
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/


fl k , tL 

I q 50L/- l _ ,- '>--_. iFJ\< I 

!,, ' .. ~~ "- -. l .. ' 

INFORME ANUAL DEL PROYECTO "RESISTENCIA A VIR~SIS EN PAPA" 
Dr. Horacio Esteban Hopp 

En representaci6n de los laboratorios argentinos: I~stituto de Biologia. 
Molecular CICV-INTA Castelar, INGEBI-CONICET, Buenos Aires, Catedra de 
Genetica Facultad de Ag~onomia Universidad de Bue~os Aires, Institute 
de Fitovirologia INTA-C6rdoba, EEA INTA-Balcarce, B~enos Aires y EEA 
INTA-Lujan de Cuyo, Mendoza. 

Junio 1991. 
ORGANIZACION DEL INFORME: 

I>- Descripci6n de lo realizado en los servicios comprometidos en el 
contrato con ONUDI para el segundo ano) 

Servicio A.- Firma del contrato 

Servicio B.- Busqueda de genes de resistencia. Infe~ci6n "in vitro" de 
protoplastos obtenidos de genotipos resistentes de papa y evaluaci6n de 
la replicaci6n viral. 

Servicio c.- Busqueda y selecci6n de clones c~iificantes para la 
capside viral de PLRV. 

Servicio D.- Construcci6n de genes quimericos de resistencia a virosis 
0.1- PVX 
D.2- PVY 
0.3- PLRV 

Servicio E.- Establecimiento de las tecnicas de t~=nsfor~aci6n de papa 
de interes para Argentina. 

Servicio F.- Transformaci6n de plantas de papa 
F.1- PVX 
F.2- PVY 
F.3- PLRV 

F.4- Entrenamiento de una estudiante graduada en Mexico. 
Servicio G.- Presentaci6n de informes semestral y a~ual. 

II>- Presentaciones a congresos y publicaciones. 

III>- Intercambios e interacciones con otros paises participantes del 
proyecto. 

IV>- Evaluaciones de cumplimiPnto de Argentina ~ del proyecto en su 
conjunto. 



I>- Desarrollo de actividades: 

Servicio B.- Busqueda de genes de resistencia. Infecci6n "in vitro" de 
~rotoplastos obtenidos de genotipos resistentes de papa y evaluaci6n de 
la replicaci6n viral. 

RESUMEN DE LA ACTIVIDAD PREVIA YA REALIZADA 

1- Se obtuvieron protoplastos de papa de variedades locales (Huinkul, 
susceptible a PVX: Serrana-INTA, inmune a PVX) y extranjeras (Spunta, 
de amplia difusi6n en la Argentina y susceptible a PVX), obteniendose 
un promedio de 106 protoplastO$ viables por gramo de tejido (hojas) de 
partida. 
2-El PVX se aisl6, purific6 y cuantific6 ~n base a su absorbancia. 
Protoplastos obtenidos de cultivares de papa susceptibles al PVX se 
infectaron con PVX en alta multiplicidad de infecci6n en presencia de 
fus6genos quimicos (PEG). Un 60 % de protoplastos sobreviven al 
tratamiento y de estos, mas de un 70 % queda infectado con virus. 
3- La multiplicaci6n viral a lo largo del tiempo se analiz6 tomando 
alicuotas a distintos tiempos post infecci6n hasta completar 40 horas 
mediante los siguientes parametros: a) Incorporaci6n de aminoacidos 
marcados (3H-Leu) a proteina de cubierta por inmunoprecipitaci6n. b) 
Desaparici6n y posterior reaparici6n (sintesis) de proteina de cubierta 
por ELISA con anticuerpos policlonales y conjugados monoclonales 
anti-PVX. c) Sintesis de RNA gen6mico viral por hibridaci6n molecular 
mediante la tecnica del "dot-blot" con la sonda pXl (cDNA de PVX). d) 
Inmunorluorescencia de los protoplastos. 
4- Los resultados obtenidos nasta ahora indican que tras un periodo de 
aproximadamenLe 15 horas (valle del ELISA) se dispara la sintesis de 
proteina de cubierta en f orma continua alcanzando un plateau a las 30 
hs. La sintesis de RNA gen6mico empieza unas 5 hs. antes siguiendo una 
tendencia similar a la de la proteina de cubierta. 
5- Por otro lado, se prob6 la infecci6n en paralelo de protoplastos de 
variedades de papa susceptible e inmune al PVX a las siguientes 
densidades de infecci6n: 0.01 ng PVX/protoplasto viable/ul; 0.1 ng 
PVX/protoplasto viable/ul y 1 ng PVX/protoplasto viable/ul; los 
resultados indican que en condiciones de bajo in6culo (densidades de 
infecci6n de 0.01 y 0.1) la concentraci6n de antigeno de capside viral 
en los protoplastos de la variedad inmune, monitoreada mediante la 
tecnica de ELISA, muestra un 90 % de reducci6n respecto a la de 
protoplastos de variedades susceptibles: sin embargo, cuando el in6culo 
es alto (densidad de infecci6n de 1 ng), la cinetica de replicaci6n 
viral en los protoplastos de la variedad inmune medida a traves de la 
producci6n de antigeno es analoga a la de la variedad susceptible 
control. 
6- Experimentos de "slot-blot" realizados con infecciones de 
protoplastos de las variedades susceptibles e inmunes en paralelo, a 
densidades de infecci6n bajas (0.1 ng) confirmaron una menor producci6n 
de RNA viral por protoplasto viable en la variedad inmune respecto a la 
producci6n de RNA viral observada en ia variedad susceptible, lo cual 
sugerir1a que la disminuci6n relativa de producci6n de antigeno de 
capside observada en protoplastos de la variedad inmune Serranq se 
ver1a acompa~ada ,por una disminuci6n en la cantidad de RNA gen6ico 
viral. 



7- Experimentos de inmunof luores~encia realizados con protoplastos de 
las variedades susceptibles e inmunes inf ectados a una densidad de 
infecci6n baja (O.l ng), muestra~ una menor acumulaci6n de antigeno 
(capside viral) por protoplas~o (fluorescencia 10as debil) en la 
variedad inmune respecto a la cbservada en los protop1astos de la 
variedad susceptible control: estos resultados estarian indicando que 
la diferencia en la producci6n viral entre ambos tipos de protoplastos 
susceptibles e inmunes no se deberia a una infecci6n y replicaci6n 
diferencial del virus en una sut-poblaci6n celular de Serrana sino a 
una inhibici6n de la multiplicaci6n viral que exlstiria en todas las 
celulas de esta variedad. 
8- Ademas de estos experimentos realizados con protoplastos de ambos 
tipos de cultivarP.s de papa, se realizaron Westerns y Northern blots a 
partir de hoja de cultivares de papa (susceptible e inmune) infectados 
y no infectados con PVX (controles), cuyos resultados confirmaron que 
in vivo la inhibici6n de la rcplicaci6n viral en el cultivar inmune es 
practicamente del 100 %, dentro del marco de sensibilidad que estos 
sistemas de detecci6n permiten. 
9- Gran parte de estos resultados se publicaron el ano pasado y durante 
el presente afio (Saladrigas et al. 1990a y 1990b, Ceriani et al. 1990 
y Tozzini et al. 1991). 

ESTUDIO DE LA EXPRESION DEL GEN DE RESISTENCIA Rx acl A NIVEL CELULAR Y 
TISULAR. 

En la foto A se muestran estacas de plantulas de los cultivares 
Huinkul-MAG y Serrana INTA, ~ecien micropropagadas. 

En la foto B se rnuestran plintulas del cultivar susceptible Huinkul MAG 
inoculadas con PVX y buffer (control) de un mes de crecimiento in 
vitro. La inoculaci6n se realiza en las ho~as medias de la plantula (*) 
y al cabo de 1 mes, las ho~as inoculadas con virus o con buffer no 
presentan diferencias en~re si. 

Un mes despues de la infecci6n, rtNA aislado de hojas infectadas con PVX 
o buffer (control) de los cultivares susceptibles Huinkul MAG y Spunta, 
y resistente Serrana INTA, se corri6 electroforeticamente en gel 
desnaturalizante de agarosa al 1.2 % • El Northern blot, revelado con 
una sonda dirigida contra genes tempranos y tardios de PVX, el clan de 

,cDNA de doble cadena 5x41, mostr6 hibridaci6n positiva contra RNA 
'gen6mico y otros RNAs de menor peso molecular, en el caso de las 
muestras susceptibles, pero no asi en el caso de la muestra proveniente 
del cultivar inmune (foto C). 
En paralelo a los RNAs mencionados se corri6 cl viri6n entero, que en 
las condiciones electroforeticas mencionadas, corre como una 
nucleoproteina de 8.7 kb. Se incluy6 ademas en la corrida un escalera 
de RNA ("ladder", BRL) para la cuantificaci6r. del peso molecular en Kb 
de las RNAs subgen6micos. RNAs controles provenientes de hoja 
pseudoinoculada de 1 mes, con bl~ffer y sin virus, muestra hibridaci6n 
negativa. 
Como se puede observar en la foto, ademas de la banda correspondiente a 
RNA gen6mico de 6.4 Kb (marcado con g en la foto) y RNA-proteina 
asociada de 8.7 Kb (marcado np), existen numerosas bandas 
correspondientes a posibles RNAs subgen6micos virales (sg) Algunas de 
esas bandas son netas y claras (bandas de 4, 3, 2.5, 2.2 y 2 Kb) pero 
otras son difusas, sugiriendo heterogeneidad de tamano en los RNAs 
componentes, quizas debido en parte a degradaci6n diferencial de esas 
especies respecto a las otras (relacionado con la estructura de los 
mismas, banda ancha y bien marcada de alrededor de ~.2 Kb, y bandas 
anchas y difusas de rango de peso m0lecular 1.1-1.6 y O.l-0.9 Kb). 



' 
La intensidad autoradiografica relctiva de las bandas depende de la 
cantidad de especies de RNAs por un lado, y de la calidad de estos 
RNAs, por el otro, (por ejernplo largo de la especie subgen6mica). 
Pareceria que las especies rnayoritarias son las correspondientes a los 
RNAs de rango de peso molecular de alrededor de 5.2 Kb y 4 Kb. Le 
seguirian en orden, RNAs de rango de p~so molecular bajo: 1.1-1.6 y 
0.1-0.9, y por ultimo, los RNAs de peso molecular intermedio 3, 2.5, 
2.2 y 2. 
La estrategia de replicaci6n a traves de RNAs subgen6micos 
intermediaries no es novedosa y de hecho, con respecto a PVX, ya 
existen trabajos publicados en donde se rnuestran Northern blots 
realizados con RNAs extraidos de hoja o celulas infectadas que hibridan 
con distintas especies de RNAs de menor tamano que el gen6mico (Dolja, 
1987: Karasev,1987 : Adams,1985). Sin embargo, los pesos moleculares 
asignados a esos RNAs subgen6micos varian segun el grupo de trabajo 
(Dolja, 1987;Karasev A.V,1987). 
Se han informado por lo menos 6 tipos de RNAs subgen6micos, todos 3' 
co-terminales y con analogos de doble cadena (Dolja, 1987), los pesos 
moleculares para estos RNAs en el trabajo de Dolja son: 3.6, 3, 2.1, 
1.8, 1.4 y 0.9 Kb. A continuaci6n, construimos una tabla para la 
visualizaci6n de diferencias y coincidencias en los resultados con este 
grupo: 
Especie subgen6mica 
PM (Kb) 
Dolja 
(*) 
3.6 
3 

2.1 
1.8 
1.4 
0.9 

Nosotros 
5.2a 
4 
3 
2.5 
2.2 
2 

(1.6-1.l)a 
(0.9-0.l)a 

Material de partida 

Dolja 
Hoja 
Id 
Id 
Id 
Id 
Id 
Id 
Id 

Nosotros 
Hoja 
Hoja 
Hoja 
Hoja 
Hoja 
Hoja 
Hoja 
Hoja 

a= determinaci6n aproximada del peso molecular. 
(*)= Aunque los autores no lo mencionan como subgen6mico posible, en la 
figura 1 del trabajo aparece una banda subgen6rnica de alto peso 
molecular, que podria corresponder a esta especie. 

,El subgen6mico de menor peso molecular, 0.9 Kb, es ~a expresi6n in vivo 
del gen de la capside viral; a traves de este subgen6mico el virus 
produce proteina de capside necesaria para la formaci6n de v1r1ones y 
aunque de su funci6n ya no quedan dudas, existen diferencias en cuanto 
al peso molecular asignado al misrno: mientras un grupo informa 0.9 Kb 
(Dolja, 1987) otro informa 1 a 1.3 Kb (Karasev, 1987). Nuestros 
resultados estarian mas a favor de los del primer grupo (0.9-0.1 Kb). 
En cuanto a los otros, pueden encontrarse similitudes en el peso 
molecular para algunos de ellos (3.6/4, 3/3, 2.1/2.2, 1.8/2, 
1.4/(1.6-1.1) y 0.9/(0.9-0.1)), pero nuestros resultados arrojan claras 
diferencias en lo que respecta a por lo menos dos: Una banda 
mayoritaria de alto peso molecular (alrededor de 5.2 Kb) y otra banda 
menor pero tambien clara de 2.5 Kb. 
Se atribuye a cada especie subgen6mica simple cadena (de igual 
polaridad que el RNA gen6mico viral, por definici6n) su correspondiente 
de doble cadena (Dolja, 1987). Si esto es cierto, el aislamiento de RN~ 
bicatenario a partir de una preparaci6n de RNA total de hoja infectada 
por columnas de CF-11 y posterior corrida en gel de agarosa 
desnaturalizante dereria mostrar un patron electroforetico de bandas 
equivalente al de la figura-foto 1 (ver HUii). 
En la foto D, se muestra una corrida electroforetica de RNA total de 



' 
hoja infectada, RNAs pol:A+ aislados a partir de la muestra de RNA 
total anterior, y un aislado de RNA bicatenario a partir de la misma 
muestra, hibridados cor.tra la misma sonda anterior. En el gel del cual 
se obtuvo el northern, no f~e posible se:nbrar una misma cantidad de 
RNAs por well, de modo que solo se sacaran conclusiones cualitativas y 
no cuantitativas. 
Se vislumbran dos bandas muy tenues en la autoradiografia, de peso 
molecular igual a 6.4 y 5.7 aproximadamente, presentes en la muestra de 
RNA bicatenario. La no aparici6n de otras bandas, no es prueba de la no 
existencia de otros posibles intermediarios bicatenarios, ya que es 
posible que utilizando cantidades mayores a 100 ug de RNA total (en 
este experimento se utilizaron 100) en el aislamiento de RNAs 
bicatenarios par calumna CF-11, puedan visualizarse. 
Lo interesante de est0s resultados es que las bandas que aparecen como 
mayoritarias en la fata c (ver Huii), es decir, las especies de 6.4 y 
la de 5.2 (aproximado) Kb, tendrian su contraparte bicatenaria, a 
juzgar par las bandas que aparecen en la fata D (6.4 y 5.7 Kb). En la 
primer figura, la especie de apraximadamente 5.2 Kb hibrida fuertemente 
con la sonda, produciendo una banda muy gruesa y el peso molecular 
estimado de 5.2 Kb esta tomado considerando el centro del grosor de la 
banda, por lo cual disc~tir diferencias de peso molecular de 0.5 Kb 
(5.7-5.2) no tiene sentido. 
Mas inter~sante es comprobar que en el trabajo de Dolja (1987) tambien 
se han encontrado especies subgen6micas bicatenarias de alto peso 
molecular (5.0 Kpb, corridas er. condiciones no desnaturalizantes en gel 
de agarosa teftido con bro~uro de etidio), esta especie, si bien no es 
~.ayoritaria, tambien se vislumbra en la autoradiografia del Northern 
blot de RNA total de planta infectada, aunque los autores no la marcan 
como probable subgen6mico. 
En la Foto D, se vislumbra en la foto de la autoradiografia un intense 
chorreado en la calle correspondiente a RNAs poli A+, pero como la 
muestra de poli A+ corrida en gel no mostr6 una intensa degradaci6n en 
las bandas observadas, no podemos atribuir el chorreado a la 
degradaci6n de la muestra c=iginal. Mas bien, podria decirse que el 
chorreado corresponderia a la existencia de cadenas genorn1cas y 
subgen6rnicas incompletarnente sintetizadas y en formaci6n. Se vislumbra 
si, una banda poli A+ de peso molecular correspondiente al del RNA 
viri6n (ver Hipa+). 

,Protoplastos infectados y r.o infectados se resuspenden en media de 
incubaci6n A y se llevan a camara de 210C. A distintos tiempos post 
infecci6n se taman alicuotas celulares para la extracci6n proteica. Dos 
horas antes del tornado de las muestras, se agrega al media el precursor 
radioactive segun se detalla en materiales y metodos. 
Luego de extraer las proteinas y de resuspenderlas en el buff er de 
corrida electroforetica, estas se corren en un gel discontinue de 
poliacrilamida al 12 %, sembrandose por well una misma cantidad de 
cuentas TCA precipitables (ver materiales y metados). Como marcadores 
de peso molecular se utilizaron standares comerciales de rango 200-14.6 
Kdaltons, corridos en una calle en paralelo con las muestras de 
proteinas marcadas; f inalizada la corrida la banda corresponoientes a 
estos marcadores se separa del gel y se tine con azul de Coomasie. El 
resto del gel se procesa para autoradiograf ia. 
La foto E, muestra un gel al 12 %, con muestras de proteinas de celulas 
infectadas y no infectadas de los cultivares inmunes y resistentes, 
cuyo orden de siembra fue: 

PVX* M@ Hinf 2 4 6 8 22 46 Heon 4 6 8 22 SEinf 4 6 8 22 SEcon 4 6 8 22 

En cada calle se sembro aproximadamente 100.000 cpm. 



*= Proteina de capside viral. 
@= Marcadores de peso molecular. 
~os nurneros indican el tiempo post-infecci6n al que se sacaron las 
muestras. La cinetica de replicaci6n viral alcanza s~ plateau a las 40 
hs. 
Acompanando a la foto, incluimos un grafico de ~igraci6n de los 
estandares de peso molecular. La linea que esta mar~ando PVX, muestra 
que la proteina de la capside viral, migra como una ;roteina de peso 
molecular igual a 28 Kda, en concordancia con otros t~abajos. 

En base a su interacci6n con los genes de hipersensi~ilidad Nb y Nx, o 
con el gen de resistencia extrema !be, las cepas de PVX pueden 
clasificarse en 5 grupos: 

Genotipo grupo de cepa viral 
l~-2~-3~-4~-HB 

nx nb sa s s s s 
Nx nb R s R s s 
nx Nb R R s s s 
Nx Nb R R R s s 
Rx(acl) R R R R s 
Rx(adg) R R R R s 

aR=Resistente; s=susceptible. La resistencia esta asociada a un alelo 
dominante, mientras que la susceptibilidad a ur. alelo recesivo 
(Tavantzis 1990; modificado de Cockerham, 1955) ~l primer tipo de 
resistencia extrema al virus fue informada por S~hultz y Raleigh 
(1933). La resistencia parecia estar codificada ~or un unico gen 
dominante (Cockerham,1970). 
La resistencia provenia de un cultivar salvaje Solan~= andigena y fue 
traPsferida al clon Solanum tuberosum USDA 41956. Este gen, llamado 
Rx(adg), fue incorporado a cultivares comerciales nor~eamericanos. 
Otro caso de resistencia extrema fue informado por Ress en 1954, y fue 
encontrado en Solanum acaule. Este gen se denomin6 ~x(acl), y ha sido 
incorporado a algunos cultivares europeos. La relaci6~ entre Rx(adg) y 
Rx(acl) es desconocida. 
Una cepa o grupo de cepas de PVX designada PVX-HB, ~ornun en el 7 % de 
los clones bolivianos, se comporta como un aislado vi~ulento frente a 
este gen, es decir, es capaz de replicar en aquellos ~ultivares que lo 
poseen. Tambien replica en cultivares que posee~ los genes de 
hipersensibilidad, sin embargo, no lo hace frente a Solanum sucrense, 
un cultivar que posee un gen dominante denominado Rx(scr), que le 
confiere "inmunidad" e .. crema contra PVX-HB. 
Hasta hoy, varias decadas despues de la incorporaci6n de los genes 
Rx(adg) y Rx(acl) a cultivares comerciales, no e>~isten ~videncias que 
cepas del grupo HB constituyan una arnenaza importante para aquellos 
cultivares norteamericanos o europeos que poseen esos genes. Par lo 
tanto, siendo estos genes de r~sistencia extrema de alto valor 
agron6mico, es rnuy deseable su caract3rizaci6n. 

Caracterizaci6n de los genes de virulencia de las aislamientos 
argentinos y extrar1jeros de PVX. Se infectaron razas fisiol6gicas 
indicadoras de papa a fi11 de clasif icar dos aislarnientos realizados por 
la Fae. Cs. Agrarias de C6rdoba y compararlos con otras razas 
caracterizadas. Los resultados prelirn-nares indican que en condiciones 
de laboratorio, son capaces de ~uperar el gen Rxacl presente en Serrana 
INTA y en entradas de ~ acaule manifestando un cornportarniento que 
recuerda a la raza HB. Sin embargo, analisis inrnunol6gir.os realizados 
en el CIP indicaron que ambos aislamientos no tienen ~elacion con el 
llamado grupo andino de ~azas de PVX al que pertenece HB. 
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QEPSR-JGE Resultados y Dri•erqs conclusiones 

Lo' resultodos, por couso' desconocidos, •ostroron uno gron 
vorioc1on dentro de coda troto•iento (coabinacion genotipo 
hos~edante/genotipo pat6geno). Los uolores pro•edios presentaron una 
gron uorioncia por ello es dificil obtener conclusiones 
estadistica•enle fundaaentados. Lo pri•era tecnica utilizada para el 
analisis de eslo3 resultados fue realizar un estudio de •axi•o; esto 
es to•or el •ayor valor obter.ido para coda trataaiento. En el 
presente estudio, donde lo que se esto evaluondo es lo resistencio 
ofrecido por coda genotipo a lo replicocion de coda rozo viral, esto 
l ecn i ca de om~ ! i s i s i •P I i ca s i t uorse en I o peor s i t uoc ion desde e I 
punto de uisto de la resistencio. Los resultodos y conc:usiones Gue 
a continuocion se presentan estan bosodos en el an61isis de •oxiaa, 
3 in e•b;.;rgo, cobe oc I oror que I os h i st ogro•os obt en i dos •ed i ante 
esto tecnico son equivolentes o los histogra•os prLaedio presentondo 
estos ultiaos volores proporcionol1ente 1enores. 

RKRLISIS POR RRZR UIRRL 

PUX cp 

Resultados 
nuestro lo aox1ao concentrocion en los tejidos del hospedonte 
susceptible ( cu.Maris Bard - nxnb). El cv. King Ed1ard con el gen 
de resistencia Hx, el cual es inefectivo frente a la raza cp, 1ostr6 
uno rep I i coc ion de I virus de I • i sao orden que Maris Bord. En aabos 
cv. ~.o hubo di ferencias entre los t itulos observados en las hojas 
in~~uladas (hi) y sist~•icos (hs). 
El CV. naris Piper, portados de los genes de resistencia Hx y Hb, 
present6 concentrociones un orden •enor que los cultivores 
3uscpetibles. Taabien se euidencio una dis1inuci6n en el tltulo 
observado en las hojas sisteaicas con respecto a las inoculodas~el 
•is•o cv. 
Frente al gen de inaunidad Rx (Serrana IHTA) el virus practicoaente 
no replica, observondose concentrociones practicaaente iguales a 
cero, tanto en las hojas inoculadas coao en las siste1icas (ver 
tabla I). 

Conclusiones 
la raza cp 1ost ro e I pat r6n rep I i cat : •Jo que se esperaba segun e I 
co1porta•iento descripto en lo bibliografio frente o los genes Hx, 
Hb y Rx. Sin e1bargo no se conoce ninguna publicaci6n que 
caracterice este coaportaaiento cuantificondo las concentraciones 
1ediontc ELISA u otro tecnica. 

PUX H8 
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PUX HD 

Result ados 
Este uirus aoslro concentraciones siai lores en todos los genot ipos 
{de JO a 120 ng/gr). Ho se obseruaron diferencias entre los titulos 
obseruodos entre hojas inoculadas ~ sisteaicas con excepcion las 
concentraciones obseruados en las hojas site•icas de los genotipos 
portodores del gen Rx (Serrano IHTA y Ale-5. acaule), las cuales 
fueron dos ordenes de 1agnitud 1enor. 
Los niueles registrados de PU>C HB son inferiores a los obseruodos 
para la raza cp, no alcanza los altos titulos que PUX cp desorrolla 
en naris Bard (nxnb) y ting Ed•ard {Hx) (uer tabla 1). 

