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ABSTRACT

Good, X., and Monis, J. 2001. Partial genome organization, identification
of the coat protein gene, and detection of Grapevine leafroll-associated
virus-5. Phytopathology 91:274-281.

The genome of Grapevine leafroll-associated virus-5 (GLRaV-5) was
cloned, and the sequence of 4766 nt was determined. Degenerate oli-
gonucleotide primers designed from the conserved closterovirus heat
shock 70 protein (HSP 70) homologue were used to obtain viral-specific
sequences to anchor the cloning of the viral RNA with a genomic walking
approach. The partial nucleotide (nt) sequence of GLRaV-5 showed the
presence of four open reading frames (ORF A through D), potentially

coding for the HSP 70 homologue (ORF A); a 51-kDa protein of unknown
function with similarity to GLRaV-3 p55 (ORF B); the viral capsid pro-
tein (ORF C); and a diverged viral duplicate capsid protein (ORF D). The
ORF C was identified as GLRaV-5 viral capsid protein based on sequence
analyses and the reactivity of the recombinant protein to GLRaV-5 specific
antibodies by western blot analyses. The antiserum produced with the in
vitro-expressed GLRaV-5 ORF C protein product specifically reacted
with a 36-kDa polypeptide from GLRaV-5 infected vines but did not re-
act with protein extracts from vines infected with other GLRaVs or unin-
fected vines. Furthermore, specific primers were designed for the sen-
sitive detection of GLRaV-1 and GLRaV-5 by polymerase chain reaction.

Grapevine leafroll-associated viruses (GLRaVs) are a group of
viruses that collectively or individually cause leafroll disease in
grape. To date, at least eight different viruses are associated with
the grapevine leafroll disease (24,25). The disease is of economi-
cal importance and limits the production of grapes throughout the
world (12). Based on virion morphology, GLRaVs are placed in
the genus Closterovirus group. Closteroviruses are a large and
diverse group of filamentous plant viruses with single-stranded
RNA genomes, characteristic genome structure, and generally
transmitted by insects (16). The group is classified in the family
Closteroviridae, comprising two genera, a monopartite genus
Closterovirus with type member Beet yellows virus (BYV), and a
bipartite genus Crinivirus with type member Lettuce infectious
yellows virus (9,16,20). The viruses associated with grapevine
leafroll disease (except GLRaV-2) have coat proteins that appear
to be larger in molecular weight than those of the genus Clostero-
virus. The molecular mass of the characterized GLRaVs coat
proteins range between 24 and 43 kDa (5,7,24,27), whereas mem-
bers of the genus Closterovirus, BYV, Citrus tristeza virus (CTV),
and GLRaV-2 have coat proteins with lower molecular mass
ranging between 22 and 24 kDa (2,17,19).

The partial nucleotide (nt) and deduced amino acid (aa) se-
quences of the GLRaV-1 (11), the complete GLRaV-2 (1,36) and
GLRaV-3 (21) genome nt sequences, and partial GLRaV-4 and
GLRaV-5 heat shock 70 protein (HSP) homologue coding se-
quences (32) have been reported.

A comparison of published nt sequences from GLRaV-3 (21)
and GLRaV-2 (1,36) indicates that GLRaV-2 is similar to previ-
ously characterized closteroviruses (BYV). In contrast, GLRaV-3
is distinct in both genome organization and sequence relatedness.

Furthermore, the sequence and molecular data available on ge-
nome organization indicates that the order of the capsid protein
and diverged duplicate capsid protein is in the reverse order in
GLRaV-1 and GLRaV-3, relative to members of the genus
Closterovirus (9,16).

The viruses associated with leafroll disease are unevenly dis-
tributed in grapevine tissues, exist in low concentration, and are
frequently found in mixed infections (26). The purification of
individual viruses has been difficult, resulting in antisera that
cross-react with the different viruses and host proteins, hampering
the reliable detection of these viruses in infected plant material
(27). We have used molecular methods to overcome the inherent
difficulties of serological detection of these viruses.

In this paper we report the partial nt sequence of GLRaV-5
genomic RNA. The GLRaV-5 capsid protein was identified and
subcloned in a bacterial vector for the overexpression of recombi-
nant protein for the production of a high titer antiserum. Further-
more, polymerase chain reaction (PCR) primers were designed for
the sensitive detection of GLRaV-1 and GLRaV-5 RNA in
infected grapevines.

