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ORGANIZACION DEL INFORME:

I>- Descripcién de 1lo 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. Infeccidn "in vitro™ de
protoplastos obtenidos de genotipos resistentes de papa y evaluacioén de
la replicacion viral.

Servicio C.- Bisqueda y seleccién de clones c¢niificantes para la
cdpside viral de PLRV.

Servicio D.- Construccidén de genes quiméricos de resistencia a virosis

D.1- PVX
D.2- PVY
D.3- PLRV

Servicio E.- Establecimiento de las técnicas de trznsformacidn de papa
de interés para Argentina.

Servicio F.- Transformacidn de plantas de papa

F.1l- PVX
F.2- PVY
F.3- PLRV

F.4- Entrenamiento de una estudiante graduada en M=zxico.
Servicio G.- Presentacioén de informes semestral y znual.

II>- Presentaciones a congresos y publicaciones.

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

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




I>- Desarrolloc e actividades:

Servicio B.- Bisqueda de genes de resistencia. Infeccién "in vitro®" de
protoplastos obtenidos de genotipos resistentes de papa y evaluacién de
la replicacion viral.

RESUMEN DE LA ACTIVIDAD PREVIA YA REALIZADA

1- Se obtuvieron protoplastos de papa de variedades locales (Huj 1,
susceptible a PVX; Serrana-INTA, inmune a PVX) y extranjeras (Spunta,
de amplia difusion en la Argentina y susceptible a PVX), obteniéndose
un promedio de 106 protoplastos viables por gramo de tejido (hojas) de
partida.

2-El1 PVX se aisld, purificdé y cuantificé en base a su absorbancia.
Protoplastos obtenidos de cultivares de papa susceptibles al PVX se
infectaron con PVX en alta multiplicidad de infeccidn en presencia de
fuségenos quimicos (PEG). Un 60 % de protoplastos sobreviven al
tratamiento y de estos, mds de un 70 % queda infectado con virus.

3- La multiplicacién viral a lo largo del tiempo se analizé +*omando
alicuotas a distintos tiempos post infeccién hasta completar 40 horas
mediante los siguientes pardmetros: a) Incorporacién de aminodcidos
marcados (3H-Leu) a proteina de cubierta por inmunoprecipitacion. b)
Desaparicion y posterior reaparicion (sintesis) de proteina de cubierta
por ELISA con anticuerpos policlonales y conjugados monoclonales
anti-PVX. c) Sintesis de RNA genomico viral por hibridacion molecular
mediante 1la técnica del "dot-blot" con la sonda pXl (cDNA de PVX). d)
Inmunofluorescencia de los protoplastos.

4- Los resultados obtenidos nasta ahora indican que tras un periodo de
aproximadamente 15 horas (valle del ELISA) se dispara la sintesis de
proteina de cubierta en forma continua alcanzando un plateau a las 30
hs. La sintesis de RNA gendmico empieza unas 5 hs. antes siguiendo una
tendencia similar a la de la proteina de cubierta.

5- Por otro lado, se probd la infeccién en paralelo de protoplastos de
variedades de papa susceptible e inmune al PVX a las siquientes
densidades de infeccion: 0.01 ng PVX/protoplasto viable/ul; 0.1 ng
PVX/protoplasto viable/ul y 1 ng PVX/protoplasto viable/ul; 1los
resultados indican que en condiciones de bajo inéculce (densidades de
infeccién de 0.01 y 0.1) la concentracidon de antigeno de cdpside viral
en los protoplastos de la variedad inmune, monitoreada mediante 1la
técnica de ELISA, muestra un 90 % de reducciodn respecto a la de
protoplastos de variedades susceptibles: sin embargo, cuando el indéculo
es alto (densidad de infeccidén de 1 ng), la cinética de replicacidn
viral en los protoplastos de la variedad inmune medida a través de 1la
produccion de antigeno es andloga a la de la variedad susceptible
control.

6~ Experimentos de "slot-blot" realizados con infecciones de
protoplastos de 1las variedades susceptibles e inmunes en parzlelo, a
densidades de infeccidén bajas (0.1 ng) confirmaron una menor produccién
de RNA viral por protoplasto viable en la variedad inmune respecto a la
produccién de RNA viral observada en ia variedad susceptible, 1lo cual
sugeriria que 1la disminucién relativa de produccién de antigeno de
cadpside observada en protoplastos de 1la variedad inmune Serrana se
veria acompanada por una disminucion en la cantidad de RNA gendico

viral.




7- Experimentos de inmunofluorescencia realizados con protoplastos de
las variedades susceptibles e inmunes infectados a una densidad de
infeccidén baja (0.1 ng), muestran una menor acumulacién de antigeno
(cépside viral) por protoplasto (fluorescencia mnds debil) en 1la
variedad inmune respecto a la cbservada en 1los protoplastos de 1la
variedad susceptible control; estos resultados estarian indicando que
la diferencia en la produccidén viral entre ambos tipos de protoplastos
susceptibles e inmunes no se deberia a una infeccidén y replicacién
diferencial del virus en una suk-poblacién celular de Serrana sino a
una inhibicién de 1la multiplicacién viral que existiria en todas las
células de esta variedad.

8- Ademds de estos experimentos realizados con protoplastos de ambos
tipos de cultivares 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 inhibiciodn de la recplicacién viral en el cultivar inmune es
practicamente del 100 %, dentro del marco de sensibilidad que estos
sistemas de deteccidén permiten.

9- Gran parte de estos resultados se publicaron el ano pasado y durante
el presente ano (Saladrigas et al. 1990a y 1990b, Ceriani et al. 1990
.y Tozzini et al. 1991).

ESTUDIO DE 1A EXPRESION DEL GEN DE RESISTENCIA Rx acl A NIVEL CELULAR Y
TISULAR.

En la foto A se nmuestran estacas de plantulas de los cultivares
Huinkul-MAG y Serrana_ INTA, recién micropropagadas.

En la foto B se muestran pldntulas del cultivar susceptible Huinkul MAG
inoculadas con PVX y buffer (contrcl) de un mes de crecimiento in
vitro. La inoculaciodn se realiza en las holas medias de la plantula (*)
y al cabo de 1 mes, las ho-“as inoculadas con virus o con buffer no
presentan diferencias encre si.

Un mes después de la infeccidn, RNA aislado de hojas infectadas con PVX
o buffer (control) de los cultivares susceptibles Huinkul MAG y Spunta,
y resistente Serrana _INTA, se corrié electroforéticamente en gel
desnaturalizante de agarosa al 1.2 % . El Northern blot, revelado con
una sonda dirigida contra genes tempranos y tardios de PVX, el clon de
.CDNA de doble cadena 5x41, mostrd hibridacidén positiva contra RNA
‘genémico 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 corrid el viridn entero, que en
las condiciones electroforeéticas mencionadas, corre cComo una
nucleoproteina de 8.7 kb. Se inciuyd ademds en la corrida un escalera
de RNA ("ladder", BRL) para la cuantificacion del peso molecular en Kb
de 1los RNAs subgendmicos. RNAs controles provenientes de hoja
pseudoinoculada de 1 mes, con buffer y sin virus, muestra hibridacién
negativa.

Como se puede observar en la foto, ademds de la bhanda correspondiente a
RNA gendmico 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 subgendmicos 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 10s RNAs
componentes, quizdas debido en parte a degradacién diferencial de esas
especies respecto a las otras (relacionado con la estructura de los
mismas, banda ancha y bien marcada de alrededor de 5.2 Kb, y bandas
anchas y difusas de rango de peso molecular 1.1-1.6 y 0.1-6.9 Kb).




La intensidad autoradiogrdafica rel:tiva 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 ejemplo largo de la especie subgendmica).
Pareceria que las especies mayoritarias 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 poso 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 replicacidn a traveés de RNAs subgendnicos
intermediarios no es novedosa y de hecho, con respecto a PVX, ya
existen trabajos publicados en donde se muestran Northern blots
realizados con RNAs extraidos de hoja o células infectadas que hibridan
con distintas especies de RNAs de menor tamano que el gendmico (Dolja,
1987; Karasev,1987 : Adams,1985). Sin embargo, los pesos moleculares
asignados a esos RNAs subgendmicos varian segin el grupo de trabajo
(Dolja, 1987;Karasev A.V,1987).

Se han informado por lo menos 6 tipos de RNAs subgendémicos, todos 3’
co-terminales y con andlogos de doble cadena (Dolja, 1987), 1los 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 continuacion, construimos una tabla para la
, visualizacidén de diferencias y coincidencias en los resuliados con este
grupo:

Especie subgendmica Material de partida

PM (Kb)

Dolja Nosotros Dol ja Nosotros
(*) 5.2a Hoja Hoja

3.6 4 Id Hoja

3 3 Iad Hoja

- 2.5 Id Hoja

2.1 2.2 Id Hoja

1.8 2 Id Hoja

1.4 (1.6-1.1)a Id Hoja

0.9 (0.9-0.1)a Id Hoja

a= determinacién aproximada del peso molecular.

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

El subgendémico de menor peso molecular, 0.9 Kb, es a expresioén ipn vivo
del gen de 1la cdapside viral; a través de este subgendmico el virus
produce proteina de cdpside necesaria para la formacidén de viriones vy
aunque de su funcion ya no quedan dudas, existen diferencias en cuanto
al peso molecular asignado al mismo: mientras un grupo informa 0.9 Kb
(Dolja, 1987) otro informa 1 a 1.3 Kb (Karasev, 1987). Nuestros
resultados estarian mds a favor de los del primer grupoc (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 también clara de 2.5 Kb.

Se atribuye a cada especie subgendmica simple cadena (de igual
polaridad que el RNA gendmico viral, por definicidén) su correspondiente
de doble cadena (Dolja, 1987). Si esto es cierto, el aislamiento de RNA
bicatenario a partir de una preparacion de RNA total de hoja infectada
por columnas de CF-11 y posterior corrida en gel de agarosa
desnaturalizante dekeria mostrar un patrén electroforético de bandas
equivalente al de la figura-foto 1 (ver HUIi).

Fn la foto D, se muestra una corrida electroforetica de RNA total de




hoja 1infectada, RNAs poiiA+ aislados a partir de la muestra de RNA
total anterior, y un aislacéo de RNA bicatenario a partir de 1la nmnisma
muestra, hibridados cortra la misma sonda anterior. En el gel del cual
se obtuvo el northern, no fue posible sembrar 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 1la autoradiografia, de peso
molecular igual a 6.4 y 5.7 aproximadamente, presentes en la muestra de
RNA bicatenario. La no aparicién 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 por columna CF-11, puedan visualizarse.

Lo interesante de estns resultados es que las bandas que aparecen como
mayoritarias en 1la foto C (ver Huii), es decir, las especies de 6.4 y
la de 5.2 (aproximado) Kb, tendrian su contraparte bicatenaria, a
juzgar por las bandas que aparecen en la foto D (6.4 y 5.7 Kb). En la
primer figura, la especie de aproximadamente 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 1la
. banda, por 1lo cual discutir diferencias de peso molecular de 0.5 Kb
(5.7-5.2) no tiene sentido.

Mds interesante es comprobar que en el trabajo de Dolja (1987) tawbién
se han encontrado especies subgendmicas bicatenarias de alto peso
molecular (5.0 Kpb, corridas en condiciones no desnaturalizantes en gel
de agarosa tenido con broauro de etidio), esta especie, si bien no es
iayoritaria, también se visiumbra en la autoradiografia del Northern
blot de RNA total de plantz infectada, aunque los autores no la marcan
como probable subgendmico.

En la Foto D, se vislumbra z2n la foto de la autoradiografia un intenso
chorreadc en 1la calle correspondiente a RNAs poli A+, pero como la
muestra de poli A+ corrida en gel no mostré una intensa degradacidén en
las bandas observadas, no podemos atribuir el chorreado a 1la
degradacion de la muestra criginal. Mds bien, podria decirse que el
chorreado corresponderia a la existencia de cadenas gendmicas y
subgendmicas incompletamente sintetizadas y en formacion. Se vislumbra

si, una banda poli A+ de peso molecular correspondiente al del RNA
virién (ver Hipa+).

 Protoplastos infectados y ro infectados se resuspenden en medioc de
incubacién A y se 1llevan a cdmara de 210C. A distintos tiempos post
infeccion se toman alicuotas celulares para la extraccidon proteica. Dos
horas antes del tomado de las muestras, se agrega al medio el precursor
radioactivo seguin se detalla en materiales y métodos.

Luego de extraer las proteinas y de resuspenderlas en el buffer de
corrida electroforética, estas se corren en un gel discontinuo de
poliacrilamida al 12 %, sembrdndose por well una misma cantidad de
cuentas TCA precipitables (ver materiales y métodos). Como marcadores
de peso molecular se utilizaron stdndares comerciales de rango 200-14.6
Kdaltons, corridos en wuna calle en paralelo con las muestras de
proteinas marcadas; finalizada la corrida la banda corresponaientes a
estos marcadores se separa del gel y se tine con azul de Coomasie. El
resto del gel se procesa para autoradiografia.

La foto E, muestra un gel al 12 %, con muestras de proteinas de células

infectadas y no infectadas de los cultivares inmunes y resistentes,
cuyo orden de siembra fue:

PUX* M@ Hinf 2 4 6 8 22 46 icon 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 cdpside viral.

8= Marcadores de peso molecular.

Los numeros indican el tiempo post-infeccién al que se sacaron las
muestras. La cinética de replicacidén viral alcanza st plateau a las 40
hs.

Acompanando a la foto, incluimos un grafico de =igracién de los
estdandares de peso molecular. La linea que esta marcando PVX, muestra
que la proteina de la capside viral, migra como una zcroteina de peso
molecular igual a 28 Kda, en concordancia con otros trabajos.

En base a su interaccién con los genes de hipersensitilidad Nb y Nx, o
con el gen de resistencia extrema Rx, las cepas de PVX pueden
clasificarse en 5 grupos:

Genotipo grupo de cepa viral
1 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
Rx(acl) R R R R s
Rx (adqg) R R R R s

aR=Resistente; s=susceptible. La resistencia estd asociada a un alelo
dominante, mientras que 1la susceptibilidad a ur alelo recesivo
{(Tavantzis 1990; modificado de Cockerham, 1955) =zl primer tipo de
resistencia extrema al virus fue informada por Schultz y Raleigh
(1933). La resistencia parecia estar codificada opor un dnico gen
dominante (Cockerham,1970).

La resistencia provenia de un cultivar salvaje Solanu= andigena y fue
trarsferida al clon Solanum tuberosum USDA 41956. Este gen, llamado
Rx(adg), fue incorporado a cultivares comerciales nortzamericanos.

Otro caso de resistencia extrema fue informado por Rcss en 1954, y fue
encontrado en Solanum acaule. Este gen se denomind =Zx(acl), y ha sido
incorporado a algunos cultivares europeos. La relacid- entre Rx(adg) vy
Rx(acl) es desconocida.

Una cepa o grupo de cepas de PVX designada PVX-HB, comin en el 7 % de
los clones bolivianos, se comporta como un aislado virulento frente a
este gen, es decir, es capaz de replicar en aquellos cultivares que lo
poseen. También replica en cultivares gque poseen 1los genes de
hipersensibilidad, sin embargo, no lo hace frente a Sglanum sucrense,
un cultivar que posee un gen dominante denominado Rx(scr), que le
confiere "inmunidad" e..crema contra PVX-HB.

Hasta hoy, varias décadas después de la incorporacién de los genes
Rx(adg) y Rx(acl) a cultivares comerciales, no existen 2videncias que
cepas del grupo HB constituyan una amenaza importante para aquellos
cultivares norteamericanos o europeos gue poseen escs dgenes. Por 1lo
tanto, siendo estos genes de resistencia extrema de alto valor
agrondmico, es muy deseablie su caractarizacion.

Caracterizacion de 1los genes de virulencia de 1los aislamientos
argentinos y extranjeros de PVX. Se infectaron razas fisioldgicas
indicadoras de papa a fin de clasificar dos aislamientos realizados por
la Pac. Cs. Agrarias de Cdérdoba vy compararlos con otras razas
caracterizadas. Los resultados prelim.nares indican gque en condiciones
de laboratorio, son capaces de superar el gen Rxacl presente en Serrana
INTA y en entradas de S. acaule manifestando un comportamiento que
recuerda a la raza HB. Sin embargo, andlisis inmunoldgicos realizados
en el CIP indicaron que ambos aislamientos no tienen relacion con el
llamado grupo andino de razas de PVX al que pertenece HB.
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Los resultados, por causas desconocidas, wmostraron wuna gran
variacion dentro de cada tratamiento (combinacién genotipo
hospedante/genot ipo patigeno). Los valores proaedios presentaron una
gran variancia por ello es dificil obtener conclusiones
estadisticamente fundamentadas. La primera técnica utilizada para el
andlisis de estos resultados fue realizar un estudio de mdxima; esto
es tomar el amayor valor obtenido para cada tratomiento. En el
presente estudio, donde lo que se esta evaluando es la resistencia
ofrecida por cada genotipo a la replicacion de cada raza viral, esta
técnica de onc.isis isplica situarse en la peor situacion desde el
punto de vista de la resistencia. Los resultados y conciusiones que
g continuacion se presenton estan basados en el anélisis de sdxima,
sin emburgo, cabe aclaror que los histogramas obtenidos mediante
esta técnica son equivalentes a los histogramas prumedio presentando
estos ultimos valores proporcionaimsente menores.

