
SUMMARY

Several detection methods were compared, as a guide
for the development of the most efficient diagnostic
tools for the broad specificity or specific identification
of Grapevine leafroll-associated virus 2 (GLRaV-2) vari-
ants. To this aim, comparative trials were carried out us-
ing a group of distinctive GLRaV-2 variants, the
GLRaV-2-RG strain and a new strain, called GLRaV-2-
BD. ELISA detected all GLRaV-2 isolates when the
tested samples contained a sufficiently high concentra-
tion of the antigen. RT-PCR was more sensitive than
ELISA, but did not recognise all the GLRaV-2 se-
quence variants under investigation. New primer pairs
were therefore designed, some of which allowed the si-
multaneous detection of all isolates, while others were
specific to each variant. The universal primer pairs for
GLRaV-2, together with RFLP analysis, allowed a rapid
identification and characterisation of GLRaV-2 variants
with divergent sequences.

Key words: closteroviruses, diagnosis, ELISA, molec-
ular polymorphism, RFLP, variant-specific PCR.

INTRODUCTION

Six serologically unrelated ampeloviruses as well as
two serologically distantly related ampeloviruses (Grape-
vine leafroll-associated virus 1 and Grapevine leafroll-asso-
ciated virus 3) and the closterovirus Grapevine leafroll-as-
sociated virus 2 (GLRaV-2) are associated with grapevine
leafroll (LR) disease (Karasev, 2000; Martelli et al., 2002).
GLRaV-2 not only causes LR symptoms in grapevines
but seems also to be involved in the aetiology of a wide-
spread graft-incompatibility condition (Greif et al., 1995;
Golino et al., 2000; Rowhani et al., 2000).
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Several molecular variants of GLRaV-2 have been
identified and characterised in diseased grapevines
worldwide, and their genomes have been partially or
completely sequenced. The first two variants to be inves-
tigated in molecular detail were from cvs Pinot noir (Zhu
et al., 1998) and Semillon (Abou-Ghanem et al., 1998).
They had 99% nucleotide sequence similarity. Later, a
variant denoted GLRaV-2-H4 was found in an accession
of Vitis rupestris St. George; its coat protein (CP) gene
differed by about 12% from those of the previous two
isolates (Abou Ghanem-Sabanadzovic et al., 2000). A
virus closely related to GLRaV-2, denoted GLRaV-2-
RG, was discovered more recently in cv Redglobe. This
isolate was associated with a graft incompatibility condi-
tion and had 74% sequence homology with the GLRaV-2
isolate from Semillon (GLRaV-2-Sem) (Rowhani et al.,
2000). Further genetic variability of GLRaV-2 was ob-
served using the Heteroduplex Mobility Assay (HMA),
by which many different variants were identified, most of
which were similar to GLRaV-2-Sem at the nucleotide
level (Angelini et al., 2002, 2004; Bertazzon et al., 2003).
Similarity among these isolates varied from 85 to 99%.
Another variant of GLRaV-2, named “Alfie”, was found
in New Zealand in vines with a graft incompatibility syn-
drome. At the nucleotide level, the similarity between
“Alfie” and GLRaV-2-RG, GLRaV-2 or GLRaV-1 was
between 80 and 83% (Bonfiglioli et al., 2003). Finally, a
new molecular variant of GLRaV-2 was recently identi-
fied in several grapevines at the “Istituto Sperimentale
per la Viticoltura” (ISV) in Conegliano (northern Italy).
This isolate, denoted GLRaV-2-BD has a genome se-
quence that differs by about 25% from that of GLRaV-
2-Sem and GLRaV-2-RG. 

The high genetic polymorphism of GLRaV-2 can be
a problem for the correct diagnosis of this virus in
grapevines because these findings raise questions about
the reliability of the current serological and molecular
identification tools. In the present study, most of the
GLRaV-2 variants detected so far were tested by using
different serological and molecular reagents. At first,
methods already used for the specific detection of
GLRaV-2 were examined, comparing different serologi-
cal kits and primer pairs reported in the literature.
Then, new variant-specific, as well as universal pairs of
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primers for the detection of all GLRaV-2 variants char-
acterised up to now, were designed and tested.

