower [ractien. 17, gave & very dutinet band st o 7.5 kb
(putative virnl genamis RNAJ in Fig. TA. bebow which o bong deork blur was sbserved.
indicating the presence of drgraded genomie snd peasibly sub-genamic RNA of varying
sizes. The groamic RNA band =ui the same slse o3 the upper band (rom the seurce
phant RNA when bybridimd in » similar manner (Fig 281, GFKV wes an this time the
sty marufiviras-like virus b e size snd stislogy {prier to
Sahanadmvic of al. 2001) The possibibiny that the unknews entiry wus GFAY was
therelore further investiguted. The Northern biot of RNA eutracied from citrus planis
which hind been grafied from the seurce plant sver o period of & years (Fig. 3 revesled
that mone of these plants harborrd the ORDV-like entity, therefare the conclusion i thet
the #ntry 8 nat graft tramimitied b citras

The imemaneblets using proteins extreeted fram the sacrose gradunt fractions
with OBDV antibodies sharmed o very wesk crses resttion with o band of oo I8-k0
(Fig- &) which is dissimidnr in siw i that of ORDY roet protems. Tho sagpesn pesibh
w wrak simibarity berween the cost prodein of this enideniified vire and that of OBDY.
Thr immunebbel ol surece plant graft insculsted plant protein extracts (Fg. §) with
OBDV entibodies alsa had & very sesk ssussistsn ot co. 3-k0s. The ELISA trvin (Fig
§ i representative of an esamgle whed e crees resction (s GFLY antibedss with
Wiy of the dap extruened from the citrus plants grafied fram the seurce plani. the sawrce
plant inoculsted o unincculsird induatar SL Gearpe grapevine plasts. or the virus-(ree
Erapevine contrel suppbed with the kit. The GFAY pesitive grapevine esntral did give s
oed reaction. indisiing the bea wlad

Some ol the plant speeies mechansull insculatrd with iap fram the sourve
plant were obaervrd with ans felinr sympiems differvnt from the mock imsculsted
ation of searce (s 18 51 Grorge prapevine did mes reves|
Talesr symplenn charsrirrati sl Grapevine feck dnruse, that s, perphersl lesf vin
tiearing amdoar wriakling of the leaves o st sy weeks slier infecton. Exentiall
inpculaied plants losked Ihe same ot the unineculsird plant.

The crma renction with the DREDV wniibedy snd he squenis smilanty
betmren the knwsn part of the unsdentified ennn and pern of the O
stronghy SugEes! thEl the sREEY w8 vires simider i OBDY wnd o sush i met kel to
e i the genus Marafivines. The GBDY prosms i spprevimsirh o.‘ b i lengith wnd
three caguid proteins have bron ientilied - the mest sbund
o 22 1-kf0n and rwe sther putative protein of 255D and 2eskDa. Frapeenively
[Edwurds ot al, 1997}, DBDV i transmitted saky by the mter lnsfhapper (Macresiries
gusdrifimpatus Farbes within whach the virus replicates. This maect i indigeness o
Trans snd freds on many different plant species. The OBDY capuids sre similar in s
n those reporied for the putsine copsid proteins fer res stber marsfiviruse: Meis
rayada fine virws (MRFV tvpe species of the grou Mersfivirus) snd Brrmuds eiched-
lime virws (BELV: lsndpamaki o al, 20821 GFEY has o singhestranded, positree sense
RNA peneme ca 74 kb bise, wnd cost prodein consnting of be eapusd with wn
estimeied mobecuber mess of ca I8 kDa. snd llklulqh GFEY i clasely reluied 1a
maraliviruse and 1 s o and properties. snd
sy delamit n new virsl penisi, proposed &5 the gmm Maruloviras (Sabansdmvic o al.
2000 : Martelil, pers. comm. . GFEY is reperied o be grafi iransminssble sitheugh net
mechanscally transmissibie and has ne knewn insect veetars The ELISA test with
GFEV antibodirs infer i e entiry | unfikely is be GFLY,

From these studies sn unksown BNA entity hat been found in » citrus plant
with & gename of cu. 7.5 ki, The enlirs i neither mechanscally transmissibie s o range
of herbecesus and wesdy plants ner i it graft irassmasible (s grapevine or citras. This
Ieuds 16 the conciusion that ihe entity may be ransmitied in ssuther (sshion, for
instance. by & bal happer o by sther means. A& 1113 ot sequence (ram the enfity has
strnag similarsiy t0 OBDY, BELY & the only sther Mhely marafiverus eandid, his
warus lous & gemeus sime of the same srder of magnitade o the unknown entiry. OBDY
wntibedies vers weakly eros rewci wiih pre trectid from the sarce plant snd
virsl purification frsetions si approsimately T-aDs. GFLV antibodies do ot rract with
proteins estracted from the souree plant. This entity hes marafivirus cherscoeristac.
ewever, luriher shudses in gather mesre srgquence dats and riecires mecrograph
vaualiztien of virus particies arv oreded far confirmation.
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New diagnostic aSHy basedfd{n DNA array for |dent|f|cation and detection of

Anania Fessehaie, Solke H. De Boer, and C. André Lé\resque i
Eastern Cereal and Oilseed Research Centre (ECORC), Research -
Branch, Agriculture and Agn -Food Canada, 960 Carlfng Avenue, ;‘l‘g
Ottawa, Ontario K14 0C65% ‘

(S.1.D.B.) Canadian Food hi.vpecﬂan Agem y, Centre for Animal

and Plant Health, Charlottetown, Pﬂ%{' Edward Island C1A 5T1.

The Gram-posilve baclerium, C/: ig is subsp. and the
Gram-negalive bacleria, Ralsfonia solanacearum and peclolytic arwinias including Erwinia

Agriculture and
Agri-Food Canada

Agricullure et
Agroalimentaire Canada

(L4

camfovora subspp, atroseplica and camltovora and Erwinia chry i, are imp i
hacterial pathogens of potato. DNA array lechnology, essentially a reverse dol blol
technique, is an emerging gy useful for identification of DMNA 1 and may
b apphicabla Tor rapid identification and detection of plant pathogens assocised wilh
plamts. By using consarvad primars lo amplify common baclerial ganoma fragments from
exiracts of potato tubers that might conlain the baclerial pathogans, the presence of DNA
sequences indicalive of palhogenic species can be revealed by hybnidization lo species-
specific oligonuclectide within tha array. In this sludy we explored the I'aasllﬂluly of using
DNA array y lor f and datection of plant f genic by
largeting flive baﬂern! pathogens of polato. Bolh pure cullures of bacleria and polato
palracls wera I d on arrays aslablished with tha specific and heterologous
ohigonucleotide probes 1o determine the discriminalory potential of this technology and
application for identification and deatection of bacterial pathogens.

ped

/-/k/‘

five bacterial pathogens of potato

v
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Fig. 2. Hybrid pattern of di fabeled PCR
amplicons from (A} E . subsp. atreseptica strain 31, (B) £
chry hemi sirain 340 (C) and €. m. subsp. sepedonicus

MATERIALS AND METHODS
« Sequences of 165 rDNAs and the inlergenic spacer (IGS) regions belween (he 165-
235 rDNA ol bacterial sirains from tha genus Erwinia were delermined (Fessehaia et '

e

sirain R3 on the oligonucleotida array. Oligonuciaotides were
spolled, with duplicates on the diagonal, in three rows (a. b and
<) of 18 spols. A lemplate o idenlify spol locations was overlain
on lhe e after pletion of hybrids

and
o of the digoxigenin d ion procedure. Positive

al 2002}

» Oligonucleotides selected lrom tha 3 end of the 165 and IGS ragions from the
peclolylic erwinias and from knoum sequences of the other bacleria nalhngsmc on
potato, namely, Clavib; Sis subsp. o and R,
solanaceanyn (Pastnk at al. unpuhllshsdj ware spotled as an array onlo nylon
mbmbranes

+ DNA arrays were used in this non-radicactive hybridization assay for detection of
bacterial pathogens provided by mixed genomic DNA's or in inoculated potalo
s-nrnpl!s 5|:|e|:l|'1|:l'|:'_.|I of oligonucleolides for iheir targel DNA sequence was

ted fol g published

RESULTS

« Phylogenelic analysis of small IGS sequence dala discerned a consistent
relationship among Ihe test sirains, which was in agreement with the 165 data thal
reflected the accepled spacies and subspecies structure of the laxon (Fessehaie et
al. 2002)

Sequance data derived from the large IGS resolved the sirains inlo coherenl groups,
however, the sequence information would not allow any phylogenetic conclusion
hecause il failed lo reflect the accepted species struciure of The [osl slrams
Hybridization of amplicons to the array and bsequent of
dignxiganin lahel led np that we!s distinct for sach
species and subspacies lesled. Fuﬂhsrmora, the assay was used successfully with
infected potalo samples as illusirated in Figures 1-3.