AKALISIS POR RAZA VIRAL

PURX cp

Resultados

Nuestra lo maxima concentracidon en los tejidos del hospedante
susceptible ( cv.faris Bard - nxnb). El cv. King Edward con el gen
de resistencia Nx, el cual es inefectivo frente a la raza cp, mostré
una replicacion del virus del mismo orden que MNaris Bard. En ambos
cv. 10 hubo diferencias entre los titulos observados en las hojas
in-culadas (hi) y sistémicas (hs).

El cv. Noris Piper, portados de los genes de resistencia Hx y Hb,
presentd concentraciones un orden wmenor que Jlos cultivores
3uscpetibles. Tambien se euvidencia una disminucion en el titulo
observado en las hojas sistémicas con respecto o las inoculadasyel
aismo cv.

Frente al gen de inmunidad Rx (Serranc INTR) el virus practicaaente
no replicd, observandose concentraciones procticasente iguales a
cero, tanto en las hojas inoculadas como en las sistémicas (ver
tabla 1).

Conclusiones

La roza cp mostré el patrén replicotivo que se esperaba segin el
cosportaomiento descripto en la bibliografia frente a los genes Nx,
Nb y Rx. Sin eabargo no se conoce ninguna publicacion que
caracterice este comportamiento cuantificando las concentraciones
sediante ELISA u otra técnica.

PUX HB




Resultados

Este virus mostré concentraciones simsilares en todos los genotipos
(de 30 a 120 ng/gr). No se observaron diferencias entre los titulos
observados entre hojas inoculades y sistémicas con excepciéon las
concentraciones observadas en las hojas sitemicas de los genotipos
portadores del gen Rx (Serrana INTR y Ale-S. acoule), las cuales
fueron dos ordenes de magnitud aenor.

Los niveles registrados de PUX HB son inferiores a los observados
para la raza cp, no alcanza los altos titulos que PUX cp desarrolla
en Maris Bard {nxnb) y King Edward (Nx) (ver tabla 1).

Conclusiones

Lo raza HB infecté a todos los genotipos por igual, siendo todos
ellos igualsente “susceptibles®. El gen Rx (Serrana y Ale) inhibio
la dispersion sistémica del virus, dato que contradice lo publicado.
La caracterizacion existente de esta raza esta basada en la
sintomatologioa y en la presencia del virus evaluade por back-
inoculation, por ello, es posible que las concentraciones observadas
seon los normales y suficientes para lograr los sintomas descriptos
por otros investigadores.

PUX N

flesultados

Alconzé su méxima concentracion en hi (200 ng/gr) en el genotipo
flaris Piper (Nxhb) y la minisa (6ng/gr) en el genotipo K. Edward
(Hx). Los valores fueron intermedios en Serrana (Rx - 37 ng/gr) y
H. Bard (nxnb - 52 ng/gr). Con respecto a las hojas sistémicas, las
concentraciones fueron similares (30ng/gr) en los cv. M. Bord, M.
Piper y K. Edeard; Serrana mostré el senor wvalor (7 ng/gr) (ver
tabla 1).

Conclusiones

La sdxima concentrocion en hi la alcanza frente o los genes Nxhb
so.trando que esta roza es capoz de superar asbos genes, sin esbargo
el valor minimo se obtiene frente al gen Nx. Esto podria indicar que
lo razo NF estaria reaccionando con otro gen de resistencia presente
en el background de K. Edeard. Para las h. sistésicas los
concentraciones son iguales.

Los titulos observados frente al gen Rx indican que este raza supero
a este gen, aostrando un coaportamiento similar a la raza HB.




PUK S

Resultados

Ricanza su valor adximo en fi. Bard y su ainino en Serrana. En Piper
y K. Edeard los valores son del mismo orden, siendo menor en este
dltimo cultivar (ver tabla 1).

Conclusiones

Los titulos alcanzadns tanto en el cu. susceptible (N. Bard) como en
los portadores de los genes Hx y NxMb (K. Ed. y M. Piper respec.)
son sisilares indicondo que esta raza superaric a estos genes. De
igual manera, el andlisis del comportasiento frente al gen Rx
suestra que es capaz de superar a este gen también; sobretodo .
teniendo en cuenta los resultados de las razas cp y HB. EI gen Rx no
seria tan efectivo para ispedir la dispersion sistémica de esta raza
como lo es con respecto a la raza HB.

Tabla 1: Andlisis de MNHéxima. Concentraciones de PUX expresadas
aediante su orden de magnitud.

cp [cp [ B [HB i [ nF s [s

Genes In, jsis.]in.|sis.}in.|sis.Jin. [sis.
nx nb 4141221212 J |1
Nx ¢14913 12112 ]13]2
Nx Wb 3121212331213 }1
Rx 0j0f21] 211 2] 2
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PUESTA A FUNTO Y UTILIZACION DE LIPOFECTINA PARA 1.A TRANSFORMACION DE
PAPA E INOCULACION ARTIFICIAL DE PROTOPLASTOS DE PAPA CON VIRUS:

1) Indéculo adsorvido:

El Inoculo (PVX) adsorvido por lipofectina es menor al adsorvido por
PEG (en general del 3 al 6 % del adsorvido por PEG).

El wvirion en contacto con los protoplastos parece tener una entrada
espontanea a lo largo de las 2 hs de incubacién. La presencia de
lipofectina no incrementa demasiado esta entrada de virién. La
produccioén de viriones progenie a partir de un indéculo 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 célula. Esto se desprende de los controles de
infeccion  viral realizados segun el trabajo del Dr.Chua para
transfeccion estable con DNA en protoplastos de arroz. En este paper,
donde se dice lograr la transfeccion estable utilizando una combinacién
de PEG-lipofectina no se incluye el control correspondiente de
transfecciéon con la misma densidad de PEG sin lipofectina. Cabe uno
preguntarse si la transfeccidén positiva lograda en dicho trabajc se
debidé o no a la lipofectina.

2) Toxicidad de lipofectina:

La tenperatura de incubacion con 1lipofectina es critica en lo gue
respecta al cultivar utilizado: mientras que para algunos temperaturas
de hasta 37 oC vy no lavado de la lipofectina luego de la incubacién
pueden ser inocuas (SPUNTA), para otros la mejor viabilidad se obtiene
con bajas temperaturas y livado de lipofectina luego de la incubacidn
con la misma (HUINKUL,SERRANA). En estos 1ultimos casos Se observa
incluso un mejoramiento y mantenimiento de la fiuorescencia en general
tanto en controles no infectados como en celuias infectadas con el
virus a lo largo del ciclo viral. A horas mdas alld de las 48, se han
observado figuras en division celular (otra indicacidn de la 1inocuidad
de los liposomas).

En comparacion con el método del PEG, la utilizacion de los liposomas
permite utilizar de partida un menor numero de células (usualmente un
orden de magnitud i~ferior) por la poca toxicidad que estos
poseen,manteniendose una ouena viabilidad a lo largo de todo el ciclo
de replicacion viral. Aquellos protoplastos infectados o
pseudoinfectades por el método del PEG, muestran una mayor tasa de
mortalidad a lo largo del ciclo viral que los tratados con lipofectina,
poseyendo ademds, ya desde el tiempo O del ciclo viral, una viabilidad
también menor con mayor preponderancia de fluorescencia del tipo verde
padlida a rojiza.

Una cantidad optima de lipofectina a utilizar parece estar en el rango
de 30 a 45 ug/millén de protoplastos viables. Dado que la utilizacioén
de cualquiera de estos dos valores produjo resultados equivalentes en
lo que respecta a la viabilidad celular y a la produccioén de virién, se
tomé como concentracion de eleccion la menor. No se probaron

concentraciones menores o mayores de liposomas para infeccién o
transfecciodén via RNA.

3) Transfeccion via lipofectina:

El método de la lipofectina permite la transfeccion y expresion de RNA
viral en protoplastos.

Utilizando una misma densidad de infeccidén (30 ng RNA/ 300 pv/ul) e
independientemente del método de preparacién de RNA (guanidina o
TAE/SDS), la eleccidon de la temperatura es critica: bajas temperaturas
permiten una mayor entrada de RNA y su expresion (produccion Jde
antigeno wviral) puede detectarse ya a las 20 hs por ELISA. En cambio,




temperaturas mayores (ambiente: 25-300C) parecen hacer menos eficiente
la captura de RNA por la célula, de modo que la produccion de antigeno
solo es detectable a partir de las 40 hs (fin del ciclo viral).

Un corto periodo de preincubacién a 0 oC (usualmente 10 min) del
complejo liposomas/RNA parece contribuir a lz eficiencia ae entrada del
dcido nucleico.

Se probaron dos densidades de transfeccidn via lipofectina diferentes:
Una de bajo inéculo dié negativa la produccién de antigeno viral por
ELISA a las 40 hs (10 pg RNA viral/pv/ul), en cambio un inéculo un
orden mayor (100 pg RNA viral/pv/ul) dié infeccidén positiva.

Se comparé este protocolo de transfeccién via lipofectina con otro de
transfeccion via PEG (sacado de Maule y Boulton, 1980, J.Gen.Virol.
47:199-200). Este ultimo protocolo también se prob¢ a dos densidades de
infeccion distintas (las mismas que para lipofectina) resultando no
s6lo negativa la produccién de antigeno de cdpside por ELISA a 40 hs
post infeccién, sino también un efecto notablemente deletéreo sobre 1la
viabilidad y 1la tasa de mortalidad en general, luego del tratamiento
con el PEG.

Es de notar que en el trabajo original de Maule et al. se parte de una
cantidad de células a infectar dos 6rdenes de magnitud mayor de la que
se parte en forma estdandard en nues:iro caso (1x107 Yy 1x105
respectivamente) y de una cantidad también notablemente mayor de RNA
(0.5 mg RNA).

Otros protocolos similares de transfeccidén de RNA via PEG, si bien
pueden ser efectivos utilizando densidades de transfeccidon menores que
las nuestras con lipofectira (entre 8 a 50 pg RNA/pv) necesitan también
partir de una cantidad de células del orden de 107 por la alta
mortalidad que provoca el tratamiento, lo que tamkién implica poder
contar con cantidades de RNA considerablemente mavores (del orden del
miligramo en muchos casos).

En nuestra experiencia de transfeccion de RNA viral con lipofectina, la
alta viabilidad post-transfeccion obtenida permite partir de cantidades
celulares y de RNA una o dos ordenes de maanitud menores a las
utilizadas en protocolos convencionales de transfeccion via PEG.

-C TERIZACION DE NUEVOS GENES DE I IDAD DEIL. GERMOPLASMA DE PAPA:

Durante 1990 se caracterizo la cinética de replicacion viral mediante
. ELISA, inmunoprecipitacién, inmunofluorescencia, hibridacién de 4acidos
/nucleicos, etc. en protoplastos de entradas del banco de germovlasma de
S.acaule que tienen €l gen de reaccion a PVX Xi de Ross, también
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 inbibicidn de la replicacién viral que estaria afectando la
transcripcion o replicacién del genoma viral. E1 detalle de todo 1lo
hecho en este punto estd claramente expresado en el trabajo de Tozzini
et al. aceptado para publicarse que se adjunta a este informe.
Actualmente se continda la caracterizacién molecular y se estdn

implementando distintas estrategias para aislar los genes de
resistencia.

Servicio C.- Bisqueda y seleccién de clones codificantes para la
cdpside viral de PLRV.

Se localizaron y caracterizaron las secuencias nucleotidicas virales de
los extremos 5’ gendmicos y codificantes de la proteina de cap-.ide del
PLRV con el proposito de construir los primeros geres de resistencia




que interfieran 1la estrategia Ze replicaciodn viral. En este contexto,
se logré aislar clones contenierio parte de la capside viral del PLRV a
partir de una genoteca construicéz a partir de un aislamiento uruguayo y
se construyeron nuevas genotecas especificamente del gen de la cdpside
por la técnica de PCR (polymerase chain reaction) con oligonuclectidos
sintetizados "ad hoc".

Obtencidn, bisqueda e identificacion del gen de la subunidad de cdpside
viral del PLRV:

Se cuenta (gracias a la colaboracién con el Instituto de
Investigaciones Biolégicas Clemente Estable del Uruguay) con una
genoteca de cDNA (hecha en el fismido Bluescript) sintetizado mediante
la técnica de iniciacién al azar a partir de RNA viral purificado.

Esta genoteca fue rastreada mediante hibridacion con oligonucleétidos
sintetizados ™"ad hoc".

2. El oligo 1 hibrida con el extremo 3' de la zona de RNA viral gue
codifica para cdpside y el oligc 2 hibrida con el cDNA sintetizado con
la transcriptasa inversa usario el oligo 1 como primer, en la zona
correspondiente al extremo 5 de capside viral. Esto se muestra
esquemdaticamente en la Figura Nci:

Figura Nol:

RNA viral 5‘AUGAGUACGGUCGUGGUUAX----//~---CUUUGCAAAACCCCAAAUAG 3°
FELEVLEELTEETE T
Ooligo 1 3V<mmmmm R o m e GAAACGTTTTGGGGTTTATC 5°
SRNRRRRRRRRNENRIAAS
Oligo 2 5'ATGAGTACGGTCGTGGTTAY - ————~=~ > > > 3

Se fijo DNA correspondiente a 23 clones de la genoteca a una membrana y
se realizo una hibridacion con zmbos oligos a 1la vez, marcados con
032P-ATP, como sondas. Se detsctaron dos clones positivos, el 69 y el
55. La idea original era usar estos clones como templados alterntivos
para, mediante el método de PCX, lograr la amplificacidén del gen de la
proteina de la cdpside. Para evaluar si ésto es posible, se realizé un
mapeo de restriccion de estos dos clones, utilizando las enzimas Hinf
I, Bam HI, Dde I, Hha I y Pvu II. En ningun caso se obtuvieron bandas
del tamano esperado si el inserto de estos clones contuviera
informacién para la cdpside viral.

) Esto ultimo hizo que fuera imprescindible la repeticién del
relevamiento de 1la genoteca, narcando, esta vez, a los dos oligos por
separado (de esta manera si un zismo clon hibrida con 1los Jos oligos
estariamos seguros que contiene el gen de la proteina de la cdpside
completo) e hibridando en paralelo con dos membranas idénticas.

Esta vez se utilizaron membranas de Nylon (Z-probe, Bio Rad), vy se
siguidé las instrucciones del fabricante tanto para el fijado del DNA a
la membrana como para la hibridacién en si (ver Materiales y Métodos).
Para el marcado de 1los oligcnucledtidos se utilizé un kit comercial
para marcado de extremos 5' romos de IBI. La actividad especifica de
ambas sondas fue del orden Ze 107cpm/ug DNA. Otra diferencia con el
experimento antes informado es que se separaron los oligonuclesdtidos
marcados del ATP no incorporado mediante el uso de columnas de Sephadex
comerciales (Nu-clean D25 de 1IBI) y no mediante precipitacion con
acetato de amonio y etanol, lo cual disminuyd el fondo inespecifico.

En este caso, se sembrdé en las membranas 100 ng de DNA de 22 clones que
no se habian incluido antes (ademds de los anteriores 25 clones y, por
supuesto del control negativo: DNA del plasmido Bluescript sin
inserto).

El resultado de la hibridacion usando el oligo 2 como sonda, indicé un




solo clon positivo, el numero 32.

La hibridacién usando el oligo 1 como sonda no arrojo ningun positivo.
A continuacion se analizé mediante el uso de enzimas de restriccion al
DNA del clon 32. Por un lado se 1liberé el inserto cortando DNA
purificado del clon 32 con dos enzimas, Bam HI y Pst I. Por otro lado,
se corté DNA de este clon y del plasmido Bluescript por separado con la
enzima Hinf I, lo cual libera siete fragmentos; uno de ellos aumenta su
tamano proporcionalmente al tamano del inserto. Se corrié un gel de
poliacrilamida al 5% sembrando el resultadc de todas estas
restricciones y un marcador de peso molecular. De esta manera se
determiné que el inserto del clon 32 es muy corto, tiene unas 50 pb.