MATERIALS AND METHODS

Grapevine accessions. About 470 grapevine samples
were analysed between 2001 and 2004. Samples were
from 180 different accessions, namely 8 rootstocks, 112
table grape varieties and 60 wine grape varieties, coming
from different vineyards in Italy, France, Spain, Greece,
Brazil and the USA. Most of the material consisted of
vines that underwent sanitary selection, while other
samples were from the ISV varietal collection. Mature
canes were sampled in winter, while leaves were collect-
ed during summer.

Analysed samples were either infected by GLRaV-2
or had an unknown sanitary status. Accessions testing
positive for GLRaV-1, GLRaV-3 and GLRaV-6 were
used in PCR assays to check the specificity of new
primer pairs. Samples of healthy grapevines obtained by
meristem tip culture and grown under greenhouse con-
ditions were used as negative controls in ELISA and
PCR tests.

GLRaV-2 variant classification. Most of the samples
had been analysed previously and found to be infected
with several GLRaV-2 variants that had been classified
in 14 different groups on the basis of the CP gene se-
quence (Bertazzon et al., 2003). In the present study
these variants were grouped in four main clusters and
two subclusters: (i) subcluster 1a, including GLRaV-2-
Sem and 29 accessions; (ii) subcluster 1b, including cv
Muscat de Samos and 17 accessions; (iii) cluster 2, in-
cluding cvs Arvino, Nera, and Pollera; (iv) cluster 3, in-
cluding cvs Cannonao and Nerello calabrese; (v) cluster
4, including the sole GLRaV-2-H4 strain. For practical
reasons all these clusters were considered as a part of a
single group denoted GLRaV-2 typical (see Table 6). 

Accessions infected by additional more divergent
GLRaV-2 variants were also considered; three infected
by GLRaV-2-RG were placed in cluster 5, and two in-
fected by GLRaV-2-BD were placed in cluster 6
(Table 6).

ELISA. About 1 g of cortical scrapings or leaf tissue
collected from each sample was homogenised in extrac-
tion buffer (Tris 0.5 M, PEG 1.6 mM, NaCl 0.14 M,
PVP 0.8 mM, Tween 20 0.05%) and tested with two
commercial ELISA kits produced in 1999 (polyclonal
antiserum) and 2003 (monoclonal antiserum) by Bioreba
AG (Reinach, Switzerland), and a kit produced by
Agritest (Valenzano-Bari, Italy). Extracts were processed
following the manufacturers’ instructions. Plates were
read at 405 nm. Each sample was tested at least twice.
Controls consisting of buffer (blank), healthy tissue or

infected (fresh or lyophilised) tissue extracts were in-
cluded in each plate. A reaction was considered positive
when A405 reading of the test sample was 3-fold or more
greater than that of the negative control.

RNA extraction and cDNA synthesis. About 150 mg
of main leaf veins or cortical scrapings from dormant
canes were ground in liquid nitrogen and processed as
described by MacKenzie et al. (1997). Purified RNA
was eluted in 100 ml RNase-free water, denatured at
95°C for 5 min, primed with DNA random hexanu-
cleotides (Roche Diagnostic, Indianapolis, USA) and re-
verse transcribed with Moloney murine leukemia virus
reverse transcriptase (M-MLV RT, Gibco BRL,
Rockville, MD, USA) at 42°C for 50 min. Final cDNA
was stored at -20°C until use.

Primer pairs. Several primers specific for different
GLRaV-2 variants were used (Table 1). Nine primers
were selected from the current literature. Primer CP96r
(Zhu et al., 1998), that included a restriction site, was
modified, named mCP96r, and paired with primer
GLR2CP1 (Abou Ghanem-Sabanadzovic et al., 2000). 

