
RESEARCH ARTICLE

Annals of Applled Biology ISSN 0003-4746

Distribution of Rupestris stemMpíttingMossociated vírus variants
in two Australian vineyards showing different symptoms
N. Habili', N. Farrokhi2, M.F. uma", P. Nicholas4 & J.W. Randles'

1 Waite Dlagnostlcs, University of Adelalde, Glen OSmond, SA, Austrana
2 Department of Blologlcal Sdences, caJifom/a State Universlty, long Beach, CA, USA
3 Embrapa 5em1·Arido, CP23 56300-970, Petrotina-PE, BraziI
4 South Australlan Research & Development Institute, loxton, Australla

Keywords
FoveaviruS; Rupestris stem-pllting-assodoted
virus; SI George; Syrah decline; Vitis rupesttls.

Correspondence
N. HablU, Universlty of Adelalde,
School of Agriculture, Food and Wme,
Glen OSmond, South Austrana 5064, Ausrralia.
E-mail: nuredln.habin@adelaide.edu.au

'Present address: Embrapa Semi-Arido,
CP2356300-970, petrolina-PE, Brazil

Received: 12 September 2005; revised verslon
accepted: 15 December 2005.

dol:10.1111/j.1744-7348.2006.00041.X

Introduction

Abstract

The incidence of Rupestris stem-pittinq-assodated virus (RSPaV) in two vineyards
in South Australia was studied by comparing symptoms with the results
obtained Irom biological indexing and from virus detection by reverse-
transcription-polymerase chain reaction (RT-PCR). Vineyard 1 was an experi-
mental block comprising a number of varieties grafted onto Vitis rupestris cv.
SI George rootstocks for the detection of Rupestris stem pitting disease. No
sweUing ar graft union or decline was observed at 3 years, but some vines
showed pitting on the rootstock trunk. Vineyard 2 contained Vitis vim/era cv.
Shiraz (Syn. Syrah) vines on Paulsen 1103 rootstock, showing a range of
symptoms induding swelling of the graft union, pitting on the rootstock, leaf
reddening and vine decline, resembling those in Syrah Decline, a disorder
known to occur in this variety. RT-PCR using the coat-protein-specific pri-
mers detected RSPaV in ali samples from either vineyard including symp-
tomIess V. rupesttis cv. St George, which is used as the biological indicator for
the virus. In contrast, a pair of primers designed from the replicase gene
detected the vírus only in symptomatic vines, whereas the symptomIess
St George control and nonsymptomatic vines in both vineyards tested nega-
tive. An assay for 12 other major grapevine viruses showed that none were
assodated with eíther lype of symprorn, Comparison of a 628-bp amplicon on
the replicase gene in 13 RSPaV isolates showed that while they had 96-99%
nudeotide sequence identity to each other, their identity to the American
isolates from California and New York was around 65%. This low homology
may indicate that a different virus species is present. The variability was more
pronounced between the two vineyards than among the vírus isolates in the
Shiraz vines within the same vineyard. However, even the vines of the same
vineyard did not contain viruses with exactly the same sequence homology.
We found no association between the type of symptom expressed and the
sequence variation in the amplicons in either vineyard. The sequence varo
iants in Vineyard 1 showed a doser cluster than in Vineyard 2.

Rupestris stem pitting (RSP) is a widespread vira! disease
of the grapevine and has been reported from ali over
lhe world (Martelli, 1993). Flexuous virus partides oí
800 nm were isolated frominfected vines and grape-

vine extracts (Conti et al., 1980; Terlizzi & Credi, 2002).
Although the aetiology of RSP is not well understood,
a vírus, Rupestris stem-pininq-assodated virus (RSPaV), has
been isolated from diseased plants and fully sequenced
by two independent laboratoriesin the USA (Meng et al;
1998, 2005; Zhang et al; 1998). ln both labs, grapevine
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sources oí the virus had been biologicaIly indexed
positive on vitis rupestris cv. 51 George, a standard índi-
cator Ior RSP. lt has been reported that healthy RSP
indicators, V. rupestris cv. St George, tested positive for
RSPaV by PCR (Meng et 01., 2000, 2005), an indication
that other Iactors maybe associated with the RSP dísease,
RSPaV contains five genes and is very similar to Apple stem
pittillg virus, the type member oí the Foveavirus genus
(Martelli & Jelkmann, 1998).