SUMMARY AND CONCLUSION

stalalalslatalstslslalelals stal oo atalalalalal
[==] !

Flg. 1. Hybridization of ﬂlgou{gemn -labeled PCR from selected b
spacies and les lo i on nylon b inan
array. Hybridi s'gnal of each to an olk leatide in the
array is expressed in 16 bit gray scale values i the fol

® = 30,000 - 65, 000; & = 20,000 - 30,000; ® = 10,000 - 20,000; O 31000
10,000, » = 500 - 1,000, <500 = Blank; and — = Nol lested. Somsa rnembranes
ara heing shown as examgles in Fig. 2 (*) and Fig. 3 (1), Olig

signals ala visualized as dark spols within template
cndes and compuler generated results from thesa blols
summary can ba seen in Fig. 1(°)
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Fig. 3. Hy pattern of digoxig labeled PCR

for the selected membranes are lisled al tha top

oSpsr,nrnc oligont positions discri d among the E. carlovora subsp i,
Y

, odorifera, biae and b im and belween E. carotovora and

H These y molecular signatures are uselul largets from which lo derive ongqrm:lemldas for diagnostic purposes
-DN.& arrays were used in this non-radicactive I\yhnrllzahm assay lor multliplex detection of t ded hy mixed g ic DNA's o in |nmulaled polato
Hybrid| 1 of ampl was g y resiricled to lha appropriate homologous ullgzonucleollﬁes and cross-hybridi with t a oligor ides was rara
{Figures 1- 3]

*Tha new diagnosiic assay based on DNA array should prove uselul for idenlification and detection of five bacterial palthogens of potato,
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d Irom (A) A mixture of E. £ subsp
slroseplica sirain 31 and E. chrysanthemi strain 340 cells, (B)
DNA from E. c. subsp. afroseptica-inoculated potato tuber; and
(C) DNA from potato tissue cullure, Qligonuclectides were
spolled, with duplicalas on the diagonal, in three rows (a, b and
c) of 18 spols (Fig. 3C, A18 is digoxigenin dot), A template to
identify spal Ioca!nans wis overlain on the membrane aflter

p of hybridi ancl ] of the digoxig
d i dura. Positive h signals ara lized
as dark spals within template c:rclas and computer generaled
results from these blots can be seen in Fig. 1 (1)

Canadi




ABSTRACT

An outhreak of a disease npmn_n; similar 10 elm yellows (EY) began in the early 19908 in the L‘h‘kag;w suburb of Aﬂ-in;;tun‘

Heights, Illinais, USA Over 1000 mahlre hmrnrnn elm (Ulmus americana) trees have since died from the disease. Nested

PCR using universal primer pairs pr by .| |nl' phytopl detection m‘\‘alﬁ! Ihll sixteen of the seventeen treesf
|growing in the outhreak region were positive for phytopl T i

lless of the All mnl.ml
|elms tested negative for phytoplasma. Restriction fragment kngrh polymorphisms (RFLP) lrvd D\A sequence analyses of 165
|rDNA of representative samples indicated that the llinois phytoplasma was not related to the phytoplasma causing EY disease!
(group 165rV-A) elsewhere. 1t is most closely related to elover proliferation phytoplasma (group 165rV1). We have identified the|
phytoplasma as representa

e of 8 new subgroup (165rV1-C) of clover proliferation (CP) phytoplasma group. Neither the Irlﬁi-|

(tional EY, nor the newly designated llinois elm yellows (ILEY), phytoplasmas were detected in local leathopper populations)
trapped daily between May and September 2000. This is the first report of a phytoplasma related to CP phytoplasma causing)

elm yellows disease.

INTRODUCTION

Maore than 1,000 mature American elms have died during the last ten years in the Arlington Heights suburb west of Chicago, |
IL. The outbreak was first noted in 1991 when ten trees died along residential parkways where there are nearly 10,000 mature
elms. The cause of death was unknown, but symptams clearly differed from those of Dutch elm disease (DED). By 1998, lnnunll
tosara die 1o the unknown malady tntaled more than 150 trees, rou equivalent 1o DED losses in this region. The moctality)
rate has yet to decline, and during the past two years, symptomatic elms have been detected in adjacent mmmuml‘ﬂ giving the
appearance that the problem continues to spread.  Elm yellows (EY), eaused by a leafl d EY 1 !

3 Jacohs 1.-M Lee H. M: Griﬂ'iths F. Miller $ and ls.D Bl:ttm:rz :
‘Moiecnfnr i‘!ltdl Palhu'lng,.\r l.ahomlun' USDA ARS acluvﬂlc, MD 20?!15. Dc'pmmml of Plant P:Ihology. Coriell University, :
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|17 Arlington Heights trees (Table 1). None of the ten healthy control trees from
the Morton Arboretum tested positive for phytoplasma. Collective RFLP patterns
|based on eight restriction enzymes from eight samples indicate that the phyto-
plasma present in elms from Arlington Heights were identical to one another
(four samples shown in Fig. 2). However, it was distinet from EY phytoplasma
and most closely related to the CP phytoplasma (165rVI-A)

Restriction site analysis derived from sequence data supported RFLP pattern
analysis. The henceforth rtftrnd to as 1llinois eim yellows (ILEY) phytoplasma
can be diffe iated from EY p by four restriction enzymes, Alul,
Hhal, Msel, and Rsal, and Fm!n Ccr phvmplnmu by one enzyme, Hhal (Figs 3. 4]

Comparative nested PCR assays using the nested primer pair R16Fan/
Ri6R2 (universal) yielded PCR products for all five ILEY infected elms as well ns
the two reference phytoplasma straing, EY and CP. However, nested PCR using
the EX phytoplasma specific primer pair RiG(VIFI/RIG{VIR1 gave a positive n-«ull
only for the reference EY phytoplasma (Fig. 5).

BLAST comparison of the ILEY phytoplasma 165 rDNA sequence indicates
about 99X h logy to CP phy and 98.5% h logy to multicipita phy-
toplasma (subgroup 16.‘\‘r|."l-R1 Unlike CP ph,wpInnsn. sequences of cloned 165
rllM\ indicated 1LEY [ pl containa two he operons (Fig. 4)
lnrl has, therefore, hfcn designated as a new subgroup (165rVI-C).  None of the
insects assayed were infected with EY, CP or ILEY phytoplasmas.