Conr:lusiones 

la roza HB infecto a todos los genot ipos por iguol, siendo todos 
ellos iguolaente ·susceptibles•. El gen Rx (Serrano y Ale) inhibio 
lo dispersion siste•ica del virus, dato que controdice lo publicodo. 
Lo caracterizacion existente de esta raza esta basoda en lo 
sintoaotologia y en lo presencio del virus euolu~da por bock­
inoculat ion, por ello, es posible que las concentraciones observadas 
3eon las noraales y suf icientes para logror los sintoaas descriptos 
por otros inuestigodores. 

PUX nF 

Result ados 
Alcanz6 su a6xi10 concentracion en hi (200 ng/gr) en el genot ipo 
nnr is Pi per (HxHb) y I a 1 in i aa (6ng/gr) en e I genoti po K. Ed•ard 
(Hx). Los val ores fueron interaedios en Serrano (Rx - 37 ng/gr) y 
n. Bard (nxnb - 52 ng/gr). Con respecto a las hojas sisteaicas, las 
concentrociones fueron siai lores (30ng/gr) en los cu. n. Bard, n. 
Piper y t. Ed•ord; Serrano 1ostr6 el aenor valor (7 ng/gr) (uer 
tabla 1). 

Conclusiones 
La 1ax i 10 concent roe ion en hi I a a I canzo f rent e a I os genes HxHb 
•o~lrondo que esto razo es copaz de superar oabos genes, sin eaborgo 
el valor 1ini10 se obtiene frente al gen Hx. Esto podrio indicar que 
la raza MF eslaria reoccionando con olro gen de resistencio presente 
en el background de K. Ed•ard. Para las ~. sisteaicas las 
concentrociones son iguoles. 
Los titulos observodos frenlt al gen Rx indican que esta raza supera 
a este gen, aostrando un co1porta1iento sfaf lor a la razo H8. 



PUX ns 

Result ados 
Alcanzo SU valor 1axi•o en n. Bard y SU 11n1ao en Serrano. En Piper 
y K. Ed•ard los volores son del •is•o orden, siendo •enor en este 
ulti10 cultiuor (uer tabla I). 

Conclusionea 
Los titulos alcanzados tanto en el cu. susceptible (M. Bard) co•o en 
los portadores de los genes Hx y HxHb (~. Ed. y n. Piper respec.) 
'on si1i lores indicando que esta rozo superoria o estos genes. De 
igual aanera, el anal isis del coaportaaiento frente al gen Rx 
auestra que es capaz de superar a este gen taabien; sobrelodo 
teniendo en cuenta los resultados de las rozos cp y HB. El gen Rx no 
seria tan efectiuo para i•pedir la dispersion sisteaica de esta raza 
co•o lo es con respecto o la raza H8. 

Tobia I: Analisis de Maxiaa. Concentraciones de PUM expresadas 
aediante su orden de •agnitud. 

cp cp HB H8 nF nF ns ns 
Genes In. !Sis. in. sis. in. sis. in. sis. 
nx nb 1 1 2 2 2 2 3 I 

Hx 1 1 J 2 1 2 3 2 
Hx Hb 3 2 2 2 3 2 3 1 

Rx 0 0 2 1 2 I 2 2 
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PUESTA A FUNTO Y UTILIZACION DE LIPOFECTINA PARA LA TRANSFORMACION DE 
PAPA E INOCULACION ARTIFICIAL DE PROTOPLASTOS DE PAPA CON VIRUS: 

1) In6culo adsorvido: 
El In6culo (PVX) adsorvido por lipofectina es menor al adsorvido por 
PEG (en general del 3 al 6 % del adsorvido por PEG). 
El viri6n en contacto con los protoplastos parece tener una entrada 
espontanea a lo largo de las 2 hs de incubaci6n. La presencia de 
lipofectina no incrementa demasiado esta entrada de virion. La 
produccion de viriones progenie a partir de un in6culo viral con o sin 
lipofectina parece ser equivalente a las 48 hs. 
La presencia de PEG y no de lipofectina es lo que determina la entrada 
eficiente de virion a la celula. Esto se desprende de los controles de 
infecci6n viral realizados seglln el trabajo del Dr.Chua para 
transfecci6n estable con DNA en protoplastos de arroz. En este paper, 
donde se dice lograr la transfecci6n estable utilizando una combinaci6n 
de PEG-lipofectina no se incluye el control correspondiente de 
transfecci6n con la misma densidad de PEG sin lipofectina. Cabe uno 
preguntarse si la transfecci6n positiva lograda en dicho trabajo se 
debi6 o no a la lipofectina. 

2) Toxicidad de lipofectina: 
La temperatura de incubaci6n con lipofectina es critica en lo que 
respecta al cultivar utilizado: mientras que para algunos temperaturas 
de hasta 37 oc y no lavado de la lipofectina luego de la incubaci6n 
pueden ser inocuas (SPUNTA), para otros la mejor viabilidad se obtiene 
con bajas temperaturas y l·Jvado de lipofectina luego de la incubaci6n 
con la misma (HUINKUL,SERRANA). En estos ultimos casos se observa 
incluso un mejoramiento y mantenimiento de la fiuorescencia en general 
tanto en controles no infectados como en celulas infectadas con el 
virus a lo largo del ciclo viral. A horas mas alla de las 48, se han 
observado figuras en division celular (otra indicaci6n de la inocuidad 
de los liposomas). 
En comparaci6n con el metodo del PEG, la utilizaci6n de las liposomas 
permite utilizar de partida un menor numero de celulas (usualmente un 
orden de magnitud i-.-0 .r.erior) par la poca toxicidad que astos 
poseen,manteniendose una ~uena viabilidad a lo largo de todo el ciclo 
de replicaci6n viral. Aquellos protoplastos infectados o 
pseudoinfectados par el metodo del PEG, muestran una mayor tasa de 
mortalidad a lo largo del ciclo viral que los tratados con lipofectina, 
poseyendo ademas, ya desde el tiempo O del ciclo viral, una viabilidad 
tambien menor con mayor preponderancia de f luorescencia del tipo verde 
palida a rojiza. 
Una cantidad optima de lipofectina a utilizar parece estar en el rango 
de 30 a 45 ug/mill6n de protoplastos viables. Dado que la utilizaci6n 
de cualquiera de estos dos valores produjo resultados equivalentes en 
lo que respecta a la viabilidad celular y a la producci6n de viri6n, se 
tom6 como concentraci6n de elecci6n la menor. No se probaron 
concentraciones menores o mayores de liposomas para infecci6n o 
transfecci6n via RNA. 

J) Transfecci6n via lipofectina: 
El metodo de la lipofectina permite la transfeccion y expresi6n de RNA 
viral en protoplastos. 
Utilizando una misma densidad de infecci6n (30 ng RNA/ JOO pv/ul) e 
independientemente del metodo de preparaci6n de RNA (guanidina o 
TAE/SDS), la elecci6n de la temperatura es critica: bajas temperatur~s 
permitE~ una mayor entrada de RNA y su expresion (producci6n Je 
antigeno viral) puede detectarse ya a las 20 hs por ELISA. En cambio, 
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temperaturas mayores (ambiente: 25-JOoC) parecen hacer menos eficiente 
la captura de RNA por la celula, de modo que la producci6n de antigeno 
solo es detectable a partir de las 40 hs (fin del ciclo viral). 
Un corto periodo de preincubaci6n a O oC (usualmente 10 min) del 
complejo liposomas/RNA parece contribuir a l~ ef iciencia ae entrada del 
acido nucleico. 
Se probaron dos densidades de transfecci6n via lipofectina diferentes: 
Una de bajo in6culo di6 negativa la producci6n de antigeno viral por 
ELISA a las 40 hs (10 pg RNA vira1/pv/ul), en callbio un in6culo un 
orden mayor (100 pg RNA viral/pv/ul) di6 infecci6n positiva. 

Se compar6 este protocolo de transfecci6n via lipofectina con otro de 
transfecci6n via PEG (sacado de Maule y Boulton, 1980, J.Gen.Virol. 
47:199-200). Este ultimo protocolo tambien se probe a dos densidades de 
infecci6n distintas (las mismas que para lipofectina) resultando no 
solo negativa la producci6n de antigeno de capside por ELISA a 40 hs 
post infecci6n, sino tambien un efecto notablemente deletereo sobre la 
viabilidad y la tasa de mortalidad en general, luego del tratamiento 
con el PEG. 
Es de notar que en el trabajo original de ~aule et al. se parte de una 
cantidad de celulas a infectar dos 6rdem.s de magni tud mayor de la que 
se parte en forma estandard en nues~ro caso (lx107 y lxl05 
respectivamente} y de una cantidad ta:mbien notablemente mayor de RNA 
( 0 • 5 mg RNA) . 
Otros protocolos similares de transfecci6n de RNA via PEG, si bien 
pueden ser efectivos utilizando densidades de transfecci6n menores que 
las nuestras con lipofecti~a Centre 8 a 50 pg RNA/pv) necesitan tambien 
partir de una cantidad de celulas del orden de 107 por la alta 
mortalidad que provoca el tratamiento, lo que tambien implica poder 
contar con cantidades de RNA considerablemente mavores (del orden del 
miligramo en muchos casos). -
En nuestra experiencia de transfecci6n de RNA viral ~on lipofectina, la 
alta viabilidad post-transfecci6n obtenida permite partir de cantidades 
celulares y de RNA una o dos ordenes de magnitud menores a las 
utilizadas en protocolos convencionales de transfecci6n via PEG. 

-CAHACTERIZACION DE NUEVOS GENES DE INMYNIDAD DEL GERMOPLASMA DE PAPA: 

Durante 1990 se caracteriz6 la cinetica de replicaci6n viral mediante 
, ELISA, inmunoprecipitaci6n, inmunofluorescencia, hibridacion de acidos 
lnucleicos, etc. en protoplastos de entradas del banco de germoplasma de 

S.acaule que tienen el gen de reacci6n a PVX Xi de Ross, tambien 
llamado Rxacl (ver Saladrigas et al. 1990, Ceriani et al. 1990, Hopp et 
al. 1991); asi como de otras entradas con genes de resistencia extrema 
que estamos caracterizando (Tozzini et al. 1991) de las especies 
S.sparsipillum, S.oplocense, S.tuberosum andigena, etc. observandose 
una clara inPibici6n de la replicaci6n viral que estaria afectando la 
transcripci6n o replicaci6n del genoma viral. El detalle de todo lo 
hecho en este punto esta claramente expresado en el trabajo de Tozzini 
et al. aceptado para publicarse que se adjunta a este informe. 
Actualmente se continua la caracterizaci6n molecular y se estan 
implementando distintas estrategias para aislar los genes de 
resistencia. 

Serv-icio C.- Bt:isqueda y selccci6n de clones codificantes para la 
ca~side viral de PLRV. 

Se localizaron y caracterizaron las secuencias nucleotidicas virales de 
los extremos !":>' gen6micos y codificantes de la proteina de cap·.ide del 
PLRV con el prop6sito de construir los primeros ger.es de resistencia 



que interfieran la estrategia ie replicaci6n viral. En este context~. 
se logr6 aislar clones contenier.jo parte de la capside viral del PLRV a 
partir de una genoteca construica a partir de un aislamiento uruguayo y 
se construyeron nuevas genotecas especif icamente del gen de la capside 
por la tecnica de PCR (polymerase chain reaction) con oligonucle6tidos 
sintetizados "ad hoc". 

Obtenci6n, busqueda e identifica=i6n del gen de la subunidad de capside 
viral del PLRV: 
Se cuenta (gracias a 
Investigaciones Biol6gicas 
genoteca de cDNA (hecha en 
la tecnica de iniciaci6n al 
Esta genoteca fue rastreada 
sintetizados "ad hoc". 

la colaboraci6n con el Instituto de 
Cle~ente Estable del Uruguay) con una 

el fasmido Bluescript) sintetizado mediante 
azar a partir de RNA viral purif icado. 
mediante hibridaci6n con oligonucle6tidos 

2. El oligo 1 hibrida con e: extremo 3' de la zona de RNA viral que 
codifica para capside y el oligc 2 hibrida con el cDNA sintetizado con 
la transcriptasa inversa usa~jo el oligo 1 como primer, en la zona 
correspondiente al extremo 5' de capside viral. Esto se muestra 
esquematicamente en la Figura Ncl: 

Figura Nol: 

RNA viral 5'AUGAGUACGGUCGUGGUUA..~----//----CUUUGCAAAACCCCAAAUAG 3' 
11111111111111111111 

Oligo 1 3'<-------<---------<-----------GAAACGTTTTGGGGTTTATC 5' 
1111111111111111111 

Oligo 2 5'ATGAGTACGGTCGTGGTTA..~-------->--------->----------> 3' 

Se fij6 DNA correspondiente a 2~ clones de la genoteca a una mernbrana y 
se realize una hibridaci6n con :mbos oligos a la vez, marcados con 
a32P-ATP, como sondas. Se dete=taron dos clones positivos, el 69 y el 
55. La idea original era usar estos clones como templados alterntivos 
para, mediante el metodo de PC~, lograr la amplificaci6n del gen de la 
proteina de la capside. Para Evaluar si esto es posible, se realiz6 un 
mapeo de restricci6n ~~ P~tos dos clones, utilizando las enzirnas Hinf 
I, Barn HI, Ode I, Hha I y Pvu 1:. En ningun caso se obtuvieron bandas 
del tamano esperado si el inserto de estos clones contuviera 
informaci6n para la capside viral. 

)Esto ultimo hizo que fuera imprescindible la repetici6n del 
relevamiento de la genoteca, ~arcando, esta vez, a los dos oligos por 
separado (de esta manera si un ~ismo clon hibrida con los jos oligos 
estariamos seguros que contiene el gen de la proteina de la capside 
complete) e hibridando en paralelo con dos membranas identicas. 
Esta vez se utilizaron mernbranas de Nylon (Z-probe, Bio Rad), y se 
sigu10 las instrucciones del fabricante tanto para el fijado del DNA a 
la membrana como para la hibridaci6n en si (ver Materiales y Metodos). 
Para el marcado de los oliocnucle6tidos se utiliz6 un kit comercial 
para marcado de extremes 5' romos de IBI. La actividad especifica de 
ambas sondas fue del orden ie 107cpm/µg DNA. Otra diferencia con el 
experimento antes informado es que se separaron los oligonucle6tidos 
marcados del ATP no incorporado mediante el uso de columnas de Sephadex 
comerciales (Nu-clean 025 de IBI) y no mediante precipitaci6n con 
acetato de amonio y etanol, lo cual disminuy6 el fondo inespecifico. 
En este caso, se sembr6 en las membranas 100 ng de DNA de 22 clones que 
no se habian incluido antes (~demds de los anteriores 25 clones y, por 
supuesto del control negative: DNA del plasmido Bluescript sin 
inserto). 
El resultado de la hibridaci6n ~sando el oligo 2 como sonda, indic6 un 



solo clon positivo, ~l numero 32. 
La hibridacion usando el oligo 1 como sonda no arrojo ningun positivo. 
A continuaci6n se analizo mediante el uso de enzimas de restri~ci.on al 
DNA del clon 32. Por un lado se libero el inserto cortando DNA 
purificado del clon 32 con dos enzimas, Ban HI y Ps~ I. Por otro lado, 
se cort6 DNA de este clon y del ~lasmido Bluescript por s~parado con la 
enzima Hinf I, lo cual libera siete fragmentos; uno de ellos aumenta su 
tamafto proporcionalmente al tamano del inserto. Se corri6 un gel de 
poliacrilamida al 5% seJlbrando el resultadc de todas estas 
restricciones y un marcador de peso molecular. De esta manera se 
determino que el inserto del clon 32 es muy corto, tiene unas 50 pb. 
En el informe anterior, se report6 la realizacicn de una reaccion de 
PCR, utilizando los oligonucle6tidos como iniciadores y la primer 
cadena de cDNA (obtenida utilizando RNA de planta infectada como 
templado y transctiptasa inversa) como templado. Esta reacci6n no dio 
resultados, es decir, a pesar de que se comprob6 que se sintetizaba 
cDNA, no hubo amplificacion del gen de la proteina de la capside. Como 
tambien se explic6 en ese informe, esto pudo haber ocurrido porque el 
templado para la reaccion de PCR, si bien era suficiente para 
detectarlo, marcado con a-32P-CTP en un gel de agarosa, no era 
saficiente para comenzar la reacc1on de amplif icaci6n. Un problema 
importante as que, normalmente, para una reaccion de sintesis de primer 
cadena de cDNA hace falta partir de 1 µg de RNA ~emplado. Como se 
contaba con RNA total de planta infectada para usar como templado, para 
poner 1 µg de RNA viral, habria que utilizar unos 200 µg de RNA total, 
lo cual es metodol6gicamente dificultoso. 
Es por esto que se comenz6 la busqueda de templados ~lternativos en los 
clones de la genoteca. Como no se detect6 algun clon que contuviera el 
gen de la proteina de la capside completo, estos clones no sirvieron 
como templados alternativos. 
Fue importante entonces, volver al punto de partida, e! RNA extraido de 
planta infectada, y tratar de enriquecerlo en RNA viral. Para ello se 
aplic6 la tecnica de liberaci6n del hibrido. 
Se fijaron 5 µg de DNA de c/u de los clones 55, 69, y 32 en una 
membrana de nylon segun el protocolo Jescripto en Materiales y Metodos. 
Se eligieron los clones 55 y 69 por~ue tienen insertos muy grandes 
(aprox.2 kpb), y el clon 32 porque contiene un inserto correspondiente 
al de capside segun se desprende del experimento descripto 
anteriormente. 
Una vez finalizados los lavados (ver Materiales y Metodos), se libero 
de la membrana el RNA que hibrid6 con alguno de esos clones por 
calentamiento. Se precipit6 el RNA, se lo resuspendio en agua y se lo 
corri6 en un gel desnaturalizante. Se obtuvo una s6la banda de RNA, a 
diferencia de las varias bandas que se ven cuando se corre RNA total de 
planta infectada (correspondientes a RNA ribosomal de citoplasma, 
cloroplastos y mitocondrias). En total se obtuvieron 3 µg de RNA. 
Identificacien del RNA viral rescatado con clones de cDNA por la 
tecnica de liberaci6n del hibrido: 
Se fij6 DNA y RNA a un filtro de nylon, y realize una hibridacien de 
este filtro usando el clon 32 marcado por iniciaci6n al azar como 
sonda. Lo que interesa demostrar es que el RNA liberado en el 
experimento anteriormente descripto hibrida con el clan 32 que, ya se 
sabe, contiene parte del gen de la proteina de la capside. Se observe 
una fuerte hibridaci6n de la sonda con el RNA liberado y con el control 
positivo, y algo de hibridacien inespecif ica con el tRNA. No hay 
hibridaci6n con el RNA total, lo cual era esperable ya que, durante el 
experimento de liberacien del hibrido, de 200 µg de RNA total se 
obtuvieron 3 µq de RNA liberado. Este resultado nos indica qun el RNA 
es de origen viral y puc·Je ser usado como molde (templado) para generar 
una genoteca de cONA. 
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Para s~ arnplificaci6n y clonado se utilize un kit de Invi~ro-gen 
utilizar.i~ los oligonucle6tidos arriba detallados. El fragmento 
amplif ic:io mostr6 un comportamiento electroforetico cohcrente con lo 
esperadc. A su vez, al ser transferido mediante Southern blot a una 
membrana de nitrocelulosa e hibridizado con sondas del clan arriba 
mencionaio, mostr6 una alta senal de hibridaci6n. Despues de ser 
s~bclonaio e introducido en un fasmido vector en E.coli, se prepar6 
cantidad suficiente para secuenciaci6n, 1.a cual se encuentra 
actualme~te en curso. 

Servicio o.- Construcci6n de genes quimericos de resistencia a virosis 

-0.1 y C.2- PVX y PVY: 

Como se ~nform6 anteriormente, a partir del conocimiento y de los 
clones c~ cDNA obtenidos para PVX y PVY se realizaron distintas 
construc-i.ones quimericas con el objeto de introducirlas en plantas de 
papa y c~cener resistencia. Se prosiguen dos estrategias paralelas: 
1) Por ~ lado se intenta introducir y ex~~esar las respectivas 
capsides virales en papa (cross protection). Se dispone ya de tres 
construc~iones constituidas por los genes de capside de PVX y PVY bajo 
el con~~ol del promoter constitutivo doble del transcripto 355 del 
CaMV. 
2) Por c~~o lado se intenta inhibir la replicaci6n viral ~or expres1on 
constit~~iva en la planta de transcriptos de polaridad negativa que 
correspc~jen a regiones del genoma consideradas clave en el ciclo de 
replicac:on. Se dispone de tres construcciones "antisentido" (bajo la 
direccic~ del promotor doble arriba mencionado) de la region 5' no 
codifica~~e del genorna de PVX y PVYn y de la region 5' del mensajero 
subgenc=:~o de la capside viral de PVX. Para ello se realize el 
subclonaio en vectores de tipo Ri de agrobacterias. 

p Y. -
Aun no :~iciada. 

Servicio E.- Establecimiento de las tecnicas de transformaci6n de papa 
de inte~es para Argentina. 

Puesta ~ punto de tecnologia de regeneracion y transformaci6n de 
cultiva~es de papa de uso local: 

)Paralela~ente se realizaron experimentos de puesta a punto de 
transfor~acion y regeneraci6n de los cultivares de papa Huinkul MAG y 
Spunta :e uso en Argentina) y Alfa (de uso en Mexico). 
Ya han sido determinadas las condiciones que permiten regenerar plantas 
a partir de discos de hojas y minituberculos. Se realizaron ensayos de 
transfor:naci6n de discos de hoja y, en menor mecida, de cortes de 
minituberculo variando las metodos de infecci6n y utilizando distintas 
cepas de Agrobacterias capaces de transferir a la planta marcadores 
geneticcs de facil identificaci6n (resistencia a antibi6ticos y 
herbicid:ts y expres1on de glucuronidasa). Estas condiciones se 
utilizar~n para la transferencia de las quimeras descriptas y de otros 
genes de interes. 
Ensayo de regeneraci6n a partir de discos de tuberculo: Se realiz6 un 
ensayo de regeneraci6n utilizando mini tuberculos libres de virus 
obtenidcs en invernadero, del cultivar de mayor utilizaci6n en la 
Argentina, Spunta. 
El pr:~er pa so fue la determinacion 
esterilizacion superficial del tuberculo. Para 
tratamie~tos. En todos ellos, primero se 
deterger.:e y cepillo. Se pelan y se tratan con 

de las condiciones de 
ello se ensayaron tres 
lavan los tuberculos con 
alcohol 70% durante un 



minuto. Luego se tratan con: 
a) lavandina 0,6%, tween 20 ~.1% durante 20' 
b) lavandina 1,2%, tween 20 :,1% durante 20' 
c) lavandin~ 1,2%, tween 20 J,1% durante 35'. 
Se toma la parte centra: con un sacabocados esteril, se cortan las 
rodajas y se colocan en un ==dio con las sales y vitaminas MS, sacarosa 
3\, agar 5,5 g/l pH 5,7. 
El tratamiento c) fue e: que di6 mejores resultados, ya que no hubo 
contaminaci6n con bacterias y hongos sabre las rodajas de papa como se 
observ6 en los tratamientos a) y b). 
Una vez que se determinaron las condiciones de esterilizaci6n, se 
realiz6 un experimento que ~onsisti6 en determinar las condiciones 
6pti.as de reqeneracion del cultivar Spunta a partir de rodajas de 
tuberculo. 
En 1989 Cornelis5en realiz6 una ~area similar para las variedades 
europeas Bintje, Desiree y Escort, en donde determin6, luego de probar 
distintas hormonas (kinetina, ac. naftalenacetico, ac. indolacetico, 
rib6sido de zeatina) que las hormonas y concentraciones adecuadas eran: 
10 µ.M Zeatina/lµM !AA para Escort y Bintje, y 5 µM Zeatina/0,3 µM !AA 
para Desiree. 
Luego de una esterilizac:on superficial (seqtln el tratamiento c)) de 
tuberculos de Spunta, se colocaron las distintas rodajas de unos 0,9 cm 
de diametro y 2 mm de espesor en 7 medias diferentes segun las 
concentraciones de hormonas utilizadas. Todos los medias contenian los 
macro y micronutrientes y v:~aminas de MS, sacarosa 3%, agar 5,5 gr/lt. 
Ver la Tabla Nol: 
Tabla Nol: 

\ZEA(µM) 0 - 10 
IAA(µM)\-----------------------------

0 10* -** 15 
5 15 15 
10 15 15 15 

* indica numero de rodajas de tuberculo por tratamiento. 
** indica concentraciones no ensayadas. 

