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ATTEMPTS TO ELIMINATE GRAPEVINE RUPESTRIS STEM PITTING-ASSOCIATED
VIRUS FROM GRAPEVINE CLONES
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SUMMARY

The presence of Grapevine rupestris stem pitting-asso-
ciated virus (GRSPaV) together with other viruses can
cause severe damage to infected grapevine plants, there-
fore the use of GRSPaV-free vines for multiplication
and vineyard planting is highly desirable. This paper re-
ports on several virus eradication techniques applied to
grapevine clones in attempts to eliminate GRSPaV. The
presence of GRSPaV was determined by RT-PCR. The
traditional sanitation techniques, i.e. meristem tip cul-
ture, zz vivo and in vitro thermotherapy, did not provide
satisfactory results since more than two-thirds of de-
rived lines were still GRSPaV-infected after treatment.
However, regeneration through somatic embryogenesis
always gave rise to plants free from GRSPaV. Among
the tested techniques, somatic embryogenesis seems to
be the most promising procedure for GRSPaV elimina-
tion, despite the technical problems related to the use of
this technique and the theoretical possibility of so-
maclonal variation.
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INTRODUCTION

The rugose wood (RW) complex is a widespread viral
disease of grapevine (Vitis spp.), characterized by alter-
ations of the plant woody cylinder. Four distinct RW
syndromes can be identified by graft inoculation to indi-
cator vines: Rupestris stem pitting (RSP), Kober stem
grooving, LN33 stem grooving and corky bark (Martel-
Ii, 1993). RW affects the movement of water and nutri-
ents through the vascular system and may cause graft in-
compatibility, delayed budburst, reduction of vigour
and yield, severe decline and, in hot climates, even
death of grapevines (Credi and Babini, 1996; Bonfiglioli
et al., 1998; Mannini, 2003).
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RSP appears to be the most common disease of the
RW complex (Meng et al., 1999a). For many years the
aetiology of the RSP disease was not known, but much
progress was made in the last decade. Grapevine ru-
pestris stem pitting-associated virus (GRSPaV) was iden-
tified and classified in genus Foveavirus (Martelli and
Jelkmann, 1998; Zang et al., 1998; Adams et al., 2005),
and the molecular variability of its genome was studied
(Meng et al., 1999b, 2005; Minafra and Boscia, 2003).
No natural vector of RSPaV is known, but the presence
of the virus in the pollen of infected vines and its trans-
mission through seeds have been experimentally
demonstrated (Rowhani et 4/., 2000; Lima ez al., 2006).

GRSPaV alone induces few or no RW symptoms and
some of its strains are latent in Vitis rupestris (Meng et
al., 2005). The presence of other viruses, e.g. Grapevine
virus A (GVA), may be required for RW symptoms to oc-
cur (Bonfiglioli ez al., 1998). This means that cultivating
symptomless but GRSPaV-infected vines carries a risk of
the development of RSP if other viruses are transmitted
via grafting or vectors. A close association has been re-
cently observed between the presence of GRSPaV and
symptoms of vein necrosis, suggesting that this virus may
be implicated in the aetiology of this disease rather than
an unknown agent as currently thought (Bouyahia ez al.,
2005). Also, RW damage is more evident in warm cli-
mates than in cool environments with consequent prob-
lems in the exchange of propagation materials. Therefore
the absence of GRSPaV in vines used for multiplication
and vineyard planting is highly advisable.

The recent application of molecular tools has lead to
great improvements in RSP detection, but less is known
about the efficacy of the various sanitation techniques
used for GRSPaV eradication. While meristem tip cul-
ture is particularly effective in eliminating phloem-limit-
ed viruses, thermotherapy is normally required for the
elimination of other viruses such as nepoviruses. Here we
report our experiences in GRSPaV elimination per-
formed during the procedures of grapevine clonal selec-
tion. We compare results of traditional virus eradication
techniques, i.e. meristem culture and thermotherapy, and
of somatic embryogenesis, which proved to be highly ef-
fective in eradicating phloem-limited viruses (Goussard
et al., 1991; Popescu et al., 2003; Gambino et al., 2006).
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MATERIALS AND METHODS

Plant material and sanitation techniques. The sanita-
tion techniques were applied to infected grapevine
clones during routine genetic and sanitary selection over
more than two years. Eradication of GRSPaV was at-
tempted from a total of 26 clones of 16 wine grape (Vi-
tis vinifera L.) cultivars, all from north-western Italy.
The clones were infected by GRSPaV alone or were in
mixed infection with other viruses. The numbers of
replications for each clone and technique varied accord-
ing to the availability of plant material. When possible,
different sanitation techniques were applied to the same
clone or cultivar. Details of cultivars treated and of the
adopted sanitation technique are given in Tables 1 to 4.