En el informe anterior, se reporté ia realizacicén de una reaccion de
PCR, utilizando los oligonucledtidos como iniciadores y 1la primer
cadena de CcDNA (obtenida utilizando RNA de planta infectada como
templado v transctiptasa inversa) como templado. Esta reaccién no dio
resultados, es decir, a pesar de que se comprobo que se sintetizaba
CcDNA, no hubo amplificacién del gen de la proteina de la capside. Como
también se explicd en ese informe, ésto pudo haber ocurrido porque el
templado para 1la reaccién de PCR, si bien era suficiente para
detectarlo, marcado con a-32P-CTP en un gel de agarosa, no era
suficiente para comenzar la reaccidén de amplificacion. Un problema
importante 2s que, normalmente, para una reaccion de sintesis de primer
cadena de cDNA hace falta partir de 1 pug de RNA <templado. Como se
contaba con RNA total de planta infectada para usar como templado, para
poner 1 ug de RNA viral, habria que utilizar unos 203 ug de RNA total,
lo cual es metodoldgicamente dificultoso.

Es por ésto que se comenzd la busqueda de templados alternativos en los
clones de la genoteca. Como no se detectdé algun clon que contuviera el
gen de la proteina de la cdpside conpleto, estos clones no sirvieron
como templados alternativos.

Fue importante entonces, volver al punto de partida, el RNA extraido de
planta infectada, vy tratar de enriquecerlo en RNA viral. Para ello se
aplico la teéecnica de liberacioén del hibrido.

Se fijaron 5 ug de DNA de c/u de 1los clones 55, 69, y 32 en una
membrana de nylon seguin el protocolo Jlescripto en Materiales y Métodos.
Se eligieron los clones 55 y 69 porgue tienen insertos muy grandes
(aprox.2 Kkpb), 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 Métodos), se libero
de la membrana el RNA que hibridé con alguno de esos clones por
calentamiento. Se precipité el RNA, se lo resuspendidé en agua y se lo
corrié 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 ug de RNA.
Identificacion del RNA viral rescatado con clones de cDNA por la
técnica de liberacidén del hibrido:

Se £fij6 DNA y RNA a un filtro de nylon, y realizé una hibridacién de
este filtro usando el clon 32 marcado por iniciacidon al azar como
sonda. Lo que interesa demostrar es que el RNA 1liberado en el
experimento anteriormente descripto hibrida con el clon 32 que, ya se
sabe, contiene parte del gen de la proteina de la capside. Se observd
una fuerte hibridacién de la sonda con el RNA liberado y con el control
positivo, y algo de hibridacién inespecifica con el tRNA. No hay
hibridacién con el RNA total, lo cual era esperable ya que, durante el
experimento de liberacién del hibrido, de 200 ug de RNA total se
obtuvieron 3 ug de RNA liberado. Este resultado nos indica que el RNA

es de origen viral y puede ser usado como molde (templado) para generar
una genoteca de cDNA.




Para st amplificacidén y clonado se utilizd un kit de Invitro-gen
utilizari> los oligonucleotidos arriba detallados. El fragmento
amplificz3o mostréd un comportamiento electroforéticc coherente con lo
esperadc. A su vez, al ser transferido mediante Southern blot a una
membrana de nitrocelulosa e hibridizado con sondas del clon arriba
mencionaio, mostré una alta senal de hibridacion. Después de ser
stbclonzic e introducido en un fasmido vector en E.coli, se preparé
cantidaé suficiente para secuenciacion, ta cual se encuentra
actualmente en curso.

Servicio D.- Construccién de genes quiméricos de resistencia a virosis

-D.1 y P.2- PVX y PVY:

Como se  nformé anteriormente, a partir del conocimiento y de los
clones c= cDNA obtenidos para PVX y PVY se realizaron distintas
construc-iones quiméricas con el objeto de introducirlas en plantas de
papa y cwtener resistencia. Se prosiguen dos estrategias paralelas:

1) Por vm lado se intenta introducir y expresar las respectivas
capsides virales en papa (cross protection). Se dispone ya de tres
construcciones constituidas por los genes de cdpside de PVX y PVY bajo
el control del promotor constitutivo doble del transcripto 35S del
CaMV.

2) Por czro lado se intenta inhibir la replicacion viral por expresion
constituzziva en 1la planta de transcriptos de polaridad regativa que
correspcrden a regiones del genoma consideradas clave en el ciclo de
replicacisan. Se dispone de tres construcciones "antisentido™ (bajo la
direccic¢n del promotor doble arriba mencionado) de 1la regidn 5’ no
codificznte del genoma de PVX y PVYn y de la regidén 5’ del mensajero
subgené=-:zo de la cdpside viral de PVX. Para ello se realizdo el
subclonzio en vectores de tipo Ri de agrobacterias.

= D = 3 - P L R v
Aun no :-iciada.

Servicio E.- Establecimiento de las técnicas de transformacion de papa
de interss para Argentina.

Puesta 3 punto de tecnologia de regeneracidén vy transformacion de
cultivarss de papa de uso local:

Paralelzzente se realizaron experimentos de puesta a punto de
transforzacion y regeneracion de los cultivares de papa Huinkul MAG y
Spunta Ze uso en Argentina) y Alfa (de uso en México).

Ya han sido determinadas las condiciones gue permiten regenerar plantas
a partir de discos de hojas y minitubérculos. Se realizaron ensayos de
transfornacién de discos de hoja y, en menor medida, de cortes de
minitubérculo variando los métodos de infeccidon y utilizando distintas
cepas de Agrobacterias capaces de transferir a 1la planta marcadores
genéticcs de facil identificacion (resistencia a antibidticos vy
herbicicdas y expresion de glucuronidasa). Estas condiciones se
utilizarin para la transferencia de las guimeras descriptas y de otros
genes de interés.

Ensayo de regeneracion a partir de discos de tubérculo: Se realizé un
ensayo de regeneracion utilizando mini tubérculos 1libres de virus
obtenidcs en invernadero, del cultivar de mayor utilizacién en 1la
Argentina, Spunta.

El priner paso fue la determinacion de las condiciones de
esterilizacior superficial del tubérculo. Para ello se ensayaron tres
tratamientos. En todos ellos, primero se lavan los tubérculos con
detergente y cepillo. Se pelan y se tratan con alcohol 70% durante un
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minuto. Luego se tratan con:

a) lavandina 0,6%, tween 20 3,1% durante 20°

b) lavandina 1,2%, tween 20 :,1% durante 20°

c) lavandina 1,2%, tween 20 2,1% durante 35‘.

Se toma la parte central con un sacabocados estéril, se cortan las
rodajas y se colocan en un c—adio con las sales y vitaminas MS, sacarosa
3%, agar 5,5 g/1 pH §5,7.

El tratamiento c) fue el que did mejores resultados, ya que no hubo
contaminacién con bacterias y hongos sobre las rodajas de papa como se
observé en los tratamientos a) y b).

Una vez gque se determinaron 1las condiciones de esterilizacidn, se
realizo un experimento que <consistié en determinar las condiciones
6ptimas de regeneracién cdel cultivar Spunta a partir de rodajas de
tubeérculo.

En 1989 Cornelissen realizo una tarea similar para las variedades
europeas Bintje, Désiree y Escort, en donde determiné, luego de probar
distintas hormonas (kinetina, ac. naftalenacético, ac. indolacético,
ribésido de zeatina) que las normonas y concentraciones adecuadas eran:
10 uM Zeatina/luM IAA para Escort y Bintje, y 5 uM Zeatina/0,3 uM IAA
para Désiree.

Luego de una esterilizacisn superficial (sequn el tratamiento c)) de
tubérculos de Spunta, se colocaron las distintas rodajas de unos 0,9 cm
de didmetro y 2 mm de espesor en 7 medios diferentes segun las
concentraciones de hormonas utilizadas. Todos los medios contenian 1los
macro y micronutrientes y vitaminas de MS, sacarosa 3%, agar 5,5 gr/lt.
Ver la Tabla Nol:

Tabla Nol:

\ZEA(uM) 0 =1 10
IAA(pM) \~—————— e
0 10%* —kk 15
5 - 13 15
10 15 1= 15

* indica numero de rodajas de tubérculo por tratamiento.
** indica concentraciones nc ensayadas.

A los 14 dias de iniciado el tratamiento, se observé 1la aparicién de
callos en las concentraciones ZEA 10/IAA 10, ZEA 10/IAA 5, ZEA 5/IAA
10, y ZEA 5/IAA 5. No se observé aparicion de callos en las
concentraciones ZEA 0/IAA O, ZEA 0/IAA 10, ZEA 10/ IAA O.

A los 35 dias los callos eran verdes y de un diametro de entre 1,5 y
2,5 cm. No se diferencid ningin brote a partir de estos callos.

A los 35 dias se observo la aparicién de microcallos en el 100% de las
rodajas de tubérculos que estaban bajo el tratamiento de ZEA 10/IAA O.
Una semana después, surgieron brotes a partir de todos estos
microcallos. Cuando 1los brotes alcanzaron un tamafio de unos 10 cm se
los separar6 de las rodajas de tubérculo con un bisturi y se 1los
transfirio a medio de enraizamiento. A los 15 dias, todos los brotes
enraizaron. El1 tratamiento con zeatina 10 uM/IAA O fue, por lo tanto,
el de eleccion para el ensayo de transformacién que se describe a
continuacién.

Ensayo de transformacién de discos de tubérculo: Al igual que el ensayo
anterior se utilizaron mini tubérculos de Spunta y las mismas
condiciones de esterilizacion superficial y manipuleo.

Para la transformacidén se utilizd la cepa de Agrobacterium tumefaciens
cs8cC1 rifr (pGSFR1280). como control se utilizé 1la cepa de
Agrobacterium tumefaciens C58Cl rifr (pGvV2260). Se realizod la
coinfeccién de 60 rodajas control y 60 rodajas cen la cepa que contiene
el pldsmido pGSFR1280 que confiere resistencia a kanamicina.




A continuacion se transfirieron a tubos sin presién de scleccidén (20
rodajas) o con presién de seleccion. Se ensayaron dos concentraciones
de kananmicina (kan): 25 ug/ml y 59 pg/ml (20 rodajas en cada
concentracion).

El relevaniento realizado al mes arrojé los siguientes resultados (ver
tabla No2).

Tabla No2:

km O km 25 km50

a 12 (60%) 15 (75%) 18 (90%)
pGFSR1280 B 4 (20%) 2 (10%) 0

c 4 4 2

D 15 (20%) 8 (15%) 2 (10%)

A 7 (35%) 16 (80%) 20 (100%)
pGV2260 B 6 (30%) o 0

c 7 4 0

D 15 (35%) 16 (20%) 0

A: rodajas necrosadas.

B: rodajas verdes; tejido vivo.

C: rodajas que dieron lugar a callos.

D: rodajas que dieron lucar a brotes.
Como se observa en la tabla, en azbos casos hay una mayor proporcion de
necrosis a medida que la presion de seleccion aumenta. Ademdas un 10% de
rodajas ccinfectadas con las bacterias que contienen el vector que
confiere resistencia a kanamicina son capaces de generar callos y/o
brotes a altas concentraciones de kanamicina.
Las rodajas coinfectadas con el vector control no fueron capaces de dar
lugar a callos y/o brotes en 50 p3g/ml de kan, por lo que se usara en lo
sucesivo ésta concentracién de kan. como presion de seleccién.
Todos los protes fueron transferiios a medio de enraizamiento con 50
£g/ml  de kan. Si alguno logra a enraizar en esta concentracién de kan,
se ensayardan concantraciones maycres y se haran las pruebas necesarias
para confirmar transformacion.

Ensayo de transformacion de discos de hojas de papa: Se siguid un
protocolo proporcionado por la Dra. Aileen O‘Connor del Centro de
Investigacion y de Estudios Avanzados del IPN (Instituto Politécnico
Nacional), Irapuato, México, con el que tenemos colaboracién. Se
trabajo primero con 1la variedad europea Desirée y luego con las
variedades Huinkul MAG y Alfa. Para la transformacién se utilizé 1la
cepa de Agrobacterjum tumefaciens C58C1l rifr(pGSFR1280).

Se hicieron dos tipos de contrcles. Por un lado se hizo una infeccién
simulada siguiendo todos los pasos detallados en el protocolo pero sin
agregar el Agrobacterium. Por otro lado se realizaron coinfecciones con
la cepa de Agrobacterjum tumefaciens C58Cl Rifr (pGV2260) Se utilizaron
36 discos de hoja en cada uno de los tres tratamientos (transformacidn
y dos controles). Luego de dos dias de coinfeccion, se colocaron 18
discos de cada tratamiento en tubos con un medio sin kanamicina (sin
presion de seleccion) y 18 discos en tubos con medio al que se le
agrego 50 ug/ml de sulfato de kanamicina (con presidén de seleccién).

Es importante subcultivar los explantos cada semana.

A las tres semanas se observo aparicion de pequenos callos sobre los
bordes de los explantos de todos los tratamientos que se encontraban
sin presion de seleccioén, asi como aquellos con presion de selecciodn
previamente coinfectados con Agrobacterjium, mientras que no se




cbservaron callos y si 2i leve amarillamiento en los explantos
controles sin inocular que se encuentran en un medio con kanamicina.
Para las rutinas de transformacidon se utilizé el sistema de cocultivo
de Agrobacterium _sp. con hojas de plantulas crecidas "in vitro".

Se lograron eficiencias de regeneracion de brotes a partir de hojas del
70% para el cultivar argentino Huinkul, del 80% para el cultivar
europeo Desireée y del 100% para el cultivar mexicanoc Alfa utilizando 2
mg/lt de zeatina.

El ensayoc de glucouronidasa (cuando se utilizé un vector conteniendo
este gen marcador) dio positivo en el 60% de las plantulas regeneradas
indicando su transformacién. Por este motivo se eligic esta metodologia
para los ensayos posteriores.

Servicio F.- Transformacion de plantas de papa

F.1- PVX
En la actualidad se cuenta con dos plantas regeneradas en medio
selectivo (km 50 pug/ml) obtenidas a partir de hojas de Alfa
coinfectadas con el vector pGSH163 que lleva el gen de la toxina de
Bacillus turingiensis (BT 884) bajo el control del promotor PTR2 y el
gen de la neomicina fosfotransferasa (HPTII) bajo el oromotor PTRL.
Se realizaron ensayos para detectar tanto actividad enzimatica de NPTII
(por deteccidén en fase sélida de neomicina fosforilada por un extracto
de proteinas totales y gamma ATP) como la presencia de este gen por la
técnica de PCR {polymerase chain reaction).
Se estan micropropagando plantas de Huikul MAG y de Alfa conteniendo

construcciores con el gen Bt de Bacillus thuringiensis y de Bintje con
el gen de cdpside de PVX.

F.2- PVy
A punto de iniciarse.
F.3- PLRV

Aun no iniciada

F.4- ZIntrenamiento
Se informa en el punto III (intercambios e interacciones).
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III>- Intercambios e interacciones con otros paises participantes del
proyecto.

- Se envid al Dr. Luis Herrera Estrella varios clones bacterianos
conteniendo un plasmidos recomkhinantes con construcciones capaces
potencialmente de conferir resistencia a PVY.

- Viaje y estadia de Mariana del Vas a México, estudiante de doctorado




argentina, para realizacion de experimentos de transformacioén de papa,
subclonado y caracterizaciéon del genoma de PLRV en el marcc del
proyecto conjunto y en 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 cumplidé con creces la gran mayoria de 1lo
comprometido, con excepcidn de partes de los puntos Dy F (el D.3 y el
F.2 recién se 1inician, y el F.3 ain no se inicid). En ambos casos se
previé (ver actividades 3.3. PLRV, 3.4.2. PVY y PLRV del anexo 1I,
proyecto global) gque debian continuar en el tercer ano del proyecto,

aunque se supuso que partiendo de un grado mayor de avance de 1lo
realizado en el segundo ano).




ANEXO I

“CALENDARIO GLOBAL

Grado de Cumplimiento de

ACTIVIDAD PAIS RESPONSABLE ANOS lo planificado para el

segundo afno,

1. Bédsqueda de genes de
resistencia.

1.1 Caracterizacién de --
genotipos (al menos 3 para
cada virus) con resistencia
a virus previamente selec-
cionados a partir de cul-
tivares de papa locales o
colecciones de germoplas-
ma. Se inoculardn artifi-
cialmente plantas liberadas
de virus cuantificando la
concentracién viral resul-
tante y la reaccién espe-
cifica de resistencia:

PVX

PVY

PRLV

\
, Ch XXX Cumpl ides |
, Ch XXX

>

XXX

1.2 Construccidn de geno-

tecas de papa con resisten-
cia a virus (de cDNA y ge- .
némicas) U XXX XXX Cump! idcs

1.3 Recuperaciédn y carac-

terjzacién de clonces de -

cDNA Yy genémicos para ser

testados como marcadores -

genéticos del tipo RFLP.