———
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(helangs to 165rV-A) was suspected. However, EY is historically absent from the northern third nf 1ikinnis, pmnim-l!i\r hﬂ‘tm
winter temnperntures limit the reported vector, Scaphoides luteolus Van D, and one or mare umplnma eonsidered dingnostic of|
EY,ie rrvma'un-\rll-\»m:and epinasty of leaves throug) the canopy, butter of inner bark and the se-
companying odor of wintergreen oil, were absent or erratic in tome trees. Our ohjectives were to determine if the causal agent
of the disease was EY phytoplasma, and to assay local leafhopper populations for its presence. |

M:\TLRI:\LS AND METHODS l

Sampling: Samples were taken between 1998 and 2000 from |
‘seventeen mature parkway elms growing in the vicinity of the out
|break in Arlington Heights. Ten additional trees located thirty miles
{from the outbreak st The Morton Arboretum, Lisle, IL, were sam-
|pled in Fall 2001 to serve ns controls. Disease severity ratings
[DSR) were based on appearance of the canopy (Fig. 1). DSR wal- |
|ues were assigned between 1 and 5 where: i=healthy or asympto-
|matic canopy; 2 = up to 25% of the canopy showing sparse and |
lelumpy symptoms; and sometimes diseolored; 3 = 25-50% ol the
iranup)' showing symploms; 4 = 50-90% of canopy; 5 = nearly 100%
devoid of leaves and tree near death if not dead. Three types of sam-
(ples, inner bark/phloem, leaves, and wood shavings, were taken
|when possible. Ten samples of inner hark and phloem were col-
|lected from asymplomatic trees (DSR = 1) to serve as controls

DNA extraction and nested PCR: For leaf tissue, total my-
cleic acid was extracted as described by Lee et al. (1993). Phloem |

Itissues and wood shavings were extracted by & modified procedure |
using DNeasy Plant Mini Kit (Qiagen, Valencia, CA) as described by |
I(.rrcn etal, (1999). A nested PCR was performed using primer pair |
|P1/P7 followed by R16F2n/Ri6R2 primer pair. Comparative ne\‘vd

Table 1

|PCR assays using primer pair P1/Py, followed by either a universal +
|primer pair Ri6F2n/R16R2 or an EY phytoplasma specific primer aw ik Wil
{pair R160VIF1/R16(VIR1 (Lee et al. 1994) were performed to deter- 9265-F 3 pos ILEY
mine whether EY phytoplasma was also present in five inner bark/ BI4S-E 1 pos ns
|phloem samples in which a CP-like phytoplasma was detected. 14650 i s ILEY
e e e ] T 1650 ) o ILEY
| RFLP and sequence analyses of 168 rDNA: RFLP anal=es| | B025-V ! pos ey
of the nested PCR products (1.2 kb) were done using up to 12 restric- | | 3075V H s -
tion enzymes: Mzel, Alul, Rzal, Hhal, Haelll, Hpall, Tagl, Hllgﬂ LH L] P -
SauaAl, Kpnl, Thal, and Bfal. Cloning and sequencing of the Pi/P7-| | B4S-V 3 pos na
PCR amplified products from three Arlington Heights trees (9265-E, | 200W-0 3 pos L]
7465-V, B255-H) were performed FIS-H i pos na
Survey of potential vectors: During the summer of 2000,| | 5265-H H neg £
|leafhoppers were eollected in the vicinity of the cuthreak and sepa- E2SS-H 4 o ILEY
rnred into 17 mnrp'holﬂmrll groups. Total nucleic lnd was extrocted TEN 4 pos ILEY
from at least 10 P % each of the 17| | g2s5.1 4 pot ILEY
pho-types and | 1 via the lified mrlilml describad s 4 o ILEY
above. Nested PCR usm; primer pair P1/P7 followed by R16F2n/| | 1306y 5 e ILEY
|P16R2 was performed o _ |masv] a4 | pos ILEY

[ Fig.s |
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DISCUSSION

| Unl:] now, EY dpue;se in huﬂh America was thought to be caused only by strains of the EY phytoplasma belonging to 165rV, A nested PCR using the EY
pl-ylnplurnn group specific primer pair R16(VIF1/R16(V) R1 indicated that EY phytoplasma was absent in the Ardington Heights elms samples. Sequencing
|and RFLP analyses of PCR products (165 rDNA) confirmed that the ILEY phytoplasma was distinct from EY phytopl. and is n new subgr

(d.uwulod 1651VI-C) m‘l.h:rhwr pml.lrmtuu (CP] phytoplasma group (165¢V1). Itis surprising thata memher of the CP phytoplasma group mfzcu
eims, as CP pk L h of herbaceous plants.
| The presence of ILEY phytuplnml appears Ntll correlated with the eventual development of an EY-like :)'ndrurne in Arlington Heights elms, as 16 out of
||7 symplomatic trees tested positive for phytoplasma, while all 10 healthy controls were negative. Ten of the 16 positive samples were further analyzed by
RFLP and determined to be ILEY phytoplasma. Other symptoms reported 1o typify the traditional elm yellows disease were, in our experience, less reliable
|Fnr example, some trees developed uniformly yellow and epinastic leaves throughout the canopy in mid summer while others remained green. Butterseotch
leolored phloem secompanied by an aroma of wintergreen oil was readily found in some trees that were exhibiting eanopy symptoms, but not in others. Apart
|from necrosis of the phloem and the rapid death of an infected tree, the sparse and chumped appearance of foliage in the canopy was more reliable in diag-
nosing this disease. leplms melim.! and I;sue type llw lppear!d to influence detection results. The phlr-rnl.l’lnu'k lls.sura were | fuund to be the most
reliable of those tested for d. p 1 understanding of seasonal and spatial variati
mnceﬂtrllwn would clearty assist m dulpun; mmlcrurllt detection methods.

vectors, ipally the aster leafh Macmuefa qnndﬂhnmn.u Forbes, but also the beet leafhopper (Circulifer tenullus Baker), are
widely distributed in the U.S. and have both mij and over ions in the Midwest. Attempts to identify the potential vector(s) in this
‘study failed; none of the leafhoppers assayed were found to be carriers n( II.F'\‘ CP or EY phytoplasma. It is likely that the vectors of CP phytoplasma, which
wcould carry ILEY, were only transient feeders of elm. An interesting coincidence is that the aster leafhopper typically breeds in the south central United
States but during the middle to late 19805, overwintering populations were present in Wisconsin, Likewise, s severe outhreak of the beet leafhopper trans-
mulud disease, horseradish brittle root disease (caused by Spiroplasma citri) occurred in Hlinois during the 1980s. Both outhreaks were associated with ab-

Ity high vector lations and appear 1 ide with what was probably the initial infection years (middle 1980s) of the elm yellows disease in Ar-
,'Im[.lcm Heights, inois.

in phytoy and

| f _Ph}‘!:p[u-ml was detected with universal pi\y‘o;Iur-nn pr_iﬂlfl:il'l 16 out of the |

[Lae, 1-M; Gunderson, D, E. Hemmend; R, W.: Duvie, ILE %94, Use of mycoplesmelikr erganivm (MLD) group specihe of gonuclentide primers for nesscd FCR avaays to deacet mized- MLD infections |
o w wingle hoa plant Physopadhology B4 355344 1

 Hamemeond. R W.: Daan, B E.; Gundersem, D E 1990 Universal smplification snd snalysit of pashogen 165 1DNA for eliun festion s &