Meristem tip culture. Woody cuttings were collected
in vineyards during winter, stored at 4°C and forced to
sprout in water at room temperature. Meristem tips
(about 0.7 mm) were isolated from surface-sterilized
apical buds and were cultivated on a modified
Murashige and Skoog (1962) medium with half strength
mineral salts and 20 gl! sucrose (MMS) containing 9
pM benzyl-amino-purine (BAP).

In vivo thermotherapy. Two-year-old, greenhouse-
grown potted plants were grown in a growth chamber
at 24°C with a 16 h photoperiod and a total energy of
50 pmol'm?s?! provided by cool white fluorescent
lamps. After one month, the temperature in the cham-
ber was raised to 38°C. The heat-therapy lasted from
40 days to a maximum of 95 days, being stopped when
the plants showed marked signs of stress. At the end of
the therapy, the apical bud (about 5 mm) and the 4-5
axillary buds closest to the apex were excised, surface-
sterilized and cultivated on MMS medium containing
3 uM BAP.

In vitro thermotherapy. One month-old rooted plant-
lets growing on MMS medium without plant growth reg-
ulators (PGR) were heat-treated in a culture room at
34°C with a 16 h photoperiod and a total energy of 40
pmol'm~2s! provided by cool white fluorescent lamps.
The therapy lasted from 43 days to a maximum of 115
days, being stopped when the plants showed signs of
stress (Fig. 1a). At the end of the therapy, the apical bud
(about 2 mm) and the 2-3 axillary buds closest to the
apex were excised and cultivated on MMS medium
containing 3 pM BAP.

Somatic embryogenesis. Immature anthers and ovaries
were isolated from inflorescences collected in vineyards
and indirect somatic embryogenesis was induced as pre-
viously described (Gribaudo et a/., 2004). In brief, floral
explants were cultivated on a callus induction medium
containing 4.5 puM 2,4-dichlorophenoxyacetic acid and
8.9 uM BAP. After three months, calli were transferred
on an embryo differentiation medium containing 10 pM
2-napthoxyacetic acid, 1 pM BAP, 20 uM indole-3-
acetic acid, and 0.25% activated charcoal.
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Shoots from meristem culture (Fig. 1b) and ther-
motherapy were rooted by culturing for 7 days on a
rooting medium (MMS containing 2.5 pM indole-bu-
tyric acid and 2.5 uM a-naphtalene-acetic acid) and
subsequently on a MMS medium without PGR. Somatic
embryos were isolated from the embryogenic callus and
transferred to a medium (MMS but with mineral salts of
Nitsch and Nitsch, 1969) without PGR for further
growth (Fig. 1c) and germination. Single plantlets, de-
rived from the various sanitation techniques, were mi-
cropropagated by repeatedly subculturing apical cut-
tings (3-4 cm long) on MMS medium without PGR,
thus giving rise to individual lines.

Virus detection. The presence of GRSPaV in mother
plants and lines obtained from the sanitation techniques
was assayed by RT-PCR. Total RNA (200 mg) was ex-
tracted from mother plants (phloem scraped from ma-
ture canes collected in winter) or from 7% vztro-cultured
plantlets. RNA was also extracted from phloem of 35
randomly selected plants, derived from the various sani-
tation techniques, after at least one-year growth in a
greenhouse. All samples were immediately frozen and

Fig. 1. Application of sanitation techniques to grapevine:
plantlet at the end of 7% vitro thermotherapy (a); shoot origi-
nated from meristem culture (b); somatic embryos at various
developmental stages (c).