Asignacién de grupos de -

ligamiento y asociacién a

resistencia viral u XXX XXX Cumpl idos

1.4 Infeccidn in vitro de
protoplastos obtenidos de -
plantas resistentes y eva-
luacidén de la replicacién




ACTIVIDAD

PAIS RESPONSABLE

- PVX (mediante ELISA, hi-
bridacién molecular, inmu-
nofluorescencia e hibrida-
cié6n in situ combinada

con microscopia electréni-
ca)

- PVY (ELISA, hibridacién
molecular, imunotiuorescen-
cia)

2. Obtencién de plantas
resistentes mediante varia-
cién somaclonal y/o gehe-
tica.

2.1 Basqueda y seleccién

de cultivares con alta fre-

cuencia de rngeneracion:

- a partir de callos

- a partir de tejidos (ho-
Jas)

2.2 Empleo de mutagénesis
y/0 agentes gque incrementan
la variacién somaclonal

y/0 genética a callos o
tejidos

- infectadas con PVX+PVY o
- infectadas con PLRV

- no infectadas

2.3 Evaluacién de las
plantas rejeneradas

3. Obtencién de plantas
resistentes por ingenieria
genética.

A

Ch,

Ch,

Ch,

Ch,

Ch,

Ch, U

Cu

o

XXX

XXX

XXX

XXX

XXX

XXX

XXX
XXX
XXX

XXX
XXX
XXX

XXX

Cumplidos

Cumglidos

Cumplidos por Chile

no sc¢ de Ecuador

XXX cumplido por Chile




ACTIVIDATD PAIS RESPONSABLE AV Os
1 2 3

3.1 Obtencidén de genote-

cas de cDNA virales:

PVX A XX

PVY A, Cu XXX

PLRV A, Cu, XX XX

PVS Ch XXX

3.2 Localizacién y carac-

terizacién de secuencias

nucleotidicas relevantes.

3.2.1 Secuenciacién nu-

cleotidica de clones se-

leccionados:

PVX A, XX

pVY A, XX

PLRV Cu X XXX

3.2.2 Bdsqueda y selec-

cién de clones codifican-

tes para fragmentos sub-

genémicos:

PVX A XX

3.3.3 Bdsqueda y selec-

cién de c?»ones codifican-

tes para la caApside viral:

PVX A, Cu XX

PVY A, Cu XX

PLRV A, Cu XXX

PvVS Ch XX XXX

3.3 Construccién de genes

qu1mérlcos de resisten-

cia a virus:

FVX A, Cu, M X XXX

PVY A, Cu, M XXX

PLRV A, Cu, M XX XX

3.4 Transformacién vuege-
tal.

Cumplidos
Cumplidos
Cumplidos
Cumplidos
no sé

Cumplidos



ACTIVIDAD PAIS RESPONSABLE ALY Ys
1 2 - 3 4
N
3.4.1 Adaptacién de las
técnicas de transforma-
cién a cultivares locales .
de papa Todos los paises XXX Cumplidos para México,
i tina Cuba
3.4.2 Transformacién de Chule,Arg?nun y
pPlantas de papa: en su Inicio,
PVX A, Cu, M XXX XXX
PVY A, Cu, M XX XXX
PLRV A, Cu, M XXX
3.5 Evaluacién final Todos los paises XX
A = Argentina; Cu = Cuba; Ch = Chile; E = Ecuador; M = México;
U = Uruguay.
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Summary

c¢DNA clones of potato virus X (PVXcp strain). potato virus Y (PVYo strain).
potato leaf roll virus (PLRY) 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. antificially inoculated germplasm genotypes, micro-propagated
and protopiast 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-related plant extracts developed very faint or no signals.
Sensitivity was tested by slot-blot hybridization. Detection levels were between
1.5 to 6 pg of viral nucleic acids and between 20 to S0 times more sensitive than
standard double antibody sandwich enzyme-linked immunosorbent assay (DAS-
ELISA). The assay developed was tested with material that was prepared for
processing in the field (combination of fresh sap with extraction solution) and
tested under simple laboratory conditions for detection. It was also successfusly
employed for screening of germplasm for virus resistance, detection of pathogens

( ‘nrrﬁpnmlrm'( . H.E. Hopp. Instituto de Biologia Molecular, CICV-INTA Castelar, CC 77, 1T0R
Moron, Argentina,
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in vector insects. plantlets grown in vitro and in more sophisticated quantitative
determinations of viral replication in artificially iroculated plants and protoplasts.

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 (see 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 1o the flexibility of designing probes
to the specific problem (Van Brunt and Klausner, 1987; Tenover, 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 onec could be developed (Boulion 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, bactenia. 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, 1984; Roy
et al., 1989; Svmons, 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 10 ensure maintenance of ireedom from virus
infection (Boulton et al., 1987; Karjalainen, 1988), and for routine detection of
viroids in seed potato certification programs (Intemnational Potato Center, 1 385).
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 Wenzel, 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 standardized protocol for the preparation
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of samples. The detection sensitivity and specificity of these probes is comparable
to standard “P-labelled probes. These 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 Cérdoba. Argentina.
and for indexing in the Balcarce Experimental Station of INTA, Argentina.

Materials and Methods
Plant mazerial and virus strains

The following Solanum tuberosum L. ssp tuberosum cultivars were used:
Spunta, Huinkul MAG. and Serrana INTA (the iast one is resistant to the three
viruses studied here and was used as negative control in field experiments).
Solanum acaule 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 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 et al. (1983a) modified by Ceriani et al. (1990). Protoplasts were
incubated for 40 h and concentrated by centrifugation 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 (Instiuto
de Fitovirologia-INTA-Cérdoba) and purified as described (Orman et al.. 1990).
Virus concentrations were estimated spectrophotometrically using Axso 1% = 2.97
(Bercks, 1970). Leaves infected with two Argentine isolates (PVXnormal and
PVXfuerte) were sent by Ing. Agr. Muiioz (Facultad de Ciencias Agropecuarias.
Universidad Nacional de Cérdoba). PVY and PLRYV were grown in N. glutinosa
and Physalis floridana. respectively. in Ing. Agr. S. F. Nome's research institute
(INTA-Cérdoba) and kindly donated for this work. PVY and PLRV were purified
according to Gugerli (1978, 1979). Samples of PVX, PVYn and PSTV infected
leaves were sent by Ing. Agr. I. Butzonich (INTA-Balcarce). Virus-free and
PLRV-infected Mx:us persicae were donated by Ing. Agi. Muioz.

Sample preparation

About 0.2 g of potato tissue were introduced into 1.5 ml Eppendorf tubes
containing 0.5 ml extraction buffer (4 M guanidinium isothiocyanate, 0.4 M NaCl.
50 mM 2-mercaptocthanol, 50 mM MOPS, 15% ethanol. pH 7) and homogenized
with a plastic pestle fitting the Eppendorf tube bottom (PolyLabo Paul Block.
France). Alternatively, tissues were sealed and then squashed inside a plastic bag
in the presence of the same extraction buffer (Hopp et al.. 1988). About 0.3 ml
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of the sap were then squeezed into Eppendorf tubes. Tissue debris was removed
by centrifugation for 1 min in a microfuge (Eppendorf, FR.G.).

Toxal cellular RNA was purified following a basic protocol from Diagen (1988)
which was modified as follows. Micropipette tips containing anion exchange resin
with capacity to adsorb 5 pg of nucleic acids (Qiagen-tip 5, Diagen, F.R.G.) were
pre-equilibrated by pipetting in and out 300 ul of 0.4 M NaCl, 50 mM MOPS and
15% ethanol pH 7 as recommended by the supplier. Nucleic acids were adsorbed
onto the resin by slowly pipetting about 150 pl of the clarified supemnatant in and
out four times. Residual contaminants were washed by forcing through 2 ml of
bufter 0.5 M NaCl. 50 mM MOPS and 15% ethanol, pH 7. Finally, total cellular
RNA was eluted from the resin with 3 x 200 pul buffer 2 M urea, 1.05 M NaCl.
50 mM MOPS. 15% ethanol and 7% formaldehyde, pH 7. Standard extractions
yielded about 1.5 g of total RNA per sample (depending on extraction procedure
and tissue source) as estimated by ethidium bromide staining and comparison
with known amounts of pure RNA standards.

In parallel. 0.20 jm-nitrocellulose membranes (BA 83, Schleicher & Schiill.
F.R.G.) were soaked first in double distilled autoclaved H;O for 10 min and then
in 20 x SSC (3 M NaCl, 0.3 M sodium citrate) for 10 min. Altematively, 0.45
pm-nylon membranes (Nytran. Schleicher & Schiill, F.R.G.) were presoaked in
autoclaved double distilied H2O just before use. Samples containing about 0.2
pg total cellular RNA from healthy or infected plants were serially diluted in
a solution containing 50 ng total 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% 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 manifold (Schleicher & Schiili.
F.R.G.) and negative pressure. RNA was fixed to niembranes by 3 min exposure
to UV light (Khandjian. 1986) follo..ed by 15 min heating at 80°C in a slab gel
dryer (Hoefer. U.S.A.). Fiiters were stored dry until hybridization.

Probes

PVX and PVY cDNA libraries were constructed as published previously (Hopp
et al.. 1988: Mandel et al.. 1989; Bravo Almonacid and Mentaberry, 1989).
The PVX ¢DNA clone phX used in the present paper is a 3555 nucleotide
insert corresponding to the 3’ end of the PVXcp genome (Orman et al., 1990).
cloned in the Smal site of pBluescript SK M13(+) phagemid (Stratagene, U.S.A.).
Similarly. PVYo cDNA clone pkY camies a 1182 nucleotide insert corresponding
to the viral genome cloned in the EcoR]I site of the same vector (Bravo Almonacid
and Mentaberry. 1989). The 3’ region of both PVX and PVY genomes was
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-specific probes. Cloned PSTV cDNA (Van Wezenbeek ct al., 1982)
was kindly supplied by Dr Van Kammen (Wageningen, The Netherlands). The
cDNA insert. containing the full length PSTV genomic sequence was excised

f



and subcloned in the BamHI site of pBluescript SK MI13(
was synthesized by the procedure of Gubler and Hoffman (
from Amersham (UK.). Template RNA was obtained by pht
purified PLRV virions (isolate XIV: kindly donated by Dr (
Rennes, France) as described for PVX (Hopp et al., 1988). |
inserted by blunt end ligation into the Smal site of pBlues
Recombinant clone phLR was selected on the basis of its st
with extracts of PLRV-infected Physalis floridana and large
1600 nucleotides).

Preparation of probes

Single-stranded DNA of recombinant phagemids phX. phY
as well as the non-recombinant phagemid used by the secol
hyvbridizations [pBluescript SK M13(—)] were prepared by prt
in detail by vector DNA supplier (Stratagene, 1988). Resulti
pBluescript SK M13(—) DNA (fully complementary to sing
script SK M13(+) DNA except for the intergenic region of F1
packaging and replication) was labelled with photobiotin as
et al., 1983) or sulfonated using the Chemiprobe kit (Orgenic
stranded pBluescript DNA was prepared Dy a standard plasmi
cedure (Bimboim. 1983) and labelled by incorporation of bio
U.S.A.) according to Leary et al. (1983). DNAse conceniratic
incubation time was 2 h at 15°C. Under these conditions U
cleotide substituted about 25% of the A residues and the a
resulting nick-translated DNA fragments v-as approximatel,
Biotin-labelled and sulfonated DNAs were stored at —20°C

The ‘polyprobe” was prepared by mixing equal proportions
stranded phagemid DNAs of phX, phY. phLR and phST.

Individual or combined (‘polyprebe ) cDNA probes were
boiling followed by quick chilling on ice until pouring in th
of plastic bags containing the previously prehybridized filter

Sandwich nucleic acid hybridizations

Hybridizations were performed in plastic bags containin
hybridization solution (0.45 M NaCl, 25 mM NaH,PO;. 2
dextran sulfate, 1% sodium dodecyl svifate, 0.1% polyane
isodium sali, Sigma, U.S.A.) and 0.001% sodium pyropho
prehybridization step was carried out for at least 15 min at 6
I ;g/ml heat denatured non-labelled *polyprobe’ or individua
through a cut comer. The sequence-specific hybridization s
proceed for one hour or more at the same temperature. After th
out all the solution and washing with 0.2 x SSC and 0.1% SD
fresh hybridization solution was poured together with | jig/m
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or doubie-stranded pBluescript SK M13(—) phagemid DNA. Al
of hybridization at 60°C (universal post-hybridization step, com
sequences), membranes were extensively washed with at least
SSC - 0.1% SDS 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 hybridization solutions could b
at —20°C. boiled and reused several times. Filters were tran:
plastic bag and sealed together with 50 nYem® of a blocking so
0.1 M NaCl. 0.i M Tris-HCl, 3 mM MgCl», 3% skimmed milk
Argentina) and 0.2% polyanethole sulfonic acid pH 7.5 for |
rocking-type shaker. Visualization of nucleic acid hybridizat
modified from recommended conditions by the kit suppliers (I
U.S.A. for biotin-labelled probes and Chemiprobe. Orgenics. Isr
probes). After the blocking step. either covalently coupled strx
phosphatase conjugate (1 jg/ul) or specific monoclonal antit
were added in fresh blocking butfer (without polyanethole ¢
{urther incubated at 37°C for 30 min. The membranes were w
with washing buffer (0.1 M NaCl. 0.1 M Tris-HCI. 3 mM Mg
20, pH 7.5) at room temperature for 10 min. followed by addit
antibodies in the Chemiprobe detection system. After a new
developing buffer (0.1 M Tris-HCI. 0.1 M NaCl and 50 mM M;
added. Development was carried out after 30 min at room (e
dim light or in the dark. by addition of 3.3 pl nitroblue tetrazol
70% N N-dimethyl formamide) and 2.5 il S-bromo-4-chloro-3
(50 pg/ml in N.N-dimethyl formamide) per ml of fresh d
Alkaline phosphatase reaction was stopped when filter backgro
to become visible (30 min to 3 h). Nylon membranes were
95% ethanol and transterred to distilled water for final rinsi
was rinsed directly in distilled water.

ELISA

Assays were performed in microtitre plates (Nunc Immuno
and were analyzed using a Titertck Multiscan MC cight-chann
trophotometer (Flow Laboratory). Double antibody sandwich |
out using polyclonal antibodies against capsid proteins as ¢
and alkaline phosphatase conjugated monoclonal antibodies g«
by Dr P. Gugerli (Station Fédérale de Recherches Agronomi
Switzerland). PVX was detected with polyclonal antibodies p
mended (Gugerli, 1979) or kindly provided by Dr S. Pérez
de Ingenicria Genélica y Biotccnologia de La Habana, Cuba).
. ere coupled to biotin-N-succinimide ester derivative {Ame
used as recommended by Zrein ct al. (1988). PVY polyclonal
pared and conjugated to alkaline phosphatasc as described (Gn
was detected with 3 commercial ELISA kit from Bochringer ¥
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For estimation of virus content, aliquots of potato tissue or protoplasis were re-
suspended in 200 xl of 8 g/l NaCl, 0.2 g/l KH,PO;. 2.9 g/l Na:HPO,-12 H20. 0.2
gN KCl, 0.5 mi/1 Tween 20 and 20 g/l polyvinylpirrolidone (PVP) 10000, added
to wells precoated with polyclonal immunoglobulin G and incubated ovemnight
{Gugerli, 1980). After reaction with specific biotinylated immunoglobulin G,
wells were incubated with a streptavidin-alkaline 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 obtained
from wells containing known amounts of purified PVX virions simultaneously
assayed in the same ELISA plate.

Results
Sample preparation

Altemnative sample preparation methods (most of them based on organic ex-
traction and nucleic acid precipitations) were tested 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 inte Eppendorf
tubes and homogenized in the presence of a highly denaturing extraction buffer.
Guanidinium isothiocyanate and other components of this butfer protected RNA
from degradation for several hours allowing samples to be sent at room tem-
perature from the field to the laboratory. except for tuber extracts which had to
be stored on ice to avoid sweiling caused by starch. Total 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 prov2ssing).
These contaminants did not significantly affect detection capacity of the assay.

Detection conditions

Hybridization time s 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 ;:g) was avoided since sensitivity did not improve significantly and
background hybridization became important. Since target RNA is a rather fixed
parameter, probe concentration was increased up to | ug/ml. The fact that probe
is single-stranded DNA prevents the typical self rehybridization that occurs with
denatured double-stranded probes. Thus, effective probe concentration becomes
fully available for hybridization with viral RNA. At this concentration it was
found that 1 h was enough for sensitive detection of PVX RNA without signi-
ficative loss of sensitivity (not shown).