Py —

i
|
-




£

4L s T AR

INTRODUCTION |

The elm yellows (EY) phytoplasma grosp (165¢V) represenis the third most diverse phytoplasma cluster, mest o
wster yellows and X-disense phytoplasma groups. The elm yellows phytoplasma wiring cause decline of Amers:
can el im Noeth America and Eurnsien ebm species and hybrids in several Furopean countries. Dther EY groap
phyioplasmes msocuited with dieases in deverse plant peners i vanous geographical regions are: Mavescence
dorte (FI)) and grapevine yellows phytoplasmas (PGY) grapevine i Esrope; rubus stunt (RuS) phytoplasmas i
wild and cultivated bisckberry (Rubus spp) in Europe cherry letul yellows phytoplasma (CLY] in eherry in
Chira; pesch lethal yellows phytoplasms (PE-A, PE-DD) in poach in India: jujube witches'-broom phytoplasime
(VW) i Ziziphus spp. in Ching and Indu: abder yellows phytoplasmas (ALY in akders in Germany and Ily,
partmm wilches berom-EY phytoplasma in Sparvive s in ltaly: cucalypius ke leaf phytoplanma (ELLY in
Euwcalyprur gp. in luly, and hemp doghane decline phytoplusms (HI ] in dpocymum cannabisum in New York
Sate. Rocently, & new member of the elm yellows group, Vieginia Creeper phytoplasma (VO), wan reported 1o in
Tt Vieginia creepeey | Parthemocinias guisguefilia) plants in southern Floids. FY groop phytoplssmes have been
tlassifind into flve wibgroups based mn 1650 INA soquences. This spperach was found to be imulTicient in dif:
fereninting many membery of this group, of which severs! tram have been shown 1o be distinet based on bio:
togieal o puthological properties. The wim of this present srudy was 10 imvestigate phylogenene relationshas
ameng mesnbery of the expanded EY phytoplasma group basad on combined snalyves of 165 tRNA and ribo-

sermul prodesn gene sequences, and 1o develop and evalunte a new means foe 8 finer sérmin diTerentintion

MATERIALS AND METHODS

Fhytapl wraine T T members of the £Y phytoplasma group were used for this
woek (Tablel]

RFLF anshysis. Nested PCR prochacts of 165 rDNA (smplicons wsing primer paie P1TT followed by primer pair
RIGF2InR16R2) and ribosorma | prodein (m) gene operons (amplicons wsing primer pair rV)F 1 ipRt | followed
by prirmer paie m{VIF1 AR IA) were digested with & pumbers of ressriction enzymes. Putative restriction site
maps of represetative phytoplasms straim ware genersted by wiing the DNASTAR program MapDrw option
(DNASTAR, Madmon, W1, USA)

Phylogenetle anahyais. PCR products amplified by PIATTA (18 kb, comsining 165 rDNA) and by r(VIFIA/
pRLA (about 1.1 kb) were punified, cloned and sequenced. Partul soquences of 165 rDNA (1.5 kb) and rp gene
operon (1.1 kb) from 22 members of EY groap and hytopl: wiraies available in

CrenBlank were aligned and cladistc Rnalyses were perfarmed with PALIR (phylogenaic analysia using parsi-
mony), vertbon 4 0 wrinen by DL Swolford (Usiversity of illinon), on s Power Mac G4, Uninformative charse-

ters weve excluded from analyses. dcholeplarma faidiowi] was selocied a5 the ot group fo root the troe

RESULTS

RFLP anahses: The Aiel and Alil RFLF peofiles of the 1 2 kb 165 rDNA fragmeni were conserved among all 12
reprosentative memben of the EY phytoplasma. group are unigue 1o his group (Lee & sl 1998) (Fig. 1, Table 1)
Collective profiles obtained from digests of products with Real, Hpall, and §fl diferentiated the EY group ino
five distinct subgroups. Collective profiles obtained from digests of mp prme voquences with these restriction en-
rymes dafTerentiated the EY group intn 12 distinct mp subgroops (Fig. 2, Table 1)

Putative restriction maps: Restrction maps of & 1.1 kb sequence of mp operon (containg 55 and 122 genes)
eloned from the 12 m subgroups defineated by RFLP amalysis were shown in Flg. 3. Eighteen restriction vites
were fmsnd variable smong members of the EY phytoplasma group

Phylogesetie reisthombips: One of the most parsimonious trees = as deduced by analysis of nesr full length of
165 fONA sequences of 26 rey ¥ of distinet phytop

Froups o subgroups, 30 EY
Foep phvtoplasmas and Acholeplarma laidlawdi (13 a9 out group) (Fig. 4AL The EY group phytoplssmms ropre-
swerted » distint siain chatter (or wbclade) in the phytoplisma clade
Oy one phylogenetic troe was dediuced by snalyris of partial rp gene operon (covering o1 snd (27) saquences.
Fhylogenetic relstionships established among members of the EY group were generally in sgreement with those
dechsced based on 165 TRNA gene sequence (Fig. 4B). Phylogeny based on rp gene reveled more phylogenetic

gevce in the EY group. Twelve distinet phyl lineages were resolved, which were con-
wistend with devigraied rp subgroups based on RFLP snalysis (Table 1)

I.-M. Lee (1), M. Martini (1) and C Marcone (2). o
RS Moienllln Plant I’ntllnlug\' Labaratory, Beltsville, MD 20705; (2) Dept. Biologia, Difesa e Biotecnolagle Agro-Forestali, University of Basllicata, 85100 Potenza, ltaly. -

Table | Subgrrage oM listicm of rrpreseraivz mrwe s the £ pntopdasr g

Mol DISCUSSION

165 FRNA gene sequence was peobably the mot widely used for dehucing phylogenetic rels-
tionahips and maolecular elassification of microorganisma of interest, Thia approsch has beon
very useful for classification of microorganism st geres level or higher taxonomic ranks
Because of 41 highly corsarved nature, however, |45 rRNA gene sequence is not readily e
fusl for differentistion at species level In the past decade, phytoplasmas have boen clasiified
primarily based on 165 fRNA gene soquence. More than twenty major phytoplasme groups
and more than 40 subgroups have boen identified The dilferences in the 165 rNA sequence
homology between two groups are 2.5% o grester. There m o conensus thal esch group
ahould reprevent af bemst one sepanite species

According 10 the revised scheme, the elm yellows phytoplasms group (=165¢V group) was
wubdivided into five subgroups based on RFLP anslyss of 185 fDNA sequences. The vara

tiona of 165 rNA sequences between twe subgroups range from 1.0 1o 1 8%, The relatively

small variations make i uncertam i justify whether the EY phytoplasme group should repee-
st more than one species. But biclogical and ecologicsl dfTerences smong these five sub-
groups strongly wugges! that the EY group comists of highly hataogencoas phytoplasma
srwing.
In the present study, we have sralyzed both 1651 RNA gene and & 1p gene operon sequences
”' Il ! ! l‘ljll anilitn Jhl hill f K For strain dilferentiation in the EY phytoplasma group Based on RFLP sralysis of 165 rDNA
S e 2 ) sequences from representative phyloplasma siraing, we have identified five 1651V bgroups,
—T_J-_ﬁ —

conlirming the previous feports bated on RFLP or putative restriction site sralyais of 165

mﬂ‘: ” :t;l: ”l! E! :! Eséglg i !a;g ,;é ; :.J. ili[ L rDMA,. RFLF analyvia of rp pene wequences (127 and 1 7) resolved 12 distinet subgroups in the

EY phytoplasma group. A grester soquence variation {ranging from 1.1 to 6.9%) in rp gene

R operon was observed hetween two fp subgroups. The phylogenetic tree deduced by sralysis

U w@l ‘H;E ! Eg !ggsg{lh!:%g g % i E !3 [ﬂ | of 17 pene soquences mesolved 12 distinet lincages comistent with rp subgroups defined by

= - — 5= — RFLF patterms. Exght m subgroups sdentified in the present stusdy were comistent with thoae
: | & . . identified by Martini et al. {in peess)