Journal of Plant Pathology (2006), 88 (3), 293-298

homogenized in liquid nitrogen. RNA was extracted as
previously described (Gambino et al., 2006). In brief,
extraction buffer (4 M guanidine isothiocyanate, 0.2 M
sodium acetate pH 5.0, 25 mM EDTA, 2.5% PVP-40,
2% sarkosyl and, added just before use, 1% 2-mercap-
toethanol) was added to the homogenised sample and,
after two extractions with chloroform/isoamyl alcohol
(24:1 v/v), nucleic acids were precipitated by adding
cold isopropanol. The pellet was resuspended in diethyl
pyrocarbonate-treated water (DEPC-water) and 0.5 vol.
of 6 M LiCl was added. The mixture was incubated
overnight at 4°C. RNA was selectively pelleted after
centrifugation and resuspension in DEPC-water.
First-strand ¢cDNA synthesis was performed using
500 ng of total RNA treated with DNase (Sigma-
Aldrich, St. Louis, MO, USA), 100 units of recombi-
nant Moloney murine leukemia virus reverse transcrip-
tase (Invitrogen Life Technologies, Carlsbad, CA, USA),
50 units of RNase inhibitor (RNase out; Invitrogen Life
Technologies, Carlsbad, CA, USA), 0.5 mM of dNTPs,
and 2.5 pM of random nonamers. The mix for reverse
transcriptase (10 pl) was incubated for 50 min at 37°C.
A set of specific primers (Primer 13 5'-GATGAG-
GTCCAGTTGTTTCC-3' and Primer 14 5'-ATC-
CAAAGGACCTTTTGACC-3') designed by Meng ez al.
(1999a) was used for PCR amplification. The two primers
generate a fragment of 339 bp. The PCR reaction mix (20
nl) contained 1 pl of cDNA, 0.2 mM of dNTPs, 0.25 utM
of each primer, 1.5 mM of MgCl, and 0.5 unit of Taq
polymerase (PlatinumTaq polymerase; Invitrogen Life
Technologies, Carlsbad, CA, USA). PCR was performed
for 39 cycles at 94°C for 45 sec, 55°C for 45 sec and 72°
C for 1 min. For each sample, a control amplification of
Vitis 185 rRNA was performed using specific primers
(185-H325 5'-AAACGGCTACCACATCCAAG-3' and
185-C997 5'-GCGGAGTCCTAAAAGCAACA-3")
(Gambino et al., 2006), in order to check for possible RT-
PCR inhibitors or degradation of RNA. The two primers
generated a fragment of 673 bp. Reaction products were
analysed in 1 % agarose gels buffered in TBE (45 mM
Tris-borate, 1 mM EDTA) and visualised by UV-light af-

ter staining with ethidium bromide.

Table 1. Elimination of GRSPaV from grapevine by meristem
culture: cultivars tested, total number of lines obtained and
number of lines found to be virus-free in RT-PCR assays.

Cultivar Lines obtained Lines cleaned
(No.) (No.)
Albarola 7 1
Bianchetta genovese 3 0
Bizzarria 2 2
Bosco 11 8
Picabon 2 0
Rossese 13 0
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All individual lines obtained were tested at least once
with the above described primers.

Additionally, a second primer set (primer 9 5'-GGC-
CAAGGTTCAGTTTG-3' and primer 10 5'-ACACCT-
GCTGTGAAAGC-3" designed by Meng et al., 1999a),
that generate a fragment of 498 bp, was also used for
PCR amplification on a limited number of samples (125
lines).

Percentage data from the experiments were arcsin
transformed and subjected to analysis of variance (SAS
statistical software, version 8.2, SAS Institute, Cary, NC).

RESULTS

In our protocol, set up for routine clonal selection,
the length of the thermotherapy (i vivo as well as in
vitro) was not fixed but differed according to the
health conditions of the treated plants: the heat-treat-
ment lasted as long as possible, with an average of 59
days for the 7z vivo thermotherapy and 58 days for the
in vitro thermotherapy. As stress often induced degen-
eration of the shoot apex, the number of apical buds
available for excision at the end of the thermotherapy
period was low, particularly after 7z vitro thermothera-
py. A prolonged duration of heat therapy did not ame-
liorate sanitation rates. Some cultivars gave better re-
sults than others but the low number of lines obtained
did not allow us to draw conclusions about the influ-
ence of genotype.

The four sanitation techniques showed different effi-
ciencies in eradicating GRSPaV. The number of individ-
ual lines obtained for each sanitation techniques and the
number of lines cleaned from GRSPaV according to the
results of RT-PCR assays are reported in Tables 1 to 4.

Table 2. Elimination of GRSPaV from grapevine by 7z vivo
thermotherapy: cultivars tested, therapy length, total number
of lines obtained and number of lines found to be virus-free

in RT-PCR assays.

Cultivar Heat-therapy Lines Lines
duration obtained cleaned
(days) (No.) (No.)
Albarola 40 12 0
Albarola 76 4 0
Albarola 95 7 0
Bianchetta genovese 62 10 0
Bosco 40 23 10
Bosco 95 7 0
Pigato 95 3 3
Rossese 40 4 3
Vermentino 40 1 0
Vermentino 95 1 1
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Table 3. Elimination of GRSPaV from grapevine by 7z vitro thermotherapy: cultivars tested, therapy length, total
number of lines obtained and number of lines found to be virus-free in RT-PCR assays.

Cultivar Heat-therapy duration (days) Lines obtained (No.) Lines cleaned (No.)
Barbera 47 5 0
Barbera bianca 57 7 1
Bussanello 43 4 0
Moscato 43 13 0
Nebbiolo Prunent 60 2
Picabon 87 0
Picabon 115 1

Table 4. Elimination of GRSPaV from grapevine by somatic
embryogenesis: cultivars tested, total number of lines ob-
tained and number of lines found to be virus-free in RT-PCR
assays.