A los 14 dias de iniciado el tratamiento, se observ6 la apar1c1on de 
callas en las concentraciones ZEA 10/IAA 10, ZEA 10/IAA 5, ZEA 5/IAA 

) 10, y ZEA 5/IAA 5. No se observ6 aparici6n de callas en las 
concentraciones ZEA O/IAA 0, ZEA O/IAA 10, ZEA 10/ !AA 0. 
A los 35 dias los callas eran verdes y de un diametro de entre 1,5 y 
2,5 cm. No se diferenci6 ningun brote a partir ae estos callas. 
A los 35 dias se observe la aparici6n de microcallos en el 100% de las 
rodajas de tuberculos que estaban bajo el tratamiento de ZEA 10/IAA O. 
Una semana despues, surgieron brotes a partir de todos estos 
microcallos. Cuando las brotes alcanzaron un tamano de unos 10 cm se 
los separar6 de las rodajas de tuberculo con un bisturi y se los 
transf iri6 a media de enraizamiento. A los 15 dias, todos los brotes 
enraizaron. El tratamiento con zeatina 10 µM/IAA O fue, por lo tanto, 
el de elecci6n para el ensayo de transformaci6n que se describe a 
continuaci6n. 
Ensayo de transformaci6n de discos de tuberculo: Al igual que el ensayo 
anterior se utilizaron m1n1 tuberculos de Spunta y las mismas 
condiciones de esterilizaci6n superficial y manipuleo. 
Para la transformaci6n se utiliz6 la cepa de Agrobacterium tumefaciens 
C58Cl rifr (pGSFR1280). Como control se utiliz6 la cepa de 
A9.r.Obacterium tumefaciens C58Cl rifr (pGV2260). Se realiz6 la 
coinfecci6n de 60 rodajas control y 60 rodaias con la cepa que contiene 
el plasmido pGSFR1280 que confiere resistencia a kanamicina. 
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A continuaci6n se transfirieron a ~ubos sin presicn de. sclecci6n (20 
rodajas) o con presi6n de selec~i6n. Se ensayaron dos concentraciones 
de kanamicina (kan): 25 µg/ml y 50 µg/ml (20 rodajas en cada 
concentraci6n). 
El relevamiento realizado al mes arroj6 los siguientes resultados (ver 
tabla No2). 
Tabla No2: 

km o km 25 

A 12 (60%) 15 (75%) 
pGFSR1280 B 4 (20%) 2 (10%) 

c 4 4 
D 15 (20%) 8 (15%) 

A 7 (35%) 16 (80%) 
pGV2260 B 6 (30%) 0 

c 7 4 
D 15 (35%) 16 (20%) 

A: rodajas necrosadas. 
B: rodajas verdes; tejido vivo. 
c: rodajas que dieron lug3r a callas. 
D: rodajas que dieron lug3r a brotes. 

km50 

18 (90%) 
0 
2 
2 (10%) 

20 (100%) 
a 
0 
0 

Como se observa en la tabla, en a::tbos casos hay una mayor proporci6n de 
necrosis a medida que la presi6n de selecci6n aumenta. Ademas un 10% de 
rodajas ccinfectadas con las bacterias que contienen el vector que 
confiere resistencia a kanamic:na son capaces de generar callos y/o 
brotes a a:tas concentraciones de kanamicina. 
Las rodajas coinfectadas con el vector control no fueron capaces de dar 
lugar a callas y/o brotes en 50 ~g/ml de kan, por lo que se usara en lo 
sucesivo esta concentraci6n de kan. como presi6n de selecci6n. 
Todos los brotes fueron transferi=os a media de enraizamiento con 50 
~g/ml de kan. Si alguno logra a enraizar en esta concen~raci6n de kan, 
se ensayaran conc~ntraciones mayores y se haran las pruebas necesarias 
para confirmar transformaci6n. 

Ensayo de transformaci6n de d:scos de hojas de papa: Se sigui6 un 
'protocolo proporcionado por la Dra. Aileen O'Connor del Centro de 
Investigaci6n y de Estudios Av3nzados del IPN (Instituto Politecnico 
Nacional), Irapuato, Mexico, con el que tenemos colaboraci6n. Se 
trabaj6 primero con la variedad europea Desiree y luego con las 
variedades Huinkul MAG y Alfa. Para la transformaci6n se utiliz6 la 
cepa de Agrobacterium tumefaciens C58Cl rifr(pGSFR1280). 
Se hicieron dos tipos de contrcles. Por un !ado se hizo una infecci6n 
simulada siguiendo todos los pases detallados en el protocolo pero sin 
agregar el Agrobacterium. Por otro lado se realizaron coinfecciones con 
la cepa de Agrobacterium tumefaciens C58Cl Rifr (pGV2260) Se utilizaron 
36 discos de hoja en cada uno de los tres tratamientos (transformaci6n 
y dos controles). Luego de dos dias de coinfecci6n, se colocaron 18 
discos de cada tratamiento en tubos con un media sin kanamicina (sin 
presi6n de selecci6n) y 18 discos en tubos con media al que se le 
agreg6 50 µg/ml de sulfate de kanamicina (con presi6n de selecci6n). 
Es importante subcultivar los explantos cada semana. 
A las tres semanas se observ6 3parici6n de pequenos callas sobre los 
hordes de los explantos de todos ios trat~mientos que se encontraban 
sin presion de selec~i6n, asi como aquellos con presi6n de selecci6n 
previa111ente co inf ectados ~on A9£Q.b.a.~t....e.Li..Y.m, mientras que no se 



observaron callas y si ~it leve amarillamiento e~ las explantos 
controles sin inocular que 3~ encuentran en un medio con kanamicina. 
Para las rutinas de transformaci6n se utilize el sistema de cocultivo 
de Agrobacteriun sp. con hojas de plantulas crecidas "in vitro". 
Se lograron eficiencias de regeneraci6n de brotes a partir de hojas del 
70% para el cultivar argentino Huinkul, del 80% para el cultivar 
europeo Desiree y del 100% para el cultivar mexicano Alfa utilizando 2 
mg/lt de zeatina. 
El ensayo de glucouronidasa (cuando se utiliz6 un vector contenien~o 
este gen marcador) dio positivo en el 60% de las plantulas regeneradas 
indicando su transformaci6n. Por este motivo se eligi6 esta metodologia 
para los ensayos posteriores. 

Servicio F.- Transformaci6n de plantas de papa 
F.1- PVX 

En la actualidad se cuenta con dos plantas regeneradas en media 
selective (km 50 µg/ml) obtenidas a partir de hojas de Alfa 
coinfectadas con el vector pGSH163 que lleva el gen de la toxina de 
Bacillus turinqiensis (BT 884) bajo el control del promoter PTR2 y el 
gen de la neomicina fosfotransferasa (NPTII) bajo el ~romotor PTRl. 
Se realizaron ensayos para detectar tanto actividad enzimatica de NPTII 
(por detecci6n en fase s6lida de neomicina fosforilada por un extracto 
de proteinas totales y gamma ATP) coma la presencia de este gen par la 
tecnica de PCR (polymerase chain reaction). 
Se estan micropropagando plantas de Huikul MAG y de Alfa conteniendo 
construccior.es con el gen Bt de Bacillus thurinqiensis y de Bintje con 
el gen de capside de PVX. 

F.2- ?VY 
A punto de iniciarse. 

F.3- ?LRV 
Aun no iniciada 

F.4- 2ntrenarniento 
Se informa Pn el punto III (intercambios e interacciones). 
II>- Presentaciones a congresos y publicaciones. 
a) Cong~esos 
- HOPP HE, A ARESE, BE ORMAN, F BRAVO ALMONACID, L HA!M y AN MENTABERRY 
(1989) Diagn6stico de virosis de papa par hioridaci6n molecular. XIV 
Reunion de la Asociaci6n Latinoamericana de la Papa, Cornun. 19, p.15 
del Libbro de Resumenes, 5-11 marzo 1989, Mar del Plata. 
- ARESE AI y HE HOPP (1989) Uso del sisterna biotina-estreptoavidina 

)para la inmunodetecci6n de virus de papa par ELISA. Ibid, comun. 18, 
p.14 Libre de resumenes, Mar del Plata. 

SALADRIGA5 MV, MF CERIANI, A TOZZINI y HE HOPP (1989) Replicaci6n de 
PVX en protoplastos de papa. Ibid. Comun. 17, p.14, Mar del Plata. 
- HOPP HE, AI ARESE, BE ORMAN, F BRAVO ALMONACID y AN MENTABERRY (1989) 
Diagnosis of potato viruses by molecular hybridization using PVX, PVY 
and PLRV cDNA clones. Ibid, Comun. 512-033 Libra de Resumenes, La 
Habana, Cuba. 

SALADRIG~S MV, MF CERIANI, A TOZZINI y HE HOPP (1989) Replication of 
PVX in potato prctoplasts. Ibid, Comun. 512-032 Libro de Resumenes, La 
Habana, Cuba. 
- SALAORIGAS MV, MF CERIANI, AC TOZZINI y HE HOPP (1989) Efecto del gen 
Rx en la jnhibici6n 6e la replicaci6n de PVX en protoplastos de papa. 
Ibid, Res. 239 p. 96, Buenos Aires. 

TOZZINI AC, MF CERIANI, MV SALADRIGAS, AI 
Genes de resistencia contra PVX en distintos 
Solanum. 12~ Reunion Cientifica Anual de la SAV 
Virologia), Hes. 4.6 p. 28, Buenos Aires. 

ARESE y HE HOPP (1989) 
genotipos del genera 
(Sociedad Argentina de 

- SALADRIGA~ V, F CERIANI, A TOZZINI y E HOPP (1990) Expression of 
resistance qene Xi in Solanum tuberosum protoplasts intccted with PVX. 



Ibid, Res. No. 941. 
- DEL VAS M, A ESCANDON y E HOPP (1990) Regeneraci6n de plantas de papa 
del cultivar Spunta para utilizacion en experimentos de transformacion 
genetica. Presentado a la XXVI Reunion Anual de la Sociedad Argentina 
de Investigacion Bioquimica, Resumen No263, Mar del Plata 25-27 
novielllbre. 
- BRAVO ALMONACID F, A ARESE, E HOPP y A MENTABERRY (1990) Obtencion de 
anticuerpos 90liclonales contra la proteina de fusion proteina A de 
s.aureus/capside de PVY. Ibid, resumen No 74, Mar del Plata 25-27 
noviembre 1990. 
- CERIANI MF, MV SALADRIGAS, AC TOZZINI y HE HOPP (1990) "Resistance to 
replication of PVX in protoplasts of a Solanum acaule clone" Actas del 
Simposio Internacional en Virosis Vegetales, organizado por la IFS 
(International Foundation for Science, Suecia) y el Instituto de 
Fitovirologia INTA- Cordoba, Villa Carlos Paz, Cordoba, Revista de 
Investigaciones Agropecuarias INTA (en prensa). 
- DEL VAS M, MF CERIANI, AS ESCANDON y HE HOPP (1991) Puesta a punto de 
la transformacion genetica de papa. Ibid p.82, Vaquerias, Cordoba. 

SALADRIGAS MV, P CRAMER y HE HOPP (1991) Uso de protoplastos para el 
estudio de la expresion de genes de resistencia a virus a nivel 

. celular. Ibid p.85, Vaquerias, Cordoba. 
BRAVO ALMONACID F, A ARESE, E HOPP y A MENTABERRY (1991) 

Caracterizaci6n de antisuero contra la proteina de fusion proteina A de 
S.aureus\capside de PVY. Ibid p.89, Vaquerias, Cordoba. 
- TOZZINI AC, MF CERIANI, MV SALADRIGAS y HE HOPP (1991) Identificacion 
y caracterizacion de genotipos resistentes a PVX en germoplasma de 
Solanum utilizando plantas micropropagadas y protoplastos, Ibid p.98, 
Vaquerias, Cordoba. 
PUBLICACIONES 
- BRAVO ALMONACID F y AN MENTABERRY (1989) Nucleotide sequence for PVYo 
3'end genomic RNA. Nucl. Acids Res. 17: 4401 

SALADRIGAS V, F CERIANI, A TOZZINI y HE HOPP (1990) Expression of 
resistance gene Xi (Rxacl) in Solanum tuberosum protoplasts infected 
in vitro with PVX (potato virus X). Plant Physiol. (Suppl.) 93: 161. 

CERIANI MF, MV SALADRIGAS, AC TOZZINI y HE HOPP (1990: Resistance to 
replication of PVX in protoplasts of a Solanum acaule clone. 
Proceedings of the Inter1ational Foundation for Science, Sweden and 
INT~, Argentina: Seminar on Plant Viruses. Rev. InvPstig. Agropec. 
22(1): 22-30. 
- SALADRIGAS MV, MF CERIANI, A TOZZINI, AI ARESE y HE HOPP (1990) 

)Potato gene Xi confers inoculum dependent resistance to potato virus X 
replication in protoplasts. Plant Cell Physiol. 31(6): 749-755. 

TOZZINI A, MF CERIANI, MV SALADRIGAS y HE HOPP (1991) Extreme 
resistance to potato virus X infection in wild tuber bearing Solanum 
species. Potato Research (en prensa). 

HOPP HE, L HAIM, F BRAVO ALMONACID, AI ARESE, A TOZZINI, MF CERIANI, 
MV SALADRIGAS, BORMAN, R CELNIK, M del VAS y AN MENTABERRY (1991) 
Development and application of a non-radioactive nucleic acid 
hybridization system for the simultaneous detection of four potato 
pathogens. J. Virol. Meth. Jl (1): 11-JO. 

SALADRIGAS MV, P CRAMER y HE HOPP (1991) Use of cationic liposomes 
for infection of potato protoplasts with virus ~articles or RNA. 
Enviado para publicaci6n a J. Virol. Meth. 
III>- Intercambios e interacciones con otros paises participantes del 
proyecto. 

- Se envi6 al Dr. Luis Herrera Estrelld vurios clones bact~rianos 
conteniendo un pl~smidos recom~inantcs con c:on~truccionos capaceG 
potencialmonto de conferir rnsi~tencia a PVY. 
- Viaje y c~tadia de Mariana dol Vas a Mrixico, est11diantc de doctorado 



argentina, para realizaci6n de experimentos de trans:orrnaci6n de papa, 
subclonado y caracterizaci6n del genoma de PLRV en el marcc del 
proyecto conjunto yen cumplimiento del contrato con ONUDI. 

IV>- Evaluaciones de cumplimiento de Argentina y del proyecto en su 
conjunto. 

En lo referente al cumplimiento de Argentina puede desprendersc de la 
lectura del punto I que se cumpli6 con creces la gran mayoria de lo 
comprometido, con excepci6n de partes de los puntos D y F (el D.3 y el 
F.2 recien se inician, y el F.3 aun nose inici6). En ambos casos se 
p~evi6 (ver actividades 3.3. PLRV, 3.4.2. PVY y PL~V del anexo I, 
proyecto global) que debian continuar en el tercer ano del proyecto, 
aunque se supuso que partiendo de un gr~do mayor de avance de lo 
realizado en el segundo ano). 
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CALF.NDARIO GLOBAL 

A C T J V 1 D A D 

1. B~squeda de genes de 
resistencia. 

1.1 caracterizaci6n de -­
genotipos (al menos 3 para 
cada virus} con resistencia 
a virus previamente selec­
cionados a partir de cul­
ti vares de papa locales o 
colecciones de gerrnoplas­
ma. Se inocular6n artifi­
ci~lrn0nte plantas liberadas 
de virus cuantificando la 
concentraci6n viral resul­
tante y la reacci6n espe­
ci f ica de rcsistencia: 
PVX 
PVY 
PRLV 

1.2 Construcci6n de geno­
tecas de papa con resisten­
cia a virus (de cDNA y ge-

PAIS RESPONSABLE 

A, Ch 
A, Ch 
A 

n6micas) U 

1.3 Recuperaci6n y carac­
terjzaci6n de clones de -
cDNA y gen6micos para ser 
testados co~o marcadores -
gen~ticos del tipo RFLP. 
Asignaci6n de grupos de -
ligamiento y asociaci6n a 
resistencia viral 

1.4 Infecci6n in vitro de 
protoplastos obtenidos de -
plantas resistentes y eva­
luaci6n de la replicaci6n 

u 

A N 0 S 
~1~~"""""!"'2 3 ~~~-

4 

xxx 
xxx 
xxx 

xxx xxx 

xxx xxx 

Grado de Cumplimiento de 

lo planif icado para el 

segundo ano, 

Cump I ides 

Cump I ides 

Cump I i dos 



A C T 1 V 1 D A D PAIS RESPONSABLE 

- PVX (mediante ELISA, hi­
br idaci6n molecular, inmu­
nofluorescencia e hibrida­
c~6n in situ combinada 
con microscopia electr6ni-
Cd) 71., Ch, u 
- PVY (ELISA, hibridaci6n 
molecular, imunotiuorescen-
cia) A, Cu 

2. Obtenci6n de pl~ntas 
resistentes mediante varia­
c i6n somaclonal y/o ge~e­
tica. 

2.1 BOsqueda y selecci6n 
de cultivares con alta fre­
cuencia de r~generacion: 
- a partir de callos Ch, E 
- a partir de tejidos (ho-

jas) Ch, E 

2.2 Empl~o de mutag~nesis 
y/o agentes que incrementan 
la variaci6n somaclonal 
y/o gen~tica a callos o 
tejidos 

infectactas con PVX+PVY o 
- infectadas con PLl~V 
- no infectadas 

2.3 Evaluac.i6n de las 
plantas re~eneradus 

3. Obtenci6n de pl~ntas 
resistentes por ingenieria 
gen~tica. 

Ch, E 
Ch, E 
Ch, E 

Ch, E 
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xxx 

xxx 

2 3 

xxx 

xxx 

xxx 
xxx 
xxx 

xxx 
xxx 
xxx 

xxx 

Cumpl idos 

Cumi.; l i dos 

Cumpl idos por Chile 

no sc c.Je Ecu..iiJur 

XXX Cumplido por Chile 



A C T I V I D A ·o PAIS RESPONSABLE A t-' O S 
1 2 3 4 
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3.1 Obtenci6n de gPnote-
cas de cDNA virales: 
PVX A xx PVY A, cu xxx PLRV A, Cu, xx xx Cump Ii dos PVS Ch xxx 
3.2 Localizaci6n y carac-
terizaci6n de secuencias 
nucleot!dicas relevantes. 

3.2.1 Secuenciaci6n nu-
cleotidica de clones se-
leccionados: 
PVX A, xx PVY A, xx PLRV Cu x xxx Cumpl idos 

3.2.2 B~sque~~ y selec-
ci6n de clones codifican-
tes para fragrnentos sub-
gen6micos: 
PVX A xx 

Cump 1 i dos 
3.3.3 B~squeda y sel~c-
ci6n de c~~nes codifican-
tes para la c6pside viral: 
PVX A, Cu xx PVY A, Cu xx PLRV A, cu xxx Cump Ii dos PVS Ch xx xxx no se 
3.3 Construcci6n de genes 
quim~ricos de resisten-
cia a virus: 
PVX A, Cu, M x xxx PVY A, cu, M xxx PLRV !\, cu, M xx xx Cump Ii dos 
3.4 Transforrnaci6n v~ge-
tal. 



A C T I V I D A D PA:LS RESPONSABLE A t• ) s 
'-• 

1 2 -- 3 

3.4.1 Adaptaci6n de las 
t~cnicas de transf orma-
ci6n a cultivares locales 
de papa 

Todos los pa!se~ xxx 
3.4.2 Transformaci6n de 
plantas de papa: 
PVX 

A, Cu, M xxx xxx PVY 
A, Cu, M xx xxx Pl.RV 
A, Cu, M xxx 

3.5 Evaluacion final Todos los pa!ses 

A = Argentina; cu = Cuba; Ch = Chile; E = Ecuador; M = M~xico; u = Urugua}-. 

4 

Cumpl idos para Mexico, 

Chile, Argentina y Cuba 

en su fnicio. 

xx 
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Summary 

cDNA clones of potato virus X (PVXcp slrain). potato virus Y (PVYo strain). 
potato leaf roll virus (PLRV) and potato spindle tuber viroid (PSTV) were used 
separately or combined for the detection of the corresponding RNAs in extracts of 
infected plants. A general method for the rapid preparation of RNA extracts without 
use of organic solvents (i.e. phenol) was developed for this purpose. Plant extracts 
from a range of field. artificially inoculated germplasm genotypes. micro-propagated 
and protoplast samples. as well as vector insect extracts, were dot-blotted onto 
nylon or nitrocellulose membranes. subjected to sandwich nucleic acid hybridization 
with non-labelled specific single-stranded DNA probes followed by a biotin-labelled 
second step hybridization probe. Each probe was virus-specific but not strain­
specific. Healthy or non-relaled plant extracts developed very faint or no signals. 
Sensitivity was lested by slot-blot hybridization. De1ection levels were between 
1.5 to 6 pg of viral nucleic acids and between :!O to 50 times more ~nsitive than 
standard double amibody sandwich enzyme-linked immunosorbent :>ssay (OAS­
ELISA). The assay developed was tesled wilh material thal was prepared for 
processing in 1he field (combinalion of fresh sap with exlraction solution) and 
tcsred under simple laboratory condilions for deteclion. It was also l>uccessfu;ly 
employed for screening of gennplasm for virus resistance. detection of parhogen-. 

Corre.lpontlrni·r 10 H.E. Hopp. ln,1i11110 de BioloJ:ia Mok,ul;ar, CICV -INTA C1•1elar. CC Ti. l 711l! 
:\lnrc;n. Ar)!cn11na. 
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in vector insects. plantlcts grown in vitro and in more sophisticated quantitative 
determinations of viral replication in artificially ir.oculatcd plants and pmoplasts. 

Introduction 

Development of nucleic acid hybridization techniques has resulted in extremely 
reliable and sensitive diagnostic procedures for the detection of infectious agents 
due to the sequence specificity provided by the recognition of complementary 
nucleic acid strands (sec Tenover. 1988, for a review). Production of diagnostic 
kits based on this technology will become a major industry in h~man. animal 
and plant infectious disease control due to the flexibility of designing probes 
to the specific problem (Van Brunt and Klausner. 1987; 7enover. 1988: Chu et 
al.. 1989). For example, in the case of quarantine or eradication programs. it is 
possible to design a broad spectrum probe, while for epidemiologic studies a 
narrow spectrum one could be developed (Boulton et al .• 1987). 

Considerable progress has been made in the development of DNA probes 
for detection of many phytopathogens such as viruses. particle-deficient viruses. 
viroids. bacteria. spiroplasma- and mycoplasma-like organisms and fungi (for 
example see Boulton et al., 1987; Chu et al., 1989; Harrison et al., 1983; Hull. 
1987; Maule et al.. 1983b; Palukaitis et al.. 1985; Owens and Diener. 19!W; Roy 
et al., 1989; Symons, 1984). In the case of potato. nucleic acid hybridization 
is starting to be used routinely for screening purposes in breeding programs for 
resistance. for indexing material to ensure maintenance of freedom from virus 
infection (Boulton et al.. 1987; Karjalainen. 1988). and for routine detection of 
viroids in seed potato certification programs (International Potato Center, • )85). 
As mentioned above, specifically designed diagnostic probes could be useful 
in pathogen control programs. For example, a combination of different probes 
able to simultaneously detect many different pathogens could prove useful in the 
selection of pathogen-free material (i.e. seed potato production programs) where 
identification of an individual pathogen usually is not so important because all 
infected plants are discarded. 

Even though hybridization methods are relatively simple, their application 
is still restricted to specialized laboratories due to logistic problems regarding 
standardization of sample preparation and of non-radioactive probe labelling and 
detection. Recently. we and several other laboratories developed non-radioactive 
DNA probes for routine diagnosis of potato pathogens in plant extracts (see for 
example Bruning and Wen1.el. 1988; Boulton et al.. 1987; Eweida et al.. 1988; 
Hopp et al.. 1988; Owens and Diener. 1984, Roy et al.. 1989). 

This paper describes a general non-radioactive dot-biot hybridization protocol 
for specific or general detection of four important potato pathogens in plant 
extracts together with a single and rapid standardi1.ed protocol for the preparation 
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of samples. lbe detn""tion sensitivity and specificity of these probes is comparable 
to standard -'~P-labelled probes. lbese techniques are currently starting to be 
implemented in simply equipped laboratories to test for presence of viruses in the 
in vitro production program of seed potato in the Province of C:'rdoba. Argentina . 
and for indexing in the Balcarce Experimental Station of INTA. Argentina. 

Materials and Methods 

Plant material and \·irus strains 

The following Solanum mberosum L. ssp tuberosum cultivars were used: 
Spunta. Huinkul M:\G. and Serrano INTA (the last one is resistant to the three 
viruses studied here and was used as negative control in field experiments). 
Solanum acau/e clone PI 320277 is from the Potato Introduction Station. Sturgeon 
Bay. U.S.A. This Station generously sent us sib seeds of this clone. Virus-free 
seedlings were handled in :;terile conditions and micropropagated as described 
by Masson et al. 11987). Leaf protoplasts from shoot cultures were obtained as 
reported by Masson et al. ( 1987). In vitro infection was carried out essentially 
as in Maule et al. 1 l 983a) modified by Ceriani et al. ( 1990). Protoplasts were 
incubated for ~ h and concentrated by centrifu!:ation for estimation of PVX 
concentration by ELISA and slot-blot hybridization (Ceriani e: al.. 1990). 