To test whether indirect hybridization advantages (Wolf et al.. 1986) could
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Fig. 1. Sensitivity of variants of sandwich hybridization assay. 300 pg purified PVY. g=nomic RhA
were serially diluted with a solution containing 50 ng (RNA and loaded onte nylon membrane as
stated in Materials and Methods section. Hybridization (sequence specific step) was conducied with
1 pg/ml phX probe, followed (or not columns D and E) by a posi-hybridization step. (A) Post-
hybridization was performed in presence of double-stranded pBluescript SK M13(—) DNA, previously
labelled with biotin by nick-translation (standard procedure). {B) Post-hybridization probe was single-
stranded pBluescript SK M13(-) DNA chemically labelled with photobiotin. (C) Post-hybridization
probe was sulfonated single-stranded pBluescript SK M13(—) DNA. (D) Non-labelled phX probe was
combined with equimolecular amounts of photobiotin-labelled single-stranded pBluescript SK M13(-)
DNA (see lane B) and used together in a single step hybridization protocol. (E) Doublc-stranded phX
DNA was labelled with biotin by nick tran-lation and used directly for detection as in Hopp et al. (1988).
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be applied to potato pathogen detection. its relative sensitivity was compared
to the traditional direct hybridization protocol. Fig. 1 shovss that the indirect
hybridization protocol was eight times more sensitive than direct detection
for detecting PVX genomic RNA, (Fig. 1. column A versus column E). Fig.
1 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. |, column D) or
as a Iwo-step reaction with a sequence specific hybridization step followed
by a general posi-hybridization step (Fig. 1. columns A, B and C). The post-
hybridization step could be performed with a universal probe labelled ecither
with biotin (Fig. 1, columns A and B), or with antigenic epitopes introcuced
by sulfonation (Fig. 1. column C). Single step sandwich hybridization was less
sensitive than two-sicp hybridization, probably because most of the biotinylated
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probe hybridized to the excess of non-labelled complemen:.
unbound. Use of sulfonated probes, as part of an altem::
deicction system, resulted in similar levels of d=tection thar. -
suggesting that either method could be used.

Specificity of the cDNA probes

In order to examine the specificity of the cDNA probes. &
iments were carried out using extracts of healthy or infec:2
of the viruses or viroid analyzed in this paper as target. T
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A® PVX¢p
o PVXp,
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® PVY,
® PVY,
) PLRV
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Hl
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Fig. 2. Specilicity of individual probes. RNA extracts were prepared trom
(A} or Myzus persicae (B) and spotted onto nylon membranes. Each spo
total RNA (calibrated by relative intensity of ethidium bromide stainingy. b
in the presence of the individual ¢cDNA probes (indicated at the topy spe. -
and PSTV respectively. and with a control “non-recombinant” vecior DNy
in the case of Fig. TA (standard procedure). In the specific case of aphid
derived from a single individual insect and hybridization was carricd out .
was detected with the Orgenics kit. Samples: PVXcp, PVXn and PVYX1= F
and ‘fuente’, respectively. Hi= healthy potato leaf RNA extract. Hi= healths
Hi= healthy insect extract. PLRVi= PLRV infected inve.:
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indicate that each of the different probes correctly detected the |
fected with the specific pathogen. No background reaction wa
healthy plant extracts nor in extracts from plants infected with nc
or viruses, suggesting that neither plant nucleic acids nor non-re
cause significan! interference with specific hybridization.

Fig. 2A also shows that even though each cDNA probe is :
specific. they are not strain specific. Nucleotide sequence analys|
the PVX probe comprises a rather conserved region of the P
comparison to other sequenced PVX isolates (i.e. 78% homolog
and Potexvirus genomes (Orman et al., 1990). PVX cDNA pr
plementary to the PVXcp genome) also detects two other PV
widely distributed in Argentina. having very ditterent behavio
to virulence and symptom development in potawo and tobacco
(Ing. Agr. Munoz. personal communication). This confirms wh
from nucleotide sequence comparisons. The PVY cDNA probe,
ing PVYo genomic RNA as template. also detects PVYn {Fig. :
from the 98% nucleotide sequence homology between PVYo ar
¥ region used as probe (Bravo Almonacid and Mentaberry, 19
probe made with a French virus strain detects a tield isolate fro
extracts of infected leaves or insects: and the PSTV ¢cDNA probe
bridizes to viroid infecied potato leaf extracts (Fig. 2). *Non-re
type’ pBluescript SK(+) phagemid DNA control probe failed to |
of the samples indicating lack of homology bemween vector [
plant or pathogen RNA (Fig. 2A).

Sensitivity of the sandwich polyprobe nucleic ucid hyvbridization

Sensitivity was assessed by slot-blotting known amounts of pa
RNA and ‘polyprobe’ hybridization. Viral RNA (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 single-stranded DNA probes specitic to PVX, |
PSTV), post-hybridization was performed usi..27 a “non recombir
SK M13(—) labelled with biotin. Fig. 3 shows that as low as 1.5
genomic RNA (equivalent to about 0.025 ng of virions) could t
represents a minimum detection ratio of about 1:30000 betweer
total RNA and the amount found in approximately 1.5 mg of inf
tivar Huinkul, see Table 2). Assuming the A 17 of PVX to
1970) and the molecular weight of a PVX particle to be 3.5 x
1959). the detection limit is 4 x 10° viral particles. The same
was tested by a highly sensitive ELISA based on the use of b
clonal antibodies. Maximum sensitivity achicved with this mod
0.5 ng of puriticd PVX particles in our hands; this 15 still twenty
tive than with sandwich hybridization. Fig. 3 also shows that at
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Fig. 3. Sensitivits of detection 1or 2:ch of the pathogens. Purified PVX and PVY genomic RNA~ from
3200 10 0.75 pg were seriafly diluted with a solution containing 50 ng of potato leaf RNA as tated in
Materials and Methods and loaded 1. the first two columns of a 0.20 um-nitrocellulose membrane. PSTV
<DNA cloned in pBluescript SK M131+) was transcribed in vitro with a kit from Stratagene +U'.S.A.).
quantitated by comparative ethidium bromide staining and serially diluted as for PVX and PVY 1n the
third column of the filter. About 0.2 ug of PLRV infected Physalis floridanay RNA extract was enally
diluted as for samples above and ~lotted in the fourth column of the manifolu. Finally. 0.2 uig of potato
tuber RNA (extracted as stated in “~ample preparation’) were scrially diluted as for samnles above.
loaded in the fifth column tindicated with H) and hybridized together with the rest. Hybridization aas
conducted with a “polyprobe” combination of phX. phY. phLR and phST DNAs. Post-hybridizanon was
carried out with a double-stranded biotinylated pBluescript SK(—) DNA. Numbers at the left indicate
the amount of RNA of PVX. PVY and PSTV loaded into the slots. Numbers at the night indicate
diluuion factor for PLRV infected leaf and healthy tuber RNA extracts.

RNA could be detected by slot-blot hybridization. Translated into virion terms
this means a limit of 0.03 ng PVY particles which is 50 times more sensitive
than the corresponding limit detected by currently used standard ELISA.
Samples derived from PLRV infected Physalis floridana leaves showed posi-
tive color reaction up to a dilution of 1/64 in potato leal extracts. Although an
absolute lower limit of detection of PLRV by this slot-blot hybridization experi-
ment could not be determined. the degree of sensitivity was directly comparable
to that obtained with standard nick-translated “P-labelled probes (overnight ex-
posure) and was 32 times more seiisitive than a commercial ELISA kit (not
shown). Under the same conditions, mixtures of healthy leaf RNA extract and
dilution series of PSTV ¢DNA transcript were blotted on the same membrane
(Fig. 3). The lower limit for positive signals was observed in the slot containing
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1.5 pg of viroid cDNA transcript. Although i' 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 2omic PSTV RNA is present
instead of its cDNA transcript. Neither samples from healthy plants nor dilution
of pathogen nucleic acid in healthy plant RNA exmrxts interfered the detection
sensitivity (compare Fig. 1. column A and Fig. 3. column PVX).

Field trials

In order to study the feasibility of using the hbridization assay for tuber
indexing. field potato tubers belonging to the five potato cuitivars of major
production in Argentina (representative of a wide seographic region of potato
production) were collected in the central wholesale vegetable market of Buenos
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Fig. 4. Potato indexing with individuai probes. Potato tuber sprout RNA extracts were prepared (rom

field production tubers for consumption belonging to cultivars Hankil MAG, Ballenera, Serrana INTA,

Spunia and Kennehec. Samples were dotted with a manifold in taree nylon membrane replicates. Each

replica was subjected to hybridization with individual probes phX for PVX), phY (for PVY) and phLR
(for PLRV) as in Fig. 2




TABLE 1
Comparison of results obtained by dot blot hybridization and ELISA in field tests for PVX, PVY and
PLRV in potato vibers

ELISA(+) ELISA(-) ELISA(+) ELISA(-)
SDBH(+) SDBH(-) SDBH(-) SDBH(+)
PVX 43 [N] I 1
PVY 7 51 0 2
PLRV 15 9 I 5

Potato tissue extracts, assayed as indicated in Fig. 5, were tested in parallel by ELISA. Results
were grouped into four caiegories. SDBH= sandwich dot-blot hybndization. (+)= positive detection.
(- )= negative detection.

Aires for analysis. After sprout development, presence of PYX, 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
hybndization filters resulting from this experiment. Positive signals can be clearly
distinguished from the background. 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
I'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 control in potato explants and vector insects

Forecast systems based on the frequency of virus-infected insects is a means
of potato disease control through vector elimination. In order to start an epi-
demivlngical survey of virus-infected insect population dynamics. the method
was assayed with virus-free Myv:zus 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 ¢DNA probe (Fig. 2B). Infected
insects developed clear hybridization signals compared to virus-free controls.

Pathogen-free potato production 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 sensitive and rehable diagnostic system available to avoid discarding
large numbers of diseased plants at a later stage. In order to test the performance
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 tested
by slot-blot hybridization and ELISA. RNA extracts from infected plantlets
developed hybridization signals that could ve quantitated by densitometry when
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TABLE 2
Quanutation of resistance to viral replication in in vitro plantlets and protoplasts
Plant material RNA concentration % inhibition
SSBH ELISA
Plantiets
S. acsule 78 92 94
2sistant control 12 89 90
Susceptible cont. 1005 - -
Protoplasts
S. acaule 89 95 95
Rzsistant control 306 84 93
Susceptible cont. 1912 - -

Wild potato plants (S. acaule P.1.320277) of Argentine origin. as well as resistant and susceptible
conuols (S. tuberosum twberosum cv. Serrana INTA, carrying immunity gene X 2ad cv. Huinkul MAG,
respectively) were used for establishing in vitro lines that were multiplied by micro-propagation of
internode sections. These virus-free in vitro micropropagated plants were mechanically inoculated with
a punified preparation of the South American strain PVXcp. to analyze resistance gene effect on viral
mult:olication. Plantlets. or protoplasts derived from their leaves, were assavad one month or 30 h
later ' respectively) by slot-blot hybridization in the presence of standards with known amounis of
virion RNA. Levels of PVX RNA were quantified by densitometry and represented in the first column
as nz RNA/g leaf weight or as pg RNA/viable protoplast (Cenani et al.. 199 The second column
indicates the percentage of inhibition of virus replication respect to susceptible contrel. For comparison,
the rercentage of inhibition determined in parallel by ELISA is shown in the third column. SSBH =
sancw»ich slot-blot hybndization.

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

Argentine potato germplasm 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 were cut and tested
by slot-blot hybridization and ELISA (Table 2). Resistant genotypes were further
micro-propagated and protoplasts prepared from their leaves for in vitro infection
(Saladrigas et al., 1990). Virus replication was followed in resistant 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 restricted 1o a rather
narrow range (0-100 pg) as compared to ELISA, and varied from experiment
to experiment. Densitometry of hybridization assay may be used to complement
immunological quantification data when pathogen concentrations are below the
limits of ELISA detection by including known standards in each assay.
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Discussion

Well-characterized 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 desirable for each probe to be
strictly pathogen-specific while being able to recognize the polvmorphic variants.
strains or quasispecies occurring in pathogenic 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 showed lack of cross hybridization to non-related pathogens (Fig. 2).
PVX cDNA probe hybridized 1o three different isolates of this virus and showed
96% agreement with polyclonal antibody-based ELISA when heterogeneous field
materiai was tested. A similar situation was true for PVY which is supported by
the comparauvely higher degree of genomic nucleotide sequence conservation
among differant isolates of PVY and members of the potyvirus group in general.
Lack of strain specificity for the PLRV probe was partially assured by selecting a
clone containing a rather large cDNA insent and tested indirectly by comparison
with field ELISA tnals. However. ac is true for ELISA. lack of detection of some
polymorphic variants cannot be ruled out. Problems in the availability of virus
vaniants did not allow us to perform a more complete assessment.

In establishing a general diagnostic assay it is essential to standardize rapid
and easy sample preparation procedures for sensitive detection of all patk.ogens.
The recent availability of commercial anion-exchange systems for purification of
nucleic acids in presence of highly chaotropic agents that denature and expose
viral genomes while protecting them from nuclease action. helped us 1o design
such a sample preparation protocol. This purification step introduces additional
processing time (1 min centrifugation plus approximately 10 min per sample)
as compared to direct sap spotting used when radioactive-labelled probes are
employed (Bouiton et al., 1987: Chu et al., 1989; Maule et al.. 1983b). However.
this inconvenience is compensated by the elimination of host components that
reduce sensitivity in crude plant homogenates (Maule et al.. 1983) and eliminate
background due to interfering plant pigments.

The use of phagemids as cloning, in vitro transcription and sequencing vec-
tors is of common practice in molecular biology laboratones. Single-stranded
recombinant DNA can be cheaply obtained in large amounts without the use of
sophisticated equipment. Sandwich hybridization using a universal-labelled probe
is only slightly more complex than standard direct hybridization, but offers some
logistic advantages with higher sensitivity (Wolf et al.. 1986 and this paper).
The sequence-specific hybridization step can be performed in short time peri-
ods by increasing concentration of non-labelled specitic probes. The more costly
biotin-labelled probe can then be universally applied in a post-hybridization step
amplifying the signal generated from pathogen nucleic cid. This universal probe
can be produced and labelled on large scale using chemical labelling, such as
photobiotinylation or sulfonation, providing advantages for simply-equipped lab-
~ratories, like reduced hazards, lowered costs and longer shelf life.
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Non-radioactive sandwich hybridization allowed the detection of a few pg
of viral genomic RNA. These values compare well with previous reports on
detection of the mentioned pathogens using either radioactive or non-radioaciive
probes (Boulton et al., 1987; Eweida et al., 1988; Hopp et al., 1988: Owens and
Diener. 1984; Van Wezenbeek et al., 1982) and with standard or modified ELISA
(Gugerly. 1978, 1979, 1980 and this paper), with exception of PSTV where better
sensitivity was obwined using RNA probes (Roy et al., 1989).

The assay described here was tested with field matenal that was prepared
in situ for processing (combination of fresh sap with extraction solution) and
tested using simple laboratory conditions. It was also successfully employed for
a) germplasm screzning in relation to virus tolerance, b) detection of pathogenic
genome in vector insects and plantlets denived from in vitro explants and c) in
more sophisticated quantitative determinations of viral replication in artificially
inoculated plants and protoplasts. indicating that this method could be useful as
a diagnosis test for viral infections in the field, indexing potatc seed tubers and
for screening germplasm gene sources in the context of breeding programs.

Diagnosis of potato pathogens is currently carmied out by different methods.
i.e. ELISA for viruses in most cases. nucleic acid hybridization for PSTV and
particle-deficient viruses such as tobacco rattle virus (Harmison et al., 1983).
As more pathogen genomes are cloned, adoption of hybndization methods will
eventually help 10 sitandardize diagnostic procedures. We have demonstrated
here that sensitivity of detection for each individual pathogen was not impaired
by the simultaneous presence of all four probes, thus showing the feasibility
of implementing 2 routine diaznostic test for potato based in the combination
of several probes for different pathogens. Such a ‘polyprobe’ diagnostic tesi
could prove to be useful in selecting pathogen-free material (i.e. seed production
programs) and is currently being implemented in Argentina for this purpose.
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Potato Gene X' Confers Inoculum Dependent Resistance to
Potato Virus X Replication in Protoplasts

M. Verdnica Saladrigas ', M. Fernanda Ceriani', Alejandro C. Tozzini?,
Alicia I. Arese' and H. Esteban Hopp '

! Instituto de Biologia Molecular CICV-INTA Casteler, CC 77, 1708 Moron, Argentina
! Citedra de Genética, Facultad de Agronomia, Universidad d2 Buenos Aires. Av. San Martin 4453,
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Protoplasts were obtained from genetically related Argentine potato (Solanum ruberosum
tuberosum) cultivars: Serrana INTA and Huinkul MAG and from an European cultivar: Spun-
ra. Serrana INTA is resistant to potato virus X (PVX) infection because it carries the major reac-
tion gene X' (believed to be the same as Rx,,) while Huinkul MAG and Spunta are susceptible.
Protoplasts were inoculated with a purifier preparation of PVXcp (a South American isolate) and
then assayed for PVX concentration at different times postinfection by enzyme-linked immuno-
sorbent assay (ELISA), immunofiuorescence and nucleic acid hybridization. PVX muliplica-
tion rates in Serrana INTA 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 1 ng 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. acaule clone (PI: 320277) likely carrying the
same resistance gene, were infected with PVX in similar conditions, reproducing those results ob-
tained -wvith Serrana INTA. The comparison of PVX replication in protoplasts and whole plants
indic..:e that although X' gene confers resistance at the cell level it necessitates of tissue structure
to fully express immunity.

