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Résumé: Des acides ribonucléiques obtenus a partir de cultures in vitro de vignes attein-
tes de la maladie de I'enroulement ont été comparés a ceux obtenus a partir de cultures de vignes
saines. Les cultures in vitro de 65 % (11 de 17) des variétés atteintes de I'enroulement contenaient
un acide nucléique a simple brin (LMWssRNA), non-signalé jusqu'ici, qui était absent chez les
vignes saines. Plusieurs ARN bicaténaires (HMWdsRNA) ont été observés chez les vignes atteintes
de l'enroulement. L'intensité et la mobilité (poids moléculaire apparent) de ces HMWdsRNA
variaient beaucoup d'une variété de vigne a l'autre, mais elles étaient constantes pour chaque
variété. Ces observations s’accordent bien avec I'idée que 'enroulement pourrait étre causé par plus
d’'un agent.
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Introduction

Grapevine leafroll (GLR) is one of the most important diseases of grapevines and it
occurs world-wide. The symptoms on red cultivars of Vitis vinifera consist of leaf red-
dening accompanied by a downward rolling of the leaves. On white cultivars, the leaves
become slightly chlorotic, rather than reddish. The disease is not usually lethal, but
affected vines are less vigorous, have smaller and fewer clusters and their fruit have a
lower sugar content, which leads to a delayed harvest (GOHEEN 1970; BOVEY et al. 1980).

GLR is graft-transmissible (ScHEU 1936). A number of virus-like particles have
been associated with the disease, including potyvirus-like particles (TANNE et al. 1977),
isometric particles (NAMBA et al. 1979a; CASTELLANO et al. 1983) and closterovirus-like
particles (NAMBA et al. 1979b; FAORO et al. 1981; CASTELLANO et al. 1983; GUGERLI et al.
1984; MILNE et al. 1984; MoSSOP et al. 1985; ZEE et al. 1987; ZIMMERMANN et al. 1988), but
the causative agent of the disease has not yet been conclusively identified. The
accepted method for diagnosis of GLR is indexing on suitable woody indicators
(GOHEEN 1970), a procedure which takes several years to complete. Heat therapy is con-
ventionally used for the production of disease-free apices (GOHEEN 1970). GLR-free
plantlets have also been regenerated from fragmented shoot apices (BARLASS et al
1982), by micrografting in vitro (Avyuso 1985), by in vitro heat therapy (MUR 1979), and
by shoot tip culture, with or without prior heat therapy of the GLR-affected grapevine
(MonETTE 1988). Plantlets produced by any of these techniques still need to be indexed
on woody indicators, in the absence of a more rapid diagnostic procedure.

The potential value of dsRNA extraction and analysis as a virus-indexing method
has been noted by MORRIS et al. (1983). MossoP et al. (1985) have reported the presence
of a high molecular weight (HMW) dsRNA in GLR-affected, but not in GLR-free grape-
vines and recently MONETTE et al. (1989) have detected a stem pitting-associated dsRNA
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in shoot tip cultures of grapevine cultivars affected with rupestris stem pitting. This
communication reports on a comparative analysis of the RNA content of in vitro shoot
tip cultures from GLR-affected and GLR-free grapevines.

Materials and methods

22 grapevine cultivars were used in this study (Table). All had been indexed on
woody indicators (V. rupestris St. George, V. vinifera Pinot noir and the hybrid LN-33).
12 cultivars were affected with leafroll alone, 2 were affected with leafroll and also con-
tained grapevine fanleaf virus, and 3 were affected with leafroll as well as fleck, stem
grooving or corky bark. Another 5 cultivars were GLR disease-free.

Media and procedures for grapevine in vitro shoot tip culture were as previously
published (MONETTE et al. 1989). Procedures for the extraction of nucleic acids, for their
analysis by polyacrylamide gel electrophoresis and silver staining and for nuclease
digestion have already been described (MONETTE et al. 1989). Nuclease digestions were
conducted on extracts from shoot tip cultures of Riesling cl. 239.