PVX from South American isolate cp (Fribourg. 1975: Orman et al.. 1990) was 
grown in Nicotiana tabacum or N. glutinosa by Ing. Agr. S. F. Nome (lnstituto 
de Fitovirologia-ll\IA-C6rdoba) and purified as described (Orman et al.. 1990). 
Virus concentrations were estimated spectrophotometrically using A~"° I%= 2.97 
(Bercks. 1970). Leaves infecred with two Argenline isolales (PVXnorrnal and 
PVXfuerte) were sen! by Ing. Agr. Munoz (Facuhad de Ciencias Agropecuarias. 
Universidad Nacional de Cordoba). PVY and PLRV were grown in N. glutim>sa 
and Physalisjloridana. respeclively. in Ing. Agr. S. F. Nome·s research instilute 
(INTA-C6rdoba) and kindly donaled for !his work. PVY and P!..RV were purified 
according 10 Gugerli ( 1978. 1979). Samples of PVX. PVYn and PSTV infecred 
leaves were sent by Ing. Agr. I. Bu1zonich (INTA-Balcarce). Virus-free and 
PLRV-infec1ed My::us persicae were dona1ed by Ing. Agi. Munoz. 

Sample preparation 

Abou1 0.2 g of pota10 1issue were inlroduced into 1.5 ml Eppendorf lubes 
con1aining 0.5 ml e:m.-crion buffer ( 4 M guanidinium iso1hiocyana1e. 0.4 M NaCl. 
50 mM 2-mercapl~lhanol. 50 mM MOPS. 15% e1hanol. pH 7) and homogenized 
wilh a plaslic peslle tining 1he Eppcndorf tube bonom (Poly Labo Paul Block. 
France). Allema1ively. tissues were sealed and lhen squashed inside a plastic bag 
in 1he presence of 1he same exlraction buffer (Hopp el al.. 1988>. Ahoul 0.3 ml 



of lhe sap were then squeezed into Eppendorf tubes. Tissue debris was removed 
by centrifugation for 1 min in a microfuge (Eppendorf. F ..R.G.). 

Tola.I cellular RNA was purified following a basic protocol from Diagen ( 1988) 
which was modified as follows. Micropipene tips containing anion exchange resin 
with capacity to adsorb 5 µ.g of nucleic acids (Qiagen-tip 5. Diageo. F.R.G.) were 
pre-equilibrated by pipetting in and out 300 µ.l of 0.4 M NaCl. 50 mM MOPS and 
15<.t- ethanol pH 7 as recommended by the supplier. Nucleic acids were adsorbed 
onto the resin by slowly pipetting abom 150 µ.I of the clarified supernatant in and 
out four times. Residual contaminants were washed by forcing lhrough 2 ml of 
buffer 0.5 M NaCL 50 mM MOPS and 15% ethanol. pH 7. Fmally. total cellular 
RNA was eluted from the resin with 3 x 200 µI buffer 2 M urea. 1.05 M NaCL 
SO m~ MOPS. 15~ ethanol and 7Ck formaldehyde. pH 7. Standard extractions 
yielded about 1.5 11g of total RNA per sample (depending on extraction procedure 
and tissue source) as estimated by ethidium bromide Slaining and comparison 
with known amounts of pure RNA standards. 

In parallel. 0.20 11m-nitrocellulose membranes (BA 83. Schleicher & Schull. 
F.R.G.) were soaked first in double distilled autoclaved HzO for 10 min and then 
in ~O x SSC (3 M NaCl. 0.3 M sodium citrate) for 10 min. Alternatively. 0.~5 
µm-nylon membranes (Nytran. Schleicher & Schull. F.R.G.) were presoaked in 
autoclaved double distilled H:?O just before use. Samples containing about 0.2 
µg total cellular RNA from healthy or infected plants were serially diluted in 
a solution containing 50 ng tOlal cellular RNA from healthy potato leaves or 
yeast tRNA (Boehringer Mannheim. F.R.G.) in 1.05 M NaCl. 50 mM MOPS. 
15'< ethanol. 7'1c formaldehyde pH 7 and heated for 10 min at 60°C followed 
by quick chilling on ice. RNA extracts were loaded onto nylon or nitrocellulose 
membranes with the aid of a dot- or slot-blot mmifold (Schleicher & Schull. 
F.R.G.) and negative pressure. RNA was fixed to membranes by 3 min exposure 
to t:V light (Khandjian. 1986) follo•:ed by 15 min heating at 80°C in a slab gel 
dryer (Hoefer. U.S.A.). Filters were stored dry until hybridization. 

Pmhes 

PVX and PVY cD~A libraries were constructed as published previously (Hopp 
et al.. 1988: Mandel et al .. 1989; Bravo Almonacid and Mentaberry. 1989). 
The PVX cDNA clone phX used in the present paper is a 3555 nucleotide 
insert corresponding to the 3' end of the PVXcp genome (Orman et al.. 19901. 
cloned in the Smol site of pBluescript SK Ml:;(+) phagemid (Stratagene, U.S.A.). 
Similarly. PVYo cD~A clone phY carries a 1182 nucleotide insert corresponding 
to the viral genome cloned in the £coRI site of the same vector (Bravo Almonacid 
and Mentaberry. 1989). The 3' region of both PVX and PVY genomes ~as 
chosen because of the high level of sequence conservation in this region in both 
Potexviruses and Potyviruses. respectively. The aim was to obtain virus-specific 
but not strain-<,pccific probes. Cloned PSTV cDNA (Van Wezenbeek ct al.. 19821 
was kindly supplied by Dr Van Kammen (Wageningen, The Netherlands). The 
cDNA insert. containing the full length PSTV genomic sequence was excised 



and subcloned in the BamHl site of pBluescript SK Ml 3(­
W3S synthesized by the procedure of Gubler and Hoffman ( 
from Amersham (U.K.). Template RNA was obtained by ph 
purified PLRV virions (isolate XIV; kindly donated by Dr ( 
Rmnes. France) as described for PVX (Hopp et al.. 1988). I 
inserted by blunt end ligation into the Smal site of pBlUCSI 
Rteombinant clone phLR was selected on the basis af its su 
\a.·ith extracts of PLRV-infected Physa!is jloridana and large 
1600 nuclcolides). 

Preparation of pro/Ns 

Single-stranded DNA of recombinant phagemids phX. ph )' 
as well as the non-recombinant phagemid used by the secOI 

hybridizations [pBluescript SK M13(-)) were prepared by pn 
in detail by vector DNA supplier (Stratagene. 1988). Resulti 
pBluescript SK Ml3(-) DNA (fully complementary to sing! 
~"Tipt SK M13(+) DNA except for the intergenic region oi Fl 
packaging and replication) was labelled with photobiotin as 
et al .• 1983) or sulfonated using the Chemiprobe kit (Orgenic 
suanded pBluescript DNA was prepared oy a standard plasmi 
cedure (Bimboim. 1983) and labelled by incorporation oi biot 
LS.A.) according to Leary et al. ( 1983). DNAse concentratic 
incubation time was 2 h at 15°C. Under these conditions d 
cleotide substituted about 25% of the A residues and the a 
resulting nick-tranSlated DNA fragments .. ·as approximatel: 
Biotin-labelled and sulfonated DNAs were stored at -w~c 

The •potyprobe' was prepared by mixing equal proponions' 
5-tranded phagemirt DNAs of phX. ph Y. phLR and phST. 

Individual or combined CpolyprC'be ) cDNA probes were 
boiling followed by quick chilling on ice until pouring in th 
of plastic bags containing the previously prehybridized rilter 

Sandwich flllCltic acid hybridi:ations 

Hybridizations were performed in plastic bags containin 
hybridization solution (0.45 M NaCl. 25 mM NaH2PC>.i. 2 
dextran sulfate, I% sodium dodecyl s1ilfate, 0.1 % polyane 
1sodium salt. Sigma, U.S.A.) and 0.()()1% sodium pyropho 
prehybridization step was carried out for at least 15 min at 6 
I 11g/ml heat denatured non-labelled "polyprobe' or individual 
through a cut comer. The sequence-specific hybridi1..a1ion s 
proceed for one hour or more at the same temperature. After tt 
out all the solution and washing with 0.2 x SSC and 0.1 ~ SD 
fresh hybridizalion solution was poured together with I 11g/n 
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or double-stranded pBluescript SK M 13( - > phagemid DNA. Af 
of hybridization at 60°C (universal post-hybridization step. com1 
sequences). membranes were extensively washed with at least 1 

SSC - 0.1% SOS for 10 min at room temperature. 2 x SSC 
30 min at 60°C. followed by three washes with 0.2 x SSC for 
Probes in hybridization or post hybridizat!on solutions could b 
at -200C. boiled and reused se~eral times. Filters were tran 
plastic bag and sealed together with 50 11!/cm! of a blocking so 
0.1 M NaCl. 0. i M Tris-HCI. 3 mM MgCI:?. 3% skimmed milk 
Argentina) and 0.2Ck polyanethole sulfonic acid pH 7.5 for I 
rocking-type shaker. Visualization of nucleic acid hybridizati 
modified from recommended conditions by the kit suppliers ( E 
U.S.A. for biotin-labelled probes and Chemiprobe. Orgenics. lsr 
probes). After the blocking step. either covalently coupled stn 
phosphatase conjugate (I l'f}Jtl) or specific monoclonal antit 
were added in fresh blocking butler (without poly:methole ~· 
funher incubated at 37°C for 30 min. The membranes were w; 
with wa'ihing buffer (0.1 M NaCl. 0.1 M Tris-HCI. 3 mM ~1g 
20. pH 7.5) at room temperature for IO min. followed by additi 
antibodies in the Chemiprobe detection system. Afler a new 
developing buffer (0.1 M Tris-HCI. 0.1 M NaCl and 50 mM Mi 
added. Development was carried out after 30 min at room tc 
dim light or in the dark. by addition of 3.3 111 nitroblue tetrazol 
70<k N.N-dimethyl formamide) and 2.5 111 5-bromo-~-chloro-3 
150 11g/ml in N.N-dimcthyl formamidc> per ml of fresh d 
Alkaline phosphatase reaction was stopped when filter backgro1 
to become visible (30 min to 3 h). Nylon membranes were 
95'k ethanol and transferred to distilled water for final rinsi1 
was rinsed directly in distilled water. 

ELISA 

Assays were performed in micm!itre plates (Nunc lmmuno 
and were analyzed using a Titenek Multi.;can MC cight-chann, 
trophotometer (Flow Laboratory). Double antibody sandwich E 
out using polyclonal antibodies against capsid proteins as c 
and alkaline phosphatase conjugated monoclonal antibodies gc 
by Dr P. Gugerli (Station Fcdcrale de Recherches Agronomi1 
Switzerland). PVX was detected with polyclonal antibodie'i p 
mended (Gugerli. 1979) or kindly provided by Dr S. Perez 
de lngenieria Genctil:a y Biotecnologia de La Habana. Cuba) . 
. ere coupled to bio1in-N-succinimide ester deriva1ive (Ame 
used as recommended hy 7.rein cl al. 119!00. PVY polyclonal 
pared and conjugalcd 10 alkaline phospha1asc as described 1G11: 
was dclectcd with a commercial ELISA kit from Boehringer 'N 
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For cstimatioo of virus content. aliqu<>1s of pcxa10 tissue or proloplasts were re­
suspended in 200 1d of 8 g/I Naa. 0.2 g/I KH2roJ. 2.9 g/I Na?Hro.a · 12 H20. 0.2 
g/I KCI. 0.5 ml/I Tween 20 and 20 g/I polyvinylpirrolidone (PVP) 10000. added 
to wells precoated with polyclonal immunoglobulin G and incubated overnight 
(Gugerli. 1980). After reaction with specific biotinylated immunoglobtilin G. 
wells were incubated with a sueptavidin-alkalirk! phosphatase complex as rec­
ommended by Amersham (U.K.). p-Nitrophenyl phosphate was added and the! 
absorbance at 405 nm was recorded and compared to a plot of values oblaine<J 
from wells containing known amounts of purified PVX virions simultaneously 
assayed in the same ELISA plate. 

Results 

Sample prepart.;tion 

Alternative sample preparation melhods (mos1 of them based on organic ex­
traction and nucleic acid precipitations) were lc!Sted in order to devise optimal 
extraction protocols for each pathogen infection compatible with a standard scaled 
up procedure of detection. Small pieces of tissue were introduced into Eppendorf 
tubes and homogenized in the presence of a highly denaturing extraction buffer. 
Guanidinium isothiocyanate and other components of this buffer protected RNA 
from degradation for several hours allowing f.amples to i:>e sent at room tem­
perature from the field to the laboratory. excep1 for tuber extracts which had to 
be stored on ice to avoid swelling caused by starch. T<>1al cellular RNA was 
isolated by adsorbing to an anion exchange resin fixed to a pipet tip. Agarose 
gel electrophoresis indicated the presence of small amounts (less than 5%) of 
contaminating plant DNA as well as some pigments when tissues were not fresh 
(particularly when they were stored frozen for long time before pr~?'"•in~~­
These contaminants did not significantly affect detection capacity of the assay. 

Detection conditions 

Hybridization time 1s another limiting factor for rapid diagnosis of pathogens 
by nucleic acid hybridization. Hybridization rate largely depends on nucleic acids 
concentration. Overloading with RNA extracts from virus infected tissue (more 
than 0.5 1ig) was avoided since sensitivity did not improve significantly and 
background hybridization be.:ame important. Since target RNA is a rather fixed 
parameter, probe concentration was increased up to I /tg/ml. The fact that probe 
is single-stranded DNA prevent! the typical self rehybridization that occurs with 
denatured double-stranded probes. Thuj, effective probe concentration becomes 
fully available for hybridi1.a1ion with viral R:\A. At this concentration it was 
found that I h was enough for sensitive detection of PVX RNA without signi­
ficativc loss of sensitivity (not shown). 

To test whether indirect hybridi1.ation advantages (Wolf ct al.. 1986) could 
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Fig. I. xnsi1i~i1y or varianis or sand1Ai.::h hybridiza1ion asgy_ 800 pg purified PVY :;~ic Rllo" 
IA(l'C serially diluted with a solution con1;iining 50 ng tRNA and loadtd on10 nylon mem~ as 
s1;11ed in Ma1erials and Melhods section. Hybridiz;i1ion (sequence specific SIC'p) was conducted wilh 
I i•g/ml phX probe. followed (Of noc in columns D and E) by a post-hybridiza1ion step. (A) Post­
hybridiu1ion was performed in presence oi double-stranded p8lucscrip1 SK M 13( - ) DNA. previously 
labelled wi1h b:.O.in by nick-transblion t-imclard procedure). 18) Post-hybridiution probe was singlc­
stranded p81uc~ripl SK M13(-) DNA .::hcminlly labelled 1Ailh pholobiotin. (C) Post-hybridization 
probe was suffonattd single-stranded p81ut~ripl SK M 13(-) ON:\. (01 Non-labelled phX probe was 
combined wi1h cquimolecular amounts oi pholl'hiocin-labellcd singlc-Slrandcd p81ucscripl SK M 13( - ) 
DNA (sec lane 8) and used together in a 'iingle s1ep hybridiza1ion protocol. (E} Doublc-smnded phX 
DNA was labelled wi1h biotin by nick tran-la1ion and u.~ dim:dy for d..•1ec1ion as in Hopp et al. ( 19811). 

be applied 10 potato pathogen detection, its relative sensitivity was compared 
to the traditional direct hybridization protocol. Fig. I shov!s that the indirect 
hybridization protocol was eight times more sensitive than direct detection 
for detecting PVX genomic R~A. (Fig. I. column A versus column E). Fig. 
I also compares the relative sensitivity of some variations on the sandwich 
hybridization procedure. Sandwich hybridization could be carried out in a single 
step. combining sequence specific and universal probes (fig. I. column D) or 
as a two-step reaction with a sequenc.e specific hybridization step followed 
by a general post-hybridization step (Fig. I. columns A. B and C). The post­
hybridization step could be performed with a universal probe labelled either 
with biotin (Fig. I. columns A and 8). or with :mligenic epilopes intr<xiuced 
by sulfonalion (Fig. I. column (). Single step sanctwich hybridi1.a1ion was less 
sensitive 1han two-step hybridizati~n. probably because most of the biotinylated 

~ 
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probe hybridizerl to the excess of non-labelled complemen:. 
unbound. Use of sulfonated probes. as part \>f an ahem:.:: 
dt&.,;ction system. resulted in similar levels of d~tection thar. -
suggesting that either method could be used. 

Specificity of the cDNA pmhes 

In order to examine the specificity of the cDNA probe~. i 
iments were carried out using extracts of healthy or inf~:;!1 
of the viruse~ or viroid analyzed in this paper as targ~t. T 
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Fig. 2. Spc:cili,uy of ind1v1dual prol'JC,_ RNA ex1racts were prcparcd trorr 
tr\I or My:iu pu1iw~ tRI and ~poned onlo nylon mcmbranc'. Ea.:h 'P'' 
IOlal RNA (calibra1cd by rclalilfc m1c:nsi1y of c1hidium bromide s1amm)?1. r: 
in 1hc prc..en'c of 1hc intli' idual 'D:'llr\ prohcs ( irn.li,a1ed al rhc rop 1 '!'<°. · 
;1r.d PSTV rc'P.:""·c:I). and '"ilh ;1 n>nrrol ·non-rccombinanr" w.:ror ()" \ . 
1n rhc .:a~ of h)!. Ir\ hl;mdard pn...-cdurcl. In rhc spc,itic ca'l" of aph1.! 
1kn-cd from a ''"!?le imlividual m~cl am.I hybridi1a11on was carried oul ~.: 
'"a' dc1c,1cd wuh rhc OrJ!<"nics ku. Samples: PVXcp. PVXn and P\"Xr= P 
and 'fucnc". rc,~clilfcly. Ill= hcallhy polaln kaf RNA cx1ra'1. Jh= hcallr' I 

Iii= ht•alrhy in,.-.i c\lr;KI. Pl.RVi= Pl.RV mfc.:1.-d in...-.:, 
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indicate that each of the different probes correctly detected the p 
fected with the specific pathogen. No background reaction was 
healthy plant extracts nor in extracts from plants infected with 001 

or viruses. suggesting that neither plant nucleic acids nor non-rel 
cause signitican! interference with specific hybridization. 

Fig. 2A also shows that even though each cO'.' . .\ probe is a 
specific. they are not strain specific. Nucleotide ~quence analysi! 
the PVX probe comprises a rather conserved region of the pi 
comparison to other sequenced PVX isolates (i.e. 78lk homolog 
and Potexvirus genomes (Orman et al.. 1990). P\"X cDNA pre 
plementary to the PVXcp genome) also dete<.:ts two other PV~ 
widely distributed in Argentina. having very different behavio1 
to virulence and symptom development in potato and tobacco i 
(Ing. Agr. Munoz. personal communication). This ::onfirms wh 
from nucleotide sequence comparisons. The PVY cDNA probe, 
ing PVYo genomic RNA as template. also detects PVYn (Fig. 2 
from the 98<:f nucleotide sequence homology bet\\een PVYo ar 
3' region used a' probe (Bravo . .\lmonacid and '.\tentaberry. 19 
probe made with a French virus strain detects a rield isolate fro 
extracts of infected leaves or insects: and the PST\" cDNA probe 
bridizes to viroid infecled potato leaf extracts (fig. 2>. 'Non-re< 
type' pBluescript SK(+) phagemid DNA control pwbe failed to I 
of the samples indicating lack of homology bet\\een vector [ 
plant or pathogen RN:\ !Fig. 2:\ l. 

St·11siti,·iry of tht• s1.mJ,,·ich polyprohe 1111dt•ic acid hyhridi:atio11 

Sensitivity wa ... assessed by slot-blotting known amounts of pa 
RNA and ·polyprobe. hybridization. Viral RNA 1 PVX and PV 
script (PSTV) or RNA extracts from infected plants (PLRV) w 
a solution containing healthy potato leaf RNA and slotted onto 
membrane. After sequence specific hybridization with a "poly 
of non-labelled '>ingle·stranded DNA probes speciric to PVX. I 
PSTV). post-hybridization was performed usi .. z a ·non recombir 
SK M 13( - ) labelled with biotin. Fig. 3 shows that a' low as 1.5 
genomic RNA (equivalent to about 0.025 ng of \irions) could t 
represents a minimum detection ratio of ahout I :.~O 000 bctwee1 
total RNA and the amount found in approximately 1.5 mg of infi 
tivar Huinkul. see Table 2). Assuming the A~t.o I<( of PVX to 
1970) and the molecular weight of a PVX particle to be 3.5 x 
1959). the detection limit is 4 x IO' viral partick'. The same 
w;is tested by a highly sensitive ELISA based on the use of b 
clonal antibodies. Maximum sensitivity achieved \\ ith this mod 
0.5 ng of puritied PVX particles in our hands: this i-. still twenty 
live than with sandwich hybridization. Fig. J also -.hows that at 
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Fig. ~. Sensill\11~ »i dc:1c:ction i·or ~~.;h of 1he pathogens. Purified PVX lnd PVY genomic R:\.\, from 
.~:!00 to 0.75 pg v.c:rc: ,c:riall~ J1lu1~J ;o.Jlh a solution containing 50 ng of po1a10 leaf RN:\ a' >141<J in 
\taterials and \kih,>J, and loaJd ir. 1hc: liN t"'o columns of a 0 20 11m-nitwcdlulose membrane. PST\" 
cD:\ . .\ cloned in rBlue,cript SK \lt~1+1 "'as transcribed in vitro "'ith a I.ii from S1ra1agene •l".S.:\.1. 
quanri1a1ed by •• ,mpara1ive e1hiJium bromide s1aining and serially dilu1c:d Js for PVX and P\·y m 1h.: 
1hird colum:i oi 1hc: tillc:r. :\bou1 1•.~ w~ of PLRV infec1ed Phy.ra/iJ Jf11rid<111<1 RN:\ e:-.1rac1 "'a' -.::nally 
diluted as for 'amrl.:' abo"e and ,1,•ned in the founh cc.fumn of lhe mamfolt.1. Finally. 0.2 11g (•! ro)tJlo 
1uber R:-:A h~\lr4.;1c:J as s1a1eJ in ·-amp!.: prepara1ion°) were serially Jilu1ed lS for samnk' Jt'..)\C:. 

loaded in 1he tifth .:olumn 1indi•atc:J "'ith H1 and hybrid(Lcd 1ogether "'ith the res1. Hybridizauc>n ·,.a., 
conducted wnh a ·p.Jlyprobe· cnmr1na11on of phX. phY. phLR and phST D~r\s. Po~1-hybridizat1Pn "a' 
earned out "'it!• a Jouhle-stranJc:d t>u•tinylated pBluescript SK( - ) DNr\. ~umbers lt the left 111J1.:ate 
1he amount of R\ . .\ oi PVX. P\ Y aad PSTV loaded into the slob. ~umbers at the nghl indicate 

Jtlu11on factor for PLRV infe,tcd leaf and hcallhy tuber R:-o;:\ eimacls. 

RNA could be detected b~ .;lot-blot hybridization. Translated into virion terms 
this means a limit of 0.05 ng PVY particles which i:; 50 times more sen~i1ive 
than the corre,ponding limit detected by currently used standard ELISA. 

Samples derived from PLRV infected Physalis jloridcma leaves showed posi­
tive color reac1ion up to a dilution of 1/64 in potato leaf extracts. Although an 
absolute lower limit or detecrion of PLRV by this slot-blot hybridization experi­
ment could nOI be determinl!d. the degree of s\!nsitivity was directly comparable 
to that ob1ainl!d with ... 1andard nick-translated '~P-labclled probes (overnight ex­
posure) and \\a' 32 times more se;1sitive than a commcn:ial ELISA kit !not 
shown). Under the same co11ditions. mixtures 'lf healthy leaf RNA extract and 
dilution seric' of PSTV cD'.'JA tran'>c~ipt were blotted on the rnme membrane 
(Fig. 3 ). The lower Ii mil for positive signals was observed in the slot containing 



1.5 pg of viroid cDNA transcript. Although jr is difficult to compare the detection 
limit of linear RNA directly to that of circular RNA. th..-: difference would prob­
ably not inc -ease this value significantly if true g' .100lic PSTV RNA is present 
instead of its cDNA transcript. Neither samples from healthy plants nor dilution 
of pathogen nucleic acid in healthy plant RNA extr1':ts interfered the detection 
sensitivity (compare Fig. l. column A and Fig. 3. rulumn PYX). 