!|1: !H I| i :)}! ;! 1-;:|-[E gghhl ! _IE;JI ) l?’jl”l

o4 ] l’_ !‘/._../U.:JH

shmmloee 2 R omigms e o

e i host plants, vector, or geographical regions ). Cross-infection of twe or more plant species by
h':ur! by i iyl | } bl members of & given rp subgroup seems rare. Phylogenetic analysis bused on both 165 RNA
= A and p gene sequences reveled that members of whgroup 165:VA represenied s rither
homogenous strain chuster, whereas, members of subgroup 185rV.C were highly diverse
Members of Subgroup 1650V.B that was subdivided into three mp subgroups represented &
strwin chuiter mont destanily related 1o the other mambers of the EY phytoplasma group. The

In contrast ko subgroups defined by 165 1DNA sequences, subgroups dilferentiated based on
P pene soquences appaared 10 be contistent with their specific ecologacal niches (speeific

EY group may represend more than one species
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On-site one hour PCR diagnosis of bacterial diseases

N. W. Schaad, P. Gaush, E. Postnikova, and R. Frederick. USDA ARS Foreign Discase-Weed Science

Research Unit. Ft. Detrick, MD 21702,

Classical diagnosis of a bacterial discase
normally requires 3—4 days to isolate and
clone the suspect pathogen and another 5-7
days to confirm the organism'’s identity by
pathogenicity tests. More rapid serological
tests are available. but they often lack the
sensitivity or result in false positives.
Classical PCR tests are very sensitive but
usually require 2-3 days. We describe a real-
time TagMan*-based PCR protocol adapted to
a field-portable Smart Cycler* (Cepheid.
Sunnyvale, CA) for rapid same-day diagnosis
of watermelon fruit blotch (WFB), caused by
Acidovorax avenae subsp. citrulli. Major
advantages of the Smart Cycler” include
portability and rapid cycling times. In direct
comparisons with Applied Biosystems Prism™
7700 Sequence Detection System, we found
no differences in specificity and little in
sensitivity. Both systems were able to detect
100 fg DNA. Using a Smart Cycler’, WFB
can be diagnosed by direct PCR in less than |
h after sampling using 1 pL of washings of
diseased tissue soaked for 20 min in water in
a microfuge tube.

Introduction

Plant disease diagnosis has improved greatly
with the introduction of PCR (7). Classical
PCR assays are available for several plant
pathogens (3) and primers are available for
the identification and detection of most plant
pathogenic bacteria (9). Because classical
PCR techniques require time consuming
Southern blot hybridization for confirmation,
field diagnosticians have shown little interest
in using PCR for routine diagnosis. The
introduction of real-time PCR. which is based
on hybridization to a fluorescent probe
sequence. has led to the development of
protocols for detection of several plant
pathogens (2, 6,10). Such techniques are
more sensitive then classical PCR and greatly
reduce the time needed for diagnosis since
there is no need for agarose gels and
Southerns. However. real-time PCR generally
requires expensive lab-based equipment. In
response to a disease quarantine issue
involving shipment of perishable goods or the
deliberate release of a pathogen, time
becomes an issue of critical importance. To
demonstrate the feasibility of rapid on-site
diagnosis of a plant disease in one hour or
less. we developed a real-time PCR protocol
using the portable Smart Cycler* TD
[Cepheid. Sunnyvale, CA (3)] for the

destructive watermelon fruit blotch discase
caused by the bacterium, Acidovorax avenae
subsp. eitrulli. Watermelon fruit blotch causes
severe losses in watermelon production
worldwide. Symptoms of the disease in
seedlings grown under greenhouse or field
conditions often consist of large black lesions
without any water-soaking. This makes
presumptive diagnosis based solely upon
symptom etiology very difficult. Isolation of
bacteria and pathogenicity tests are generally
required for diagnosis but take 10-14 days.

Materials and Methods

FUR proional The A. avenae subsp. citrulli
specific PCR primers, AacF3 and AacR2 and
FAM-labeled probe AacP2 (8), were used in
real-time PCR with the following cycling
conditions with the Smart Cycler*: 95 °C for
30 s, followed by 40 cycles of 95 °C for | s
and 60 °C for 20 s. The assays were
performed in a total volume of 25 pL
containing the following reagents and
volumes (puL): 10x PCR buffer (2.50), 25
mM MgCl, (5.00), 1.25 mM dNTPs (4.00).
25 pM primer AacF3 (1.00), 25 pM primer
AacR2 (1.00), 10 uM probe AacP2 (1.00),
5U/uL AmpliTaq* DNA polymerase (0.25),
5x additive reagent containing BSA at

| mg/mL, Trehalose at 750 nM, and Tween-
20 at 1% v/v (Cepheid, 5.00); sterile MBG
water (4.25), sample (1.00). The cycle
threshold (Ct) values were determined and
samples with a Ct value of 38 or less were
considered positive. Ct value is defined as
the PCR cycle number at which time the
signal (fluorescence) of the probe rises above
background. The earlier the Ct value the
better the PCR performance.

Sensitivity of detection af pure
cultures and extracted DMA. For pure
cultures, an overnight suspension of 4.
avenae subsp. citrulli was adjusted to 0.1 at
600 nm and diluted to 1x10*. One microliter
aliquots of the 10 to 10 dilutions were run
for 40 cycles in duplicate using an ABI 7700
and a Smart Cycler”. For viable cell counts
in tissue samples. 100 pL of each dilution
were plated onto each of five plates of YDC
agar and incubated at 36 °C for 2 days. DNA
was extracted from cells using standard
phenol/chloroform methods (1) and
quantitated using a SmartSpec” 3000
(BioRad, Oakland. CA).



Watermelon seedlings at the 1st true leaf-stage
were injected with a suspension containing

1 x 10° cfw/'mL of A. avenae subsp. citrulli
into the cotyledon and stem. After 7-10 days
incubation in a lighted dew chamber, plants
with brown-black lesions on the cotyledon
(Fig. 1A) or brown linear lesions on the stem
(Fig. 1B) were collected. Discs of tissue were
removed from the edges of the cotyledon
lesions and 2-5 mm tissue sections were cut
from the upper and lower margins of the stem
lesions (see arrow) with a scalpel. The tissue
was soaked in 50-100 pL sterile water in a
microfuge tube for 20 min at room
temperature, and | uL was immediately used
for PCR without DNA extraction.

The sensitivity of the Cepheid
Smart Cycler” was comparable to the ABI
7700%; both instruments were able to detect at
least 100 fg and as few as 10,000 cells of 4.

avenae subsp. citrulli per mL (10 cells/uL) of
tissue sample extract. Tissue samples
containing a mean of 1.1 x 10% efu/mL
resulted in Ct values of 32.4 and 34.5 for the
Smart Cycler” and 7700°, respectively. Viable
cell counts of A. avenae subsp. citrulli in
stem soakates ranged from 10" to 10°cfu/mL.

‘ PCR tests were
completed in less than | h after receiving
infected samples. All stem and leaf samples
tested were positive whereas all samples from
non-inoculated control plants were negative.
Typical Ct values ranged from 24.16 to 26.25
(Fig 2).

By using the fast cycling Smart Cycler” and
sampling without extracting DNA, we were
able to detect WFB in seedlings in less than
one hour after obtaining samples. Such rapid
diagnosis is critical to the successful
development of a pest management control
program aimed at early detection to prevent
spread of the pathogen. The extremely fast
cycling of the Smart Cycler” is due in part to
the unique design of the PCR reaction tube
and optical mechanism. No evidence of PCR
inhibition was observed as a result of our
sampling protocol. Unlike the protocol
developed for rapid detection of Neisseria
gonorrhoeae (5), our protocol for detection
of the watermelon fruit blotch organism does
not require extraction of DNA and is
therefore much faster.
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CALIFORNIA

The following are management
strategies recommended by the
University of California for

controlling whiteflies in California:

) 1 1
B Promprly harvest all host crops and destroy residue im-

mediatelv thereafter. Prevent regrowth after disking;

B Conrtrol weeds in non-crop areas, including head-rows

and fallow fields;

B Monitor adjacent crops and weeds for increasing white-

fly populations;

B Growers should take an area-wide approach to control-
ling silverleaf whitefly. Growers should organize with their
neighbors so they can have a combined management
.'lpr'ri‘i!ﬂh:

B Ger rid of alternative hosts and volunteers; and,

B Be aware of a control program in your area. Work with

vour neighbors to create a cultural management program.