In Australia, graIted vines showed severe symptoms oí
swelling and cracking at the graft union [Fletcher, 1995).
II appears that the increase in these symptoms coindded
with a gain in popularity and a high demand for plant-
ing Yitis vinifera varieties graíted on nonvinifera hybrid
rootstocks of Arnerican origino Most of these hybrid
rootstocks are íníected with viruses without showing
symptoms (Golino. 1993). The symptoms may appear
when virus-sensitive scions are graIted onto certain
rootstocks, which are symptomless carriers oí the virus.

Sequence variability in the RSPaV genome has been
reported (Meng etal; 1999; Nolasro et01., 2006). However,
to the best of our knowledge, there is no available report
Iinking symptom variability with the nudeotide sequence
analysis of this vírus. Here, in order to examine a correla-
tion between symptomatology and molecular variability
of RSPaV, we compared the nudeotide sequence of a
specific region on the RSPaV genome in V. vinifera cv.
Shiraz showing diHerent symptoms in two vineyards in
South Australia (SA). The results may lead to bener
understanding of 'Syrah dedine', an RSPaV-related vira!
dísease, suspected to be present in our vineyards.

MateriaIs and methods

Grapevine material

Mature cane samples were collected from IWO vineyards in
SA. Vineyard 1 was an experimental block located at
Loxton Research Centre, Riverlands, 250 km north of
Adelaíde. SA. ln this vineyard, selected grapevine sdons
were graIted onto V. rupestris cv. 5t George, an indicator
for RSP (Goheen, 1988), in a replica te of three, and the
symptoms were recorded following pulling out the vines
and ínspectíng the pitting on the rootstock trunks
3 years after graft inoculation. For healthy controls,
self-grafted, symptomless St George vines were used. Fol-
lowing inspection for symptoms, the same vines were
randomly sampled for the reverse-transcriptíon-polymer-
ase chain reaction (RT-PCR)analysis (Table 1). The name
oí the vine varieties and dones used in this report are
summarised in Table 1.

Vineyard 2 was located at McLaren Vale, 40 km south of
Adelaide. ln this vineyard. 2-year-old V. vinifera cv.
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Table I Grapevine samples collected Irom two South Australian vine-
yards and a brlel descriptlon 01 their symptoms

Sample Code' SdonlRootstoclc Symptom Descrlptor

RSS
RS6
RS7
RS8
RS9
RSl0
RSl1
RS12
RS13
RS14
RS15
RS16
RS17
RS18
RS19
912·1-1
912-2·1
912·2·2
924·1
924-2
H1R73
D5R78
H5R78
D6R78S

PaulsenlSt George None
RlchterlSt George None
RlesllnglSt George Pittlng on 5t George
Chenln Blanc/St George Pittlng on SI George
COIombardlSt George Pittlng on St George
DolceltolSl George None
Shiraz.gl>lStGeorge Pittlng on St George
SangioveselSt George Pittlng on St George
Shiraz·I2/S1 George Pittlng on St George
Cabemet Franc/St George None
Shiraz-301StGeorge Pittlng on St George
Plnot NolrlSt George Pittlng on St George
Cabemet FrancJSt George PlttJng on St George
RublredlSt George Pittlng on St George
Shlraz-41/St George Plttlng on St George
ShlraZlPaulsen Mlnor swemng<
ShirazlPaulsen SWellJng,plttJng, declined
Shiraz/PauIsen SweUing. pittlng, decline
ShlrazlPaulsen Swelling, plttlng, dedine
Shiraz/Paulsen Swelling, pittlng. decfine
Shlraz/Paulsen Minar swelllng
Shlraz/Paulsen 5welling. pitlIng. decline
ShlrazlPauJsen None
ShlrazlPaulsen 5we11lng.pittlng. decline

aRS samples were Irom the Vineyard 1 and the rest were Irem
Vlneyard 2.
blndicates the c/one of Shiraz used.
CPlants Iook normal except lhat a mlnor swelling at graft unfon was
observed. _
dMajor swelling at gralt union. reddening 01 Ieaves and pittlng on
rootstoclc and decfine were observed In these pIants.