~—

Key words: Potexviruses — PVX — Solanum acaule — Solanum tuberosum tuberosum —
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 1955, 1970) are present
in many commercial cultivars (Cardman 1942, Cockerham
1943, 1958). A third gene, X', conferring extreme resist-
ance to most PVX strains (Cockerham 1958, Ross 1954a,
b, Solomon 1985) is present in many Solanum ocaule
genotypes and in some few S. ruberosum clones (i.e. ciones
44/1016/10 and G5399(4]). This gene is likely to be iden-
tical to Rx,, and independent from Rx,, (Cockstham
1970). However it is not so extensively distributed in com-

Abbreviations: ELISA, enzyme-linked immunosorbent
assay; PVX, potato virus X; Pl, plant introduction number from
the Potato Introduction Station, Stvrgeon Bay, U.S.A.
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mercial cultivars, yet. The potato breeding program of
INTA-Balcarce recently released the cultivar Serrana INTA
carrying this gene together with genes for resistance to
potato virus Y (PVY) and potato leaf roll virus (PLRV)
(Huarte et al. 1986). Although incorporated into potato
cultivars, little is known about the mechanism of resist-
ance. The use of artificially inocr:lated protoplasts pro-
vides a controlled system for studying the action of resist-
ance genes on virus replication at the single cell level. In
vitro infection of protoplasts with PVX wac picneered by
Otsuki et al. (1974) and Shalla and Petersen (1973) using
tobacco as piant source. Much later Prakash and Foxe
(1985) were able to reproduce these experiments with pro-
toplasts derived from potato. It was shown that resistance
to PVX could be analyzed under these conditions, with con-
flicting results for gene Nx (Foxe and Prakash 1986, Adams
et al. 1985, 1986). Protoplasis obtained from potato
cultivar Cara carrying immunity gene Rx, supported only
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limited multiplication of PVX (Adams et al. 1986).

In this paper we arrive to conclusions on the expres-
sion of gene X' similar to those obtained by Adams et al.
(1986) with the independently segregating gene Rx, by
analyzing X' gene expression in two different genetic
backgrounds: the commercial cultivar Serrana INTA,
which also contains reaction genes for other viruses
(Huarte et al. 1986) and a Solenum acaule cicne obtained
from a germplasm collection. However, protoplasts deriv-
ed from both resistant genotypes behaved identically to
those derived from susceptible genotypes when the viral in-
oculum was raised to higher levels.

Maxiciials and Methods

Plant material, virus strains, cDNA clones and anti-
bodies—The following Solanum tuberosum L. ssp
tuberosum cultivars were used: Spunta, Huinkul MAG,
and Serremna INTA. Cultivar Serrana INTA was obtained
after crossing Huinkul MAG with a PVX immune potato
clone carrying X' gene (Huarte et al. 1986). Therefore, Ser-
rana INTA and Huinkul MAG are genetically related.
Solanum acaule clone PI 320277 (with resistance to PVX
likely due to the effect of X' gene, Ceriani et al. 1990) and
segregants of clone PI 175396 (used as susceptible control)
are both of Argentine origin. They are kept and
multiplied by the Potato Introduction Station, Sturgeon
Bay. US.A. This Station generously sent us sib seeds of
the mentioned clones. PVX virioas from South American
isolate cp (Fribourg 1975, Moreira et al. 1980, Jones 1986,
Torrance et al. 1986, Orman ¢t al. 1990) and from an
Argentine isolate (Province of Cdrdoba) were purified as
described (Orman et al. 1990). PVX,, cDNA clone pXl
(Hopp e al. 1988, Orman et al. 1990) was labelled by
oligonucleotide primed incorporation of a-**P-dCTP with
a specific activity of 10°dpm/ug DNA and used as
hybridization probe (Hopp et al. 1988).

Polydonal antibodies were preparel as described
(Gugerli 1978) aad biotinylated with a commerci2l kit from
BRL (Bethesda Research Laboratories, Gaithersburg, MA,
U.S.A)) as recommended by the supplier.

Protoplast manipulation—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 that infection density (multiplicity)
varied from 0.01 to 1 ng of PVX virions per viable pro-
toplast per ul. Protoplast suspensions were incubated one
minute and a half at a final polyethylene glycol 6000 conc:2n-
tration of 25% (w/v) (Sigma, St. Louis, MO, U.S.A.).
Mock inoculations were performed in the same way in the
absence of virus. After 3 washes, protopiasts were resus-
pended in 0.4 M mannitol (minimum volume} and 10 yl ali-

quots were taken in order to assess the number and viabili-
ty of protoplasts and the amount of PVX incorporated into
cells by ELISA and immunofluorescence. Viability of
virus inoculated and mock inoculated potato protoplasts
was determined by fluorescein 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 were observed between virus- or mock-
inoculated Serrana 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 siated in Masson et al. (1987) at 21°C under
continuous fluorescent light for up to 50h. At each post-
infection time, protoplast samples were concentrated by
centrifugation at 100x g for 2 min in a swinging bucket
type rotor centrifuge (MSE Chilspin, U.K.) and resus-
pended in buffers either for viability testing, estimation of
PVX concenrtration by ELISA, slot-blot hybridization and
immunofluorescence.

For estimation of virus content by ELISA, aliquots of
protoplasts were resuspended in 200 ul of 8 g/liter NaCl,
0.2 g/liter KH,PO,, 2.9g/liter Na,HPO,-12H,0. 0.2g/
liter KC1, 0.5 mi/liter Tween 20, 20 g/liter polyvinylpyr-
rolidone (PVP, 10,000, added to wells precoated with
polyclonal anti-PVX immunoglobulin G and incubated
overnight (Gugerli 1978). After reaction with specific bio-
tinylated immunoglobulin G, wells were incub-.ied with a
streptavidine-alkaline phosphatase complex as recommend-
ed by BRL. p-Nitrophenyl phosphate was added and the
absorbance at 405 nm was recorded and compared to a plot
of values obtained from wells containing known amounts
of purified PVX virions that were assayed simultanecously
in the same ELISA plate.

For immunofluorescence assays protoplasts were fixed
in 3% glutaraldehyde 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 than 80% of the surviving protoplasts
were effectively infected in the conditions used.

Nucleic acid hybridizations and Western blot analysis
—For slot-blot assays, equal number of nrotoplasts belong-
ing to cultivars Huinkul MAG, Serrana INTA or S. acaule
(P1 320277 and P1 175396) were resuspended in a freshly
prepared solution containing 10 U/ml RNasin (Promega,
Madison, WI, U.S.A.), 6% formaldehyde, 1% sodium N-
lauroylsarcosine, 2.4 NaCl and 0.24 » sodium citrate
pH7 at 65°C and maintained at this temperature for
1S min. After rapid ice-cooling RNA was sampled into
pre-wetted Nytran (Schleicher and Schueli, F.R.G.) mem-
branes with the aid of a slot-blot manifold (Schleicher and
Schuell, F.R.G.). After that inembranes werc washed twice
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with 100 ¢l of 3 m NaCl, 0.3 u Na citrate, RNA was fixed
by exposing the wet membrane to UV light (Khandjian
1987) followed by vacuum baking for 1S min at 80°C in a
saab gel dryer.

For Northern blot hybridization, in viiro micropropa-
gated potato seedlings (34 weeks old) were niachanically in-
oculated by hand rubbing 14 mg/ml of PVYX 1n 8 g/liter
NaCl, 9.2g/liter KH,PO,, 2.9g/liter Na,HPO,-12H,0,
0.2 g/liter KC1 pH 7.4, on leaves using carborundum as
abrassive. Afier 4 weeks, 1-3 g I leaf tissue were frozen
in liquid nitrogen and disrupted with mortar and pestle,
followed by addition of three volumes of guanidine isothio-
cianate buffer (4 y+ guanidine isothiocianate, 50 mM 2-mer-
captoethanol, 20 mM EDTA and 20 mmu MES pH 7.0) and
10 min of strong vortexing. Homogenate was centrifuged
for 20min at 7,000 rpm 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 M were added to the resulting
aqueous phase. RNA was precipitated overnight at
—20°C, centrifuged 15 min at 12,000 X g and resuspended
in autoclaved double-distilled water. Approximately 7 ug
of RNA were submitted to formaldehyde agarose gel elec-
trophoresis (Maniatis et al. 1972) and blotied to Nytran
membranes with 0.36 M NaCl, 0.02u NaH.PO,, 2mM
EDTA and 6% formaldehyde (pH 7.4). RNA was fixed to
the membrane as for slot-blot hybridization. Hybridiza-
tion, washing and autoradiography were performed as in
Hopp et al. (1988).

Western blotting was carried out with leaf extracts and
rabbit polyclonal antibodies against PVX as described
(Towbin et al. 1979). Liquid nitrogen-frozen tissue was ho-
mogenized in 60 mm Tris-HCI, 10% glycerol, $% 2-mercap-
toethanol, 0.1% SDS, 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, proteins were transferred
to Nytran membranes in the presence of 192 mu glycine,
20% methanol pH 8.3 (Towbin et al. 1979). Capsid pro-
teins were detected using rabbit anti-PVX immunoglobulin
G followed by an anti-rabbit antibody conjugated to
alkaline phosphatase (S'gma, U.S.A.) as second anti-
body. The enzyme reaction was developed as in Harlow
and Lane (1988).

Results

Expression of resistance at plant level—1In order to ana-
lyze the X' gene action over the viral multiplication at the
plant level, virus-free in vitro micropropagated plants were
mechanically inoculated with a purified preparation of
South American strain PVX,,. Figure | shows a Western-
blot experiment of total protein extracts of two genetically

relazed potato cultivars (Huinkui MAG and Serrana IN-
TA) and a third non-related cultivar (Spunta). Antibody
reaction ciearly indicated that a 30kDa band corre-
sponding to the capsid subunit protein was present in both
susceptible cultivars (tracks 5 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 t0 genomic and sub-
genomic RNAs in susceptible cultivars (Fig.2, tracks 3
and 9) as well as no detectable hybridization to RNAs of
Serrana INTA (Fig. 2, track 2) or RNAs corresponding
to the non-inoculated controls (Fig.2, tracks 5 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.

1 23 4 5 6 7

Fig. 1 Western-blot analysis of PVX inoculated susceptible and
resisiant plants. Ex vitro grown seedlings of cultivars Spunra,
Huinkul MAG and Serrana INTA were inoculated with 14 mg/
ml of PVX. One month later, virus-inoculated and non-in-
oculated leaves were collected and proteins extracted as described
in Materials and Methods. 10 ug of total protein were subjected
to SDS-polyacrylamide gel electrophoresis and analyzed by
Western blotting with antibodies against PVX capsid protein.
Lanes | and 3: Non-inoculated leaves of cultivars Sarrana INTA,
Spunta and Huinkul MAG, respectively. Lanes 4 to 6: PVX-in-
oculated leaves of Serrana INTA, Spunta and Huinkul MAG, re-
spectively. l.ane 7: Purified PV Xcp virions.
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Fig. 2 Northern-blot analysis of PVX inoculated susceptible and
resistant plants. Hybridizations of total RNA from PVX-in-
oculated and non inoculated seedlings of cultivars Serrana INTA,
Spunta and Huinkul MAG with P-labeled pX1 cDNA as probe.
Lane 1: Purified PVX genomic RNA. Lane 2 to 4: Total RNA
of PVX inoculated cultivars Serrana INTA, Huinkul MAG and
Spunta, respectively. Lanes 5 to 7: Total RNA of the same non-
inoculated cultivars.

Similar results to those obtained with Serrana INTA
were obtained using S. acaule genotype PI 320277 (not
shown) carrying the immunity gene in the context of a
different genetic background. These results suggest that im-
munity conferred by gene X' in Solanum could be at-
tributed te the lack of replication of PVX in leaf tissue.

PVX replication in porato protoplasts—Viral
multiplication at the cellular level was monitored by
ELISA (Fig.3A and 3B) 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 PVX 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 PVX after in vitro infection of pro-
toplasts obtained from an Argentine susceptible cultivar,
Huinkul MAG. After a period of 15-20 h post-infection
there was a logarithmic increase of capsid protein synthesis
reaching maximum levels ai 40-50h post-infection.
Nucleic acid hybridization was used to verify the presence
of PVX RNA in the inoculated protoplasts. Similar plot
shapes were observed when virus replication was scored
cither at capsid production level by ELISA or at the
genomic level by siot blot hybridization densitometry in the
same experiments. As stated above relative increase of
virus concentration was largely dependent on inoculum
levels. Best relative accumulations with good repro-
ducibility were obtained with a multiplicity of 0.01ng

Ia
*
x
{ ! ;
;3 o 5 T
_4 y 7 - {,
1 J i

10 20 30 40 50 10 20 30 40 %0
time (hs) postinfection

Fig. 3 Accumulation time course of PVX in susceptible and re-
i ~rotoplasts. Potato leaf protoplasts prepared from

{uinkul MAG (A), Spunia (B), Serrana INTA (C) and
trom .anum acaule clone P1 320277 (D) were inoculated with
0.01 ng PYX/viable protoplast (-®-) or 1ng PVX/viable pro-
toplast (-O-) in the presence of polyethylene glycol. ELISA and
viability analysis were carried out immediately after inoculation
and at different times post-infection. Three representative inde-
pendent experiments were chosen and graphicated. Best linear or
quadratic functions fitting to experimental data were drawn.
Bars indicate standard deviations for each of the analyzed times ex-
cept in those cases where only one measurement was available.

PVX/viable infected protoplast. Protoplasts were found
to support PVX 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. 1 ng PVX/viable protopiast) accumulation did
not increase proportionally to inoculum levels and as a
result, 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.3B) or to the susceptible segregants of
S. acaule clone PI 175396, as well as with a local PVX iso-
late different from PVX,, when used as an inoculum
source. This local isolate, used as an alternative virus
strain, differs from PVX,, 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-
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toplasts varied among experiments. This vanation was
also apparent 'vhen relative accumulation of PVX in pro-
toplasts carrying X' gene was compared to susceptible pro-
toplasts. Figure 3C illustrates a compilation of repre-
sentative experiments where accumulation rates of PVX in
protoplasts derived from the immune cultivar Serrana IN-
TA showed significative difference to susceptible controls
at multiplicity levels of 0.01 ng PVX/viable infected pro-
toplast. The reproducibility of this behaviour was confirm-
ed after repeating these experiments 10 times using either
Spunta or Huinkul MAG as susceptible controls. The in-
crease of protoplast-associated virions in Serrang 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 X' gene expression,
equivalent number of PVX inoculated or mock inoculated
protoplasts derived from susceptible or resistant plants
were assayed by slot-blot hybridization. Densitometry
analysis 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 Serrana INTA 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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Fig. 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: 0.025 *0.005 ng of cell-adsorb-
ed PV X/protoplast) or mock-inoculated protoplasts of genotypes
Huinkul MAG (A), S. acaule Pl 320277 (B), Serrana INTA (C)
and Spunta (D) with *’P-labeled pX1 cDNA as a probe. At each
post-infection time, cells were harvested, processed as indicated in
Materials and Methods for total RNA isolation and sampled onto
nylon membranes. Lanes 0 to 50: Viral RNA production at 0,
10, 20, 30, 40 and 50 h after infection, respectively. M: Mock-in-
oculated protoplasts (40 h after infection).

Immunofluorescence, ELISA and nucleic acid
hybridization experiments indicated that consistently
similar amounts of cell-bound viral antigen were detected
in both types of protoplasts (susceptible and resistant) at
Otime after infection. Furthermcre, when inoculation
technique was changed using liposomc mediated incorpora-
tion of PVX into protoplasts, no major differences 1n virus
multiplication was observed. These results suggest that
the lesser production of PVX RNA or capsid antigen in Ser-
rana INTA protopiasts was not a function of the inocula-
tion methodology or of a differential binding of virions to
Serrana INTA and Spunta protoplasts (not shown). Im-
munofluorescence analysis of fixed protoplasts also in-
dicated that although most Serrana INTA protoplasts be-
came infected, protoplast-associated fluorescence 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 influence on the behaviour of X' 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 3D and 4B (ELISA and nucleic
acid hybridization analysis) show that PVX replicative
kinetics in protoplasts from immune S. acaule PI 320277
genetic background was inhibited essentially to the same ex-
tent as in S. turberosum cultivar Serrana INTA.