Fig. 4. Po1a10 indexing wirh individual prohe\. Po1a10 1uher \pr;-01 RNA cx1rac1s were prepared I rom 
field produc1ion !ubcrs for con~ump1ion belonging lo cullivars H.:rrA11/ MA<i. 8r1/le11trt1. S1·rrc111a UT.I. 
Sprmta and Ken11d11'c. Samples were dolled wi1h a manifold in mrec: nylon membrane replicales. Ea.:h 
replica was subjec1cd 10 hybridiza!ion wilh individual probes phX •for PVXI. phY (for PVYI and phLR 

<ror Pl.RVI a' in Fig. ~ 
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TABLE I 
Comparison of rcsuhs oblaincd by dot blOI h~bridization and ELISA in field tests for PVX. PVY and 
PLRV in p<Mato r1bcrs 

ELISAI+) ELIS . .\1-) ELISA(+) ELISA(-) 
SDBHI+) SDBHl-l SDBH(-) SDBHl+l 

PVX ·B 15 I I 
PVY 7 51 0 2 
PLRV 15 ~9 I 5 

Potato tissue extracts. assayed as indicated in Fig. 5. "'ere tested in parallel hy ELISA. Results 
were grouped into four categories. SDBH: sand...-ich dc.t--hlot hybridization. (+)= positive detection. 
( - )= negative detccti<>n. 

Aires for analysis. After sprout development, presence of PVX, PVY and PLRV 
was tested in tissues expanding out from eye plugs, using both ELISA and 
nucleic acid hybridization for each individual virus. Fig. 5 shows the dot-blot 
hybridiza;ion filters resulting from this experiment. Positive signals can be clearly 
distinguished from the bad·ground. Non-specific coloration of rings around some 
of the samples in the figure are easily distinguished from true positives and might 
be attributed to problems in handling the filters. Although the sample is too 
small to make epidemiological conclusions. it is clear that PVX is widespread 
in Argentine potato tubers for consumption, while PVY and PLRV are of more 
l'.mited distribution. When the results from ELISA and dot-blot hybridization 
were compared, there was more than 93% agreement (Table 1 ). It is concluded 
from the good agreement between ELISA and dot-blot hybridization that either 
method could be used for indexing purposes. 

Pathogen comrol in potato exp/ants and vector insects 

Forecast systems based on the frequency of virus-infected insects is a mtans 
of potato disease control through vector elimination. In order to start an epi­
demiol•Jgical survey of virus-infected insect population dynamics. the method 
was assayed with virus-free My:us persicae that were fed (or not) with PLRV 
infected plants to induce persistent infection. After few weeks, aphid extracts 
were dot-blotted and hybridized to a PLRV cDNA probe (Fig. 28 ). Infected 
insects developed clear hybridization signals compared to virus-free controls. 

Pathogen-free potato procluction programs are based on micro-propagation of 
plantlets produced in vitro by meristem or shoot tip culture. Screening for the 
presence of pathogens is performed at the earliest stage of development with 
the most sensirive and reliable diagnostic system available to avoid discarding 
large numbers of diseased plants at a later stage. In order to test the perfonnance 
of the hybridization system. virus-free potato plantlets from Argentine cultivars 
were grown in micro-propagation medium and artificially infected with individual 
potato viruses. After four weeks. small pieces of leaves were cut and tes1ed 
by slot-blot hybridization and ELISA. RNA extracts from infected plantlets 
developed hybridization signals that could ,JC quantitated by densitometry when 



TABLE:! 
Quan111:11ion or rcsiSWlCC lo ~-iral replicalion in in vino planllelS and prolopla.<t> 

Plam material 

Plam:e1s 
S. a< .;ule 

R:-sistanl control 
S:i.sceptible con!. 

Pr01{'9l3SIS 

S. a..;ule 
R:-sis1ant conrrol 
S:is.:eptible cont. 

RNA concenua1ion 

78 
112 

1005 

89 
306 

1912 

'k inhibition 

SSBH 

92 
89 

95 
84 

ELISA 

95 
93 

Wild pOl3lO planls (5. acaule P.1.320277) of Argenrine origin. as well as n:,is13111 and susceptible 
contr.,ls (5. tuberosum t11beros11m cv. Serrano INTA. carrying immunity gene X -1<1 cv. Huinlml MAG. 
res~..:1ively) were used for esrablishing in vitro lines 1ha1 were mulliplied b~ micro-propaga1ion of 
imer::.xle seclions. These virus-free in vi1ro micropropaga1ed planls were mech.uucally inocula1ed wi1h 
a pu:iried prepara1ion of 1he Sou1h American slrain PVXcp. 10 analyze resi~IJ.ri.:e gene e1Tec1 on viral 
muh:?lica1ion. Plan1le1s. or pro1oplas1s derived from !heir leaves. were assa~~d one momh or 30 h 
la1er • respeclively) by slor-blo1 hybridiza1ion in 1he presence of slandards "'nh known amoums of 
viric>t1 RNA. Levels of PYX RNA were quamified by densi1orne1ry and represented in 1he firs1 column 
as ng RNNg leaf weigh1 or as pg RNNviable pro1oplas1 !Ceriani el al.. 1991)1. The second column 
ind1.;J1es 1he percenlage of inhibi1ion of virus replicalion respecl 10 susceplibk .:L'n1rol. For comparison. 
1he ~rcemage of inhibi1ion delermined in parallel by ELISA is shown in 1he third column. SSBH = 
san.: .. 1ch slo1-blo1 hybridiza1ion. 

compared to data of virus-free control background signals (see cv. Huinkul MAG 
in Table 2) . 

. .\rgentine potato gennplasm is being screened for resistance to infection with 
potato viruses in order to use them as new genetic sources in breeding programs. 
Seeds were germinated in sterile conditions and artificially infected with individ­
ual potato viruses. After four weeks, small pieces of leaves \\ere cut and tested 
by slot-blot hybridization and ELISA (Table 2). Resistant genotypes were f unher 
micro-propagated and protoplasts prepared from their leaves for in vitro infection 
(Saladrigas et al., 1990). Virus replication was followed in re~islant protoplasts, 
as well as in susceptible controls, by slot-blot hybridization and ELISA (Table 2). 
Hybridization assay results were quantitated by densitometry and ELISA by spec­
trophotometry, indicating that (within a range of virus concentrations) slot-blot 
hybridization compares well with ELISA in this respect. However, linear rela­
tion of densitometry readings to virus concentration was re'.)tricted to a rather 
narrow range (0-100 pg) as compared to ELISA, and varied from experiment 
to experiment. Densitometry of hybridization assay may be u~d 10 complement 
immunological quantification data when pathogen concentrations arc below the 
limits of ELISA detection by including known standards in each assay. 
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Discussion 

Well-ch~terized PVX. PVY. PLRV and PSTV cDNA clones were used 
separately or combined for the development of a general diagnostic kit for potato 
pathogens. For routine diagnostic purposes it is desiraMe for each probe to be 
strictly pathC1gen-specific while being able to recognize the polymorphic variants. 
strains or quasispecies occurring in palhogenic groups. This was achieved by 
choosing highly conserved sequences for- Potexviruses and Potyviruses located in 
the 3' region of the genomes of PVX and PVY. respectively. W ile all four cDNA 
protes shoued lack of cross hybridization to non-related pathogens (Fig. 2). 
PVX cDNA probe hybridized \o three different isolates of this virus and showed 
96% agreement with polyclonal antibody-based ELISA when heterogeneous field 
material W:\5 tested. A similar situation was true for PVY which is supported by 
the comparati\"ely higher degree of genomic nucleotide sequence conservation 
among different isolates of PVY and members of the poryvirus group in general. 
Lack of strain specificity for the PLRV probe was partially assured by selecting a 
clone containing a rather large cDNA insen and tested indirectly by comparison 
with !leld ELISA trials. However. a' is uue for ELISA. lack of detection of some 
polymorphk \·ariants cannot be ruled out Problems in the a\·ailability of virus 
variants did not allow us to perform a more complete assessment. 

In establi~hing a general diagnostic assay it is essential to standardize rapid 
and easy sample pre.,aration procedures for sensitive detection of all patt.ogens. 
The recent J\ailability .>f commercial anion-exchange systems for purification of 
nucleic acid'- in presence of highly chaotropic agents that denature and expose 
viral genomes while protecting them from nuclease action. helped us to design 
such a sample preparation protocol. This purification step introduces additional 
processing 1ime ( l min centrifugation plus approximately IO min per sample> 
as compareJ to direct sap spotting used when radioactive-labelled probes are 
employed •Boulton et al.. 1987: Chu et al .• 1989; Maule et al.. 1983b1. However. 
this inc:on' enience is compensated by the elimination of host components that 
reduce sen~i1ivity in crude plant homogenates (Maule et al.. 1983) and eliminate 
background due to interfering plant pigments. 

The use 0f phagemids as cloning. in vitro transcription and sequencing vec­
tors is of .:ommon practice in molecular biology laboratories. Single-stranded 
recombinant DNA can be cheaply oblained in large amount!"> without the use of 
sophisticaied .-quipment. Sandwich hybridization using a uni\"ersal-labelled probe 
is only slightly more complex than standard direct hybridization. but offers some 
logistic ad\Jntages with higher sensitivity (Wolf et al.. 1986 and lhis paper). 
The sequen..:e-specific hybridization step can be performed in shon lime peri­
ods by increasing concentration of non-labelled specific probes. The more costly 
biotin-labelled probe can then be universally applied in a pos1-hybridization step 
amplifying 1he signal generated from pathogen nucleic cid. This uni\"ersal probe 
can be produced and labelled on large scale using chemical labelling. such as 
photobiolin~ lation or sulfona[ion. providing advantages for simply-equipped lab­
, raiories. like reduced hazards. lowered cosls and longer shelf life. 

~· 



Non-radioacti\e 'S311dwich h~bridization allowed the detection of a few pg 
of viral genomic ~'IA. lbese ulues compare well with previous reports on 
detection of the manioncd pathogens using either radioactive or non-radioac-.ive 
probes (Boulton et 31 .• 1987; E~eida et al .• 1988; Hopp et al .• 1988: Owens and 
Diener. 1984: Van Wezenbeek et al .• 1982) and with SWldard or modified ELISA 
(Gugerly. 1978. 19i9. 1980 and this paper). with exception of PSTV where bener 
sensitivity was <>N.lined using R.'lA probes (Roy et al .• 1989). 

The assay described here ~as tested with field material that wa<s prepared 
in situ for proces~ing Ccombination of fresh sap with exuaction solution) and 
tested using simpk laboratory conditions. It \US also successfully employed for 
a) germplasm scr~ning in relation to virus tolerance. b) detection of pathogenic 
genome in vector insects and plantlets derived from in viu-o explants and c> in 
more sophisticated quantitative determinations of viral replication in artificially 
inoculated plants md protoplash. indicating that this method could be useful as 
a diagnosis test for viral infections in the field. indexing potato seed tubers and 
for screening gennplasm gene ~recs in the context of breeding programs. 

Diagnosis of p...~ato pathogens is currently carried out by different methods. 
i.e. ELISA for ,·i:uses in most ..:ases. nucleic acid hybridization for PSTV and 
particle-deficient \ iruses such as tobacco rattle virus (Harrison et al.. 19831. 
As more pathogen genomes are cloned. adoption of hybridization methods will 
eventually help to standardize diagnostic procedures. We have demonstrated 
here that sensiti' icy of detection for each individual pathogen was not impaired 
by the simultanel"•us presence of all four probes. thus showing the feasibility 
of implementing l routine diagnostic test for potato based in the combination 
of several probe~ for differem pathogens. Such a ·polyprobe' diagnostic test 
could prove to be useful in sele..:ting pa!hogen-free material (i.e. seed production 
programs) and is ..:urrently being implemented in Arger.tina for this purpose. 

Acknowledgements 

M.V.S .. F.B.A. an':! B.O. held fellowships. and H.E.H. is a research scientist 
of the Comision de lnvestigacinnes Cientlficas de la Provincia de Buenos Aires: 
MdV holds a fellowship and A.\.M. is a research career member from CONICET 
(Consejo Nacional de luvestigaciones Cientificas y Tecnicas). M.F.C. holds an 
undergraduate fellowship supponed by INTA. We want to greatly acknowledge 
Ing. Agr. S.F. Nome for the continuous supply of infected Nicotiana and Physalis 
ftoridana leaves for virus purirication. We also thank Ing. Agr. Munoz (facultad 
de Ciencias Agrarias, Univer~idad Nacional de Cordoba) and Ing. Aer. I. But­
zonich (INTA-Balcarce) for sending Nicotiana and So/an11m t11hero.mm leaves 
infected with local isolates of PVX. PVYn and PSTV. We are grateful to Ing. 
Agr. Osvaldo Lucarini (INTA-Balcarce) for a generous supply of virus free plant 
material for micropropagation. prepared at the Balcarce Experimental Station of 
INTA. to Dr C. Kerlan (INRA-Rennes) for the supply of purified Pl.RV. to Dr 
Nora Rosemblit for critical reading of the manuscript and to Dr Mark Tepfer 



.­_, 

(laOOr.lloire de Biologic Cellulaire INRA Versailles. France) for linguistic and 
scientific revision of the manuscripl. This research is part of the UNDP Biotech­
nology Net\1ork. projects RLA/831003 and RLAJ83mJ. of a Swedish-Argentine 
and -t.:ruguay joint program funded by SAREC and of a French-Argentine co­
operation involving the Laboratoire de Biologic Cellulaire INRA-Versailles and 
IBM-l~A Castelar-INGEBL It was also partially funded by grant c,1)953-1 of 
the International Foundation for Science (Sweden) and by grants from CONICET 
and SECyT (Secretarfa de Estado de Ciencia y Tecnica). 

Bimt-..'lm.. H.C c IQi\3) A rapid alhlinc e'tr...::ion ~1hod for the isola1ion of pbsmid DNA. M~hoJs 
Er.z~mol. 100. :?-H-:?70. 

Boult,'ft. R.E. Jelli~. GJ .. Baulcom~. D.C. .mJ Squire. A.'.\1. ( 1986) The applica1ion of compkrnoent~ 
D,_.\ probes t(\ routine virus detection. v.ith pani..--ular rcittence 10 powo viruses. In: R.A.C. Jones 
.l!l.i L Tornnce 1Edsl Developments and .1pplic;11ions in •irus 1es1ing. A.A.B .• pp. -il-53. uv.mham 
P:-:c-,;. Wclloboumc. li.K. 

BCTd.•. R. I 19701 PO(ato virus X. Como>n,.ealth '.\l~.:ol. ln:.1i1u1c/Assoc. Appl. Biol. Dcscrip1. Plant 
\-::-u-<S. No. ~-

BD"' . .\lmon.xid. F. and '.\.kn1abcrry. ;\_:-.;_ 119891 ~u.:l<O!ide cDNA sequence coding for the PV'fo 
mit proccin. ~ud. Acids Res. 17 • .i.iot. 

Brun!:l;!. H. and Wenzel. G. (198Sl G,m,..lllJoen zur Diagnose dcr Enc!C'f von Schwartz~inigleit 
unJ Knollcnnassfaule. Molckularc H~brtJ1sicrung als ~xh,.·eismethode voo Eno·inia camrr•wrJ. 
\.1.:hrichtenbl. D. Pftanzenschutzdien,;tes ~- 17-19. 

Cm.i111. '.\1.F.. Saladriga.~ M.V .• Tozzini. A.C. and Hopp. H.E. ( 1990) Resistance 10 replication oi P\"X 
m protopwts of a SolanuM acaule done. Proceedings ln1emad. Found. Scicnce-INTA Seminar on 
Pl.1111 Viruses. Carlos Pu. C6rdoba. Re'. (n,estig. Agrop. (in press). 

Chu. P.W.G .• Wa1erhouse. P.M .. Martin. R.R. and Gcrlxh. W.L ( 1989) Nev.- approaches 10 the dc:1ec1ion 
,,i mK.TObial plant p;a1hogens. In: G.E. Russell 1Ed.1. BiO(cchnology and ~ic Engineering 
R~•iews. Vol. 7. pp. -iS-111. lnten:epc L!J .. Ando,er. t:.K. 

Dia;:~n 11988) The Qiagenologist. Applicau''" PrO(ocoh. Dusseldorf. F.R.G .. 48 pp. 
E"'c:a.b. M .. Sit. T.L. Sira. S. alll! Abbou Haidar. '.\l.G. 11989) Highly sensitive and specilic non· 

ra.laoactive b1otinylated probe' for dot-blot. Southern anJ colony hybridiu1ions. J. Virol. Method' 
::o. 35-+t 

For-i~r . ..\.C. Mc Innes. L Skingle. D.C. and Symon•. R. 11985) Non-radioactive hybridi1.ation pr~s 
rr~rcd by the chemical lallelhng of D~A and R:"A ,. uh a novel reagent: pholobiotin. Nucl .. .\ciJs 
R..-,. I J. 7-15-763. 

Frit-..-uf'!. C.E. 11975) Studies on pota10 -iru' slrains iwla1..-J from Pe:avi~n pota1ocs. Potato Res. IS. 
::1~.?:?6. 

GuNcr. U. and Hoffman. BJ. ( 191131 A simple and 'er) dri.:1en1 mc:thod for generating cDNA libranes. 
Gme :?5. :?6.'-:?6'>. 

Gu~~rl~. P. I 197!11 The dc:lection of ,,.o pcllalo \lru..e' b~· c:nLymc:-linkcd immunosorbcm assay I ELIS:\). 
Ph~topa1hol. Z. 92. 51-56. 

Gug..-rly. P. I 1979) Le lesl immuno-enL)ma11~ue 1ELISA1 .:1 son applica1ion pNJr le diagOO'.'ilic rap1.tc: 
de,; viru\ de la pommc: de: 1err.:. Re:\-. Suisse Agric. 11. :?53-:?60. 

Gui:..-rly. P. and Gchri~er. W. I 191101 F.n.r~~-linkeJ immun~nt assay IF.LISA) for lhc dc:tc:ction 
''' pocato leafroll virus and pota10 \lrus Y in potatl> tu hers afler aniticial break of dormancy. Potato 
Re• . .?.\ .. 15.l- .159. 

Harn-.m. B.D .. Robin"'"· DJ .. '.\lo"'al. W.P. anJ Dun.:an. Cll. : l'JM.l) Compan">n of nudc:1.: ;irnl 
h~l'lridi.ra111m ~nJ other le''' f(\r dc:tc:.:ting 1oha<:.:1> rank virus in narcissus plants and pcllalo tubc:rs. 
\nn. 1\ppl. 8101. Hl.? .. l.\I .l.lll 



Hopp. H-E .. Gia'ttdoai. L. Mandel. A .• ARv. >.. .• Orman.. 8 .• Braw Almonacid.. F .• Torres. H.N. and 
McslQbcny. A.N. ( 1988) Biolir· 'JICd nudn.: Ed bybridiulioa pobcs for poca> virus dctcction. 
Arch. "-m>I. 103. 231-241-

Hune. M.A .• Mcndibuua. A.O .. Monn. M.C. :ln.i Buaonich.. 1-P. (1986)Semm ~IA: a •idely ~ 
virus ~ poaeo aihiY.- from ~ Am. PoQlo J. 63. 69S-f/J9. 

Hull R. I 1986) The polallial for using doc-Noc bybridisalioo in die dctcctioD ot pbnl viruses. In: 
R.A.C. Jones and L Ton-ml% (Eds.). lk-dopmr.nts and Applications in V-... T~ing. PP- J-12. 
A.A.B .. l...avenlmn ~ Wdlcsboume. t.K.. 

lnicma1ional Powo Cemcr (I~) Annual R-eport OP ~QU. Lima. Pmi. 169 PP-
KujaWnom. R. ( 1988) Prospects fOI" ~ o-.;A bybrid1za1ion as a means ot s..""RCning pbl1I virus 

rcsisunce. Nord. Jocdrll111gs-Fonlning -'- :'1~517. 
~lwldjim. E.W. ( 1987) Oplimizr:d hybridiuth.lll or DNA bloned and fixed 10 niuo.:dlulosc and nylon 
~ 8~ 5. 165-167_ 

uary. JJ .. 8rigari. DJ. and Ward. D.C. (198~• R.lpid and ~tive colorimcttic mcdlod fOI" visualizing 
biocin-labcled DNA pobcs hybridized 10 o-.;A OI" R'.'A immobilized on n1110o..~llulosc: bio-blots. 
Proc. '.'a11- Aad.. Sci. USA 80. -W4~~-

Mandcl. A.!\.I.. Orman.. 8.E. Cc!nik. R .. Torr~~- H.N. and \lentabeny. A.N. ( 19891 '."ucleotidc cDNA 
~e coding fOI" the PVXc coal proc~in. ~ucl. Acid5 Res.. 17. 1265. 

Manialis. T .• Fritseh. EF. ..t Sambrnolt. J. • 1982) Molccular Cloning: A labonrory Manual. Cold 
Spring Harbor l.abontory. Nev. Yod. l S _.\_ 

Ma."50!1. L Uccrf. M .• Tousscllc. P .. Pcrmn.:.:. P. and Pdlcticr. G. I 1987) Pl3111 ~1ion from 
protopfasts of diploid poL1'0 dcri•ed from .:nhSCS or 5<>/anum hlMrOJ11nt with ,.ild So/anum species. 
Plant Sci. 53. 167-176. 

Maule. AJ.. Boulton. M.I. and Wood. K.R. 11983al lni«tioo or procopla:Rs irom scvcnl Brassica 
species with ~-mlift, • .....- mosaic •irus fol~ing inocularion wi!h polyedl~ gl~col. J. Gen. Vuol. 
64. 2655-2660. 

Maule .. .\J .. Hull. R. and Donson. J. I 1983b• The application of spot hybridiza1ion to !he dclcction of 
Dl'iA md R:"A •iru...cs in plant IMues_ J. \"irol. M~thods 6. 215-224. 

Nur. L Bo•e. J.M .• Saill:mi. C.. Roocm. S .. Whircomb. R.M. and Ruin. S_ 119861 DNA probes in 
dcrcction of spin:pl:asmas and m~coplasm.i-hke Of!anhms in planrs and ins«ts. FEMS Microbiol. 
u11. ~;. 157-162. 

Omwl. 8 .. Celnik. R.M .. Mandel. A.M .. Torr~. H.N. and Mcniabcrry. A.N. 119901 Complcre cDNA 
scq~nce of a Sourh American 1wlarc oi po1a10 viru~ X. Virus Res. 16. 29.L306. 

~ens. R.A. and Diener. T.O. 1198-0 Spot h~bridization fClf" the detection of •iroids and viruses. 
!\.lclh<>ds Virol. 3. 173-187. 

Paluhiti~- P .• Cotts. S. and Zairlin. '.\.1. 119851 Detection and idcn1ifica1ion of •iroid\ and viral nucleic 
acid, by dot-blot hybridiurion. Acta Hon1cul1. If>'. 109-118. 

Reichmann. M.E. ( 19~9) Potaro viru' X. Part Ill. Light ~anering studies. Can. J. Chem. 37. 384-3811. 
Roy. 8.P .. AbouHaicbr. M.G. and Alcundcr .. .\. I 1989> Biotinylatcd RNA probes fClf" rhc dcl~tion of 

pomo '?indk tuber viroid (PST\' l in plant'. J. Virol. Methods ~3. 149-1 ;6. 
Saladrig;i.. M.V .• Ceriani. M.F .• Towni. A.C. .\r~. A.I. and Hopp. H.E I l9"l'!>1 Potato gene X1 confers 

inoculum dcpcndcn1 resistance to potato '1ru' X rcphc uion in protopluts. Plant Cell Physiol. JI. 
749--:-55_ 

Straragc~ (1988) 8luc~p1 fao/mung 0\ . .\ Scqucncmg System lnsrruction :\tanual. San Diego. 
Califon ;a U.S.A .• 60 pp. 

Symon~. R.H. , 1984) Oiagno5tic approochc' l1>r rhc rapid and <;peeilic detection of plant viru'ICS and 
viro1J~. In: T. Kosuge and E.W. Vester •Eds.). Planr Microbe Interaction\ \01. I. pp. 9J...124. 
M;a,:'1illan Publishing Co .. Nev. York. lSA. 

Tenover. F.C. ( 19811) Diagnosric dc:o~yrihonud~iC acid prohcs ror inftcllOUS di...:a...:\. Clin. Microbiol. 
Re•. I. 82-101. 

Van Brunt. J. and Klausner. A. 119117> Pu'h'"~ prohc' In marker. Biotechnology 5. 211-221. 
Van W~unhcek. P .. VO\. F .. Van Room. J ~ml Van Kammcn. A. I 1'>112> .\lolccular cloning and 

chara.::teriution of a complete D"A cop~ of pi>1a10 'Pindlc tuhcr v1roid R~A. Nucl. Acids Re\. 
IO. -:"9J7-7957. 



Wolf. H .. Leser. U .• Haus. M .• Gu. S.Y. and Padlmanadw1. R. I 191161 Sandwich nuckic acid hybridiu-
1ion: a mclhod ..-idl a univcnally usable labeled probe fOI" ,.;arjoos spccilic teslS. J. Virol. Mclhods 
13. 1-8. 

zmn. M .• Burckanl. J. and Var. Rcgcnmoncl. M.H.V. 11986l l"sc of die biolin-avidin syslCRl fOI" 
detecting a broad range of ~ially rdacd plant viruses by ELISA. J. Virol. Methods 13. 
1::!1-1::!8. 