Shiraz (Syn. Syrah) grafted onto the rootstock Paulsen
1103 (V. berlandieri x V. Rllpestris) showing a range of
symprorns were also sampled (Table 1). The donal
source of Shiraz and Paulsen 1103 in each vineyard was
dífferent.

Grapevine material used as positive control for a range
of viruses was selected from infected vines grown in local
vineyards.

Extraction of total nucIeic acids

Phloem shavings from dormant canes were used as the
source ofRNA. A total of 0.2 g of dormant phloem shavings
were soaked in 2 rnL of the extraction buffer containing
4 M.guanidinium hydrochloride, 0.2 M sodium acetate,
pH 5.0, 25 mM EDTA (ethylenediaminetetraacetic add),
2% PVP-40 [polyvinyl pyrrolidone (mol.wt. 40,000)] and
] % freshly added sodium metabisulphite in a plastic bago
The tissue was homogenised using a Bioreba (Reinach,
Switzerland) Homex 6 sap extractor. Total RNA was ex-
tracted using RNeasy Plant mini kit (Qiagen, Hilden,
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Gerinany), essentially as described by MacKenzie et ai.
(1997). Total nucleic acid extract from 0.2 g of tissue was
suspendedin 80 J1l. of water and stored at -20°C.

Primers and RT-PCR

For lhe detection of RSPaV by RT-PCR, two primer
pairs were used. One pair RSP48 (5' -AGCTGGGATTA-
TAAGGGAGGT-3') and RSP49 (5'-CCAGCCGTTCCAC-
CACTAAT-3') (Zhang el al., 1998; see also Nolasco et al;
2000) amplified a 330-bp fragment from lhe coat
protein gene. The olher pair Sy9F (5' -AGGATTCCAAA
CTGTAGAGCAA3') and Sy8R (5'-TTGGTCGTCATCITC
CAGTT-3') amplified a fragment of the replicase gene
wilh an amplicon size of 628. This primer pair was ob-
tained from the nucleotide sequence of RSPaV-SYstraín,
isolated from a diseased Shiraz vine in Calüomia (M.F.
Lima, unpublished data). For primer desígns, lhe DNAsis
Max program packageversion 2.0 (Hitachi software Engi-
neering Co., Middlesex, UK) was used. Specificprimers
for other grapevine viruses were derived as descríbed pre-
viously (Habili& Randles, 2002). Single-tube RT-PCRand
lhe visualisation of lhe amplicons in agarose gel were per-
formed as described previously (Shi et al., 2003).

Cloning and sequencing

The cloning of amplified complementary DNA fragments
was carried out in lhe pGEM-T .Easy vector system
(Promega, Madison, WI, USA). The sequencing reaction
was set upusing two pGEM-T Easy specific prímers, T7
and SP6, which are located on eilher end of lhe polylinker
síte, The PCR product from Sy9F and Sy8R were used in
sequencing. Each DNA was sequenced on both strands
using lhe TaqDye terminator cycle sequencing kit in an
automated sequencer (ABI Prism 377, Applied Biosys-
tems, Foster dty, CA.USA).

The multialignment was performed using lhe ClustalX
program, and lhe phylogenetic tree was constructed using
Genedoc and Mega 2.1 programs, The nucleotide sequen-
ceswere analysed using lhe BLASTprogram (Altschul el al;
1990). The GenBank accession numbers for lhe American
Isolates of RSPaV used in lhe construction of lhe tree are:
RSPaV-I, AF057136 (Meng" et al., 1998); RSPaV,
AF026278 (Zhang na. 1998); RSPaV-BS,AY881627 and
RSPaV-SG1,AY881626 (Meng el ai., 2005).