Table

PAGE analysis of RNA extracts from in vitro shoot tip cultures of GLR-affected and GLR-free
grapevines

Analyse électrophorétique sur gels de polyacrylamide des acides ribonucléiques obtenus de cultures
’ in vitro de vignes saines ou atteintes de la maladie de I'enroulement

Disease diagnosed

Colsiva on woody indicators!) LiWrssBlNas)
Gf. 31-17-115 GLR +
Schuyler GLR +
Pirobelle GLR +
Schwarzriesling GLR +
Appley Towers GLR +
Riesling cl. 239 GLR 4
Miiller-Thurgau (1/1 GM) GLR, fanleaf +
Auxerrois 22 GM GLR, fanleaf +
Pinot noir (Hurlman 2/45) GLR, fleck +
Scheurebe GLR, stem grooving +
Semillon GLR, corky bark +
Kadarka GLR -
Limberger GLR -
Castel 19637 GLR -
Jakaranda GLR -
Jubileum 75 GLR —
Vidal 256 GLR -
Limberger fleck -
Vidal 256 none -
White Riesling none -
Pinot Chardonnay none -
SO 4 none -

1) Indicators used: V. rupestris St. George, V. vinifera Pinot noir, LN-33.
2) 4+ = Present; — = absent.



RNA from leafroll-affected grapevines 231

Results and discussion

11 of the 17 GLR-affected grapevine cultivars (65 %) contained a low-molecular-
weight single-stranded RNA (LMWssRNA) which was absent from GLR-free grape-
vines (Table). This LMWssRNA was present as a major component in all 11 cultivars
(Fig. 1, arrow 1) and may be related to a virus, or a strain of a virus, responsible for
GLR. This RNA is primarily a single-stranded molecule, as it was susceptible to
RNAse A under both low and high salt conditions (Fig.2). The observation that it
adsorbed to phosphocellulose in TSE containing 15 % ethanol suggests that it may con-
tain some double-stranded regions (Dopps et al. 1984). One interesting possibility is
that the LMWssRNA reported here may represent a subgenomic component of a virus,
for example a closterovirus. Should this be the case, the absence of this LMWssRNA in
6 of the 17 GLR-affected samples might reflect either virus strain differences or a host
cultivar influence on virus gene transcription (Dopps et al. 1987). Alternatively, this
LMWssRNA might be a satellite RNA.

A LMWdsRNA with an apparent molecular weight of 0.24 x 10°® Da was recently
detected in in vitro shoot tip cultures of stem pitting-affected grapevines (MONETTE et
al. 1989). This double-stranded stem pitting-associated (SP-A) RNA and the LMWss-
RNA reported here had different migration rates in polyacrylamide gels. The differ-
ence was slight but reproducible, with the SP-A RNA migrating farther into the gel
than the LMWssRNA from GLR-affected grapevines. A more thorough comparative
analysis of these RNAs is in progress in order to evaluate a possible relationship
between them.

Numerous HMWdsRNA bands, ranging in apparent size from 1.3 x 10% Da to
15 x 108 Da, were observed in samples from in vitro shoot tip cultures of GLR-affected
grapevines (Fig. 1). This region of the gel may contain a band similar to the leafroll-
associated 8 x 106 Da band detected by Mossop et al (1985) in RNA extracts from
phloem tissue, but this band could not be clearly identified in our gels. The HMW-
dsRNAs detected in shoot tip cultures of GLR-affected cultivars varied both in intensity
and mobility (apparent molecular weight) from cultivar to cultivar, but were reproduci-
ble for each cultivar. Certain banding patterns were quite distinctive. For example,
GLR-affected Limberger (Fig. 1 A, lane 4) showed a pattern of HMW bands which were
absent from either GLR-free Limberger (Fig.1 A, lane 3) or the other GLR-affected
cultivars. The pattern obtained with Semillon (Fig. 1 A, lane 10) was also different from
those observed in the other GLR-affected cultivars. Semillon, however, was corky
bark- as well as GLR-affected. Consequently, the banding pattern obtained with this
cultivar might in part be related to corky bark disease. 4 GLR-affected cultivars,
Gf. 31-17-115, Pinot noir, Riesling cl. 239 and Appley Towers, appeared to share a com-
mon band (Fig. 1, arrow 2) migrating slightly farther than the 0.6 x 105 Da marker frag-
ment. The multiplicity of clear banding patterns obtained with RNA extracts from
GLR-affected grapevine shoot tip cultures is consistent with the view that grapevine
leafroll disease may consist of several diseases with very similar symptoms. The appar-
ently conflicting reports concerning the association of several distinct virus-like parti-
cles with grapevine leafroll disease may be easily reconciled if GLR does prove to have
more than one causal agent.