Twelve primers were designed based on nucleotide se-
quences of the following GLRaV-2 variants: GLRaV-2-
Sem (GenBank accession number GLAV4131), GLRaV-2
from Pinot noir (AF039204), GLRaV-2-RG (AF314061),
GLRaV-2-BD and other isolates (Bertazzon et al., 2003).
Primers for the simultaneous detection of all sequence
variants were designed based on the more conserved ge-
nomic regions identified following alignment of GLRaV-
2 nucleotide sequences. Other primers were constructed
based on the less conserved regions of the virus genome,
for the detection of specific divergent strains. The primer
denoted RGCP2 was designed based on the same posi-
tion as that for primer GLR2CP2, but complementary to
GLRaV-2-RG sequence.

Most primers were derived from sequences of the CP
gene, the CP minor gene (CPm), and the gene encoding
the 19 kDa protein (Fig. 1). Four primers were designed
on sequences of the gene that encodes the heat shock 70
protein (HSP70) analogue.

Sense and antisense primers from the literature or
newly designed were used in several paired combina-
tions as shown in Table 2, which also shows the respec-
tive annealing temperatures. In this way, primer pairs
specific for the simultaneous or specific detection of
very divergent GLRaV-2 variants were obtained.

DNA amplification. DNA amplification was done in
a 25 µl reaction volume in a Biometra T-personal ther-
mocycler; 2.5 µl of cDNA were mixed with 22.5 µl of
the amplification mixture, containing 50 nM each
dNTP, 120 nM each primer, 1 mM MgCl2, 1 U Taq
DNA polymerase (Polymed, Firenze, Italy) and the
buffer supplied with the enzyme. Reaction mixtures
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with deionised water in place of nucleic acid and cDNA
from healthy samples were used as negative controls.
The following conditions were used in 35 cycle-PCR:
denaturation at 94°C for 20 s (1 min for the first cycle),
annealing at a temperature according to the different
primer pairs for 30 sec (Table 2) and primer extension
at 72°C for 45 s (5 min for the last cycle). Each sample
was tested at least twice. PCR products (5 ml) were
analysed by electrophoresis in 1% agarose gel, stained
with ethidium bromide, and visualised under a UV tran-
silluminator. 

RFLP analysis of PCR products. DNA products am-
plified with primer pair GLR2CP1/CP2 were first used
for RFLP analysis. Later, shorter amplicons obtained

with primer pair V2dCPf2/V2CPr1, that recognized all
GLRaV-2 variants, were similarly analyzed. Restriction
enzymes were chosen on the basis of the known nu-
cleotide sequences of six different variants so as to iden-
tify the highest possible number of different digestion
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Table 1. Sense and antisense primers used in RT-PCR for GLRaV-2 diagnosis. Position is calculated on the sequence of GLRaV-2-RG
(GeneBank accession number AF314061).

Primers Orientation Position Sequences References

LR2-U2 sense 10637-10660 5’-ATAATTCGGCGTACATCCCCACTT-3’ A b o u  G h a n e m - S a b a n a d z ov i c ,  p e r s .  co m m . 
LR2-L2 antisense 10965-10946 5’-GCCCTCCGCGCAACTAATGACAG-3’ A b o u  G h a n e m - S a b a n a d z ov i c ,  p e r s .  co m m . 
LRaV-2(1) sense 12154-12172 5’-AGGCGGATCGACGAATAC-3’ Abou Ghanem-Sabanadzovic et al., 1998
LRaV-2(2) antisense 12975-12957 5’-ATCCTGTCCGGCGCTGTG-3’ AbouGhanem-Sabanadzovic et al., 1998
GLR2CP1 sense 14604-14622 5’-ATGGAGTTGATGTCCGAC-3’ AbouGhanem-Sabanadzovic et al., 2000
GLR2CP2 antisense 15199-15179 5’-TACATAACTTCCCTTCTACC-3’ AbouGhanem-Sabanadzovic et al., 2000
mCP96r antisense 15253-15234 5’-CAGATTCGTGCGTAGCAGTA-3’ Zhu et al., 1998; this paper
RGHSP227V sense 10778-10799 5’-GCGACTCCAGCAACTTTAGTGA-3’ Rowhani et al., 2000
RGHSP777C antisense 11328-11304 5’ - GT C T AA C GAAAG AT C GGG T T C T AA G-3’ Rowhani et al., 2000
V2dCPf1 sense 14475-14505 5’-GAGAGAAAGATAGTTAGTTTG-3’ This paper
V2dCPf2 sense 14518-14536 5’-ACGGTGTGCTATAGTGCGTG-3’ This paper
V2CPf sense 14656-14675 5’-CTAGTCTAAATGGTGTCGA-3’ This paper
V2CPr1 antisense 15052-15033 5’-GCAGCTAAGTACGAATCTTC-3’ This paper
V2CPr2 antisense 15086-15067 5’-TTCAGAGAGCTTCGGGCAAG-3’ This paper
V2HSPf sense 11759-10779 5’-TTAAAACGTTGGGTGGGTTGC-3’ This paper
V2HSPr antisense 11192-11173 5’-ATAGACACGTCGAAGGTCCC-3’ This paper
V2p19r1 antisense 15280-15260 5’-GGACTTGACCACTAAAAGCA-3’ This paper
RGp19r2 antisense 15280-15260 5’-AGACTTGACGACTAGTAATG-3’ This paper
BDCP1 sense 14604-14622 5’-ATGGAGCTAATGTCTGA-3’ This paper
BDCPr2 antisense 15086-15067 5’-TTCAGAGAGTTTCGGACATG-3’ This paper
RGCP2 antisense 15199-15179 5’-CACATAACTTCTCTCCTACC-3’ This paper