Results

Vines and theír symptoms

We studied lhe occurrence ofRSP disease in two vineyards
in SA. Vmeyard 1 was an experimental block comprising
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15 grapevine varieties and clones grafted onto St George
rootstock for lhe detection of RSP (Table 1). No swelling
or decline was observed after 3 years, butthe diseased
vines showed pitting on the rootstock.

In Vineyard 2, V. vinifera cv. Shiraz on Paulsen showed
two types of distinct symptoms of variable severity. In
lhe mílder types, which comprised most plants, only
a small swelling at lhe graft union was observed whüe
lhe plants were growing normally. Besides, there was no
significant difference between the diameter of sdon and
rootstock (Fig. 1). However, in 70 out of 14 000(0.5%)
vínes, an enlarged swelling at lhe graft uníon was
observed and lhe díameter- of the rootstock was signifi-
cant1y less lhan lhat of lhe sdon, Small píts were also
observed under the bark of lhe Paulsen rootstock
(Fig. 1), and lhe leaves showed a severe reddeníng,
whichwas followed by occasional dealh of lhe vines.
The severe symptoms in these plants resembled lhose
described for Syrah Decline in France and in Califomia
(Renault-Spilmont el al; 2003; Battany et ai., 2004).

Figure 1 Vilís vinlfera cv. Shlraz grafted on Paulsen 1103 rootstock,
showlng bulging at graft unlon and pitting on lhe rootstock IA on lhe
lelt). ThIs vine, whlch showed decline, tested positive for RSPaV by
reverse-transcriplion-polymerase chain reaclion (RT·PCRI uslng Sy9FI
Sy8R primers. whereas lhe vine on lhe right. B. grew normally and
tested negative by lhe PCR assay.
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Detection of R5PaV

In an initial experíment, ali vine samples were tested by
RT-PCRfor a range of viroses listed previously (Habili
& Randles. 2002). The samples tested negative to ali
viruses except R5PaV.AlI vines in Vineyard 1 were grafted
onto lhe 51 George indicator for lhe detection of RSP in
which virus-positive vines sbowed specific symptoms
described above.

The indexing results for 15 varieties and dones are
shown in Table 2. A number of vines induding healthy
standards did not induce pitting. As a comparison, we
carried out an RT-PCR assay for lhe specífic detection of
RSPaVto see if these results were reproducíble.

For thís purpose, lhe detectabílíty of lWO different
primer pairs targeting two distinct genes of the virus was
compared. The results in Table 2 suggest that one primer
pair, RSP48/RSP49, derived from the coat protein gene
gave a positive reaction to ali samples analysed induding
lhe apparently heallhy St George indicator. This con-

Table 2 Results 01 blological indexing and RT.pCR assay 011 selected
grapevlnesamples

isolate" Bioindexing"
RT.pCRb

(Sy9f/Sy8R)
RT·PCR
(RS48IRS49)

912+1
912·2-1
912-2·2
924·1
924-2
H1R73-S1
05R78-S2
flSR78
D6R785-S2
R. vitis SI G.<

R55
R56
RS7
R58
RS9
R510
R511
RS12
R513
R514
R515
RS16
R517

RS18
RS19

NO
NO
NO
NO
NO
NO
NO
NO
NO
Negative
Negative
Negative
Posltive
Positive
Positive
Negative
Posltive
Positive
Positive
Negative
Positive~
Positive
Positive
Positive
Positive

Positive
Positive
Positive
Positive
Positive
Positive
Positive
Negative
Positive
Negative
Negative
Negative
Posltive
Posltive
Negative
Negative
Positive
Negative
Positive
Negative
Positive
Negative