Letter from Karen Jetter, University of California, Davis ccoceveseriisneesessssnsnssnnsnenessenenen:

Whitetly Management (uude

FLORIDA

] - .
The following are management
strategies recommended
by the University of Florida
for controlling whiteflies in Florida:

B Planc whitetlv-free transplants;

B Delay planting new crops as long as possible;

B Do not plant new crops near or adjacent to infested weeds
or crops (including tomato, cucurbits, cabbage and potato),
abandoned fields awaiting destruction or areas with volunteer
plants;

V -reflective (aluminum) plastic soil mulch;

W Use UV

B Control weeds on field edges if scouting indicates whire-

flies are present and natural enemies are absent;

B Manage weeds within crops to minimize interference with

spr;l\'mu;

B Destrov

destruction of volunteer plants through the fallow period;

old crops immediately after harvest and continue
and,

B Avoid u-pick or pin-hooking operations unless effective

control measures are continued.

%He OJ[COHfQHfS
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Whitefly Management Guide

BENEFITS OF ADMIRE IN

ayer Corporation introduced

Admire" [nsecticide to the

vegerable mdusrr\_' in 1993

in an eftore to conrrol sil-

verleat whitefly, which had

mvaded Florida in the late 1980s and

California in the early 1990s. The whire-

fly devastared vegetable production in

Florida and southern California. Fortu-

nately, treatments of Admire brought

the pest under control, restoring crop

production schedules and providing

arowers with higher markerable vields
and better markering opportunities.

To document those results, Bayer com-

missioned the University of California-

Davis to conduct a two-vear research

study of the economic impact of the

whitefly on the California vegerable mar-
ket and determine how Admire usage had
improved vegetable quality, markerabil-
ity and vield since its introduction.

For the study, the researchers looked
primarily ar four vegetable crops: broc-
coli, cauliflower, head letruce and fresh
tomatoes. The tollowing is a summary
of the results of the UC-Davis research
study showing the effect of the whirefly
on each vegetable crop and the results of

Admire usage.

BROCCOLI
Whitefly intestations reduce broccoli
vields by decreasing the number of mar-
ketable crowns and crown size. The pest
also delays plant maturity, which causes

TABLE 1: ADMIRE VS. FOLIAR APPLICATIONS SUMMARY OF CHANGES (% per acre)

Crop Yield (Y) Timing (T) Cost (C) Y+T-C
Broccoli 211 5.63 -0.13 7.87
Cauliflower 1.92 6.78 0.08 8.62
Head Lettuce 3.88 3.62 0.07 7.43
Fresh Tomatoes 0.00 6.46 -0.65 7.11

Yield information is based on the amount of marketable yield improvement of crops treated
with Admire compared to crops treated with traditional foliar insect management programs.

TABLE 2: CHANGES IN ANNUAL REVENUES RECEIVED
DUE TO SHIFTS IN PLANTING DATES

Table 4.

Weighted Average Weighted Average Difference

Annual Price w/ Admire Annual Price w/out Change in Revenue
Crop (S$/cwt) Admire (S/cwt) (%) Per Acre
Broccali 26.18 24,70 5.63 +200.68
Cauliflower 30.45 28.38 6.78 +272.41
Head Lettuce 13.49 13.00 3.62 +119.56
Tomatoes (fresh) 29.13 27.24 6.46 +638.82

Producers averaged $308 more per acre after Admire was used on their broccoli, cauliflower,
head lettuce and fresh tomato crops. Increased dollars were based on 1997 average yield
statistics provided by the California Agricultural Statistics Service, Sacramento, as seen in

TABLE 3: GROSS ANNUAL BENEFITS OF USING ADMIRE

Gross Value of Fraction

Production Adopted
Crop y-c+t (%) GVP (S) (FA) Total ($)
Broccoli 7.87 $32,675.850 0.687 1,766,344
Cauliflower 8.62 $18.251,775 0.557 876,049
Head Lettuce 8.48 $89,711,475 0.569 4,325,917
EHEOES 7.11 $46,587,663 0.338 1.118.528
Total Benefits 8,086,838

A4 Whitetly Management Gl
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growers to miss rargeted harvest dages,
The UC-Davis study determined thar
treatments with Admire sienificantly re-
duced adult whirefly densiries on hroc-
coli throughour the season. In addition,
as a result of whitetly control, Admire
increased marketable yields by 2.11 per-
cent per acre (Table [) and increased
the value of annual returns by 3.63 per-
cent over the traditional foliar applica-
tion regime (Table 2).

CAULIFLOWER
The whitetly decreases the size and
weight qualifications in cauliflower if no
control is undertaken. The pest also can
cause slow crop marturity and delav har-
vest, which causes growers to miss opri-
mum marker prices. By controlling whire-
fly populations, applications of Admire to
cauliflower increased the number of mar-
ketable heads by 1.92 percent (Table 1),
which resulted ina 6.8 percent change in
the value of annual returns versus tradi-

tional insect controls (Table 2).

HEAD LETTUCE

In both leat and head lettuce, white-
fly causes color changes and severe
weichr reducrion, which can signiti-
cantly decrease markerable yields. In ad-
dition, feeding by whitetly nymphs also
can increase the chance of chlorosis in
lectuce. However, with the help ot
Admire, the head letruce yvield increased
by 3.88 percent (Table 1) and the value
of annual returns changed by 3.62 per-
cent (Table 2).

FRESH TOMATOES
The whitefly affects tomato qualiey
more than yield because the romaro plant
is not a primary host of the whitetly.
However, even low intestations can cause
significant damage because when the
induce

tomatoes  are  gassed  to

ripening, the immarure fruic becomes



VEGETABLE PRODUCTION

apparent. The whitefly also can transmit
disease into tomato crops (as we have
seen recently with the Tomaro Yellow
Leaf Curl Virus in Florida). With the
treatment of Admire, the amount of dam-
aged culls decreased and the tomaro size,
color and other marketable qualities in-
creased, which allowed a 6.46 percent
increase in the value of annual rerurns

over traditional insecr controls (Table 2).

A SHIFT IN PLANTING

Imperial County, Calif., the tocal
point of the study, is a semi-desert
region. Growers in the region have cap-
italized on the climate, allowing them
to produce and sell crops at times when
competing produce is less available.
These benefits have made this region
one of high economic value and the
largest center of vegetable production
in the Southern California region.

Unfortunately, the silverleaf whitefly
also was drawn ro the hot climate and
chose the county for its breeding ground.
Growers were torced to shuft their plant-
ing times to cooler parts of the vear,
missing key marker periods. However,
the study found in cases of crops treated
with Admire that growers were able to
partially shift their planting times back
to the period when they could ake ad-
vantage of seasonally higher markert
prices. This shift allowed their average
annual returns to increase,

Admire usage also resulred in lower

culrivation costs and reduced the need

for toliar applications, which decreased

overall production costs compared to al-
ternative control programs. Because Ad-
mire is taken up by the plant's roots, it
works systemically to reduce the need
for foliar sprays. This reduction allowed
growers to continue with rheir existing
i[ﬁt@‘_‘rﬂrt’k! I"Cﬁf management pr-:“_‘r;tm_\.

The increase of vields, timing and a
decrease in application costs provided
growers in the Imperial County with
combined annual

OrOss

$8.086,838 in these four crops (Table 3).