Fig. 1. Position of thirteen different primers designed on the
sequence of the CP, CPm and p19 genes of GLRaV-2.

Table 2. Primer pairs combinations and annealing temperatures
(Ta) used in RT-PCR experiments for GLRaV-2.

  N. Primer combination Ta (°C)

  1 GLR2CP1/CP2 52
  2 LR2-U2/L2 52
  3 LRaV-2(1)/(2) 52
  4 GLR2CP1/mCP96r 52
  5 RGHSP227V/777C 52
  6 V2dCPf2/V2CPr1 54
  7 V2dCPf2/GLR2CP2 55
  8 V2dCPf1/V2CPr1 51
  9 V2dCPf2/V2CPr2 58
10 V2CPf/V2CPr1 52
11 V2dCPf1/V2CPr2 51
12 V2CPf/V2CPr2 52
13 V2dCPf1/mCP96r 52
14 V2dCPf2/mCP96r 57
15 V2HSPf/V2HSPr 57
16 GLR2CP1/RGCP2 52
17 V2dCPf2/2p19r1 58
18 V2dCPf2/VRGp19r2 50
19 BDCP1/BDCPr2 50
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patterns. In particular, each PCR product (1-5 ml) was
digested separately with TaqI or RsaI (MBI Fermentas,
Burlington, Canada) according to the manufacturer’s in-
structions. Restriction products were then separated by
electrophoresis in 5% polyacrylamide gels and stained
by ethidium bromide. DNA bands were visualised with
a UV transilluminator.

RESULTS

Efficiency of commercial ELISA kits for GLRaV-2
detection. In 2001, two ELISA kits, the 1999 polyclonal
from Bioreba (Reinach, Switzerland) and the kit from
Agritest (Valenzano-Bari, Italy) were compared for
GLRaV-2 detection in 270 selected samples (Table 3).
The results showed that 69 samples gave negative re-

sponses with both kits, 90 samples were positive with
both kits, and in 41% of the cases the responses dif-
fered. The Agritest kit yielded the highest number of
positive samples (180 of 270). In 2004 the comparison
was repeated on 128 new vine accessions, using a new
monoclonal antiserum from Bioreba. The results showed
that 52 samples tested positive with both kits, whereas in
12% of the cases the responses were divergent (Table 4). 

A further assay was carried out on vines infected with
known GLRaV-2 variants that were tested with all three
antisera. The results were not related to the different

GLRaV-2 variant types, because positive and negative
results were independent of the type of variant and the
antiserum (data not shown).