"Positive
Positive
Positive

positive
Positive
Positive
Positive
Positive
Positive
Positive
Positlve
Positive
Positive
Positive
Positive
Posltlve
positive
Positive
Positive
posltlve
Positive
Positive
Positive
Positive
Positive
Posilive
Positive
Positive

NO, not determined; RT-PCR, reverse-transaiption-polymerase chain
reactlon.
"See TabJe 1 lor lhe reJevant symptom observed ln each isolate.
I>rhe resuits 01 lhe RT.pCR using lhe primer pair Sy9FlSyBR conlormed
to Ihose 01 bloindexlng except in samples shown in bold.
"BloIndexlng was performed on Vitis rupestris SI George.
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firmed the results obtained by others that the St George
used for indexíng tested posítíve for RSPaV by RT-PCR
(Meng tt al., 2000, 2005). The other pair (SY9F/SY8R)
targeting the replicase gene was more speeíâc as it gave
no signal to lhe bioindexed RSP-negative samples
(Table 2). However, three samples, which tested positive
by bioindexing. gave a negative result by RT-PCR using
lhese primers (Table 2). Sample, H5R78, wilh no symp-
toms tested negative using lhe more specífic SY9F/SY8R
prirnerpair (Table 2). lt appears lhat this prirner pair was
uselul Ior vírus detectíon in symptomatic vines, and thís
prompted us to Iurther analyse íts PCR product,

5equence analysis of R5PaV PCR products

Using the replícase-specifícprímers, SY9F/SY8R,a 627-bp
RT-PCR product was obtained when 13 selected isolares
in both vineyards were analysed. The fragments were
sequenced and compared to lhe sequences from two
American isolates available in lhe database. The sequence
of ali lhe Australian ísolates had 96-99% nucleotide
sequence and 83-97% amino add identity to each other,
regardless of tbe variety, type of lhe symptam and the
location of tbe vineyard. A similar range of sequence íden-
títy was observed between American ísolates (Meng
ti al.. 2005). However, lhe nudeotide and amino acid
sequence identity between the Australian and lhe Amer-
ican isolates in tbis region of lhe gene didnot exceed
65% 'and 71 %, respectívely (Table 3). This value is
significantly lower than lhose reponed for sequence
variants of lhe same vírus. This was confirmed by the
phylogenetic analysis in Fig. 2, which showed two
major branches each containing the American or lhe
Australian vírus isolates. In addition, it showed that lhe
isolates from the St George trial in Vineyard 1 were more
dustered tban those from Vineyard 2.

Dlscussion

Grapevine samples from two vineyards in SA were sub-
jected to lhe RT-PCR assay for lhe detection of 12 most
commonly occurring grapevine viruses in which only
RSPaV was detected. This virus has a high inddence in
Australla, infecting every grapevine variety tested (Habili
ti al., 2000), and it ís known to be present in samples
showing stem-píttíng symptoms (Mane\li, 1993). Using
l'CR,we confirmed the result of others (Meng ti al;
2000, 2005) that lhe virus is also present in heallhy
St ~Georgevínes, a biological índícator for RSP. The high
inádence of lhe vírus may indicate that it is not lhe only
factor assoáated wilh lhe pining symptoms. It is also
possible that a complementary factor or a totally differ-
ent virus may induce lhese symptoms. It is important to
Dote tbat tbe deteníon oí RSPaV in heallhy indicators
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Figure 2 Phylogenetic tree constructed for lhe Rupestris stem-pitting-
ossodated viM (RSPaV)Isolates based on lhe multiple sequence allgn-
ments 01 a 628-oudeotlde sequence Irom lhe replicase gene 01 RSPaV.
The tree was constructed using Genedoc and Mega 21 programs.
Bootstrap values are shown. The corTesponding fragmentS of se-
quences available In GenBank: RSPaV(AF026278);RSPaV·1(AF057136);
RSPaV-5G1(AY8816261 and RSPaV·BS(AY881627) were used. PVX
(NC_001455)was used as an ou! group.

was linked to lhe type of primer pairs used in lhe
RT-PCR assay. Allhough the primer pair derived from
lhe coat protein detected the virlis in all samples tested,
lhe pair derived from lhe replícase gene detected lhe
virus in symptomatic vines only,' whereas lhe healthy

Rupestrls stem-plttlng-assodated vlrus

indicator vines tested negative. The latter pair could not
discriminate between lhe types oí symptoms present in
each vineyard. lt may be possible to design primers from
a regíon of lhe virus genome for lhe specific detection
of each type of symptoms sbowning in eachvineyard.
More work, espeàally a complete sequence analysis of
lhe Australian virus ísolates, will be required as a basis
for evaluating this view.