\ 
.1 

) 

Plant Cd/ Physiol. 31(~): 749-755 (1990) 

JSPP ·(.~ 1990 

Potato Gene X1 Confers Inoculum Dependent Resistance to 
Potato Virus X Replicatioa in Protoplasts 
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Protoplasts were obtained from genetically related Argentine potato (Solanum t11MTOS11m 
111"6'osum) cultivars: Sarona INT A and Huilrkul MAG and from an European culrivar: Spun­
ta. 56rana INT A is resistant to poWO virus X (PVX) infection because it carries the major reac­
tion gene _xi (believed to be the same as Rx.rJ while Hllinkrll MAG and Spunta are susceptible. 
Protoplasts were inoculated with a purified preparation of PVXcp (a South American isolate) and 
then assayed for PVX concentration at different times postinfection by enzyme-linked immuno­
sorbent assay (ELISA). immunoftuoresccnce and nudcic: acid hybridization. PVX multiplica­
tion rates in Serrana INT A were about fifteen times slower than in susceptible genotypes when 
cell-bound virus levels just after infection were in the range of 0.01 to 0.1 ng PVX per viable pro­
toplast. However. when inoculum levels were raised to Ing PVX per viable protoplast. PVX 
multiplication was about the same in all three genotypes. To rule out genetic background effects 
in this behaviour. protoplasts of an Argentine S. actmk done (Pl: 320277) likely carrying the 
same resistance gene, were infected with PVX in similar conditions. reproducing those results ob­
tained ·vith Serrana INT A. The comparison of PVX replication in protoplasts and whole plants 
indk .. :c that although X' gene confers resistance at the cdl levd it necessitates of tissue structure 
to fully express immunity. 

Key words: Potexviruses - PVX - Solanum acauk - Solanum tu~rosum tu~rosum -
Virus-host relationship - Virus resistance gene expression. 

Incorporation of genes that decrease the extent of 
pathogen multiplication and the severity of symptom ex­
pression is of general practice in potato breeding prog­
rams. In the case of potato virus X. three characterized 
reaction genes have been used. The hypersensitive reac­
tion genes Nx and Nb (Cockerham 19SS. 1970) are present 
in many commercial cultivars (Cardman 1942. Cockerham 
1943. 19S8). A third gene, X', conferring extreme resist­
ance to most PVX strains (Cockerham 19S8. Ross 19S4a. 
b. Solomon I 98S) is present in many Solanum ocaule 
genotypes and in some few S. tuMrosum clones (i.e. ~iones 
44/1016/10 and GS399(4)). This gene is likely to be iden­
tical to Rx .. 1 and independent from Rx.,., (Cock:rham 
1970). However it is not so otensively dis1ributed in com-

Abbrcvia1ions: ELISA, m.l)111c-linlted immunosorbenl 
assay; PVX, pocato virus X; Pl, plant introduction number rrom 

the Potato Introduction Siaiion, S1ur1eon Bay. U.S.A. 

mercial cultivars, yet. The polato breeding program of 
:NT A-Balcarce recently released the cultivar Se"ana INT A 
carrying this gene together with genes for resistance to 
potato virus Y (PVY) and pota10 leaf roll virus {PLR V) 

(Huarte et al. 1986). Although incorporated into po1a10 
cultivars. little is known abou1 1he mechanism of resist­
ance. The use of artificially inocdated protoplas1s pro­
vides a controlled system for s1udymg the action of resist­
ance genes on virus rerlication at the single cell level. In 
vitro infection of protoplasts with PVX wa!; vi.::nttred by 
Otsuki et al. (1974) and Shalla and Petersen (1973) using 
tobacco as plant source. Much later Prakash and Foxe 
(198S) were able to reproduce these experimtnls wi1h pro­
toplasts derived from potato. h was shown that rcsis1ance 
to PVX could be analyzed under 1hese conditions, wi1h con­
fticting results for gene Nx (Foxe and Prakash 1986, Adams 
et al. 198S, 1986). Protoplasts obtained from po1a10 
cultivar Cara carrying immuni1y gene Rx, supponcd only 
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limited multiplication of PVX (Adams ct al. 1986). 
In this paper we arrive to conclusions on the expres­

sion of~ X' similar to those obtained by Adams et al. 
( 1986) with the independently segregating gene Rx. by 
analyziag X' gme expression in two different genetic 
bactgrouds: the commercial cultivar Snrtma INT A. 
which also COlllains reaction genes for other viruses 
(Huarte ct al. 1986) and a Solonum act111k dcne obtained 
from a gaapbsm collection. However. protoplasts deriv­
ed from both resistant geDO(ypes behand identically to 
those dcriwd from susceptible genotypes v.ilen the viral in­
oculum was raised to higher levds. 

Phall llflllwial, virus strains, cDNA clonts and anti­
bodies-The following Solanum tuberosum L. ssp 
lllberoslalt cultivars were used: Spunta, Huinkul MAG, 
and Sarao INTA. Cultivar SBrana llffA was obtained 
after aossing Huinkul MAG with a PVX immune porato 
clone carrying X' gene (Huarte et al. 1986). Therefore, Ser­
rano INTA and Huinkul MAG are genetically related. 
Solanum tlCllUI~ done Pl 320277 (with resistance to PVX 
likely due lO the dl'ect of X' gene, Ceriani et al. 1990) and 
segrepnu of done Pl 17S396 (used as susceptible control) 
are both of Argentine origin. They are kept and 
multiplied by the Potato Introduction Station, Sturgeon 
Bay, U.S.A. This Station generously sent us sib seeds of 
the mentioned clones. PVX virions frum South American 
isolate cp (Fribourg 197S, Moreira et al. 1980, Jones 1986, 
Torrance ct al. 1986, Orman et al. 1990) and from an 
Argentine isolate (Province of Cordoba) were purified as 
described (Orman et al. 1990). PVXq, cDNA done pXI 
(Hopp Cl al. 1988, Orman et al. 1990) was labelled by 
oligonudeotide primed incorporation of a-i:P-dCTP with 
a specific activity of 10' dpm/µg DNA and used as 
hybridization probe (Hopp et al. 1988). 

Polydonal antibodies were prepareJ as described 
(Gugerli 1978) aoo biotinylated with a commercial kit from 
BRL (Bethesda Research Laboratories, Gaithersburg, MA, 
U.S.A.) as recommended by the supplier. 

Protoplast manipulat;on-Virus-free seedlings were 
handled in sterile conditions and micropropagated as 
described by Masson et al. (1987). Leaf protoplasts from 
shoot cultures were obtained as reported by Masson et al. 
(1987). In vitro infection was carried out essentially as in 
Maule (1983) except 1ha1 infection density (multiplicily) 
varied rrom 0.01 to I ng of PVX virions per viable pro­
toplast per µI. Protoplast suspensions were incubated one 
minute and a hair at a final polyerhylene glycol 6000 conc~n­
tration of 2S% (w/v) (Sigma, SI. Louis. MO, U.S.A.}. 
Mock inocula1ions were performed in the same way in the 
absence or virus. Af1er 3 washes, pro1opias1S were resus­
pended in 0.4 M manni1ol (minimum volume) and 10 µI ali· 

quots were taken in order to ~ the number and viabili­
ty of prCMoplasts and the amount of PVX incorporated into 
cdls by ELISA and immunoftuor~-ence. Viability of 
virus inocuJaled and mock inoculated po1ato protoplasts 
was determined by lluorescein diacetate staining (Widholm 
1972). Viability of protoplasts usually decreased about 
one order of magnitude after inoculation. Although the 
rate- of viability loss varied among experiments, no marked 
differences •ere obserwd between virus- or moclt­
inoculaled Semma INTA. and Spunta or Huinkul MAG 
protoplasts. 

Protoplasts were incubated at different times in an ex­
cess of medium containing nutrients, hormones, etc. (me­
dium A) as sated in Masson et al. (1987) at 21°C under 
continuous lluorescent light for up to SO h. At each post­
infectioa time, protoplast samples were concentrated by 
centrifugation at 100 x K for 2 min in a swinging bucket 
type rotor centrifuge (MSE Chilspin, U.IC) and resus­
pended in buffers either for viability testing, e:."timation of 
PVX conccnuation by ELISA, slot-blot hybridization and 
immunolluorcscence. 

For estimation of virus content by ELISA, aliquots of 
protoplasts were resuspended in 200 µI of 8 g/liter NaCl, 
0.2g/liter KH2P04, 2.9g/liter Na2HP0,-12HP. 0.2g/ 
liter KO, O.S ml/liter Tween 20, 20 g/liter polyvinylpyr­
rolidone (PVP, 10,000, added to wells precoated with 
polyclonal anti-PVX immunoglobulin G and incubaled 
overnight (Gugerli 1978). After reaction with specific bio­
tinylated immunoglobulin G, wells were incut>·.ied with a 
streptavidine-alkaline phosphatase complex as rc;ommend­
ed by BRL. p-Nitrophenyl phosphate was added and the 
absorbance at 40S nm was recorded and compared to a plot 
of values obtained from wells containing known amounts 
of purified PVX virions that were assayed simultaneously 
in the same ELISA plate. 

For immunoftuorescence assays pro!oplasts Nere fixed 
in 3% rJutaraldehyde and processed as in Shalla and 
Petersen (1973) except that rabbit anti-PVX polyclonal anti­
bodies and fluorescein labelled goat anti-rabbit immuno­
globulin G were used. These immunofluorescence tests in­
dicate that more lhan 80% of the surviving pro1oplas1s 
were effectively infected in the conditions used. 

Nucleic acid hybridiVJtions and Western blot analysis 
-For slot-blot assays, equal number of !'roroplasts belong­
ing to cultivars Huinkul MAG, Serran11 INT A or S. acaule 
(Pl 320277 and Pl I 7S396) were resuspended in a freshly 
prepared solution containing 10 U/ml RNasin (Promega, 
Madison, WI, U.S.A.), 6% formaldehyde, I% sodium N­
lauroylsarcosine, 2.4 M NaCl and 0.24 M sodium ci1rate 
pH 7 at 6S°C and maintained al lhis 1empera1ure for 
IS min. After rapid ice-cooling RNA was sampled in10 
pre-wetted Nytran (Schleicher and Schuell, F.R.G.) mem­
branes wi1h 1he aid of a slot-blol manifold (Schleicher and 
Schuell, f. R.G. ). Afler 1ha11nembranes were washed twice 
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with 100 µI of 3 w NaO, 0.3 w Na cirrate, RNA was fixed 
by e.'posing the wet membrane to UV light (Khandjian 
1987) followed by vacuum baking for IS min at 80°C in a 
s!ab gd dryer. 

For Nonhem blot hybridiDlion, in vilro miaopropa­
gated potato Sttdlings (~ weeks old) were 1L!'d1anic:ally in­
oculated by band rubbing 14mg/ml of PVX m 8g/liter 
Naa, 0.2g/liter KH2PO., 2.9g/liter Na2HP0.-12Hz(), 
0.2 g/liter KO pH 7 .4, on leaves using carborundum as 
abraMive. After 4 weeks, 1-3 g c; leaf tissue were frozen 
in liquid nitrogen and disrupted with mortar and pestle, 
followed by addition of three volumes of guanidine isolhio­
cianate buffer (4 !• guanidinc isodliocianalc, SO mw 2-mcr­
captoethanol, 20mw EDTA and 20Jllll MES pH 7.0) and 
10 min of strong vonexing. Homogenate r..s centrifuged 
for 20min at 7,000rpm in a Sorvall SS34 rotor at 4°C. 
The resulting supernatant was phenol extracted and pro­
cessed as described in Maniatis et al. (1982). After that, 
0.6 volumes of absolute ethanol and potassium acetate to a 
final concentration of 0.1 K were added to the resulting 
aqueous phas.:. RNA was precipitated overnight at 
- 20°c, centrifuged Is min at l:Z.000 xi and resuspended 
in auroclavcd double-distilled water. Approximately 7 µg 
of RNA were submitted to formaldehyde agarosc gel elec­
trophoresis (Maniatis ct al. 1972) and bloued to Nytran 
membranes \\ith 0.36 u Naa, 0.02 K NaH:PO.. 2 mu 
EDTA and 6% formaldehyde (pH 7.4). RNA was fixed to 
the membrane as for slor-blot hybridization. Hybridiza­
tion, washing and autoradiography were performed as in 
Hopp ct al. (1988). 

W esrr.m blotting was carried out with leaf extracts and 
rabbit .,olyclonal antibodies ag3inst PVX as described 
(Towbin et al. 1979). Liquid nitrogen-frozen tissue was ho­
mogenized in 60 mu Tris-Ha, 10% glycerol, S % 2-mercap­
taethanol, 0. J 'cl SOS, pH 6.8. The extracted proteins 
were quantified (Bradford 1976) and separated by discon­
tinuous SDS-polyacrylamide gel electrophoresis in 12% 
gels (Altman et al. 1983). Then, proreins were rransferred 
to Nytran membranes in the presence of 192 mM glycine, 
20% methanol pH 8.3 (Towbin et al. 1979). Capsid pro­
teins were detected using rabbil anri-PVX immunoglobulin 
G followed by an anri-rabbil antibody conjugated to 
alkaline phosphatase (S"gma, U.S.A.) as second anti­
body. The enzyme reacllon was developed as in Harlow 
and Lane (1988). 

Expression of resistance at plant level-In order to ana­
lyze rhe X' gene action over rhe viral mulriplicarion at rhe 
plan! level, virus-free in virro micropropagaled plants were 
mechanically inoculared wirh a purified prepararion of 
Sourh Ame~ican main PVX<P. Figure I shows a Wesrern­
blol expcrimen1 of tolal prorein exrracls of 1wo generically 

rela?td potato culli'1•ars (Huinkul .\fAG and Surana IN­
T.-0 and a third non-related cuhivar (Spunta). Antibody 
rea.:tion dearly indicated that a 30 kDa band corre­
sponding to the capsid subunit protein was present in both 
su5'.-cptible cultivars (tracks S and 6) and absent in the im­
mune cultivar (track 4). No bands were detected in r.on-in­
oculated controls. Similarly, Northern-blot experiments 
indicated positive hybridization to genomic and sub­
genomic RNAs in susceptible cultivars (Fig. 2. tracks 3 
and .i) as well as no detectable hybridization to RNAs of 
Surana INT A (Fig. 2, track 2) or RNAs corresponding 
to the non-inocula[ed controls (Fig. 2, tracks S to 7). 
Relative intensity of hybridization of genomic versus sub­
genomic bands was strongly dependent on alkali treatment 
before transfer. Gels shown in Figure 2 were not treated; 
therefore, hybridization signal of genomic RNA is clearly 
less intense than it should be. Different degrees of relative 
PVX RNA concentration were found when different sus­
ceptible genotypes were compared (Fig. 2, tracks 3 and 4) 
perhaps reflecting some difference in viral genome 
multiplication or degradation rates. 

1234567 

fil. 1 Western-blot analysis or PVX inoculated susceptible and 
resistant plants. Ex 'iitro grown seedlings or cu!tivars Spunta, 
H11inku/ MAG and ~rrana INTA were inoculated with 14 mg/ 
ml or PVX. One month later, virus-inoculated and non-in­
oculated lea\·es were collected and proteins extracted as described 
in ~laterials and Methods. IOµg or total protein were subjected 
to SDS-polyacrylamide gel electrophoresis and analyzed by 
Western blo11ing with antibodies against PVX capsid protein. 
Lanes I and J: Non-inoculated leaves or cultivars Sarrana INTA, 
Sp11nta and Huinkul MAG, respectively. Lanes 4 to 6: PVX-in­
oculared leaves or ~rrana INT A, Spunta and Huinku/ MAG, re­
~pecrively. l.ane 7: Purified PVXcp virions. 
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Fla- l Northern-blot analysis of PVX inoculated suscq>tible and 
resistant plants. Hybridizations of total RNA from PVX-in-
oc:ulated and non inoculated seedlings of cultivars Sarona INT A, 
Spunta and Huinkul MAG with nP-labdcd pXI cDNA as probe. 
Lane I: Purified PVX genomic RNA. lane 2 to 4: Total RNA 
of PVX inoculated cultivars ~"ana /.\TA, Huinkul MAG and 
Spunta. respectivdy. Lanes S to 7: Total RNA of the same non­
inoculated cultivars. 

Similar results to those obtained with Se"ana INT A 
were obtained using S. acau/e genotype PI 3'1JJ277 (not 
shown) carrying the immunity gene in the context of a 
different genetic background. These results suggest that im­
munity conferred by gene ~ in So/anum could be at­
tributed ti" the lack of replication of PYX in leaf tissue. 

PYX replication in potato protoplasts-YiraJ 
multiplication at the cellular IC\·el was monitored by 
ELISA (Fig. 3A and 38) and slot-blot hybridization 
(Fig." A and 4C). Absolute PVX accumulation in in­
oculated protoplasts showed a great deal of variation from 
experiment to experiment. However, the trend was to 
greater yields of PYX with increasing concentrations of in­
oculum over the range from 0.01 to 0.1 ng cell-bound virus 
per viable protoplast. Figure 3A shows typical time course 
accumulation plots of PYX after in vitro infection of pro­
toplasts obtained from an Argentine susceptible cultiva··, 
Huinkul MAG. After a period of IS-20 h post-infection 
there was a logarithmic increase of capsid protein synthesis 
reaching maximum levels al 40-SO h post-infection. 
Nucleic acid hybridization was used to verify the presence 
of PYX RNA in the inoculated protoplasts. Similar plot 
shapes were observed when virus replication was scored 
either at capsid production level by ELISA or at the 
genomic level by slot blot hybridization densitometry in the 
same experiments. As stated above relative increase of 
virus concentration was largely dependent on inoculum 
In-els. Best relative accumulations with good repro­
ducibility were obtained with a multiplicity of 0.01 ng 

10 20 30 40 50 10 20 30 40 50 
time (hs) postinfection 

Fla- 3 Accumulation time course of PVX in susceptible and re­
.:.. ,rotoplasts. Potato leaf protoplasts prepared from 

fuinkul MAG (A), Spunta (8), Sarona INTA (C) and 
uom .anrun acauk clone Pl 320277 (D) WC!e inoculated with 
0.01 ng PVX/viable protoplast (_.) or Ing PVX/viable pro­
toplast (-0-) in the presence of polyethylene glycol. ELISA and 
viability analysis were carried out immediately after inoculation 
and at ditrerent times post-infection. Three representative inde­
pendent experiments were chosen and graphicated. Best linear or 
quadratic functions fining to experimental da1a were drawn. 
Bars indicate standard deviations for each of the analyzed times ex­
cept in th~~ cases where only one measuremen1 was available. 

PYX/viable infected protoplast. Protoplasts were found 
to support PYX virion increase after 40 h of incubation 
that reach 94 times the concentration of cell-bound virion 
levels immediately after infection. At higher multiplicity 
levels (i.e. I ng PYX/viable protoplast) accumulation did 
not increase proportionally to inorulum levels and as a 
r.:sult, plots tend to a more horizontal shape (Fig. 3A), 
probably because the high number of virions per protoplast 
saturates the multiplication capacity of the cell. 

Essentially similar results were obtained with pro­
toplasts belonging to the susceptible European cultivar 
Spunta (Fig. 38) or to the susceptible segregants of 
S. acau/e clone PI I 7S396, as well as with a local PVX iso­
late different from PYX., when used as an inoculum 
source. This local isolate, used as an alternative virus 
strain, differs from PYXcp in the structure of capsid 
subunit protein as assessed by difference in electrophoretic 
mobility and nucleotide sequence (unpublished results). 
These results suggest that, under the conditions used, the 
kinetics of PVX replication in Solanum protoplasts is not 
largely affected by differences in the general genetic 
background of the host-virus system. 

Expression of resistance at the cellular level-As 
described above, absolute yields of virions in infected pro-

- I 
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toplasts varied among experiments. This variation was 
also apparent ':Vhcn relative accumulation of PVX in pro­
toplasts carrying X' gene was compared to susceptible pro­
toplasts. Figure JC illustrates a compilation of repre­
sentative experiments where accumulation rates of PVX in 
protoplasts derived from the immune cultivar SNrana IN­
T A showed significativc difference to susceptible controls 
at multiplicity levels of 0.01 ng PVX/viablc infected pro­
toplast. The reproducibility of this bcha'liour was confirm­
ed after repeating these experiments 10 times using either 
Spunta or Huinlcu/ MAG as susceptible controls. The in­
crease of protoplast-associated virions in Serrana INTA 
was not only slower but also smaller, since even after long­
term incubations virus concentration remained low com­
pared to susceptible controls. 

In order to assess whether viral RNA production was 
correlatively affected by the effect of ~ gene expression, 
equivalent number of PVX inoculated or mock inoculated 
protoplasts derived from susceptible or resistant plants 
were assayed by slot-blot hybridization. Densitometry 
:tnalysis indicated that absolute increases of total viral 
RNA concentrations were smaller than those of the respec­
tive capsid protein concentrations in both genotypes. 
However, the reduction of virus RNA accumulation rates 
in Se"ana INT A protoplasts comparing to those of the sus­
ceptible control, followed a sharp parallel to the overall 
relative inhibition measured by ELISA in the same experi­
ment (data not shown). 
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fl1. 4 Slot blot hybridization analysis of susceptible and resist· 
ant PVX-inoculated protoplasts. Slot blot hybridizations 
were carried out with total RNA from equal amounts of PVX-in­
oculated (multiplicity of infection: 0.02S ±0.00S ng of cell·adsorb­
ed PVX/protoplast) or mock-inoculated protoplasts of genotypes 
Huinkul MAG (A), S. cicaul~ Pl 320277 (8), !krrana INTA (C) 
and Spun ta (0) with i:P-labeled pX I cDNA as a probe. Al each 

post-infection time, cells were harvested, processed as indicated in 
Materials and Methods for total RNA isolation and sampled onto 
nylon membranes. Lane~ 0 10 SO: Viral RNA production at 0, 
10, 20, 30, 40 and SO h after infection. respectively. M: Mock-in· 
oculated protopla~u (40 h after infection). 

Immunoftuoresce11cc, ELISA and nucleic acid 
hybridiza~ion experiments indicated that consistently 
similar amounts of cell-bound viral antigen were detected 
in both types of protoplasts (susceptible and resistant) at 
0 time after infection. Funhcrmcrc, when inoculation 
technique was changed usin~ Iiposome; mediated incorpora­
tion of PVX into protoplasts, no major diffcrencu an virus 
multiplication was observed. These results suggest that 
the lesser production of PVX RNA or capsid antigen in Ser­
rano INT A protoplasts was not a function of the inocula­
tion methodology or of a differential binding of virions to 
Serrana INTA and Spunta protoplasts (not shown). lm­
munofluorcsccncc analysis of fixed protoplasts also in­
dicated that although most Serrana INT A protoplasts be­
came infected, protoplast-associated ftuorcscencc after 
30 h was always clearly less intense than the one observed in 
infected Spunta protoplasts. 

In order to check whether general genetic background 
has any inftucncc on the behaviour of xi gene, seedlings 
belonging to a different Solanum species and likely carrying 
the same gene were used as a source of protoplast for infec­
tion with PVX. Figures 30 and 48 (ELISA and nucleic 
acid hybridization analysis~ show that PVX replicative 
kinetics in protoplasts from immune S. acaule Pl 320277 
genetic background was inhibited essentially to the same ex­
tent as in S. turberosum cultivar Serrano INT A. 

Despite this clearcut resistance behaviour, when multi­
plicity of infection was raised up to highly saturating levels 
(Ing PVXhiablc protoplast), PVX multiplied in both Ser­
rana INT A protoplasts and S. acaule PI 320277 to the same 
extent as in susceptible protoplasts, and no inhibitory effect 
could l•c detected (Fig. 3). 

Discussion 

Previous rcpons showed that protoplasts isolated 
from some resistant genotypes of tomato, cucumber, 
cowpca and potato behaved, at least partially, resistant to 
viral infections (Motoyoshi and Oshima 1977, 1979, Coutts 
and Wood 1977, Maule ct al. 1980, Kiefer et al. 1984, 
Sanderson ct al. 1985). Some of these reports were suc­
cessful in establishing the biochemical basis of disease reac­
tion responses. However in most virus-protoplast interac­
tions, resistance docs not seem to work at this level (sec 
Furusawa and Okuno 1978 or Adams ct al. 1985 for two of 
several examples). 