Comparison between ELISA and molecular tests
with primer pairs reported in the literature. Thirty-three
samples were selected among those used for the first
comparison assay between commercial ELISA kits. Of
these, 15 samples that tested negative with both antisera,
6 that tested positive with both antisera, and 12 that re-
acted differently, were tested by RT-PCR using four
GLRaV-2-specific primer pairs from the literature
[GLR2CP1/CP2, LR2-U2/L2, LraV-2 (1)/(2), GLR2
CP1/mCP96r]. Among the 26 RT-PCR-positive samples,
there were 8 ELISA-negative samples and all those that
had reacted differently with the two kits. By contrast, the
Agritest kit identified 15 positive samples out of 26
(56%) and the 1999 Bioreba kit only 9 (33%), thus pro-
viding evidence that detection of GLRaV-2 is more effi-
cient by using PCR than ELISA. 

In the same experiment the specificities of five
primer pairs were compared. The primer pair RGHSP
227V/777C, specific for GLRaV-2-RG, did not amplify
cDNA of any of the samples. By contrast, the four
GLRaV-2-specific primer pairs showed no specificity to-
wards virus variants, because all amplified the specific
product from the same samples. 

To evaluate the sensitivity of each of the four primer
pairs, further PCR amplifications were carried out on
seven GLRaV-2-infected sample extracts, diluted 1:10,
1:100, 1:1000, and 1:10000 (Table 5). The sensitivities of
the four primer pairs were comparable, although
GLR2CP1/CP2 primer pair performed best at each di-
lution.

Comparison of primer pairs. The specificities of five
primer pairs from the literature and the new primers de-
signed by us were compared using 14 vine accessions,
each containing one of the following virus variants previ-
ously identified by means of HMA and/or sequencing,
i.e. clusters 1 to 4 of GLRaV-2-typical (Bertazzon et al.,
2003), GLRaV-2-RG, and GLRaV-2-BD. All these sam-
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Table 3. Results of ELISA tests made in 2001 with two different
commercial GLRaV-2 kits.

Antiserum a
Number of tested
samples Agritest Bioreba 1999
69  -  -
21  -  +
90  +  -
90  +  +
N. positive/total 180/270 111/270
a - = negative; + = positive.

Table 4. Results of ELISA tests made in 2004 with two different
commercial GLRaV-2 kits.

Antiserum a
Number of tested
samples Agritest Bioreba 2003
60  -  -
7  -  +
9  +  -
52  +  +
N. positive/total 61/128 59/128
a - = negative; + = positive.

Table 5. PCR response of seven infected samples amplified with
four different primer pairs in function of the dilution of extracts.

Primer pair
Dilution LR2 U2/L2 LRaV2

(1)/(2)
GLR2
CP1/CP2

GLR2CP1/
mCP96r

1:1 7/7 a 7/7 7/7 7/7
1:10 6/7 5/7 7/7 6/7
1:100 5/7 5/7 5/7 4/7
1:1000 4/7 3/7 4/7 3/7
1:10000 2/7 0/7 3/7 2/7
a Positive samples/tested samples.

002 TESTO 403_283  11-04-2005  9:54  Pagina 286



ples had reacted positively for the presence of GLRaV-2
in ELISA. 

Based on their performance, primer pairs were divid-
ed into three groups (Table 6). The first group included
the five primer pairs from the literature. Four pairs (1-
4) gave positive results with almost all samples infected
by GLRaV-2-typical, although with different sensitivi-
ties. GLR2CP1/CP2 primers (1) were the best, confirm-
ing the above results. RGHSP227V/777C primer pair
(5) amplified cDNA only in GLRaV-2-RG-infected sam-
ples, confirming its specificity for this variant. Of this
group of primers, only GLR2CP1/CP2 (1) recognised
GLRaV-2-RG, but the amplification signal was always
very light. None of the primers from the literature am-
plified cDNA of GLRaV-2-BD, despite the fact that it
was strongly positive in ELISA. 