MATERIALS AND METHODS

Virus source, RNA isolation, and cDNA synthesis. The LR
100 virus source (13) was used throughout this work. Western blot
analyses with monoclonal antibodies (MAbs) (25) and polyclonal
antibodies (PAbs) specific to GLRaV-5 suggests that LR 100 is a
single-virus infection source. The LR 102 virus source was
reported to be infected with GLRaV-1, -2, -5, and -8 (25). Other
virus sources were described previously (27). Double-stranded
(ds) RNA was isolated from mature stem and leaf petioles of
infected grapevine material following the procedure described by
De Paulo and Powell (8). For cDNA synthesis and cloning, viral
RNA was isolated, essentially as described in the kit protocol
(RNeasy; Qiagen, Santa Clarita, CA) modified by MacKenzie et
al. (23).

Briefly, stem and petiole tissues from infected grapevines were
pulverized, and the virus was concentrated by differential cen-
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trifugation as described by Monis and Bestwick (27). The con-
centrated virus preparation (300 µl) (27) was disrupted in Qiagen
lysis buffer and processed as described by MacKenzie et al. (23).
The RNA was precipitated by the addition of 0.1 vol of 3 M so-
dium acetate (pH 5.2) and 2.5 vol of ethanol, pelleted by centrifu-
gation (14,000 × g for 10 min), drained, and resuspended in a
small volume of nuclease-free water. cDNA libraries were gener-
ated by RNA isolated from the LR 100 GLRaV-5 virus source for
GLRaV-5-specific libraries as previously described (28).

Genome walking of GLRaV-5 genomic RNA with rapid
amplification of cDNA ends by PCR. PCR with degenerate oli-
gonucleotide primers designed from a closterovirus consensus
sequence was used to obtain specific GLRaV-5 HSP 70 homo-
logue sequences (18,35). The PCR-derived GLRaV-5 HSP 70
homologue sequences (approximately 600 bp) were used to design
primers for downstream sequence extension. GLRaV-5 cDNA
libraries were made with a cDNA amplification kit (Marathon;
Clontech Laboratories Inc., Palo Alto, CA) following the manu-
facturer’s protocol. Briefly, after first- and second-strand cDNA
synthesis, the adaptors were ligated to the blunt ends of the dou-
ble-stranded cDNA. This library allowed the rapid amplification
of 5′ and 3′ cDNA ends (RACE) by PCR. (Table 1, GLRaV-5
specific primers; Fig. 1, schematic description of cloning strategy).

In the first round of amplification, PCR products were ampli-
fied from the GLRaV-5 library with GSP8 and the adaptor prim-

ers. The PCR products obtained by cDNA RACE were cloned into
a plasmid vector, and colonies were screened. Briefly, bacterial
colonies were picked from plates with a toothpick and dipped into
a sterile tube containing 15 µl of water. After boiling for 3 min, a
3-µl sample of the mixture was used in PCR reactions with prim-
ers M13 1224 and 1233 (New England Biolabs, Beverly, MA).
The largest PCR amplification product that reacted to a GLRaV-5
specific probe by Southern blot analyses was chosen and se-
quenced. Primers were designed based on the sequence of the
selected PCR amplification products for subsequent downstream
walks. cDNA RACE was repeated sequentially with sequence-
specific primers GSP12, GSP15, and GSP23, together with an
adaptor primer.

Sequencing and computer-assisted nt and aa sequence
analyses. Nucleotide sequencing was performed on both strands
of cDNA with a cycle sequencing kit (ABI Taq Dye Deoxy Ter-
minator; Perkin-Elmer Applied Biosystems, Foster City, CA) and
a genetic analyzer (ABI 310; Perkin-Elmer). The nt sequences
were assembled and analyzed with MacVector DNA analyses
programs. The nt and aa sequences of other closteroviruses were
obtained with the Entrez program; sequence comparisons with
nonredundant databases were searched for with the Blast program
from the National Center for Biotechnology Information (NCBI;
Bethesda, MD) (3). Pairwise alignments of the deduced HSP 70
homologue, coat protein aa, and diverged duplicate coat protein aa

Fig. 1. Comparison of the partial Grapevine leafroll-associated virus-5 (GLRaV-5) and GLRaV-3 genomes and schematic representation of the cloning strategy
used. Protein homologues are shown by similar boxed patterns: P-Pro, papain-like proteinase; MTR, methyltransferase; HEL, RNA helicase; RdRp, RNA
polymerase; HSP 70, heat shock protein 70; CP, capsid protein; and dCP, diverged duplicate capsid protein. Horizontal lines represent the overlapping clones
used to determine the nucleotide sequence.