Despite this clearcut resistance behaviour, when multi-
plicity of infection was raised up to highly saturating levels
(1 ng PVX/-riable protoplast), PVX multiplied in both Ser-
rana INTA protoplasts and S. acaule P1 320277 to the same
extent as in susceptible protoplasts, and no inhibitory effect
could ve detected (Fig. 3).

Discussion

Previous reports showed that protoplasts isolated
from some resistant genotypes of tomato, cucumber,
cowpea and potato behaved, ai least partially, resistant to
viral infections (Motoyoshi and Oshima 1977, 1979, Coutts
and Wood 1977, Maule et al. 1980, Kiefer et al. 1984,
Sanderson et 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 does not seem to work at this level (see
Furusawa and Okuno 1978 or Adams et al. 1985 for two of
several examples).

In the case of potato, there are 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 infected 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 distinct effect on PVX replication that
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cannot be attributed to general genetic background diffe.-
ences. 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 concentiation differences with respect to
those observed in susceptible protoplast systems. Adams
et al. (1986) reported that Rx mediated inhibition of FvX
multiplication in protoplasts of cultivar Cara did rot affect
the uncoating of infecting virions, leading to two main
possible levels of inhibition: viral genome transcription
and/or replication, or expression of laie 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 resistance gene products restrict
somehow transcription or translation of viral genome as it
has been suggested for the case of cucumber mosaic virus re-
sistance (Maule et al. 1980). However, at very high density
levels (1 ng [ VX/protoplast) resistance was not expressed,
probably due to oversaturation and bypassing of a putative
cellular factor by the high input of viral particles. This
kind of threshold level for resistance-susceptibility was
shown to occur in other systems when the resistance factor
is expressed in limited amounts (for 2xample antisense
RNA in Hemenway et 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 does 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
artificially inoculating whole plantiets, where even with
highly sensitivity methods we failed to detect virus ac-
cumulation. Results at the plant level are in agreement
with those of Cockerham et al. (1963) and Ross (1952),
using plants casrying the same gene. These observations
suggest that incompatibility reaction factor needs the tissue
structure for full expression. Differential expression of
host proteins after infection in the genetically related
system of Huinkul MAG and Serrana INTA at both plant
and cell level are under course to further elucidate some of
these points.
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RESISTANCE TO REPLICATION OF PVX IN
PROTOPLASTS OF A SOLANUM ACAULE CLONE
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UMMARY

A germplaam collection was screened for the presence of resistance genes 1o potato virus
. Among selected genotypes, Solanum acaule clone Pl 320277 of Argentine origin was used for

wparation of protopiasts.

Simultaneously, protoplasts were obtained from potato (Solanum tuberosum tuberosum) cul-
are Serrana W TA and Huinkul MAG, used as resistant and susceptible controls, respecively.
mn‘ INT. A Is resistant 10 potato virus X {(PVX) infection because Rt carries the major reaction
ne X (bohovod w0 bo the same as Rxac1) while Huinkul MAG Is susceplible. Proloplasts were
:euluod_wnh o purified preparation of PVXep (a Peruvian isolate) and then assayed for PVX
ncentration at different postinfection times by enzyme-linked immunosorbent assay (ELISA),
mﬂuonoouvo and nucieic acid hybridization. PVX muitiplication rales in S. acanle were
out ninety percent lower than in susceplible genotypes when celi-bound virus levels just after
oclon were aboutl 0.01 ng PVX per viable proloplast. ‘he compariecn of PVX replicalion
wtics with Serrana INTA suggests that resiswance is likely due 1o the aclion of similar genes, at
ast in what is concemed to mechanism of reaction.

‘ESUMEN

Se investigd la presencia de genes de resistencia para e! Virus X de la Papa (PVX) en una
Neccidn de germoplasma. Entre los genolpos seleccionados, el cion Pl 320277 de origen ar-
N0 de Solanuwm acaule,” tue ulilizado en la preparacidon de protoplastos. Simultdneamente,
thhslos oblenidos de los cultivares de papa (Solasum tmberosum nberosum) Serrana INTA y
Jinkul MAG fueron utilizados como controles resistentes y susceptibles, respeclivamente. Ser-
na INTA es resistents a la infectcion por el Virus X de la Papa porque es portador del gen X'
ue 88 cree es ol mismo que el Rxeci) mientras que Huinkul MAG es susceplible. Los
olopiastos fueron inoculados con una preparscibn purificada de PVXep (un aislamiento
m) y luego se determind la concenlracion de PVX a diversos Lempos a partir do la
feccidn por ELISA, inmunoflucrescencia e hibridizacidn de acidos nucléicos. Las tasas de
uupbcocvén del PVX en Solanum acawle fueron un 90% més bajas que en los genotipos sus-
-pbb!u cuando los niveles de virus asociados a las céiulas inmediatamente después de la
feccion tueron 0.C! ng de PVX por proloplasios viable. La comparacion de la cinélica de
plicacion del PVX en Serrana INTA sugiere que la resistencia se debe probablemente a la
cidn de genes similares, por lo Mence on 0 que respecta a su mecanismo de accion.

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

INTRODUCTION ' Lo

. ety t .

The incorporation of pathogen resistance gones into agronomic impor-
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 genes have
been used. Tne first group includes the hypersensitive reaction genes Nx
and No (Cockerham, 1955, 1870) which are present in many commercial cul-
tivars (Cadman, 1942; Cockerham, 1958). The second qroup of genes con-
ters extreme resistance to PVX (Cockerham, 1958; Ross, 1954a,. 1954Db;
Solomon, 1985) and is present in many wild potato genotypes and in some
few S. uberosum clones. This group includes the gene X' (identical to Rxect)
(Cockerham, 1970) present in cultivar Serrana INTA (Huarte e: al., 1986) and
the gene Rxadg present in cultivar Cara (Adams e: 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 molecuiar cloning. It was shown that resistance to PVX could be
analyzed under these conditions. While resutts for gene Nx were rather con-
flicting (Adams et al., 1985, 1986; Foxe and Prakash, 1986), protoplasts ob:
tainey from potato cultivars Cara and Serrana INTA (carrying lmmunity
genes Rx and x' respectively), clearly resisted the multiplication ¢! PVX
(Adams et al., 1986; Saladrigas e al., 1990).

in this; paper we arrive to similar conclusions analyzing the expression o
resistance in protoplasts of a Solanum acaule clone selected by germplasn
screening and we compare the gene action mechanisms with those of the R

gene group.

Abbreviations: ELISA, enzyme-linked immunosorbent assay; PVX, potatc
virus X; P!, plant introduction number from the Potato Introduc
tion Station, Sturgeon Bay, USA.

MATERIALS AND METHODS

Solanum acaule clones Pl 320277 ‘conferring resistance to PVX) and F
175396 susceptible segregants (used as homalogous species susceptibl:
control) of Argentine origin were kept and multiplied by the Potato Introduc
tion Station, Sturgeon Bay, USA. This Station ganerously sent us sib seed
of the mentioned clones. Control Solanum wberosam L. Spp tuberosum cultivar
were Huinkul MAG and Serrana INTA (Huarte er al., 1986, Saladrigas e: a!
1990). PVX virlons from the Peruvian Isolate ¢b (Fribourg, 1975; Orman .
al., 1990) were purified as described (Orman es al., 1990). PVXcp cDN.
clone pX1 (Hopp er al, 1988, Orman e al, 1990) was labelled b
oligonuclectide primed incorporation of a-32P-dC:TP with a specific activity ¢
10° dpm/ug DNA and used as hybridization probe (Hopp et al., 1988).

Virus-free  seedlings were handled in sterile conditions an



micropropagated as described by Masson e: 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 (multiplicities) of abrut 0.01 ng of
cell-bound PVX virions per viable protoplast per ul. Protoplast suspensions
were incubated one minute and a half at a final polyethylens Jlycol 8,000
concentration of 25% (w/v) (Saladrigas er 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 er al. (1987) at 21°C under continuous
fluorescent light for up to 50 h. At each post-infection time, protoplast
samples were concentrated by centrifugation and resuspended in specific
bufters elther for viability testing, estimation of PVX concentration by ELISA
or slot-blot hybridization (Salarrigas et 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-PYX immunoglobulin G and incubated overnight. After reaction with
specific biotinylated immunoglobulin G, wells were incubated with a strep-
tavidine-alkaline phosphatase complex as reported (Hopp et al, 1988) p-
nitropheny! phosphate was added and the absorbance at 405 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 slot-blot assays, equal number of protoplasts belonging to cultivars
Huinkul MAG, Serrana INTA or S. acaule (Pl 320277 and Pl 175396) were
resuspended and sampled into pre-wetted nylon membranes with the aid of a
slot-blot manifold (Saladrigas et al., 1990). RNA was fixed to the membrane
and hybridization, washing and autoradiography were performed as in (Hopp
et al., 1988).

RESULTS AND DISCUSSION

Wild potato plants (Solanum acaule P.\. 320277" from Argentine origin, as
well as resistant and susceptible controls (S. tuberosum tuberosum cv. Serrana
INTA, carrying immunity gene X' and cv. Huinkul MAG, respectively) were
used for establishing in virro lines that were multiplied by micro-propagation

- of internode sections. These virus-free in vitro micropropagated plants were
mechanically inoculated with a purified preparation of the South American
strain PYXcp, 10 analyze resistance gene action over the viral multiplication.
Plantiets were assayed one month later by ELISA in the presence of stand-
ards with known amounts %t purified virions (see table {). Resulting levels of
PVX were quantified by spectrophotometry and percentage of inhibition of
virus replication was calculated. Table 1 clearly indicates that only basal
levels of virus particles could be deteciad in S. acawle plantlets confirming ex-
treme resist‘ance to PVX That inhitition was not due to some non-snacific

clone (a susceptible segregant of Pl 17539¢). Quantification of virus i
cumulation showed that this contro! was as suscepxlble to PVX as the
tuberosum cultivar Huinkul MAG (Table 1).

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

Table 1. Quantification of resistance to viral replication in in v

plantiets.
Plant material PVX Concentration % Inhibition
S. acaule Pl 320277 1300 90
S. acaule Pl 178396 16154 4
Resistant control 1860 89
Susceptible cont, 16740 .

Plants of Solanum acaule clones Pl 320277 and susceptible segregants of Pl 17530¢

well as resistant and susceptible contmis (Serrana INTA and Huinkul MAG, respectively) w
uudforuhblbhlngmwwﬂnnhtmmﬁpﬂodbyuﬂwo-mﬁonofhbnn«c
tions. These virus-free in viiro micropropagated plants were mechanically inoculated wit
preparation of PVXcp. Plantiels were assayed one month later by ELISA In the presenc:
standards with known amounts of virion RNA in the same plate, Resulting levels of PVX w
quantified by spectrophotometry and represented In the firet column as ng PVX/g leat wel
Second column indicales percentage of inhibition of virus replication respect to susceptible ¢

rol.

' ~flg. 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 varlation from experiment to experiment. Best relative accumulations
~ith good reproducibility were obtained with a muttiplicity of 0.01 ng PVX/Ni-
able infected protoplast. Fig. 1 shows typical time course accumulation plots
of PVX after in vitro infection of protoplasts obtained from the Argantine sus-
septible cuttivar Huinkul MAG. After a period of 15-20 h post infection there
was a logarithmic increase ot capsid protein synthesis reaching maximum
lavals 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
sell-bound virion lavels immediately after infection. Similar shapes were ob-
served when virus replication was scored at the genomic level by slot blot
1ybridization dengitometry in the same experiment.

Essentially simllar results were obtalned 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 Solanum acaule protoplasts is not lar-
gely aftected by differences in the general genetic background with S.
tuberosum.

Previous reports showed that in vitro Iinfection of protoplasts allowed the
analysis of resistance gene action at the cellular level (Ponz and Bruening,
1986). In most cases, protoplasts derived from plants carrying resistance
genas showed to support pathogen replication at a similar extent than the
roplication obsorved in protoplasts derived from susceptible plants (Adams et
al., 1985; Furcsawa and Okuno, 1978; Ponz and Bruening, 1986) for some of
saveral examples). However, resistance at the cellular level could be
demonstrated in a number of cases that showed, at least partially, resistance
(o viral infections (Adams et al., 1985, 1986; Foxe and Prakash, 1986; Coutts
and Wood, 1977; Kiefer et al, 1986; Maule er al. 1980; Motiyoshi and
Oshima, 1977: Ponz and Bruening, 1986; Sanderson et al., 1985).

In this veork, potato protoplasts derived from susceptible and immune
genvotypes were infected in virro with a purifiod PVX virion preparation for
comparative analysis of multiplication. 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/viable 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-associated virions in the immune . acaule clone
was not only slower but also smaller since even after long-term incubations,
virus concentration remained low compared to susceptible controls.

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

tant plants were assayed by slot-biot hybridizauun (ri9. £). .

Fig. 2. Siot biot hybridization analysis of susceptible and resistant PV.
inoculated protoglasts,

hs A B C
0
20

30

40

Slot blot hybridizations of total RNA from equal amounts of PVX-nooulated or mook-n
lated gfo!opl-'z of genotypes Hulnkul MAG (A), S. acaule P 320277 (B), and Serrana INTA
with 2P.abelled pX1 cONA. At each post-infection time, ells were ocentrifuged, Proceseec
indicated in Materials and Methods for total ANA lsolation and sampled onto nylon membraen

Lanes 0 1o 40: Viral RNA production st 0, 20, 30 and 40 h afier infection, mpocﬁvdy

Densitometry analysis clearty indicated that, although absolute incre
of total viral RNA concentration was smaller than capsid protein, there we
ninety percent reduction of virus accumulation rates following a sharp pa
lelism to the behaviour of resistant Serrana INTA control and overall rela
inhibition measured by ELISA In the same axperiment, Both, ELISA
molecular hybridization experiments indicated that consistently sin
amounts of cell-bound viral antigen or genome were detected in the tf
types of protoplasts at O time aher infection. These results suggest
lesser production of PVX RNA or capsid antigen in S. acaule clone is n
function of the infection methodology or a ditferential binding of virions,
demonstrates that S. acaule protoplasts express a distinct effect on |
replication that cannot be attributed to general genetic background diffe
ces following a sharp parallel to the behaviour of Serrana INTA,

Results essentially reproduced those obtained by us (Saladrigas e
1990) and by Adams et al.(1986) for Rx gene group. Furthermore, as fol
other two systems, the lesser accumulation ot viral progeny observed in
resistant protoplast system was not dueto a delay of a potentially compa
response to the virus. As mentioned above, long term incubations
showed large virus concentration differences with respect to those obse
in susceptible protoplast systems. In this context, it is fikely that resist:
gene products restrict somehow transcription or early transiation of

~n




the entire resistance gene group Rx. However, we do not set apart the pos-
sibility of an inhibitory step at the viral uncoating level. PVX RNA transfection
experiments are on coursa to clarity this hypothesis.
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ummary

Clenes derved from thirty one different accessions (nineteen of Argentine
A1) beinnging 1o e1ight SR8 species were screened [or resistance to
inf=Hion by potato virus X strain ¢p (PVXcp by mechanical inaculation of
plan’l2ts that had been micropropagated sz sréxr Estimates of FVX
muttiplication obtained by enzyme linked immunosorbent assay and slot
blot nucleic acid hybridization allowed the idenufication of resistant clones
denived from five accessions belonging to £ comamersony, S ophxense S
seerapiimand S wderosum andgena. Resistant genotypes supported
FVX concentrations 5 to 15 times smaller than did the susceptible control
cuitivar Spunta Graft inoculation test confirmed the presence of extreme
r=<stance stmilar to that conferred by the 'immunity” gene Xt (also calisd
Pz}

Intradnstion

The genatys pool in wild tuber -bearing species of $/aginzhas t<en, and
wili Conttsiue t be used as a cource of resistance to viruses in potato
breeding. bause the range of genes available allows the plant breeder to
~ombat newly »ocurring virulent strains. Resistance genss 2an be
incorporat=d ints cultaivars by, for ezample, sexual <rossing (n=ar of 'wde),
protoplast fusion or genetic transformation after cloning those genes
sithough soms
zermplacm <elections has been evaluated (Hanneman & Bamberg, 1936,
Webb & Zohuitc, 1901), there are thousands of accessions of wild Solanam
Ipeues that have not yet been surveyed for resistance to viruses