The use of in vitro shoot tip cultures as samples for RNA extraction and analysis
clearly has potential for the elucidation of grapevine leafroll disease etiology and the
subsequent development of appropriate diagnostic tests. This approach may be a valu-
able supplement to current serological and electron microscopical studies (TZENG 1984;
RoscIGLIONE and GUGERLI 1986; ENGELBRECHT and KASDORF 1987; ZEE et al 1987;
ZIMMERMANN et al. 1988).
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Fig. 1: PAGE analysis of RNA extracts from in vitro shoot tip cultures of GLR-free and GLR-
affected grapevines. — Lanes in (A) show DRIgest III (Pharmacia) markers (lane 1), empty lane (2),
GLR-free (fleck-affected) Limberger (3), GLR-affected Limberger (4), GLR- and fleck-affected
Pinot noir (5), GLR- and stem grooving-affected Scheurebe (6), GLR-affected Appley Towers (7),
GLR-affected Jubileum 75 (8), GLR-affected Riesling cl. 239 (9) and GLR- and corky bark-affected
Semillon (10). — Lanes in (B) show DRIgest markers (1), empty lane (2), GLR-free Vidal 256 (3),
GLR-affected Vidal 256 (4), GLR-affected Gf. 31-17-115 (5), GLR-affected Schuyler (6), GLR-affected
Pirobelle (7), GLR-affected Schwarzriesling (8), GLR- and fanleaf-affected Miiller-Thurgau (9) and
GLR- and fanleaf-affected Auxerrois 22 GM (10). — Arrow 1 points to the LMWssRNA. Arrow 2
points to a band common to Gf. 31-17-115, Pinot Noir, Riesling cl. 239 and Appley Towers.

Analyse électrophorétique sur gels de polyacrylamide d’ARN obtenus a partir de cultures in vitro de
vignes saines ou atteintes de l'enroulement.— Les pistes dans (A) contiennent: (1) des acides
nucléiques a poids définis (DRIgest III), (2) une piste vide, (3) Limberger atteinte du «fleck» mais
non atteinte de I'enroulement, (4) Limberger atteinte de 'enroulement, (5) Pinot noir atteinte de
I'enroulement et du «fleck», (6)Scheurebe atteinte de l'enroulement et du «stem grooving»,
(7) Appley Towers atteinte de 'enroulement, (8) Jubileum 75 atteinte de I'enroulement, (9) Riesling
cl. 239 atteinte de 'enroulement et (10) Semillon atteinte de I'enroulement et du «corky bark». — Les
pistes dans (B) contiennent: (1) des acides nucléiques a poids définis, (2) une piste vide, (3) Vidal 256
saine, (4) Vidal 256 atteinte de I'enroulement, (5) Gf. 31-17-115 atteinte de I'enroulement, (6) Schuy-
ler atteinte de 'enroulement, (7) Pirobelle atteinte de I'enroulement, (8) Schwarzriesling atteinte de
I'enroulement, (9) Miiller-Thurgau atteinte de I'enroulement et du «fanleaf», et (10) Auxerrois 22 GM
atteinte de 'enroulement et du «fanleaf». — La fléeche numéro 1 indique la location du LMWssRNA.
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Fig. 2: Polyacrylamide gel electrophoresis of RNA extracted from GLR-affected Riesling cl. 239.

Lane (a) contains size markers and lane (b) RNA not subjected to nuclease treatment. Lanes (c), (d)

and (e) were exposed to RNase A in low salt, RNase A in high salt and DNase 1, respectively,
at 31 °C for 2 h prior to silver staining. The arrow points to the LMWssRNA.