Both lhe sequence analysis and lhe phylogenetic tree .
suggest that lhe Australian isolates are similar to each
other and distinct Irom lhe USA isolates. As sequence
homology between American and Australian Isolares in
this region of lhe .replicase gene was only 65%. one may
condude that lhe Australian virus studíed here are a dií-
ferem spedes, It has been suggested tbat distinct virus spe-
des have less than 72% sequence identity in theír genome
(Adams et ai.• 2004). Additional sequence information
will be .needed to substantiate this daim. Analysis of lhe
phylogenetic tree sbowed that lhe virus isolates in Vine-
yard 1. which sbowed less variability in symptoms
(Table 1). were more dustered together than those from
Vineyard 2. In lhe latter vineyard. which sbowed two
dístínct symptoms, no assodation between lhe types oí
expressed symptoms and sequence variation in lhe
amplicon was observed. A complete nudeotide sequence
of selected Australian isolates can provi de more insight
into lhe variability that may exist between lhe isolates
present in lhe lWO countries.

As most vine varietíes, currently grown in Austrália.
have been ímported Irom lhe USA. lhe reason for this dif-
ference in sequence would be difficult to contemplate.

Table 3 Grapevine Isolates and Iheir nudeotlde (ntl and amino add (aa) identitfes (Xl in lhe amplified region 01 lhe repUcase using primer pair
Sy9FlSy8R

Nudeotide Amino Add
Sample CodeNirus Straln Isolate % Identity (628 ntl X ldentlty (192 aaj

912+1 ShirazlPaulsen 64 68
912·2·1 ShlrazJPaulsen 64 ' 70
912·2·2 ShirazlPaulsen 63 71
924·1 ShlrazlPaulsen 63 68
924·2 ShirazlPaulsen 63 71
H1R73 Shirazlpaulsen 65 68
OSR78 ShirazlPaulsen 65 70
06R78S ShirazlPaulsen 63 65
RSll Shlraz 882815tGeorge 64 67
RS\3 sniraz 33I5t George 65 69
RS\5 5h\ra:z.'bS4IS\ Geo<v." b4 69
RS18 RublredlSt George 66 70
RS19 sniraz 8816/St George 63 70

~ ~~ % ~
RSPav" USA. Davis (used as relerence) 100 100
RSPaV-BS" USA,Cornel 84 8S
RSPaV.SG1. USA. ComeU 82 83

"nle GenBank accesston nurnbers are: RSPaV·l, Af057136 (Meng et aL, 1998); RSPaV.AF026278 [Zhang et aL, 19981;RSPaV·B5,AY881627 ilIId

RSPaV-5Gl,AY881626 (Meng et alo 2005).
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However, the seguence variability also exists among the
American isolares (Meng et al; 2005). It is worth men-
tioning that the Syrah strain of RSPaV Irom the USA has
only 77% seguence homology to ali those listed in the
GenBank (M.F. Uma, unpublished data).

The high incidence and low variation in Australian
RSPaV isolates could be explained by grafting of íntro-
duced germplasm onto infected 5t George biological índí-
cator as part of the postquarantine indexing programs. We
suggest using vírus-Iree St George as an indicator for the
biological assay of RSP disease. This is now possible in our
laboratory as we have been able to eliminate RSPaV from
several grapevine sources using a combination oí thermo-
therapy and meristem tip culture (R. Davies & N. Habili,
unpublished data).
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