WHAT ADMIRE MEANS
FOR YOUR VEGETABLES
The introducrion of Admire in 1993

into the vegerable marker solved the

benefits of

immediate problem of whitefly infesta-
tion and provided a wealth of future
benefits to growers and consumers.
Growers once again were able to pro-
duce a high-yield crop and enjoy an
increase in profit. Although this studv
was based on Calitornia crops, the evi-
dence also can be applied to other U.S.
vegetable-growing regions and pest-
management programs. Admire provides
powertul control of pests while main-
This season-

]llil,\_' control also offers low worker ex-

taining beneficial levels.

posures and low-mammalian toxicity
rates, which results in high estimated
margins of satety. The low application
rates also result in reduced insecticide

load on the environment. W

TABLF 4: CHANGE IN VEGETABLE PRODUCTION 1992-1997

Imperial County

Increase
Crop 1992 1997 1992-1997
Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave.
Yield Price Income Yield Price Income Yield Income
Per Per Per Per  Per Per Per Per
Acre Unit Acre Acre Unit  Acre Acre  Acre
) [Tunﬂ _:SJ '.’Sl_ N ~ (Tons) (3) ($) (%) (%)
Broccoli 5.01 378 1893.78 6.78 694 4705.32 26 2811.54
Cauliflower 4,37 512 2237.44 6.58 628 4132.24 34 1894.80
Head
Lettuce 9.94 241 2395.54 12,2 306 3733.20 19 1337.66
Fresh
Tomatoes 8.89 311 2764.79 16,9 459 7757.10 47 499231

Source: California Agricultural Statistics Service, Sacramento

The chart indicates that since the silverleaf whitefly infestation of 1992, producers
have increased their vegetable yields and profits substantially over the five-year period
of 1992-1997. Growers experienced an average yield increase of 32 percent and an aw
erage income per acre increase of $2,759.08.

Whiretly Management Gude * Summer [999 A3



W hitetly Management (uude

WHITEFLY MANAGEMENT GUIDE:
TOMATO YELLOW
LEAF CURL VIRUS

omato '-'C”l!\\' lL‘.l! ._'lll"l VIrus
(TYLCV) is a whirefly-
transmitted  geminivirus

which is native to the east-

ern Mediterranean. [t found
its way to the eastern Caribbean in the
early 1990s and was identified in Florida
for the first time in July 1997. TYLCV has
been found in all tomato production re-
gions of Florida but is of greatest concern
in southern Florida. The virus is difficul
to contain, and management of whitefly
populations at both the beginning and
Cﬂkl Of a season 1s L'r'lUL_'J! [0 mantaining
low incidences of infected plants. TYLCV
can infect other species of crop plants
nd weeds, bur at this time, it is of con-

cern in tomato production.

RECOGNITION OF TYLCV
Two to three weeks after inoculation,
morttling and leat distortion can he seen

this stage,

on the newest leaves. At
TYLCV symproms resemble those of
romato mottle virus. However, each leaf
produced after that will show increas-

which

include markedly reduced size, upward
r

ingly severe symptoms may,
cupping, mottling and chlorotic margins.
There is some variation among different
cultivars. TYLCV-infected plants will
be much shorter than non-infected
plants. Infections, which begin when
plants are young, will show the most se-
vere symptoms. TYLCV causes tlowers to
Jdrop prematurely, resulting in fewer fruit.
Fruit present on the plant at the time
of infecrion are not noticeably affected,
but the number of fruit produced after
Ab

Whitetly Management Guile * Summer |

By David

Schuster and Jane Polste

infection can be reduced by as much as
90 percent. Infections early in the sea-
son have a greater impact on yields than

later infections.

TRANSMISSION
OF TYLCV
TYLCV is rransmirtred by the whitetly,

Bemisia tabaci (aka B. argentfoli, the sil-
g

verleaf whitefly), and 15 not rransmitred
through seed or mechanical transmission.
TYLCV can be acquired by immature
whiteflies, but only adults can transmit
the virus. The minimum time required

for the adult whitefly ro acquire the virus

30

is 15 to minutes, and longer feeding
veriods result in higher transmission
b

rates. Similar time periods are required to

cransmit the virus. The adules can trans-

1 ' . 1
mit T]\\.‘ virus for most of thetr life, which

(S8 18]

Fresh market tomato cultivars infected with TYLCV. Note the
upward curling and yellow mottling of leaves.

can be as long as several weeks. The lite

cyele from egg to adule is about two to
four weeks long, depending on rempera-
cures. Adules can live days or weeks
loneer under mild winter conditions than
they can in the summer.

The movement of TYLCV nto a
field from a source outside the field is
known as primary spread, while move-
ment of virus from plant to plant within
1 field is known as secondary spread. In-
terference with these two types of spread

often requires different strategies

MANAGEMENT OF PRIMARY
SPREAD OF TYLCV

1) REMOVE SOURCES OF WHITE-

FLIES AND TYLCV

infected tomato plants are the primany

At this time,

source of infection. Theretore, new crops

T .



Adult Bemisia argentifollf;
the silverleaf whitefly

should not be planted near or adjacent
to previously infested crops. abandoned
fields awaiting destruction or areas with
volunteer plants. Crops should be de-
stroyed as soon as harvest is completed
and destruction continued through the
fallow period. Spraying old fields with
a desiccant herbicide combined wirh
sufficient oil to rapidly kill plants and
whireflies, followed as soon as possi-
ble with burning of the plants, will
prevent whireflies from migrating from
old plants to new fields, weeds and
nearby backyards. U-pick operations
should be avoided unless etfective con-

trol measures are maintained. Spring

crops should be destroyed as early as
possible and fall crops planted as late
as possible to create a romato-free sum-
mer period.

1) USE VIRUS-FREE TRANS-
PLANTS. Where feasible, transplant
production facilities should be locared
away from field production areas and fa-
ciliries should be covered with fine mesh
screening ro exclude whirtetly adules.
Admire should be applied in the green-
house at 0.5 fl oz per 3,000 plants at least
7 days before shipping.

3) REFLECTIVE MULCHES. The
use of aluminum (UV-reflective) poly-
ethylene film as a soil mulch will dis-

orient whiretly adults, reducing the num-

ber alighting on plants and thereby
reduce the number of infected plants.

; .
This plastic is available from numerous

sources, but may req: 1 special order

4) INSECTICIDAL CONTROL

Admire should be applied in the setting

water at transplanting. Combinations of
pyrethroids with organophosphates, car-
bamates and Thiodan; Agri-Mek com-
bined with oil; and soap combined with
pyrethroids, Lorsban or Thiodan may be
applied if the number of immigraring
whitefly adults is high. Do nor use
Provado if plants have been treated with
Admire.

5) REPELLENTS. Growers may want
to consider the use of low rates of crop
oil (0.25 - 0.50 percent) that are repel-
lent and may reduce whitetly feeding

.1[1\E VIFUS transmission.

MANAGEMENT OF
SECONDARY SPREAD
OF TYLCV
1) ROGUING.
plants from the field at the first sign of
TYLCV-like symproms. After first tie,

infecred

Remove

infected plants can be removed as sources
of virus by killing them (for example, a
mixture of diquat (2 qts/100 gals) plus 2
percent oil). Once the population of in-
fected plants reaches 3 percent, roguing
may no longer be cost effective.

Z) INSECTICIDAL CONTROL.
When the efficacy of the Admire becins
o Jt‘a‘!rl‘:n'. the same insecricides for
managing primary spread may be used.
In addition, the insect growth regulators

(I1GRs), Knack and Applaud, may be ap-

Whitetly Management Cuale

plied when nymphal densities exceed 3

ced D

the

per 10 leaflets (terminal leafler of
7th - 8th leaf from the top of 10 plants/?2
acres). These products interfere with
normal development of immarure whire-
flies, including eges, thereby restricting
population growth and reducing sec-
ondary spread. Because of the effect of
IGR's on insect growth and develop-
ment, do not expect immediate mortal-
ity of immature whiteflies. Sprays of
Provado should not be used after
Admire.