Electrophorése d’ARN obtenus a partir de cultures in vitro de la variété Riesling cl. 239. Le gel (a)

contient des acides nucléiques a poids définis. Le gel (b) contient les ARN extraits du Riesling

cl. 239 et n’a été soumis a aucune digestion enzymatique. Les gels (c), (d) et (e) contiennent les

mémes ARN que le gel (b), mais ils ont été placés a 31 °C pour 2 h avec, respectivement, du RNase A

sous une faible concentration de sels, du RNase A sous une forte concentration de sels et du
DNase 1, avant d’étre colorés a I'argent. La fleche indique la location du LMWssRNA.

Summary

The RNA content of in vitro shoot tip cultures from grapevine leafroll (GLR) dis-
ease-affected grapevines was analyzed and compared to that of similar cultures from
GLR-free grapevines. A previously unreported low-molecular-weight single-stranded
RNA (LMWssRNA) was detected in in vitro shoot tip cultures of 65 % (11 out of 17) of
GLR-affected cultivars. This LMWssRNA was absent from disease-free cultivars and
may be associated with a virus or a strain of a virus responsible for GLR. Numerous
high-molecular-weight (HMW) dsRNA bands were also detected in GLR-affected
grapevine cultivars. The intensities and mobilities (apparent molecular weights) of
these dsRNA bands varied considerably from one GLR-affected cultivar to the next,
but were reproducible for each cultivar. The detection of multiple distinctive RNA
banding patterns is consistent with the possibility that more than one agent can cause
grapevine leafroll disease.

La fléche numéro 2 indique la location d'un ARN en commun & quatre variétés atteintes de I'enrou-
lement, Gf. 31-17-115, Pinot noir, Riesling cl. 239 et Appley Towers.



234 P. L. MONETTE, D. JAMES and SHARON E. GODKIN

Acknowledgements

We thank A.C. GoHEEN for generously providing a copy of the M.S. thesis of H.C. Tzexg. Bud-
sticks of all grapevine cultivars used in this study and information on their virus disease status
were kindly provided by Station personnel.

Literature cited

Ayuso, P.; 1985: Le microgreffage appliqué a la régénération sanitaire de la vigne. In: Proc. MOET-
Hennessy Coll. Amélioration de la Vigne et Culture in vitro, Paris, 191—192.

BarLAss, M.; SKENE, K. G. M.; WoobHAM, R. C.; KRAKE, L. R.; 1982: Regeneration of virus-free grape-
vines using in vitro apical culture. Ann. Appl. Biol. 101, 291—295.

Bovey, R.; GArTEL, W.; HEwiTt, W. B.; MARTELLL, G. P.; VurtTENnEZ, A. (Eds.); 1980: Virus and Virus-Like
Diseases of Grapevines. Payot, Lausanne.

CASTELLANO, M. A.; MARTELLI, G. P.; SaviNo, V.; 1983: Virus-like particles and ultrastructural modifi-
cations in the phloem of leafroll-affected grapevines. Vitis 22, 23—39.

Dobps, J. A.; JARUPAT, T.; LEE, J. G.; ROISTACHER, C. N.; 1987: Effects of strain, host, time of harvest,
and virus concentration on double-stranded RNA analysis of citrus tristeza virus. Phyto-
pathology 77, 442—447.

— ; Morris, T. J.; JorpaAN, R. L.; 1984: Plant viral double-stranded RNA. Ann. Rev. Phytopathol.
22,151—168.

EnGELBRECHT, D. J.; KasporF, G. G. F.; 1987: Occurrence and transmission of grapevine virus A in
South African grapevines. S. Afr. J. Enol. Viticult. 8, 23—29.

Faoro, F.; TorNaGHI, A.; Fortusini, A.; BELLI, G.; 1981: Association of a possible closterovirus with
grapevine leafroll in northern Italy. Riv. Patol. Veg., Ser. IV, 17, 183—189.

GoHEEN, A. C.; 1970: Virus and viruslike diseases of the grapevine. In: Frazier, N. W. (Ed.): Virus
Diseases of Small Fruit and Grapevines, 209—212. University of California, Berkeley.