The second group included 10 primer pairs (6-15),
designed to detect all sequence variants that could not
be amplified by any other primer pairs. The new
V2HSPf/V2HSPr primer pair (15) was from the HSP70
gene, while all the others were designed based on the
CP or the CPm genes. These primer sets involved the
pairing of five new primers V2dCPf1, V2dCPf2,
V2CPf, V2CPr1, V2CPr2 and two primers from the lit-
erature (GLRCP2 and mCP96r). There were strong dif-
ferences between these primer pairs in the detection of
the most divergent GLRaV-2 variants. The best combi-
nation of primers was V2dCPf2/V2CPr1 (6), which am-

plified cDNA of all 14 GLRaV-2 isolates (Fig. 2A). Also
the pair V2HSPf/V2HSPr (15), constructed on the
HSP70 gene of GLRaV-2-RG and GLRaV-2-Sem, iden-
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Table 6. Results of RT-PCR on 14 grapevine accessions infected with different variants of GLRaV-2 using different combinations of primers.
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N. Variant group

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

  1 GLRaV-2-typical: 1a ++ ++ ++ ++ - ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ - -
  2 GLRaV-2-typical: 1a ++ ++ ++ ++ - ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ - -
  3 GLRaV-2-typical: 1b ++ + + +/- - ++ ++ ++ ++ ++ ++ ++ + + ++ + ++ - -
  4 GLRaV-2-typical: 1b ++ ++ ++ - - ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ - -
  5 GLRaV-2-typical: 2 ++ - + +/- - ++ ++ ++ ++ ++ ++ + + + ++ ++ ++ - -
  6 GLRaV-2-typical: 2 ++ - ++ +/- - ++ ++ ++ ++ ++ ++ ++ ++ + ++ ++ ++ - -
  7 GLRaV-2-typical: 3 ++ ++ +/- + - ++ ++ ++ ++ ++ ++ + ++ ++ ++ ++ + - -
  8 GLRaV-2-typical: 3 ++ ++ + + - ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ + - -
  9 GLRaV-2-typical: 4 ++ ++ ++ + - ++ ++ ++ ++ ++ ++ ++ + ++ ++ + ++ - -
10 GLRaV-2-RG: 5 - - - - ++ ++ - ++ + ++ ++ ++ - - ++ ++ - ++ -
11 GLRaV-2-RG: 5 +/- - - - ++ ++ ++ ++ ++ + ++ + - - ++ ++ - ++ -
12 GLRaV-2-RG: 5 - - - - ++ ++ + ++ ++ ++ ++ + - - ++ ++ - ++ -
13 GLRaV-2-BD: 6 - - - - - + ++ - - - - - - - +/- - - - ++
14 GLRaV-2-BD: 6 - - - - - ++ ++ + + + - - - - + - - - ++

  a - = negative; +/- = faint PCR bands; + = positive; ++ = strongly positive.

Fig. 2. Agarose gels of final PCR products of 14 GLRaV-2 iso-
lates. Amplicons obtained with: A) primer pair V2dCPf2/
V2CPr1 (515 bp); B) primer pairs V2dCPf2/ V2p19r1 (747
bp); C) primer pair V2dCPf2/V2p19r2 (743 bp); D) primer
pair BDCP1/BDCPr2 (450 bp).
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tified all infected samples, although in some cases the
band was less intense than with the previous primer set.
V2dCPf1/mCP96r (13) and V2dCPf2/mCP96r pairs
(14) amplified cDNA only in GLRaV-2-typical isolates.
V2dCPf1/V2CPr2 and V2dCPf/V2CPr2 (11 and 12)
amplified cDNA of GLRaV-2-typical and GLRaV-2-
RG, but in none of the samples infected with the
GLRaV-2-BD. Finally, V2dCPf2/GLR2CP2 (7) ampli-
fied cDNA of two of three GLRaV-2-RG-infected sam-
ples, but recognised GLRaV-2-BD, giving amplification
bands stronger than those yielded by other primer pairs
(not shown). The third group included four new primer
pairs (16-19) specific for single GLRaV-2 variants. They
were formed by the five new primers V2p19r1,
V2p19r2, RGCP2, BDCP1 and BDCPr2, paired with
one another or with dCPF2 or GLR2CP1. The new an-
tisense primer RGCP2 paired with GLR2CP1 (16) am-
plified cDNA of both GLRaV-2-RG and GLRaV-2-typi-
cal; V2dCPf2/ V2p19r1 (17) was specific for GLRaV-2-
typical; V2dCPf2/V2p19r2 (18) amplified the CP gene
of GLRaV-2-RG only; BDCP1/BDCPr2 (19) gave posi-
tive results only with GLRaV-2-BD-infected samples
(Fig. 2B, 2C, 2D).