TABLE 1. Primers for cloning of Grapevine leafroll-associated virus-5 sequences

Primer ID Primer sequence Genome location Open reading frame

GSP8 5′ GGCCGTGTCAATTACTGGTAGTGCTGTG 3′                 363–390 1
GSP12 5′ GCCAGAGAGACCCTTGGACGAGGAATAC 3′ 1407–1434 1
GSP15 5′ GCAGGTGGATTTCTCTGGTGTGGATGA 3′ 2809–2835 2
GSP23 5′ GCTGGCGTTTATGCGACTGTTATG 3′ 4206–4229 4
LR5 CP start 5′ ATGTCTGGAGCGTCGCAGAAC 3′ 3285–3305 3
LR5-3F 5′ ACCCGAAGTTGCTGTCTGACC 3′ 3007–3027     2–3
LR5-2R 5′ CTCGGGCGGCATAACAGTC 3′ 4220–4237 4
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sequences from other GLRaVs, as well as, selected closterovirus
homologous genes were carried out by the DNAStar MegAlign
program, CLUSTAL (Baylor Medical School) and the BLAST 2
sequences program (34). The DNAStar MegAlign and the PILE
UP multi-alignment program from the PHYLIP package were
used in phylogenetic studies comparing the GLRaV-5 HSP 70,
coat protein, and diverged duplicate coat protein aa sequences
with their closterovirus homologues.

Expression of GLRaV-5 coat protein in vitro and antiserum
production. The sequence corresponding to the putative GLRaV-
5 capsid protein was cloned into a bacterial expression pMALc
vector as a maltose binding fusion protein (New England Bio-
labs). The specific primers LR5 CP start and LR5-2R were used
for PCR amplification (Table 1). The PCR products were treated
with Vent DNA polymerase (New England Biolabs) and partially
digested with HindIII to preserve one blunt end. This strategy
allowed the directional cloning of the capsid protein gene into the
plasmid’s StuI/HindIII sites. The bacterial cell culture (1 liter) was
induced with 0.3 mM isopropyl-thio-galactopyranoside, and the
recombinant protein (MBP-CP) was purified by an amylose col-
umn as described by the manufacturer. After protease factor Xa
digestion, protein samples were tested in western blots with spe-
cific antibodies. The affinity-purified GLRaV-5 coat protein was
used to immunize rabbits for the production of PAbs as previously
described (27). The PAb, which will be referred to as rec GLRaV-
5 CP PAb, was used in immunoblots for the specific detection of
the GLRaV-5 coat protein.

Western blot analysis. Samples of purified fusion protein were
analyzed by western blot by GLRaV-5 PAb (Sanofi Diagnostics
Pasteur, Marnes-La-Coquette, France), GLRaV-5 MAb (14), and
the 15F1 broad-spectrum (reactive to GLRaV-5 and -8 ) MAb (25)
as described by Monis and Bestwick (27). Different plant material
uninfected or infected with GLRaV-5 was used in immunoblots to
determine the specificity of the rec GLRaV-5 PAb.

Reverse transcriptase PCR detection of GLRaV-1 and -5.
Four sets of PCR primers, for the single or combined detection of
GLRaV-1 and -5, were designed with the nt sequence obtained in
this study (Table 2). RNA extracted from concentrated virus
preparations or fresh grapevine petioles was used for cDNA syn-
thesis and subsequent PCR. The PCR was carried out as described
by MacKenzie et al. (23), except each primer set was annealed at
different temperatures: LR5-1F/LR5-1R (62°C); LR5-5F/LR5-5R
(58°C); GSP1/GSP9 (66°C); and GSP3/GSP4 (66°C).