Lines obtained Lines cleaned

Cultivar (No) (No)
Albarola 11 11
Bosco 2 2
Brachetto 10 10
Grignolino 35 35
Miller Thurgau 33 33
Rossese

Vermentino 4 4

Fig. 2. Agarose gel analyses of RT-PCR assays with primers
specific for GRSPaV (A) and 18S rRNA (B), performed on 7%
vitro-cultured grapevine plantlets. Lane 1: GRSPaV positive
control; lanes 2-6: lines originated from meristem culture;
lanes 7-12: lines originated from thermotherapy; M, molecular
weight markers.

The overall rates of GRSPaV eradication are reported in
Table 5. On average, traditional sanitation techniques
(meristem tip culture and thermotherapy) resulted in
low percentages of GRSPaV eradication: more than
two-thirds of derived lines remained infected, while re-
generation through somatic embryogenesis always gave
rise to GRSPaV-free plants. No discrepancy was ob-
served between results of RT-PCR assays when a second
primer pair for GRSPaV detection was used. Additional
RT-PCR analyses, performed on 35 plants after at least
one year growth in the greenhouse, confirmed the re-
sults of the previous assays on 7 vitro plantlets. An ex-
ample of agarose gel analysis of RT-PCR assays with
primers specific for GRSPaV (and for Vizzs 18S rRNA
as a control for RNA amplification) is shown in Fig. 2.

DISCUSSION

Although virus eradication is often performed for
grapevine clonal selection and for research aims, per-
centages of eradication are seldom reported in scientific
literature, particularly in recent years. Reasons could be
(i) meristem culture and thermotherapy are now consid-
ered more routine than experimental techniques, and
(ii) results can be quite variable depending on the num-
ber and type of viruses, starting material, skill of person-
nel and other factors.

GRSPaV was found in RSP-affected grapevines and
characterized only a few years ago. Our results and the
few published data indicate that the GRSPaV is particu-
larly difficult to eliminate. GRSPaV is reported to be
quite recalcitrant to elimination by meristem tip culture
(Minafra and Boscia, 2003), compared to closterovirus-
es. G. Bottalico (University of Bari, Italy; personal com-
munication) obtained callus formation and organogene-
sis from grapevine stem tissues but the regenerated
shoots remained GRSPaV-infected. Even the culture of
fragmented shoot apexes, which proved effective in
eradicating leafroll disease, could not consistently re-
move GRSPaV from all the grapevine cultivars tested
(Habili ef al., 1992).
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Table 5. Elimination of GRSPaV from grapevine clones (av-
erage percentages) by various sanitation techniques. Values
followed by the same letter do not differ significantly at
P=0.01.

Total number of RSPaV eradication

Sanitation technique . X
q lines obtained (%)

Meristem tip culture 38 289 B
In vivo thermotherapy 72 23.6 BC
In vitro thermotherapy 44 91 C
Somatic embryogenesis 97 100 A

In our laboratory, in a 13 year-period the success of
virus eradication from grapevine clones by thermothera-
py or meristem tip culture varied between 75% and
97% when infecting viruses were GVA, Grapevine
leafroll-associated virus 1 (GLRaV-1), Grapevine leafroll-
associated virus 3 (GLRaV-3), or Grapevine fleck virus
(GFkV) (unpublished information). In the present
study, these techniques proved to be inefficient for
GRSPaV eradication. Somatic embryogenesis, which
gave very good results for eradication of GLRaV-1,
GLRaV-3, GVA and GFkV from several V. vinifera cul-
tivars (Goussard ez al., 1991; Popescu et al., 2003, Gam-
bino et al., 2006, and unpublished information), seems
to be the most promising technique for GRSPaV elimi-
nation although it is more difficult technically, more
time consuming and more cultivar dependent than the
other sanitation procedures. Further tests with different
grape cultivars and/or viral infections will add informa-
tion about its efficacy.

The possibility of somaclonal variation has also to be
taken in account and should be carefully ascertained in
regenerated plantlets. With regard to this, an experimen-
tal vineyard was planted in spring 2005 in Guarene
(northern Italy) with plants of cv. Grignolino cleaned
through somatic embryogenesis. This vineyard will be
enlarged over the next few years so that we will be able
to study embryo-derived plants of several grape cultivars.

Other virus elimination techniques have been pro-
posed, although they are less used than meristem tip cul-
ture and thermotherapy. Cryopreservation of 7z vitro-
grown grape shoot tips resulted in high percentages of
GVA elimination (Wang e al., 2003) and new antiviral
compounds have been recently tested for GLRaV-3
eradication (Panattoni ez al, 2006). Both techniques
should be applied to GRSPaV-infected grapes and the
results will help in defining the most suitable strategy for
the elimination of this virus.
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