There was no amplification from any of the controls
that consisted of accessions infected by GLRaV-1,
GLRaV-3 or GLRaV-6, or healthy plants, regardless of
the primer pair used.

RFLP analysis. GLR2CP1/CP2 amplicons were di-
gested with TaqI, while V2dCPf2/V2CPr1 amplicons
were digested with both TaqI and RsaI. RFLP analysis
of products amplified when using GLR2CP1/CP2 was
first done because it had been observed that some of the
samples recognized by this primer set, thought to be
specific for GLRaV-2 typical, had instead given a diges-
tion profile similar to that of amplicons from GLRaV-2-
RG. Thus, digestion was the only way to ascertain
which GLRaV-2 strain was present in grape accessions
exposed to GLR2CP1/CP2. Three different restriction
patterns were obtained, the profile of the RG strain dif-

fering from that of other GLRaV-2 variants (Table 7). 
RFLP analysis of V2dCPf2/V2CPr1 fragments was

done because this primer pair was able to amplify cDNA
of all GLRaV-2 variants used in the present work, in-
cluding GLRaV-2-BD (Table 7). Amplicons from the
most divergent strains GLRaV-2-BD and GLRaV-2-RG
always showed restriction patterns with both endonucle-
ases different from that of the GLRaV-2-typical ampli-
con (Fig. 3A, lanes 9, 11; 3B, lanes 2, 3, 4). Four differ-
ent restriction patterns were obtained with TaqI. In par-
ticular, two different profiles were given by GLRaV-2-
BD and GLRaV-2-RG, and two additional profiles were
observed within the GLRaV-2-typical group that includ-
ed clusters 1 to 4 (Fig. 3A). Six restriction patterns were
obtained with RsaI, since all clusters showed a different
profile, except for clusters 1b and 2, which were indis-
tinguishable for one another (Fig. 3B). 

Further RFLP analyses on a large number of infected

288 Grapevine leafroll-associated virus 2 variants Journal of Plant Pathology (2004), 86 (4, Special issue), 283-290

Table 7. Arbitrary designations of RFLP groups of GLR2CP1/
CP2 and V2dCPf2/V2CPr1 amplicons obtained from different
GLRaV-2 variants after digestion with TaqI and RsaI. Each letter
represents a distinct profile obtained with each restriction enzyme.

GLR2CP1/CP2 V2dCPf2/V2CPr1Variant group
TaqI   TaqI RsaI

GLRaV-2-typical: 1a A   A A
GLRaV-2-typical: 1b A   A B
GLRaV-2-typical: 2 A   A B
GLRaV-2-typical: 3 B   B C
GLRaV-2-typical: 4 B   B D
GLRaV-2-RG: 5 C   C E
GLRaV-2-BD: 6 -   D F
No. of different patterns   3   4 6

Fig. 3. Polyacrylamide gels showing the RFLP patterns of
V2dCPf2/V2CPr1 amplicons from grapevines infected by dif-
ferent GLRaV-2 strains after digestion with TaqI (A) and RsaI
(B).
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accessions showed that many samples were mixedly in-
fected with different variants of the virus, e.g., several
samples of cv Redglobe were infected with GLRaV-2-RG
and one of the GLRaV-2-typical isolates (not shown).

DISCUSSION

Our results show that a continuous update of the
procedures for the detection of GLRaV-2 is desirable
because of the high genetic variability of this virus. 

Serological assays carried out with three different
ELISA kits gave contrasting results. The 1999 Bioreba
antiserum was unsatisfactory because it identified only a
small number of GLRaV-2-infected samples. Better re-
sponses were obtained with the 2003 Bioreba and
Agritest kits. However, since some samples gave differ-
ent responses according to the kit used, more than one
test with the two best antisera was required and the re-
sults needed to be combined so as to enhance the level
of confidence of detection by ELISA. Furthermore,
ELISA was, in general, less sensitive that molecular as-
says because it was unable to detect GLRaV-2 in about
10% of the infected accessions as identified by PCR us-
ing the appropriate primers. 