RESULTS

Genome walking of GLRaV-5 genomic RNA with RACE
PCR. The PCR-derived GLRaV-5 HSP 70 homologue sequences
(approximately 600 bp) were used to design primers (Table 1) for
downstream cDNA synthesis and cloning. Four overlapping PCR
amplification products of 1,115, 1,580, 1,520, and 600 bp, and the
initial 600-bp PCR product were assembled as a contiguous se-
quence, for a total of 4,766 bp (Fig. 1).

Analyses and identification of GLRaV-5 coding sequences.
Sequence analyses of the 4766 nt of the GLRaV-5 genome

revealed four open reading frames (ORF) designated as ORF A to
ORF D (Fig. 1).

ORF A includes the coding sequence for a 530 aa polypeptide
with a calculated molecular mass of 58 kDa that has sequence
homology to the cellular HSP 70 homologue. The HSP 70 homo-
logue is unique to the plus-sense RNA closterovirus group, and
the N-terminal ATPase domain of HSP 70 is highly conserved.
The closterovirus HSP 70 has been proposed to play a role in
protein–protein interactions such as viral assembly and cell-to-cell
movement (9,29).

Alignment of GLRaV-5 HSP 70 coding region with those of
other GLRaVs revealed eight conserved motifs present in cellular
HSP 70. The use of degenerate primers to clone the partial HSP 70
homologue gene yielded clones with an incomplete 5′ terminus
(Fig. 2).

A basic BLASTP search of the nonredundant database through
the NCBI (3) with the GLRaV-5 HSP 70 homologue aa sequence
indicated the highest similarity with the partial aa sequence of
GLRaV-4 HSP 70 homologue (32). The GLRaV-5 HSP 70 shares
29 to 35% identity with the HSP 70 homologues from the
Australian and U.S. strains of GLRaV-1 (11; GenBank Accession
No. AF233935); Italian and U.S. strains of GLRaV-2 (1,36);
GLRaV-3 (21); and Beet yellow stunt virus (BYSV) (19). Little
cherry virus (LChV) (15) showed the lowest sequence similarity
with the GLRaV-5 HSP 70 homologue. The percentage of simi-
larity of closterovirus HSP 70 homologues is shown in Table 3.

The phylogenetic analyses showed that GLRaV-5 HSP 70 clus-
tered in the same lineage branch together with the U.S. and Aus-
tralian strains of GLRaV-1 and GLRaV-3 HSP 70 homologues
(data not shown). On the other hand, GLRaV-2 clustered together
with members of the genus Closterovirus such as CTV and BYSV,
whereas LChV branched in a separate lineage. Unexpected results
were obtained when the partial aa sequences of GLRaV-4 and
GLRaV-5 (32) were included in the phylogenetic analyses using
the PHYLIP package. These partial HSP 70 sequences branched
in the same lineage as members of the genus Closterovirus and
LChV. In other words, the partial aa sequences of GLRaV-4 and
GLRaV-5 appeared to be more related to GLRaV-2, BYSV, and
LChV than to the complete GLRaV-5 HSP 70 sequence. This dis-
crepancy was found even when partial aa sequences (most con-
served 220 to 240 aa from the N terminus) of the protein from
each viral HSP 70 were used in the analyses (data not shown).

ORF B includes the coding sequence for a 475-aa polypeptide
with a calculated molecular mass of 51 kDa. A pairwise compari-
son of GLRaV-5 ORF B with the nonredundant sequence data-
bases through NCBI revealed the highest sequence similarity with
GLRaV-3 ORF 5. The polypeptide encoded by the corresponding
ORF (p64) from BYV was recently required for viral cell-to-cell
movement (4).

ORF C includes the coding sequence for a 269-aa polypeptide
with a calculated molecular mass of 29 kDa. This ORF was iden-
tified as the viral capsid protein based on the presence of a 5-aa
signature sequence, SNRGD, found in other closteroviruses (9).
To confirm this identification directly, ORF C was expressed as an
MBP-CP fusion protein and was specifically immunoreactive to
anti-GLRaV-5 capsid protein antibodies.