3) REPELLENTS. The use of crop oil

also can be used to interfere with sec-

ondary virus spread.

The goal is to keep TYLCV incidence

and whirtefly numbers low, without re-

sorting to the old calendar method of
insect control, as this will only encour-
age the development of other problems
such as leafminers and tomato pin-
worms. This is a time when an IPM
scout will be more beneficial than ever
in keeping track of whitetly numbers
and optimizing the efficacy of your con-

{FlTi measures. Wl

David Schuster, professor, entomology
and Jane Polston, associate professor,
virology and epidemiology, University of
Elorida's Gulf Coast Research and Educa-

tion Center, Bradenton.
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10.1.

FUNUACION PARA LA
INNOVACION AGRARIA

Aspectos Administrativos

Organizacion previa a la actividad de formacion

Conformacion del grupo

muy dificultosa sin problemas _X___ algunas dificultades

(Indicar los motivos en caso de dificultades)

Inicialmente esta actividad contemplaba la participacion de dos miembros del
Labo_raton'o de Biotecnologia Vegetal del INIA-CRI La Platina. Problemas personales
marginaron a uno de éstos, lo que se tradujo en alteraciones de los planes originales.

Apoyo de la Entidad Responsable
__X__bueno regular malo

(Justificar)

INIA se manifestd favorablemente a la participacion de sus investigadores en esta
actividad, lo que se tradujo en apoyo econdmico para financiar aquellos items no
cubiertos por FIA.

Informacioén recibida durante la actividad de formacion

__X__ amplia y detallada aceptable deficiente

Tramites de viaje (visa, pasajes, otros)
bueno ___X_regular malo

Los tramites de visa y recibo de pasajes se efectuaron sin contratiempo. EIl problema
surgio a la llegada al evento, ya que inicialmente se acordé compartir una habitacion
con una estudiante de la Universidad de Texas A.M, razén por la cual se estimaron los
gastos de alojamiento en base habitacion doble. Desafortunadamente, esta persona
desisti6 de asistir a este congreso dos dias antes del inicio del mismo, debido a
problemas personales. Ante la imposibilidad de contactar a alguien para compartir los
gastos, se utilizé la reservacion del hotel de todas formas. Afortunadamente, se recibio
una invitacién por parte del Dpto de Fitopatologia de la UF para utilizar una de las
habitaciones reservadas para las estudiantes de la Universidad de Florida, lugar donde
la asistente a esta actividad recientemente egresé, hecho que permiti6 mantener los
gastos de la actividad dentro del rango planificado.

Recomendaciones (sefalar aquellas recomendaciones que puedan aportar a mejorar
los aspectos administrativos antes indicados)

Las recomendaciones son bastante obvias y simples. Organizar las actividades con
tiempo y ser realistas en los objetivos planteados (asi como los lugares que se planifica
visitar). La participacion de varias personas en la actividad facilita la organizacién de



- FUNDACION PARA LA
INNOVACION AGRARIA

actividades de difusién e informes que siguen a la ejecucion de estas actividades, pero
puede dificultar la organizacion previa.

Finalmente creo que el mayor stress de la actividad estuvo en la pérdida de Ia
posibilidad de compartir el hotel en base habitacién doble, lo que aumentaria
considerablemente el costo de la actividad, hecho que ocurrié lamentablemente casi al
momento de la partida. Entonces, mi sugerencia es realizar los calculos de gastos sélo
en funcién de los participantes locales, y no considerar situaciones como las de
compartir gastos con terceros, quienes no aseguran su llagada al evento.

10.2. Organizacién durante la actividad (indicar con cruces)

Item Bueno Regular | Malo
Recepciéon en pais o region de X

destino

Transporte aeropuerto/hotel vy X
viceversa

Reserva en hoteles X
Cumplimiento del programa vy X

horarios

En caso de existir un item Malo o Regular, sefialar los problemas enfrentados durante el
desarrollo de la actividad de formacién, la forma como fueron abordados y las sugerencias que
puedan aportar a mejorar los aspectos organizacionales de las actividades de formacién a
futuro.

A pesar del alto costo de inscripcion que tuvo este Congreso la organizacién no contemplé
traslados desde el Aeropuerto al Centro de Convenciones u hoteles, lo que es usualmente
cubierto en las reuniones regionales de esta Sociedad (por ejemplo, el afio 2001 ante la
participacién en la Sociedad Fitopatolégica del Caribe, todos los gastos de traslado estuvieron
incluidos en la inscripcién). Esto encarecié el costo total de la actividad, ya que se debid
recurrir al traslado en taxis desde y hacia el aeropuertos. Afortunadamente, la proximidad del
hotel al Centro de Convenciones nos evito requerir traslados diarios.

En cuanto al hotel, ya se detallaron las dificultades que se tuvieron en el punto 10.1.d.

11. Conclusiones Finales.

Esta actividad de formacion permitié a la investigadora participante actualizarse de las
tendencias de la investigacion en el area de la fitopatologia y biotecnologia. También se pudo
conocer y reencontrarse con investigadores de gran prestigio, algunos de los cuales
posiblemente mantendran ciertos niveles de cooperacién con el grupo de Biotecnologia del
INIA en el futuro cercano. Estos resultados nos dejan plenamente conformes y optimistas de
las posibilidades que se puedan desarrollar producto de esta actividad de formacion, y
esperamos prontamente explorar estas posibilidades.

Ademas creemos que es extremadamente importante el conocer el estado del arte en la
investigacion que cada grupo desarrolla. Ciertamente la lejania de Chile se presenta como un
factor adverso al momento de asistir a un Congreso Internacional, ya que viajar a Europa o
Norteamérica usualmente representa un gasto dificil de abordar sélo con los dineros aportados

11



por las instituciones o proyectos de investigacion. Es por esto que se agradece la
colaboracién, compromiso y entusiasmo que La Fundacién para la Innovacién Agraria presta a
este tipo de actividades, lo que sin duda esta reflejandose en la calidad y cantidad de
proyectos de investigacion y desarrollo que se ejecutan en el area silvoagropecuaria.

1.

Conclusiones Individuales: anexar las conclusiones individuales de cada uno de los
participantes de la actividad de formacion, incluyendo el nivel de satisfaccion de los
objetivos personales (no mas de 1 pagina y media por participante).

M. Rosales

Como unica participante de esta actividad, quisiera expresar mi satisfaccién por el
desarrollo de la actividad. Los objetivos planteados en términos de capacitacién e
interaccion se cumplieron a cabalidad, y posiblemente existan posibilidades claras de
desarrollar nuevos proyectos producto de los contactos establecidos. Ademas, creo
que la eleccion de este Congreso fue muy acertada, ya que la calidad de los trabajos
presentados fue sobresaliente y existi6 un gran numero de investigadores asistentes.
Esto ilustra la diversidad de temas que fueron abordados, y de las grandes
posibilidades de interaccién que alli se pudieron desarrollar.

También creo importante resaltar el interés mostrado por el publico a las actividades de
difusiéon que se comprometieron en la propuesta, en especial estudiantes de pregrado,
colegas investigadores fitopatélogos y algunos profesionales que se desempefian en
empresas privadas.

Existen pocas posibilidades de financiamiento a actividades de capacitacion y
formacién como las planteadas en le presente proyecto. Agradezco el apoyo del FIA
e INIA en esta actividad, y no dudo que los conocimientos adquiridos, y las
interacciones establecidas en el marco de este proyecto se veran reflejados en los
trabajos de investigaciéon que emprenda en el futuro.
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