Nonetheless, in large scale screening, ELISA could
detect all GLRaV-2 variants considered in the pre-
sent paper, whilst primer pairs from the literature
(GLR2CP1/CP2 and RGHSP227V/777C), intended for
the identification of GLRaV-2-typical and of GLRaV-2-
RG, respectively, were not equally effective. In fact,
some samples that tested positive in ELISA were not
positive in PCR assays with the above primers. A plausi-
ble explanation is that differences in the nucleotide se-
quence, that may have affected the reliability of PCR,
did not result in relevant antigenic variability. 

It was found later that the GLR2CP1/CP2 primer
pair, designed on the nucleotide sequence of two
GLRaV-2 isolates for amplifying the entire CP cistron
(Abou–Ghanem-Sabanadzovic et al., 2000), was occa-
sionally able to detect also GLRaV-2-RG (Table 6). An-
gelini et al. (2003) had concluded that samples positive
with both GLR2CP1/CP2 and RGHSP227V/777C
primers were doubly infected with GLRaV-2-typical
and GLRaV-2-RG. The present findings suggest that
these accessions are not necessarily bound to have a
mixed infection.

The ambiguity of these results prompted the need to
design universal primer pairs for the detection of all
GLRaV-2 sequence variants. The best-conserved re-
gions of the CP gene were therefore identified by align-
ing published sequences of GLRaV-2-Sem and GLRaV-
2-RG with other sequences obtained previously (Bertaz-
zon et al., 2003). Some universal primer pairs so con-
structed, especially V2dCPf2/V2CPr1 on the CP gene
and V2HSPf/HSPr on the HSP70 gene, allowed the si-

multaneous detection of all GLRaV-2 variants, includ-
ing those that were quite divergent and positive only in
ELISA. Using the nucleotide sequences of fragments
amplified with the above primer pairs, new sets of
primers were designed, each of which was able to am-
plify specifically cDNA of GLRaV-2-typical, GLRaV-2-
BD and GLRaV-2-RG. Thus, it is now possible to de-
tect each of the main GLRaV-2 variants currently
known. The universal primer pairs for the detection of
all GLRaV-2 strains (V2dCPf2/V2CPr1 and V2HSPf/
V2HSPr) can be used in the first step of genetic vari-
ability studies and for diagnosis in general, as they allow
identification of GLRaV-2 variants that cannot be de-
tected by using other primer pairs.

Several molecular methods are used for studying the
genetic polymorphism of viruses. HMA and single-
strand conformation polymorphism (SSCP) can be of
help for a rapid and relatively low cost preliminarily
analysis of the molecular heterogeneity of viruses (Del-
wart et al., 1995; Magome et al., 1999; Goszczynski and
Jooste, 2002). HMA analysis, however, cannot be per-
formed on relatively divergent isolates because, after de-
naturation, they do not generate the heteroduplex
bands that are necessary to determine genetic distance.

RFLP and sequencing are often used to examine
plant virus sequence variation (Soares et al., 2000; Little
et al., 2000), but they are much more expensive. Al-
though RFLP analysis allows one to distinguish readily
very divergent variants, often it does not allow the iden-
tification of small differences if the sequence is un-
known. Moreover, SCCP, HMA and RFLP techniques
show particular patterns in the presence of mixed infec-
tion, but RFLP profiles are easier to interpret and pro-
vide clearer information on the types of variants in-
volved. The RFLP analyses of GLR2CP1/CP2 ampli-
cons from samples infected with GLRaV-2-typical and
GLRaV-2-RG showed very clear double digestion pat-
terns, as illustrated in this paper. 

In conclusion, the present investigation provides in-
formation useful for setting up serological and molecu-
lar protocols for the advanced diagnosis and characteri-
sation of GLRaV-2 variants in grapevine, based on the
differential use of ELISA, with one or more reliable an-
tisera, for a preliminary screening of the vines under se-
lection, followed by the use of a set of universal and
strain-specific PCR primers, capable of amplifying all
currently known GLRaV-2 variants.
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