In the case of potato, there arc conflicting results deal­
ing with the expression of resistance genes at the single cell 
level (Foxe and Prakash 1986, Adams et al. 1985, 1986). 
In this report, potato protoplasts derived from susceptible 
and immune genotypes were infcc1ed in vitro with a purifi­
ed PVX virion preparation for comparative analysis of 
multiplication. In our system we clearly demonstrated 
that X' gene has a distincl effect on PVX replication thal 
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cannot be attributed to general genetic background difft.1-
eoces. There is a clearcut reduction on multiplication rate 
that seems to be inversely related to multiplicity levels of in­
fection. When inoculum densities of up to 0.1 ng PVX/ 
protoplast were used, results essentially reproduced those 
obtained by Adams et al. (1986) for gene Rx. The lesser ac­
cumulation of viral progeny observed in the resistant pro­
toplast system was not due to a delay of a potentially com­
patible response to th-: virus, as long term incubations still 
showed large virus concc:nll ation differences with respect to 
those observed in susceptible protoplast systems. Adams 
et al. (1986) reported that Rx mediated inhibition of Fv x. 
multiplication in protoplasts of cultivar Cara did r..>t affect 
the uncoating of infecting virions, leading to two main 
possible levels of inhibition: viral genome transcription 
and/or replication, or expression of lace viral functions 
(i.e. capsid protein synthesis). Nucleic acid hybridization 
experiments (at both plant and single cell level) presented 
here obviously favour the first mechanism. In this con­
text, it is likely that resi~1ancc gene products restrict 
somehow transcription or translation of viral genome as it 
has been suggested for the case of cucumber mosaic "irus re­
sistance (Maule et al. 1980). However, at very high density 
levels (I ng r VX/prutoplast) resistance was not expressed, 
probably due to ovcrsaturation and bypassing of a putative 
cellular factor by the iligh input of viral particles. This 
kind of threshold level for resistance-susceptibility was 
shown to occur in other systems when the resistance facto:­
is expressed in limited amounts (for ::xample antiscnse 
RNA in Hemenway ct al. 1988). We cannot decide 
whether this threshold level behaviour could explain some 
of the controversial reports on the expression of resistance 
at cell level as pointed out above. 

Finally, comparison of X' gene expression in plants 
and protoplasts indicates that immunity gene docs not com­
pletely function as it should at the cell level, since some 
degree of replication could be detected even at low multipli­
city densities. These results contrast to those obtained by 
ctrtificially inoculating whole plantlets, where even with 
highly stnsitivity methods we failed to detect virus ac­
~umulation. Results at the plant level are in agreement 
with those of Cockerham et al. (1963) and Ross (1952), 
using plants c.:rrying tht same gene. These observations 
suggest that incompatibility reaction factor needs the tissue 
~tructure for full expression. Differential expression of 
host proteins after infection in the genetically related 
system of Huinkul MAG and Serrano INTA at both plant 
and cell level arc under course to further elucidate some of 
these points. 
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RESISTANCE TO REPLICATION OF PVX IN 
?ROTOPLASTS OF A SOLANUM ACAULE CLONE 

CERIANI, M.F., SALADRIGAS, M. V., TOZZINI, AC. and H.E. HOPP. 

lnstlfuto de Biologla Molecular..CICV-JNTA Caatelar, CC 17, 1708 Mor6n, Argentina 
ind ~tedre de Gen6~ Facultad de Agronomla, Unlversldad de Buenos Aires, Ar· 

gent/IU. 

·UMMARY 

A getmplam colleclion wu ecr-* tor the .,,....nee of reelstance genee to potato viN• 
. Among Mlected genotypee, Sohutu• acau/, clone Pl 3202n of Argentine origin was ueed tor ..,.,.11on ol proloplala. 

Simultaneouely, prolopleals -e obtained from potato (SolanHn1 tulNNllun1 t111Nr0111n1) CUI· 

we Senana .:~TA end Hulnkul MAG, ueed •• resletant and eusceptible control•, reepeoUvely. 
m INTA le reaiat.nt to potato vlNS X (PVX) Infection because It carries the major reaction 
ine x' (believed to be the eame u RK.c1) while Hulnkul MAG le eueceptible. Protoplute were 
>OUlaaed witl a purified pl'epwalion ol ~ (• Peruvt.n leolate) end then .... yed tor PVX 
ftOenlration at different ~linlecllon tlmee by enzyme·Unked lmmunoeorblnt U•y (ELISA), 
•munolluoreecer. and nucleic acid hybridization. PVX multiplication ralM in S. ac...,/, were 
out nm.ty percent lower lhan in -plibl• genotypee when cell-bound viN• level• juet after 
ec:llon -e aboul 0.01 ng PVX P4tf viable protoplaet. ·.lle comparleon of PVX repllcaUon 
-.elica with Serrena INT A auggesls that rwia111nce le likely due to the aclion of eimilar genea, at 
ul in what is concerned to mechanism of reaclion. 

:ESUMEN 

Se lnvestigO la ~la de genes de reslstencla para el Virus X de la Papa (PVX) en una 
ilecd6i\ de gennopluma. Entre io. genotlpos eelec:ciol\ad.), el clon Pl 3202n de orlgen ar· 
inllno de So/111- _,,,. tue ulilizado en la preparacl6n de protoplaatos. Simu11'neamente, 
otoplutos obtenido9 de loe cultivar" de papa (Solo111m1 t11b.r011m11U~r01111to) S.rrana INTA y 
Jinkul MAG tueron utilizadoa como controles resislenles y euscepliblea, respectivamente. Ser· 
na INTA es resistente a la inteclciOn por el Virue X de la Papa pol"que" portador del gen X1 

ue ae cree es el miamo que el Rx11e1) mientraa que Huinkul MAG es aueceptible. Los 
oloplastos tueron inoculados con una preparecl6n purificada de PVXcp (un alslamiento 
>Nano) y luego ee determinO la concentraciOn de PVX a dlversos tiempos a partjr do la 
1eeci6n por ELISA. inmunoftuoresoencia e hibridizaci6n de acidoa nucl6icos. Laa taaas de 
ullipliceciOn del PVX en So/011un1 ocoul' fueron un 90% mas bejas que en los genotipoe sus· 
iplibles cuando loa niveles de virua aaocladoe a lu c"ulas inmedialamonte despues de la 
leceiOn tueron O.C : ng de P'l/X por protopiaal09 viable. La c:omparaclOn de la cinelica de 
plicaci6n del PVX en Serrana INTA eugiere que la reslstencia ae debe probablemente a la 
:ci6n de genes aimilar ... por lo menoe en lo que rnpecta • eu mecanlemo do accl6n. 

eywords: Potexviruses, Potato virus, Solanaceae, Solan11111 acaule, Solan11111 
wberosum tuberos11111, Virus-host relationship, virus resistance 
gene expression, Germplasm. 

INTRODUCTION 
',I 

The Incorporation of pathogen resistance gttnae Into agronomic lmpOr· 
tant crops from wild relatives of Is a general practice In plant breeding. In the 
case of potato virus X, two groups of characterized. reaction genn have 
been used. T 110 first group Includes the hypersensitive reaction genes Nx 
and ND (Cockerham, 1955, 1970) which are present In many commercial cul· 
tlvars (Cadman, 1942; Cockerham, 1958). The second ~roup of genes con· 
fers extreme resistance to PVX (Cockerham, 1958; Ross, 1954a,. 1954b; 
Solomon, 1985) and Is present In many wild potato genotypes and In some 
few S. tuberosum clones. This group Includes the gene X1 (Identical to R><eo1) 
(Cockerham, 1970) present In cultlvar Serrana INTA (Huarte e1 aL, 1986) and 
the gene RXedg present In cultlvar Cara (Adams ei aL, 1986). 

The use of artificially Inoculated protoplasts provides a controlled system 
for the study of the action of resistance genes on virus replication at the 
single cell level, enabling the characterization of the genes and eventually 
their molecular cloning. It was shown that resistance to PVX could bt 
analyzed under these conditions. While results for gene Nx were rather con· 
flicting (Adams et al., 1985, 1986; Foxe and Prakash, 1986), protoµlasts ob· 
talne\J from potato cultivars Cara and Serrana INTA (carrying lrnmunl~ 
genes Rx and x1 respectively), clearly resisted the muttlpllcatlon of PV> 
(Adams et al., 1986; Saladrlgas et al., 1990). 

In thl!i paper we arrive to similar conclusions analyzing the expression o 
resistance In protoplasts of a Solanum acaule clr>ne selected by germplasn 
screening and we compare the gene action mect1anlsms with those of the R> 
gene group. 

Abbreviations: ELISA, enzyme·llnked lmmunouorbent assay; PVX, potat1 
virus X; Pl, plant Introduction number frqm the Potato lntroduc 
tlon Station, Sturgeon Bay, USA. 

MATERIALS AND METHODS 

Solanum acaule clones Pl 32027"1 tconferrln!~ resistance to PVX) and F 
175396 susceptible segregants (usea as homologous species susceptlbl· 
control) of Argentine origin were kept and multiplied by the Potato lntroduc 
tion Station, Sturgeon Bay, USA. This Station generously sent us slb seed 
of the mentioned clones. Control Solan11111 tuberosw11 L spp mberosum cultivar 
were Hulnkul MAG and Serrana INT A (Huarte er al., 1986; Saladrigas et al 
1990). PVX vlrlons from the Peruvian Isolate c1:> (Frlbourg, 1975: Orman ' 
al., 1990) were purified as described (Orman e1 al., 1990). PVXcp cON. 
clone pX1 (Hopp e1 al., 1988; Orman e1 tJ/., 1990) was labelled b 
oli~onucleotide primed incorporation of a-32P·dC:TP with a specific activity< 
1 o dpmJ,1g DNA and used as hybridization probe (Hopp et al., 1988). 

Virus.free seedlings were handled In sterile conditions an 



micropropagated as described by Masson e1 aL (1987). Leaf protoplasts from 
shoot cultures were obtained as reported (Masson et aL, 1987). In vitro Infec­
tion was carried out at Infection densities (multlpllcltles) of abnut 0.01 ng ot 
cell-bound PVX virions per viable protoplast per µI. Protoplast suspensions 
were incubated one minute and a half at a final potyethylenti Jlycol 8,000 
concentration of 25% (w/v) (Saladrlgas e1 al., 1990). Mock Inoculations were 
performed In the same way In absence of virus. Protoplasts were Incubated 
at different times in an excess of medium containing nutrients, hormones, 
etc. (medium A) as stated in Masson et al (1987) at 21°C under continuous 
fluorescent light for up to so h. At each post-Infection time, protoplast 
samples were concentrated by centrifugation and resuspended In specific 
buffers either for viability testing, estimation of PVX concentration by ELISA 
o.· slot-blot hybridization (Sala'1rigas 1:1 al., 1990). 

For estimation of virus content by ELISA, aliquots of protoplasts were 
resuspended In 200 ,ul of buffer, added to wells precoated with polyclonal 
anti-PVX immunoglobulin G and incubated overnight. After reaction with 
specific biotinylated immunoglobulin G, wells were Incubated with a strep­
tavidine-alkaiine phosphatase complex as reported (Hopp ct al., 1988) p­
nitrophenyl phosphate was added and the absorbance at 405 rim was 
recorded and compared to a plot of values obtained from wells conta.inlng 
known amounts of purified PVX virions that were assayed simultaneously In 
the same ELISA plate. 

For slot-blot assays, equal number of protoplasts belonging to cultlvars 
Huinkul MAG, Serrana INTA ors. acaule (Pl 320277 and Pl 175396) were 
resuspended and sampled into pre-wetted nylon membranes with the aid of a 
slot-blot manifOild (Saladrigas e1 al., 1990). RNA was fixed to the membrane 
and hybridization, washing and autoradiography were performed as In (Hopp 
e1al., 1988). 

RES UL TS AND DISCUSSION 

Wild potato plants (Solanum acaule P.1. 320277' from Argentine origin, as 
well as resistant and susceptible controls (S. 111berosu111 1uberosum cv. Serrana 
INTA. carrying 1immunity gene X1 and cv. Hulnkul MAG, respectively) were 
used for establishing in vitro lines that were multiplied by micro-propagation 

- ot internode sections. These virus-free in 11i1ro micropropagated plants were 
mechanically inoculated with a purified preparation of the South American 
strain PVXcp, to analyze resistance gene action over the viral multiplication. 
Plantlets were assayed one month later by ELISA In the presence of stand­
ards with known amounts -:.t purified virions (see table I). Resulting levels of 
PVX were quantified by spectrophotometry and percentage of inhibition of 
virus replication was calculated. Table 1 ~ear1y indicates that only basal 
levels of virus particles could be detectad in s. aca11le plantlets confirming ex­
tremP resi~t"nce to PVX Th::.t i~hihition w~s not due to somA non-~Mcific 

\ 

clone (a susceptible segregant of Pl 175396). Quantification of virus ; 
cumulation showed that this control was as susceptible to PVX as the 
1uberosum cultlvar Hulnkul MAG {Table 1). 

Viral multiplication at the cellular level was monitored by ELISA (Fig. 
and slot-blot hybridization (Fig. 2). 

Table 1. Quantification of resistance t<> viral replication In in v1 
plant lets. 

Plant material 

S. acau/e Pl 320277 
S. acaule Pl 17539b 
Resistant control 
Susceptible cont. 

PVX Concen·tratlon 

1300 
18154 

1860 
16740 

% Inhibition 

90 
4 

89 

Pienta of Sola1111n1 acaul• olonee Pl 320277 Md eueoeplllM eegrepnta of Pl 171538e 
-11 u rnletant MCI aueoeptlble oon1P>la (Serrw INTA 11nd Hl.*lkul MAO, ~) v. 
UMd for •tabliahlng ;,, llilro llllM tMt wwe multiplied by mloto-plopegatlon of lnlemOde t 
tlon8. 'fheN vlru1·frff ;,, llilro mlcropropegated planta \¥9r9 . m~ly Inoculated wit. 
preparation of PVXcp. Plantleta wwe .... yed one month lal« by ELISA In the preeencc 
1tandard1 with known ernounta of Wton RNA In the Nmtt piaw, Reeultlng llvell of PVX v. 
quantified by 1pecttophotornetry and repreMnted In the ~,.., column u ng PVXJg IMI Wll 
6eoond column ,,._ ... peroenfllge of Inhibition of Wul repllaallon l'Mf)90t to IUIOeptlbl• c 
b'ol. ,. 

•• I. 

Fig. 1. Time course accumulation of PVX In susceptible and resist. 
· protoplasts. 
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Absolute PVX accumulation In Inoculated protoplasts showed a great 
Jeal of variation from experiment to experiment. Best relative accumulations 
Nlth good reproducibility were obtained with a multlpllclty of 0.01 ng PVX/VI· 
:.ble infected protoplast. Fig. 1 shows typlcal time course accumulation plots 
:>f PVX after in vitro Infection of protoplasts obtained from the Argentine sus­
:eptible cultlvar Hulnkul MAG. After a period of 15-20 h post Infection there 
Nas a logarithmic Increase of capsld protein synthesis reaching maximum 
ievels at 40-50 h post-infection. Protoplasts were found to support PVX virion 
'ncreases after 40 h of incubation that reach 94 times the concentration of 
:ell-bound vlrton lavels immediately after Infection. Similar shapes were ob­
>erved when virus replication was scored at the genomic level by slot blot 
iybridization densitometry in the same experim~nt. 

Essentiall'.f similar results were obtained with protoplasts belonging to 
the susceptible s. acaule clone Pl 175396, resembling the behaviour at the 
plant level shown above. These results suggest that, under the conditions 
used, the kinetics of PVX replication In Solan11111 acaule protoplasts is not lar­
gely affected by differences in the general genetic background with S. 
ruberosum. 

Previous reports showed that in l'itro Infection of protoplasts allowed the 
analysis of resistance gene action at the cellular level (Ponz and Bruening, 
1986). In most cases, protoptasts derived from plants carrying resistance 
genes showed to support pathogen replication at a similar extent than the 
roplicoUon obsorved In pro1oplas1a derived from ausceptlbla plants (Adams et 
al., 1985; Furosawa and Okuno, 1978; Ponz and Bruening, 1986) for some of 
several examples). However, resistance at the cellular level could be 
demonstrated in a number of cases that showed, at least partially, resistance 
co viral infections (Adams et al., 1985, 1986; Foxe and Prakash, 1986; Coutts 
and Wood, 1977; Kiefer e1 al., 1986; Maule e1 al. 1980; Motiyoshl and 
Oshima, 1977: ~onz and Bruening, 1986: Sanderson et al., 1985). 

In this work, potato protoplasts derived from susceptible and immune 
genotypes were infected in l'itro with a purifi~ PVX virion preparation for 
comparative analysis of multiplicalion. Figure 1 shows a compilation of repre­
sentative experiments where accumulation rates of PVX In protoplasts 
derived from the immune s. acaule Pl 320277 showed significant difference to 
susceptible controls at multiplicity levels of 0.01 ng PVX/vlable infected 
protoplast. The reproducibility of this behaviour was confirmed after repeating 
these experiments several times using Huinkul MAG as susceptible control. 
The increase of protoplast-assoclated vlrlons In the Immune S. acaule clone 
was not only slower but also smaller since even after long-term lncubat~~ms, 
virus concentration remained low compared to susceptible controls. 

In order to assess whether vtral RNA production was correlatively af -

"''-
·--

tant plants were aaayed by slot-blot hybnd1zauun \r1y. it). 

Fig. 2. Sloe blot hybridization analysis of susceptible and resistant PV. 
Inoculated protoplasts. 
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Slot blot hybridization• of lot.I RNA from .qual amou'll9 of P'llX~ or mock.ft 
latede!toplaeta of genotype• Hulnkul MAO (A), S. _,.1.1'1 320277 (8), end 9enane INTA 
with P-labelled pXt cDNA. At Heh poet-lnt.c11on time,.,. .. were oentrtfuged, plOCllllC 

lndtc.ted In Mai.riale and Method• kw lot.I RNA leoletlon Md NmP'ed onto nyton """'lbrw• 
~ o to 40: Viral RNA production at 0, 20, 30 and -40 haft« Infection, ~ .. 

Densitometry analysis clearly Indicated that, although absOlute lncr&l 
of total viral RNA concentration was smaller than capald protein, there wa 
ninety percent reduction of virus accumulation rates following a sharp pa 
lellsm to the behaviour of resistant Serrana INTA control and overall rel81 
Inhibition measured by ELISA In the same 1txperlment. Both, ELISA 1 

molecular hybridization experiments Indicated that consistently sin 
amounts of cell-bound viral antigen or genome were detected In the t~ 
types of protoplasts at o time after Infection. These results suggest 

1 

lesser production of PVX RNA or capsld antiqen In s. acaule clone Is n1 
function of the Infection methodology or a diff1nential binding of vlrions. · 
demonstrates that s. acaule protoplasts express a distinct effect on F 
replication that cannot be attributed to general genetic background dlffe 
ces following a sharp parallel to the behaviour of Serrana INTA. 

Results essentially reproduced those obtained by us (Saladrlgas e1 

1990) and by Adams et al.(1986) for Rx gene group. Furthermore, as fot 
other two systems, the lesser accumulation oi viral progeny observed In 
resistant protoplast system was not due to a delay of a potentif'ltv compa 
response to the virus. As mentioned above, long term Incubations 
showed large virus concentration differences with respect to those oble 
in susceptible protoplast systems. In this context, It Is likely that reslst1 
gene products restrict somehow transcription or early translation of 

..,., 



. . . 
the entire resistance gene group Rx. However, we do not sat apart the pos· 
sibitity of an Inhibitory step at the vlral uncoatlng level. PVX RNA transfectlon 
experiments are on course to clarify this hypothesis. 
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:ummary 

•:t~.>n.:-:;, J.;.nvw f r..:.m thtrty one different acc~.stvns Cnin~te-e-n of Arg~ntro~ 

.. ngm; t..:-L-:.ngmg to ~igbt .~~/.i.au.-rrspt?':;ies Wt:-ro:- s.:r~nM ior resistan·:~ to 

mr--~ti0n by f":Jtato virus X stram cp <PVXcpi by m~:hamiA.1 m·xulatlon ·Ji 

pl~ntl~t~. that h3·1 ~n m1cropropagated m v1tr{' Estimates of PVX 

mUltipliwtion obtained by enzyme linked immunosor~nt assay and slot 

blot nucleic aad hybridiZation allowed the identification of resistant dones 
·1'?nv~1 fMm fivll? accessions belonging to S fpmmcarstYJJi.. S. t'Plt1r~o~. S 

.~pa.".vpiliJJ'JJand s mt>ert~JJ11 311digr.oa. Resist.ant genotypes supported 
F·VI wnc~ntrations 5 to 15 times smaller t.han did th~ sus~eptible control 
.:uit1var Spunt3 Graft inoculation test confirmed the- pr~nce of extreme 
r~1-:.t.3nco:- 5tmtlar to that conf erro/.l by the ·imm11mty· gene X1 <also i:allo/.l 
P.~1) 

Tt1c. g€'n~t1·-:: f_;.'Jl'A m wtla tJJt>er -t>eanng speci~ of S-.:'f~wumhas t~n. and 
j ·i1w1ll ..:vr1t!:rn.;. w ti-us.Was. a s.our..:e- of r~istan'e to virus.~ in potato 

t.r~img. t,..:,.o:;ause the range oi genes ava1labl~ allows U1e plant breeder to 

·:·)rnl:l~t n>?-~y ·~·:1:urrmg virul~nt st.rains. Resistani:-~ g~n-?S r,.3n be 

m·:i:•rp.:.nt.:..1 m~·:· ~utuvars by, !or example-, $€-XUal crnssmg (near or ·...ide), 
pr.:.t.vpla-:.t fu:;1.:in 0r gen~ti' transformation atti-r cloning tbor~ gene-s. 
.~.ith01Jgh 5-)ffi~ 

g~rmpl3~~ s-:-l'?-:t1·:-ns has ~n ~valuated <Hann~man & Bamt..::rg, 1966; 
W~t·b .~.c :-.rr1u:!.:. 1961 ), ther~ ar'? thousands of ar.ce-ssions ()f 'NI1'1 St'>l~wum 

;~.1i'~ t..t1.:lt h.:lve- not yet ~n surv~yed for resistance to v1ru~ 

This f'~f.i€'r r-:-("JOrts th~ scr~nmg ot 31 access1vn$ ( 1 y of Arg~ntine 
;:·ngmi t-:-k·ngmg t0 ~1ght Solanum species. Thri:-: of tho:-c.)?' s~tes, S 

g:.,ur!.iy1 H=3~i'lk~. S spar.-vpu11m(81tter) Juz et Buk an'1 s tl!MHJSum 

~utr;~. an·i1g-:nl (1u: t-t Buk.) HaWkes. had ~n tt-s~ prev101J ~ly, tut the 

------------------------------------ -·· 
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0tl1.:-r rive-. s ,·t)f':?'!'J~f~>..m:Dunal. S .m,J.013y,~e.~Okada ~t aausen, S 

.:;~:~"'"<>.'-vJH.awkes et Hi€-rtJng .• ,· ,¥>k\~n~Hawkes. and S vfd3orr~1 

·= u'1~n3.5. W':-r~ tested for ~".' first tlm~ for r~sti?>nce to PVX multipltcatlon. 
P..::--·~ntly s ~daurrfi1r:.3r·'!-?nas ~-; r~laSSified as S gN11ta_ . ..,1 subsp. 
;:•,f.illf.r~1(Cir.J) Hawt~ i-t Hit-rt.mg CA. M aausen. ~rsonal 

.:.: mmum•:atJv.n) • ..:.. tJighly -=~n~.1tJv.:- m r,-:tf,:> t.;.st usmg m1cropn)p.agat.ed 
r.·l~nts r-?':.ult-=--1 m ilvo? n-:-w s·:-·ur':".::-s -:-·i r.;si::~anc.: t-:-mg !-1-:>nt1h'""i 

Ft.mt:; •)f p.·)t.~to .:ultn .. ars .~~n\•e.-1 from u; v1t.r,,cultur~ have: previously 
t~n ·:.h•)Wtl t·:-· l~ smtaN"? i·~·r 'lumtJt .. ~t:Jv-? "1€-t>?-rmination of r-?'3istanc€' to 
f·'/X mu1r1plir.atlon (Ktior.nger ·x Scn~nk. 19~8). Kur21nng~r & Schenk 
( 19~·3) al~.0 •i~m0nst.rat.€-d that .:-.;timation •::.f the virus con<:ent.ration in 
r-·nrr.ary mi~W plants 'tit-as m g·:><xi agr*ment With est..~bllshed resistance 

rantmg We moo1fi~ this meth·xi for s-:ro?emng wild .\('..13.1n1111sped~ The 

;>:·nci:-ntiatJons of vtrus m .::ach genotyz:·-? we-re aSS€"~ qua.ntit .. 1tively by 
1).}th ELI ':.A (Y.ilrzmg~r & N€-1t:el. 193:,} and nucleic acid hybridization 
(H;)pp et al.. I 441 ). 