This paper r=ports the screentng of 31 accessions (19 of Argentine
snging belonging to eight Solanum spectes. Thre2 of these species, S
gourkasr Hawkes, S sparapulim (Bitter) Juz et Buk and § twherosum
;ubip andizena (jus et Buk.) Hawkes, had been tested previou:ly, but the




other ive, ¥ commerazeDunal, O pcamapoesseOkada et Clausen,
savrossiHawkes et Hierting. ¥ oplixenseHawkes. and S vrdaurres
Cardanas, were tested for the first ttms for resistence to PVX multiplication.
Peontly & sydeurrerCarianas was reclassified as € goardayr subsp.
snizrrer (Card ) Hawkes et Hierung (4 M Clauser. personal
communiation & mghly snstive g srdeo test using micropropagated
clantz result=3n [ive new sources of r2q1siance t=Ing risntind

Marenals and Methods

Flants of potate uluvars Ssnived from 7 vedroculture have previousty
b===n1 shown to be sutable for quantit2tive determination of r2<istance to
FYE muluplicatior: (Kurzinager % Schenk, 1988). Kurzinnger & Schenk
(1983) also demonstrated that estimation of the virus concentration in
primary inlectad plants was 1n good agrezment with established resistance
ranking. We modified thic methad for <creening wild Szzu77species The
SonCentrations of virus tn 2ach genotyrs were assessed quantitatively by
both ELISA (Karzinger & Neitzel, 1985) and nucleic acid hybridization
{Hopp et al., 1991)

HNMant matersal Most of the accecarans used in this study had oniginally
peen coll=ated 1n Argentna (Fig 27 others ariginated n Bolivia, Guatemala
and Per (Fig 2). Ho specafic mrvrmar_vrx was avaitlable atout their
rea:tions 3ganst FVX infetion ¢xcep tior the two known resistant clones of
& anaai2idenved from accessions P 175345 and Pl 2 20:554) that were
U3ed 32 resiztant controls § fudbarosunisubsp 326205 WRF 175315 2
Crosi between S faberosisisubip andawerabl 279291 and S luberosim
aneeadFL W06 102 (1B Bamberg. personal communication)

Twe sulttvare of F 2rdarnsimantsp fuderosamanitiyare Sarrana INTA and
Jpuata wers gl iniludsd a2 raciitant and susceptible coatrols
respectively. Jerrand INTA carnes the immunity” zene {1 (also alled
Riae1) (Huarte 2t 31 1936, Zaladrigas ¢t al . 1990)

“iris sialersdl The inooulum sour2 was potato virus X strain ¢p
{FVXcp), 2 Peruvian 1solate (Fribourg, 1975, Jones, 1986, Moreira et a1,
1980) recently characterized by nucleotide sequencing (Orman et al. 1990)
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and replication analysis in potato protoplasts (Saladrigas et al.. 1990). it
was multiphed 1n Mrolans abecumplants and purified as described by
orman of 31 (1990),

Flast Qulture Toye seads were stenlized by sodium hy pochlorite
treatment (Gamborg et al.. 1981). germunated aseptically in 2 ¢cm diameter
rarosilicats olass tubes containing 10 mi of medium F (Masson et al . 1937}
and the raculting seedlings micrapropagated as described by Masson ot al.
{1957} Seedling were indiziduaily numbered and micropropagated singly
The growth conditions were16/¢ h (day/night) photoperiod at 22 «C v a
light intensity of 6000 lux/cm? provided by fluorescent lights (Phillips
fluarescent tubes, TLD 36 W S4LL3).

Sechanecal teaxcnfaion Plantets selected for inoculation were about 10
Jays old. had two or three nodes. and were just starting to develop roots.
Beiore moculation, V.09 m! of 3 nystatin suspension (2 mg/mi 1n S50%
athanal} was added to the medium to control fungal contamination derived
from virys inaculum which was preparad in non-sterile conditions.

VI infxcted tobacco leaves were ground with a pestle in mortar in 10
mlsg viral extraction buffer (8 g1 NaCl. 0.2 g/1 KH P04, 2.9 g/1
MNa-HPG4 12H0 0 2 g/1 KCL 0 S mi/l Tween 20 and 20 g/1
poty7inylpirrolidons (PVP} 10,630, pH 7 4) The suspension was hriefly
centrifuzed (S000 rpm for S munj, and an inoculum preparad by adding 150
mg,/ml of carborundum to the supernatant. This inoculum, wich had 2 PVX
concentration of about 1 mg/m! (as estimated by ELISA). was applied to
the 1=3ves with 3 cotton swap After 12 - 30 days, the leaves were
harvested and weighted {0.05 to 0.2 g/plantlet, depending on the
2enotype )

Bstwesn S b0 12 individual seeds per accecsion were tested, the larger
numbers corresponding to thoss that were {ound to be rezistant to PVX
infeciion, and at least 3 micropropagated clones derived from an individual
seed were inoclated per assay

craftine novilateon Two susceplible potato cultivars (Spunta and
Huinkul MAG ) were mechanically inocuiated and after 12 days, the shoots
were 2rafted onto those of putative resistant genotypes. After ten days,
putative resistant plants were xcised at the base of the shoot.
Mainteinance of turgidity was used as an indicator of effective vascular
unon tetween the plants Leaves {rom both shoots were then processed for




ELIZ& as descnibed in Cazple analyses and their PVX concentrations were
comparad

Ngpe dnatvsrs ELISA was carnad oyt as described (Hopp et al, 19291
Tissu= sample 1n 7 ml/g wiral extraction buffer were 1n a Potter-Elvehjem.
Homegenatas were transferred to 1.5 mil Eppendorf tubes and kept at -20
o naiil r—3uired They wers then thawed. vortezed and clarified by brief
centrifugaton (SO0G rpm for S mun) Acsays were made in microtitr2 plates
(Hur: Immunoplates I, Denmark ) using % Titerty k Multiscan MC eight-
channel automatic spectrophivtometer (Flow Laboratory). Double antibody
sandwich ELISA was carried out using poly<lonal antibodies against capsid
protsins as ~oating antibodies. (provided by Dr. S. Pérez Talavera, Centro de
Ingsmi=ria 72netica y Bioternologia de La Habana, Cuba). Immunoglobulins
were cupied to botin-N-succinimide ester derivative (Amersham, UK) and
used as recommended by Zrein et al. (1986). After reaction with speific
tiotinylat=3 immunaoglobuhin 5, walls were incubated with streptavidin-
alkaime phasphatase ccmpisi as resommended by Amersham (UK). p-
Hitrephenyl phosphate was added and the absorbance at 405 nm was
revorded To assess FVX levels. an internal calibration curve was
sonstruct=d by s2ampling a range of 4 to bOU ng of purified PVX per well in
sach ELIZA plate

Jamples for slot-blot hytridization were homogenized in a freshly
prepared solutton of 10 U/ml human placental ribonuclease inhibitor
{ENz<sin. Fromega Biotec, US3), 6@ formaldehyde, 18 Na N-
lauroylearcosine, 2 4 M NaTi and 0 24 M Na citrate pH 7 at 65 oC and then
ma:ntained at this temperature for 15 min. After rapid cooling with e, the
homoganate was centrifuges as for ELISA and the corresponding
“pp=rnatant camplad into pre-wetted Nytran membranes (Schleicher and
Schnell, r¢rmany) nsing a manifold (Schleicher and Schuell, minifold [1)
After wazhing twice with 0 { mi of 3 M HadCl, 0.7 M Na citrate, RHA was
Nzed by «xposing the wet membrane to UV light (Khandjian, 1987)
frilwed by vacyum baking for 15 min at A0 oC 1n A slab gel drysr (Heeffer,
IZar Hyrnidization wis carried out as d«scribed in Hopp et al (1952) The
FrolcDHA clone used was a 3,555 nucleotide insert corresponding to the %
«nd of the PVEcp gencme (Hopp et al., 1991, Orman et al, 1990), cloned 1n
th= Sm3 [ site o1 pRluescript SK M 13(+) phagemid (Stratagene, JSA} The
probe was labetl=d with 32P-dCTP by oligonucleotide primed labelling to a
spectftc actuvity of 1012 cpm/mg DNA (Hopp et al, 1933).

)



Pesnlts and Discussion

F¥3E multiphisd rapidly in mechanically inoculated piantists and reachsd a
plateau in about one W two weeks. The levels fluctuated but little over a
period at least one month after inoculation; the plateau levels depeading on
genotype (Fig. 1). The test discriminated between a resistant cultivar (eg,
Serrana INTA carrying the ‘immunity~ gene Xi) and a susceptible cultivar
(e, Cpunta ) that differed in a concentration level of PVX by one order of
magnitude (Fig. 2). When levels of individuals seedlings derivatives were
~ompar2d no evidence of segregation within accessiens was found, so the
Jata from each accession were pooled and the podled resuited used to
prepare Figure 2.

Clones dernved from several accessions supported higher levels of PVX
~oncentration than did ¢cv Spunta Unexpectedly, some concentration values
were highsr than those of tobacco plants inoculated for virus multiplication
{Fig. 2).

Five accessions; N commerson/Pl 243503, N spurgpr/umPl 310972, S
duberosum andsgena WRF 1758, £ oplacensePl 435079 and PI 435080
supported low levels of PVX multiplication, similar to those of plants
carrying gene Xt and ‘immune” ¥ gusufeclones. PV concentrations were 5
Lo 15 times lower than in the susceptible control Spinta as assessed by
ELISa (Fig 23 Recistance behaviour in plantlets of these accessions was
reprodurible and no segregation of susceptible plan's was detectz=d after
testing at least 10 different ceedling genotypes per putative resistant
accession family Such 2 number seems to exclude the possibility of
haterazygacity of the accessions belonging to diploid species. However, it is
still possible that alleles for susceptibility could be present in the
accessions of tetraploid species. Comparison of the ELISA values of clones
derived from the same seed with those derived from different, seeds of the
same accession did not show sigmificant differences, suggesting that
differences 1n the genetic background between sibs do not affect ¢xpression
of the character.
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NHucleic acid hybridization using a characterized PVX ¢DNA clone as a
probe was used to verify whether viral RNA production was affected and to
snnfirm Jata cbtained by ELISA. Fig. 3 shows that slots correspending to
RNA of genotypes with resistance to PYX multiplication did nct hybridizce to
the probe. while susceptible ones did <o (with one exception, slot 19), a
result clesely paralleling that obtained by ELISA

N snersnsam L 510972 showed strong chlorosis and the moculated
leaves died suggesting that the recistant g=neis) caused a hypersensitive
reaction. The other genotypes reacted to inoculation in a way similar to the
reaction of ¢v. Serrana INTA and the resistant clones of X scsu/e, that is
without characteristic symptoms of hypersensitive reactions such as
chlorotic spots or top necrosis. This behaviour suggests that the
corresponding reaction genes could be of the Rx type (Cockerham, 1970), as
might be 2T 2cted in clones of X tuberosumsubsp. andigens in which such
3 g2ne has been shown to accur (Cockerham, 1943, 1958).

Previous reports indicate that some genotypes that show resistance to
virus incwculation may be susceptible when graft inoculated (Webb &
Schultz, 1961). Grafting PVX infected susceptible plantiets with the five
racistant 2enotypes confirmed extreme resistance in these plants (Table 1).
The r=action of the resistant genotypes recembled that of the immune
controls, with the exception of € vommeragyPl 243503 derivatives which
showed mild chlorosis in leaf margins.

For 23ach acsession showing racistance to PVX, three clones were
numbersd and sent to the germplasm bank of INTA, Balcarce, for
maintainance and distribution to plant breeders. The accessions numbers of
the clones at INTA Balcarce germplasm bank are: for & commersony Pl

243503/1.2and 3 0al 9113/1.2 and 3 respectively; for £ op/ocensePl
135 .C. sfleand 3 Bal 3114/1.2and 3 r-,--,p—:cu'aely, for & anfocense Pl
125050-°1.2 and 3. Bal 9115/1.2 and J recpectively. for Ssparsip/fumPl

Mou72/ 12 and 3 Bal 9116712 and 3 respectively; and for § fuderosum
andwasz WEF 1758712 and 3 Bal a117/1.2 and % respectively

[n sumraary, this paper raports five new sources of extreme resistance
to FVX multiplication in four wild Soleniz species. This source behave
saatlarly (o Known extrems recistance reaction genes Experiments are in
hand, using 2 vriroinfected protoplasts to assess whether the
rorr«sponding genes have a similar action on virus multiplication (Ceriant
»t al., 1990, Caladrigas et al 1990) However, genetic cross analysis will be




necessary to establish chromosome location and the allele relationships
with other known resistance genes.
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Fig 1. Time course of PVX multiplication in mechanically inoculated
Flantlets susceptible or resistant to infection. /z vrérogrown
plantlets were mnoculated and PVX levels quantified by ELISA at
different times after infection. —8— £ fuberosum tuberosum <V
pundiisusceptible);, % £ saswke 175395 (resistant).
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Figure 2 PYX concentration levels; in the left column indicates all the
accessions surveyed, positive and negative controls are underlined. Mean
multiplication of PVY in each accesston fanuly (as assesse3 by ELISA) is
shown in the central column, the bars represent the standard deviation. The
concentration level in Mroleszis included as a reference.

Genotypes mg PVI/g Origin
] 1 20 W = W
l a I 1 b o 3 t
S.acaule 175 08 Argenuna
S acaule 230554 g16 nknown
S commersonii 243503 R19 Argentina
5.commersonu 473408 Argentina
S.gourlayi 210038 Argentina
S.gourlayn 265579 Argentina
S gourlayi 414145 Argentina
5. incamavyoense 477066 Argentina
5.incamavoense 473067 Argentina
. insamavoense 473068 Argentina
S neorosii 473201 Argentina
S.neorosii 473428 Argentina
s neorosii 473429 Argentina
S.oplocense 435079 Argentina
S oplocense 435080 Argenuna
5. oplocense 442682 Argentina
5 tubterosum tub Serrana INTA Holland
S tuterosum tub_¢v. Spunta Peru
S sparsipilum 31100t Peru
3. sparsipilum 311000 Bolivia
. sparsipilum 310972 FerQ
S cparaigilum 310959 Peru
S sparsiptium 310952 Peru
3. sparsiptlum 310957 Peru
5. sparzipilum 246536 Bolivia
S sparapiium 310933 Guatemala
S ruberosum andigens VRE 1758 Peru
5 tuberosum andigena 281125 Argentina
5. vidaurres 473107 Argentina
3. vidaurrer 473000 Arzenuna
S adaurrei 4779% Arzentina

Micotisns tabacum




Fiz. 3. Zlot blot hybridization of mechanically infected plantlets with a FYVX
cDNA probe Infectad leaves were processed for hybridization with 32p
labelled pX 1 clone and then exposed overmight to autoradiography. Each slot
w2 sampled with eztracts from independent plantlets, except for slots 1 to
Land 13 to 17 that contain 686, 342, 172, 86. 21, 0. 600, 300, 150, 43 and
v ng ol punﬁe‘-d FVX virions, respectively Slots 7. 6. 4. 11 and 12: &
SREranm bt clonse 1,22, and S resistant) Siots 10, 19 and 20 &
Sfvense 442532 clones 1,2 and 3 (susceptible). Slots 18 and 31: £

;pm 252435030 clones 1and 3 (resistant). Slots 21 to 24: £ mz»rma.m
subsp azdicens WRF 1758 clones 3,2,1 and 1 {resistant). Slots 25 to 28: .
comararss 243503 clones 1,1,2 angd 3 (resistant). Slots 29 and 30: £
apforens2 435079 clones 1 and 2 (resistant) Slots 32 and 33 S sparsipriium
311000 clones | and 2 (susceptible). Slots 34 to 36: £ mtxafn:-am
snbsp fuderosusz o Serrana INTA (resistant).
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Table 1. Relative PVX concentration levels in five genotypes
inoculatsd by grafting PVX infected plantlets of S uberosum
subsp tuberosuem o, Spunta or ¢v. Huakul MAG were grafted with
non infected putative resistant genotypes, S sparsipffum
310972717273, K tuberosum aondig WRF 1758717273, X ophxense
135079717278 & opfenneqadf080/ 17273, S commearsost!
243503/1/2/3 After 25 days, PVX concentration Isvels were
assessed by ELISA and these one expressed in the table as ratios
between the PVI concentration level in the tested genotype and in
tts susceptible grafted partner.

Genotypes Relative PVX
concentration

Hiunkul MAG /Spunta 1.00

& sparsiprfum 310972 .40

~ tubercsumsubsp andig WRF 1756 0.32

£ opfxeanse 435079 0.14

S ophxesse 435080 0.10

5 ommpraant 243503 0.05




Eaotnotes

U FI. plant introduction number of the Sturgeon Bay germplasm
acessions (Hanneman & Bamberg, 1986).
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