GuGeRLI, P.; BRUGGER, J.-J.; BovEy, R.; 1984: L'enroulement de la vigne: Mise en évidence de particu-
les virales et développement d'une méthode immuno-enzymatique pour le diagnostic rapide.
Rev. Suisse Viticult. Arboricult. Horticult. 16, 299—304.

Mirng, R. G.; Conti, M.; LESEMANN, D. E.; STELLMACH, G.; TANNE, E.; CoHEN, J.; 1984: Closterovirus-like
particles of two types associated with diseased grapevines. Phytopathol. Z. 110, 360—368.
MonETTE, P. L.; 1988: Grapevine ( Vitis vinifera L.). In: Bajas, Y. P. S. (Ed.): Biotechnology in Agricul-

ture and Forestry, Vol. 6, 3—37. Springer-Verlag, Berlin.
— ; James, D.; Gopkin, S. E.; 1989: Double-stranded RNA from rupestris stem pitting-affected
grapevines. Vitis 28, 137—144.

Morris, T. J.; Dopps, J. A.; HILLMAN, B.; JorpAN, R. L.; LomMEL, S. A.; Tamaki, S. J.; 1983: Viral specific
dsRNA: diagnostic value for plant virus disease identification. Plant Mol. Biol. Reptr. 1,
27—30.

Mossor, D. W.; Evruiort, D. R.; RicHARDs, K. D.; 1985: Association of closterovirus-like particles and
high molecular weight double-stranded RNA with grapevines affected by leafroll disease.
N. Z.J. Agricult. Res. 28, 419—425.

MUR, G.; 1979: Thermothérapie de variétés de Vitis vinifera par la méthode de culture in vitro. Prog.
Agric. Vitic. 96, 148—151.

NaMBA, S.; YAMASHITA, S.; Dor, Y.; Yora, K.; 1979 a: A small spherical virus associated with the Ajina-
shika disease of Koshu grapevine. Ann. Phytopathol. Soc. Japan. 45, 70—73.

— —; ——; ——; ——; TERAL Y,; Yano, R,; 1979 b: Grapevine leafroll virus, a possible member of
clostelovuuses Ann Phytopathol. Soc. Japan. 45, 497—502.

RoscIGLIONE, B.; GugerLi, P.; 1986: Maladie de 'enroulement et du bois strié de la vigne: analyse
microscopique et sérologique. Rev. Suisse Viticult. Arboricult. Horticult. 18, 207—211.

ScHEU, G.; 1936: Mein Winzerbuch. Reichsnéhrstand-Verlags-GmbH, Berlin.

TaNNE, E.; SELA, 1.; KLEIN, M.; HARPAZ, 1.; 1977: Purification and characterization of a virus associated
with the grapevine leafroll disease. Phytopathology 67, 442—447.

TzeNG, H. C.; 1984: Anatomical and Tissue Culture Studies of Corky-Bark-, Rupestris-Stem-Pitting-
and Leafroll-Affected Grapevines. M. S. Thesis, Univ. of California, Davis.



RNA from leafroll-affected grapevines 235

ZEE, F.; GonsALvEs, D.; GoHEEN, A.; Kiv, K. S.; Poor, R.; LEg, R. F.; 1987: Cytopathology of leafroll-
diseased grapevines and the purification and serology of associated closteroviruslike parti-
cles. Phytopathology 77, 1427—1434.

ZIMMERMANN, D.; WALTER, B.; LE GALL, O.; 1988: Purification de particules virales associées a 'enrou-
lement de la vigne et mise au point d'un protocole ELISA permettant leur détection. Agrono-

mie 8, 731—741.

Eingegangen am 20. 5. 1989 P. L. MONETTE
Agriculture Canada
Saanichton Plant Quarantine Station
8801 East Saanich Road
Sidney, British Columbia
Canada V8L 1H3






	VITIS_28-4_Seite_53
	VITIS_28-4_Seite_54
	VITIS_28-4_Seite_55
	VITIS_28-4_Seite_56
	VITIS_28-4_Seite_57
	VITIS_28-4_Seite_58
	VITIS_28-4_Seite_59
	VITIS_28-4_Seite_60