_;yL'ifJt :1KitflrN1IMost of the acc~tr:•ns u5':'d in this study h3.'1 0nginally 
t~n ~on-:-.:t~1 m Arg~ntm.3. (Fig ~ :: 1:.~.::rs ·Xiginatect m Bo:illvia. Guatem.3.Ja 
rnd f'H1J <Fig 2) N.:, s~lfK mf.:.rmat:.;n was avallable- atvut t.h~ir 

r .... :.-:t1on'5 against FVX mf<:-:ti.:,n .:-xo:p t .. for the twrj known resistant clones of 

:: .1(.1.:;J~(·i-:-nv~ fF'm .30:-c-?S~10ns PP 175 ~9~' and Pl 2 ~/:}~'~; t.hat w~re 
•JS~ ::i:. ro??.t'.:.tant ·:ontiols S tu!'»?r;"'~~u.::; ;ubsp .1ntt1g-:>rK1 WP.F 17~ .. ~ is 3 
·~r·:i·:.::. wtw~n S tu!'Jr3r,>;;;iu;; sut.-:.~· .1L:d:~~rln.? PI 2 792 91 and S ti1~.!'t">sum 

..-md1=~~nL-rF·l .\•)6 !.(J2 CJ B B-3mlft.-rg. p€-rs.,nal r..ommunK.:1t1.)n) 
Tw·~· -~!Jlt1v:irs ·~·f S tut""Pi:"swns1.1t·sp tlf~°'-Pr:--sumr:1.1!~r.,ars $-:-rnna INT • .!.. 3n·j 

~~f.·'J!H.3 ~,...l~f'=" .)lo/·:;. :lu·~-:--1 :.:. r~::·:.tan~ :ind suue-pt1bl'?- i:·:·~tirJ!s 

r.:--:.~n:-.:tJv.:-Iy. :A.-rr.;,n.3 INTA i:un<:-~. th.: ·immunity· g.:-n.:. X1 (C!Jsv (-3JJ.;.J 

RY-v.1 l (Hu.~rt,.;. ·~t al . 19·36. S-aladng-3s .:-t al . I Y'~vi 
'-/n;_; :Jkit~r1.1/ Th-3- m·~-:•Jlum s.Jur·:-=- was potato v1rus X stram cp 

\FVXi:f'), a P~ruv1an 1so1a~ <Fnt..:.11rg, l ')75, Jone-;, l ')&6, Mor€-if.l et al, 

19.i)O) ri:-.:.:-ntly charac~nzi:-.1 ty n1J.:J~:,t.JdE- ·:.~11E-n1:mg (Orman e-t al. J 9')0) 

> . 



.:l.n•i replica.ti.:,n analysis in potato protoplasts (Saladngas et aL 1990). It 
w::is mult.iplted m llk:t?fJMJ3 f31U<All.01plants and purified as described by 
i)rnnn o?t al \ 1 49(') 

Pk:nt f..Ultllr~:Tr11::: ~1s wer~ st.en.Ii..~ by sodium h};pochlorite 
u-.:-.1tm€-nt (G3mborg ~tat .. l 'Ja 1 ). gernunated aseptically in 2 cm diameter 
t:..::sr<:.sillcatr. Qt.3ss tut~ •:<:.r,tamm~ 10 ml vf medium F· (Masson et al. 1 ..:-..yn 

~ ~ -

m·i th.:- r-:-sultmg ~11ings m1a·:-propagdted as ·1~.crtt>P.d by Massc'n et al 

( 1~~7;. ~ling were mdi-;iduallly numbered and m1cropropagated :~mgly 
TI1~ growth condition~ were 16ii h (day/night) pbotoperiod at 22 ll( wiw a 
llght intensity of 6000 luxicm2 provided by nuoresc~nt lights (Phillips 

ilu.:·rec.,cent tubes, TLD 36w 54r•L&) . 
• ~!~".hao1.::a1 fl'H>clllatJ-..y; __ Plant.:ets sel~ted for in0a:utatjon \.lr'e-re about 10 

Jays <)ld. ha·i two or thr~ nvdt-S. and were just starting to develop roots. 
~f,:,.roe m<>~ulation. l).09 ml of a nyst_atln suspension (2 mgiml m 50:t 
-?th'.30 .. )0 w;.,s a.jdi?<i to the medmm to control fungal contamination denved 
f r.:·m v1r11s m;:.culum Which was preparoo in non-sterile conditlons. 

fVX mf >1\:t..ed tobacco !~aves "'~re ground with a pestle in mortar m 10 
ml/g. viral ~mactlon buff-=-r (J'.\ g!l tlaCl. l).2 gt1 KH 2P04. 2 9 g/1 

N3::;Hfi)412H20. I) 2 g/1 KCl. (• ~ !!'J/1 T·~n 20 and 20 g1l 

p .. >tr·11ny1pirrolldon-? (F'VP~ 10.0:jO, pH 7 4) Th~ sus~nSton \.lr"aS hneny 
1:.:-ntnfugw (~,ooo rpm for 5 rrun;, and an inoculum preparad by adding l )O 

mg/ml of <:Mbvrundum to the supernatant. This moculum, wich had a PVX 
(0ncentratl·:in 0f aoout 1 mg/ml Cas estimated by ELISA). was applied to 

tlli?' lt:--3VP.S ·~·n:h a cotton S\.lr"ap .-".ft.er 12 - 30 days, th~ leaves were 
harvt-sW and weighted (0.0) w 0.2 giplantlet. dependmg on the 
g<?.-n•)tYFlf-, 
~tw~n ~'ti.! 12 md1v1·1ual ~s per acc€'5s1on ~re t.est,P,d, tlle targo?r 

nurr:t·::-n ·:c·rr~pon·1ing t) t.h1)'?.' tlK.tt were f ()Und to be r~1stant to PVX 
in!~:r..J,:sn. and at te-a$t .~ mt..:ri:.propagated cl0nes derive-d from an individual 
:~~1 wer.:: tn(;.:JJlathd per a~say 

~:r.ut:ng m:Yl!;~:tfJ:'n·T·H0 sus.:ept1ble pot.a.to (Ultlvars <Spunt.a and 
Humkul MAG > w::-r~ m€-':h3miA1ly tnl)(Ulat.M and after 12 ·1ays. the shoots 

w~r~ grafth1 onto tho-:~ of fiUtatlve r~1stant gt-notypes. Afkr te-n days, 
putAtJve kStst;mt plants were .:-xc1~d at tlle base of the shoot. 
M.3mt.~mani:e of turgidity was used as an md1r..ator of eifedi•,re vascular 
irnt•)n t~t.w~n thP, plants Le3·.;~ from botll shoot.s W':re then process~ for 



El.I ':,A as d~S(rtbOO in .CUDplt1 m3.lysis and their PVX conc~ntrations \lw~re 
.:omr .. ~r~ 

.V!iip/~ .m .. 'L:>-:-.7s· ELI SA \l.'3.5 •:-arn-?-1 0ut as d~.cnbed <Hopp et al.. 1 ~Y l j 

Tissu~ ~mple in 7 mlig viral ~&traction buff er were m a Potter -Elvehjem_ 

Hvm(~?,~n.:-t.:-s 'olt'e'r~ tran~-ft?rr~ to 1.5 ml Eppendorf tubes and kept at -20 
u( ur1r11 r-:--l1_11r~i Th.:-y we-r.:- ~..h.:-n t..haw~. vortexed and clarified by brief 
·~-=-ntnfug~t1·".'n (~(·(•(i rpm f·~·r :'mm; Assays ·~re ma·1e in m1crot.ltr-? plat~ 
mur.·: lmrnunoplat.e-s I, ~nrr.-:!rk) using:;, TitertJ"k Multiscan MC ~1ght­
·:hann~l autvmatJ~ spe<.u-opll0tumi;;.ter (Flow Laboratory). Double antibody 
sandwi.:h Ei.ISA was wrned •)Ut usmg polyclonal antibodies against capsid 
pr(it-:-m5 as ·:-:•at.mg antit•odit?S. (prnv1ded by Dr. $_ Perez Talavera, Centro de 
Ingo:-ru-:-ria G-?n~tica y B1ote-:n·:ologia ·1e La Habana, Cuba)_ Immunvglotmlins 
'.lt~r~ .:vu~,~~ tv t1otin-M-su:.:..:minud~ ester d'1rivative (Amersham, UK) and 

u~i as r~:ommended by i.r~m et al. ( 1986). Aiter reaction with speaiic 

t·1•:.tmyl3t.::--1 imm11n·:ogl0bulm ii. Wo?lls \llE-re mcutoat.ed with streptavi·1in­
-3ll:a~mo? ph·~··;phata.S'?- ·:c·mpl-:-:~ as re-:ommende1 ny Amersnam (UK). p­

mtr.:lh~nyl phvsphak W'lS a·idoo and the absorbance at 405 nm was 

rH..:·r•:lo:,-..i To 4SS€":"S F-'vX lelf'ds. an mte-rnal cahbration curve- was 
•:-;: .. n·:t.ru·:-t..:-.1 t.y c:.amplmg a rangi:- oi 4 to 60(1 ng oi purified PVX per well in 
-:-:Fh ELl~A pl3to:-

:..impl~s for s.l0t-bl0t hytndi:atl0n werr: homoge-nized in a fr~shly 

pr~p.are-d &Jlutlon or 10 Uiml human placental ribonuclease inhibitor 
\RNA$tn. f-r0rneg'3 f.10le(. USA), 6~ formaldehyde. 1~ NaN­
laur0y1s.1rco5m~. 24 M NaG 1nd O 24 M Na citrate pH 7 at 65 ~and then 

nn~ntam.:-d at this. to:mp.trature for 1) min. Afti-r rapid cooling v.ith K~. th~ 

h·::m.:~ .. ~n3t.r, w-as •:entr1fug.;..i .3s for ELISA and the corresponding 
-:u~l'?rn3t.3nt c:.ompl"="'.i mto rr-:--wett.€'1 Nytran membranes <Schletcher and 
::..:t1u-s-n. 1!.:-rmany i 11smg a m.:irufol·1 (Schle1cho:r and Schuell, mimfold I I) 
Aftr.r w.::1·:.h1:-1g tWK~ 'WlU-1 0 i ml of .3M NaCl, 0.3 M Na citrate, RNA was 
i 1:.:.:-d ty ~XF")Smg t.ll~ wet m~mbr ane tlJ UV light (Khandjian, 198 7) 

f •·H·~·\A.'o?<i t·y va.-:u1_1m t•3kmg f·:-ir 15 mm at AC• "( m " slab go?l dryO?-r (Ho:i-?fto?r. 
r.r:.·\) Hyt·nd1:.1tJ0:.n ·-..ry; •:.1:-rted out as do:-scrib€-d in Hopp et al( 1 g.~,~.) The­
f··;:: .:DN.~. dvnt- U$W was.:: ).)55 nudwtidb- insert corresponding to U-1~ 3· 
,:,.n.1 •)f t.h~ f·VX<: p gen(;ffie (Hopp et al. 1991. Orman et al .. I 990), cloned m 

~ho:- SnH [site 01 pNUl?SCrtpt SK M l3(+j pha.gem1d (Stratagene. USA) Th~ 
~·r':.~ v.r.y:., Ia~ll.:--1 '-h'lt.ll 32P-dCTP by ohgonucteotjde primed la~llmg to a 
;~it-Oh( ,:i.: t1V1ty (1f l 01 ~ <:pmimg DNA (Hopp et al., 1983). 

5 
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P..'?'·~ults and Dtscuss10n 

F·V::i m'Jltiplie;i rapi·1Iy m mei:namcally inoculate-j pt1ntloets and rnache-1 a 
plateau in a.bout one to two \lrWks. The levels fluctuated but liWe over a 
penod at least one month after inoculation; the pla~au levels depe~ding on 
g-:-n-:-.type {Fig. 1). The test discriminated bet'ft'een a resistant cul ti var Ce .g., 
~rrana INTA carrying the ·immunity· gene Xi) and a susceptible cUltivar 
(.:.g., :::punta) that differed in a concentration level of PVX by one order of 
magnitude (Fig_ 2)_ When levels of individuals seedlings derivatives ~re 
·:·1mparoo no ev1den'=e oi segregation within accessi0ns was found. so the 
iata fr·'Jm eacn accession were p:i01ea and t.he poole-1 resulted u~.ed to 

prepare Figure 2. 
Clones dr:nved irom several accessions supportw higher levels oi f'VX 

-:onc~ntratl·::-n than did cv Spunt.a_ Unexpectedly, 'SOme concentration values 
were high-:-r t11an those of tobacco plant.s inocula~1 tor virus muttiplication 
(Fig_ 2)_ 

Five accessions: S t:'t'>mmr.rSt,m1PI 243503, S sp.usipilumPI 310<;,72, S. 

tut>t-.. -~~am .. fndJgfln .. f WRF 115a. s <¥->lt~~n~Pl 435079 and PI 4 35oao 
supp-'.lrted tow levels of PVX multiplication, similar to th<>* of plants 

J .:arrymg gene Xi and ·immune· S 3,4u/~clones. PVX conc.entrations were 5 
t>) I:-. t.Jm.:s low€-r t.han in the susceptible control Spunt.a as assessed by 
EL r Sf.. (Fig 2) R~1st3_nce behavi•)Ur in plantlets of !.!lee~ accessions w.3.5 

r-::-prod1E1Ni:- and no sE>gregation of susceptibl~ plar.i.·.s was de-t...e-ct.r.-1 attt?-r 
w.:.ting J.t least 1 O different ~ling genoty~s pe-r putative resistant 
acc~ss1on fanuly Such a number sef":ms to exclude tlle possibility of 
h-:-tA-r·:·zyg-:o-s1ty ot the a'=c~sio!ls ~longing to diploid speci~- However, it 1s 
still po-;s1blre- t.hat alleles tor susceptlb1hty could be pr~ent in t.he 

a..:..:ess1ons oi tetraplo1d species. Comparison of the ELI SA values of c:lones 
•ienv~i t rom t.he same~ wit.h those de-rived from d1ff erent ~s of the 
sam~ accession did not show significant differences. suggestmg that 
1ifferP,nc~ m I.he genetic background betw~n s1bs do not affect re-xpress1on 
c)f th~ char act.er. 



Hudei..: acid hybridization using a characteriZed PVX cDNA clone as a 
prolft: was used to verify whether viral RNA production was affected and to 
;~·)nflrm ·1ata c·btamoo by ELISA. Fig 3 shows that slots corresponding to 
RNA •)f genotype5 •,.,ith resist.ance to PVX mUltiplication did net hybridi::e to 
tll~ pr,)tn:-. • ... 111lt- ::.u~..::e-ptible ont:S did so (With one f>;.{Ception .. slot 19), a 
r•:-$Ult (l•>Y-ly parnll.:-ling that obtained ty ELI SA 

~\- Sj."\.frS:j."'JlWJJ PI 31 Oy72 sh·:·Wt?-1 strl)ng chloros1s and the mo.-::ulated 
~'3-av~s c1e-1 suggt:-sttng that tll~ resistant g~ne(s) ca11seo1 a hyp€·rsenSitive 
rE-action. The other genotypes reacted to inoculation in a way similar to the 

ro:action of cv. Serrana INT A and the resistant clones of S a1-:all/r., that is 
without characteristic sympt.oms of hypersensitive reactions such as 
r:hlorotlc spots or top necrosts This behaviour suggests that the 
l))rr~,;p:)nding reaction g<tnes wuld be of the Rx tyf* (Cockerham. 1970). as 
nught b€- -&~T ~IBi in clones of S t.z1.bt?rt?SUmsubsp. andigena in which su,:h 
·3_ go:-no? has t•*n shown to ixcur (Cockerham. 1943, l 95a )_ 

F'r~v1ous reports indica~ that some genotypes that show r~stance to 
•1irus inoculation may be susceptible when graft inoculated (Webb & 

S<:hultz. 1461 ). Grafting PVX infected susceptible plantl€-ts with tlle five 
ro?S1stant g-:-noty~ confirmed extro?me resistance in these plants (Table 1 j_ 

The r-:-actJ•)n of tl'l~ resist1nt g-:-notypes r~....:-mbled that of the immune 
controls. with th-s- t-xception of S. ,~,)mm~r:.>.,niiPI 243503 derivatives wt!ich 
showed mild chlorosis in leaf margins. 

For t?3-:h a-:·:-?55i0n shoWing ro?Sistance to PVX. thro?.e clones were 
numtJ€-ro:d and 5€-nt to the germ plasm bank of INT A, Balcarce, for 
maintain.a.n(.;. and distribution to plant breeders. The accessions numbt-rs of 
t.11€- dvn~ .:it INT • .::.. Ba.lcar,~e:: gdmplasm tank are for S (:~)f]JJJ'i~rs-.'>011 PI 

2'd~·Cr 3/ 1.2 an·1 3 iJal 911.3/ 1.2 and 3 resr-~:.tive-ly; for S <'PA~'.t2n~PI 

'i ;:.o7·;;/ I,2 3fr! ~ foal 9114/ L.2 an·1 3 r~sp~-:ti·1ie-Iy: tor s :J.~:.")l.~ns~ PI 
-t~.:.o~.O/l.2 and). Bal 9115/1.2 and-~ r€>~~~(tiV~ly. for Ssp..irsipilur11PI 

!· l (.1y7 2 / 1.2 an.i :. Bal 9 l 16i 1.2 and 3 r~spt·divdy; and for S ta!'>?f'<'>SllrJJ 

.'ln:t<c~::in.?. WP.F l 7~11V 1,2 awt ~.- Bal 9117/1.2 and ~. ri?SpE-ctively 
f n sumrn3ry, this pa~r r.:-z. .. :·rt.s riv~ nE>w %U.rces or extreme resistance 

tv F'VX multJphot..ion in tour '"'1ld .~>J..wu.ms~1es This s0urce whave 
·:.umlMly ito kn(1Wf1 ~xt.r~m~ r~~.ist;,n.:e rt-a·:ti(Jn g.=:nes E~riment.s are m 
hanti, usmg m v11'lPtnfo/'.t..e-d protopla5t5 to a~es5 ·...met.her the 
i:orr~sp•)ndmg g-:-n~ nave a s1m11ar action rm virus multlpltcatJon {C.s-riant 
'1t at. 1 'NO. :aladngas ~t al 1990) ! i0we1H. g~n~tir, uoss analysis will te 
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n~t>ssary oo establish chromosome location and the allele relationships 
with other known resistance genes. 
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Ftg 1. Tim~ c:ours~ of PVX multiplication in mechanically inoculated 
p~ntlds susceptible or resistant t...o infection. Jc vifr,,grown 
pl3ntlo?ts were mo-::u.lated and PVX levi?ls quantiiied by ELISA at 
ti1ff 1?rent times aftJ?r tnf e(tion. -----iJ- s f1.r/¥Jr(>sum tu!Jitlr.'Sum cv 

::~,.,.-~.-- i ·-iv .-.:::.ntibl-")· -f tt..tJh.f .-:>-~-·"r ....- , 

~:J -
Q 

0 0 ·' . 'i 

. . . . . . 
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. . . . . . . . . 
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•··········II IJ I.)--'--=-___. __ ........_ _ ___. __ ....__ _ __._ __ _.__ _ __._ _ ___, 

(I 1 (I 20 30 40 
days after infection 
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Figure 2 · PVX concentration levels; m the left column indicates all the 
aco::-s5tons surveyed, poSttive and negative controls are underlined. Mean 
multlplti:atwn •)f PVX in each accession ianuly (as as~i by ELISA) is 
shown in th~ central column. the bars represent the standard deviation. The 
.,:. . .:.,.n..:.~ntration l~V€'l in NA-:t'tiLiDLiis included as a reference. 

Genotn>es mg PVl/g Origin 
0 10 20 ~ ~j ~) 

::;_ a-:aule 17j395 0.8 Jugentina 
S acaule 2'305~ Unlmovn 

S wmmersonii 2'iJ50"3 Argentina 
S. commersonii 47J4()8 .Argentina 

$. gourla}i 210018 ?:1.9 .Argentina 
S. gourla"fl 26jj'n 26.) Argent.ma 
S gourlari 414145 ))2 Argentina 

S. incamaroense <i13066 26.6 Argentina 
S. incama:,1oenre 47~7 22.3 J.rgentina 
S in·:a.m.ayoen:e '17)068 16.7 Argentma 

S neorosii 173201 316 Argentina 
S. neorosti 4PA28 2:1.9 J.rgentina 
S. neorosii 4 734:9 40 .Argentina 

S. oplocenre i35079 Argentma 
S oplocense 435080 Argentma 
S. op10"...ense 442682 .Argentina 

S tut.erosum tut. Serrana IHTA Holland 
S rut-erosum tut> CY. Spunta Peru 

S sparsi pll um 311001 Peru 
S. sparsii:·llum 311000 Bolivia 
S. spars1pilum 31097: Peru 
s :par:1r·ilum '310959 Peru 
S spar:i p1l um 310958 Peru 
S. spars1 p1l um 310957 Peru 
s. :par:ir·llum 246536 :-s.4 PiOli·.fia 
~. ;~·ar:1p1lum )10933 18.6 Guatemala 

,~ 

'Ut·~rorum endtgene \lRf 1756 2.7 Peru _, 

S tuterosum andigena 2811~ 16.7 Argentina 
S. ~rdaurre1 473107 ~ Argentina 
S. v'i1aurre1 473000 21.8 Argentina 
$ ~111'3urrei "t72996 21 8 Argentina 
Hkoti~rJa. ta.ta·~um 1~.0 
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Fig. -~- :1.C>t blvt hybridization of me<hanically infected plantJets with a PVX 
cDN A probe Inf ed.ed leaves were processed for hybridization with 32p 

13.bo?lled pX 1 d 1:rne and then exposed .:·vermght to autorad1ography_ Each slot 

•rns -:M1mpled \I.1th ext.racts from independent plantlets, except for slots 1 to 

6 .:.\nd 1.3 to 17 that ~0ntain 686, 34.3.. 172. 86. 21, 0. 600 .. 300. 1)0, 43 and 
:•.:i ng .:Jf puni1~1 v..;x virt<)ns. respedJ.voe-ly Slots 7. &. Y. 11 and 12: S 

-~--ar~;.~r·,rfa1n !· 11_1~7:2 .::-1·-:m-?'3 1.2.2.J an·j ~\ (r>?Sist..ann Sl·".'ts 10. 19 a.nd 20: S 
.p/:'\~JJ;.~'14::!~;.~.2 clones 1,2 and 3 (susceptible)_ Slots 1~ and 31: S. 

-~'J/,:it:t?JJ.%14.35030 ..:tones 1 and _3 (resistant). Slots 21 to 24: S. t.u/>t?r,'>SUOJ 

subspa~~dJg~na WRF 1758 clones .3,2, 1 and 1 (resistant)_ Slots 25 to 28: S 
c~Yn.m-PrS>.mi12't3503 ·::tones 1.1,2 and 3 (resistant)_ Slots 29 and 30: S 

.jDNY:~nse4.3~·079 clon~ 1 and 2 (resistant). Slots 32 and 33: S. sparsip11um 
-~ 11000 dvn€-S 1 and 2 (SUS(eptible ). Slots 34 to .36: S. f.JJMft)Sll.OJ 

:::ubsp t.i.h'>r.R>Swn o-· St:rrana INTA (resistant)_ 
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Table l _ Relative PVX concentration levels in five genotypes 
moculatJ?ti by grafting_ PVX infected plantlets of S tu/>c?R>Sl/OJ 

-:uMp tutltfJr~'Sum cv. Spunta or cv_ H111:ik.ul MAG were gnft.ed with 
non inf ~t.M putative resist.ant genotypes, S spMSJpilum 

310972/1 /2 /.). S t.oA?f,).'>llf11 MJdig WRF 175~/l i2 / 3; S ,JpkJt~nse 

-t)~·079/l/2/ !.: S <~?.kJt:"t?c~435C•aO/ li2/3; S (°>.JllJJJJ~fSt.o>.tiJi 

2.:t 3.503i 112/3 Afto?r 25 .jays, PVX 1xmc~nt.ration 1-:-vE-ls were 
:;.ssessoo t·;· ELI SA and these one expresr-~ in the table as ratios 
ti-t~n the PVI concentration level in the tested genot1P€" and in 

it.s susceptible grafted part.ner_ 

Genotypes 

Hmnkul MAG /Spun ta 
S Sf"-trsipllum 310972 
·'~ ti11¥-r-.-r.1umsubsp ~ind1g WRF 1758 
S tJP/..">.~nSt? 4 '1)079 

• J J 

\~ ,,n' ... ··.c.r:-~..:. .1.?cuA9.0 •. ~ l''-'''\-r-.1.J~~- ~.j..) v 
,,... - - -- 2/.3CQ? _1_ ~-~·'ffi.[Jj>?fS~)nJj "1 .) J 

Relative PVI 
concentration 

1.00 
0.40 
0.!.2 
0.14 
0.10 
0.05 
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t f'I. plant introduction number of the Sturgeon Bay germplasm 
3,:.:~.s1on::. (Hanneman & Bamberg. 19~6). 
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