Pairwise comparisons of GLRaV-5 coat protein aa sequence in-
dicated similarity with the GLRaV-3, GLRaV-1, and BYSV cap-
sid protein genes (Fig. 3; Table 3)

ORF D includes the coding sequence for a 207 aa polypeptide
with a calculated molecular mass of 23 kDa. Sequence analysis
suggests that ORF D encodes a partial sequence of the GLRaV-5
diverged duplicate capsid protein based on the presence of 4 out
of 5 aa (SNGD) of the signature sequence found in closterovirus
capsid and diverged duplicate capsid proteins. A search of nonre-
dundant nucleic acid sequence databases with the GLRaV-5 ORF
D revealed sequence identity with a GLRaV-4 gene of unknown
function (10). No sequence similarity between ORF C and D was

TABLE 2. Primers for the detection of the Grapevine leafroll-associated
virus-5 (GLRaV-5) and GLRaV-1 sequences

Primer ID           Primer sequence

LR5-1F 5′ CCCGTGATACAAGGTAGGACA 3′
LR5-1R 5′ CAGACTTCACCTCCTGTTAC 3′
LR5-5F 5′ TTTGGTGAGAATGGGAGTATG 3′
LR5-5R 5′ CTTTCGTCGGCTGACATAGAG 3′
GSP3 5′ CGTTCGCGTTACCCACGCTGCCTA 3′
GSP4 5′ GCTGGCAAACCTGGTGGACTTTACATC 3′
GSP1 5′ CGAAGATGGCCGTGTCAATTACTG 3′
GSP9 5′ CGCCGCCGAAGTCGTAGACAACCA 3′
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Fig. 2. Alignment of the heat shock protein 70 (HSP 70) homologue of Grapevine leafroll-associated virus-1 (GLRaV-1) (USLR1), GLRaV-2 (USLR2),
GLRaV-3 (USLR3), GLRaV-4 (LR4), and GLRaV-5 (LR5). The conserved motifs (A to H) of cellular HSP are overlined.
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detected with the BLAST 2 sequence program (34). The percent-
age of similarity among GLRaV-5 capsid protein and diverged
duplicate capsid protein with other closterovirus homologues is
shown in Table 3.

The phylogenetic analyses showed that GLRaV-5 capsid protein
clustered with the capsid protein of the Australian strain of
GLRaV-1, as well as the GLRaV-3 capsid protein and duplicate
capsid protein (data not shown). As expected, GLRaV-2 capsid
protein and duplicate capsid protein clustered with CTV and
BYSV capsid proteins. The aa sequences of GLRaV-5 duplicate
capsid protein and a GLRaV-4 gene of unknown function (10)
clustered in a completely separate lineage branch. This data sug-
gests that the unknown gene sequences reported by Fazeli et al.
(10) might be the GLRaV-4 diverged capsid protein.

The sequence analyses of the GLRaV-5 partial genome indi-
cates that the capsid protein is located upstream from the diverged
duplicate capsid protein coding sequence, similar to that reported
for GLRaV-1 (11) and GLRaV-3 (21). This is in contrast to BYV,
CTV, and GLRaV-2, where the duplicate coat protein coding se-
quence is located upstream from the capsid protein coding sequence.

In vitro expression of the GLRaV-5 coat protein and pro-
duction of antiserum. The recombinant GLRaV-5 capsid protein
(rec GLRaV-5 CP) was analyzed in immunoblots with a MAb
against GLRaV-5 coat protein. The results indicate that the
recombinant protein reacted with the GLRaV-5 antibodies specifi-
cally (Fig. 4A). The recombinant protein did not react with PAbs
against GLRaV-1, GLRaV-2, and GLRaV-4, or with MAbs
against GLRaV-8 (data not shown).

The affinity-purified rec GLRaV-5 CP preparation was used to
immunize rabbits for the production of antiserum. This polyclonal
antiserum (rec GLRaV-5 CP PAb) specifically reacted with
extracts from plants infected with GLRaV-5 (Fig. 4B). The
reactivity of commercially available GLRaV-5 PAbs (Sanofi
Diagnostics Pasteur) and GLRaV-5 MAbs (14) with virus-infected
tissue were compared with that of rec GLRaV-5 CP PAb. The
immunoblot analyses showed that the 36-kDa-specific GLRaV-5
polypeptide is almost undetectable in the extracts probed with

commercially available GLRaV-5 PAbs (Fig. 4C) and GLRaV-5
MAbs (Fig. 4D). In contrast, rec GLRaV-5 CP PAb revealed a
strong reactivity to GLRaV-5-specific antigens (Fig. 4B). Rec
GLRaV-5 CP PAb had stronger comparative reactivity even when
used four times more diluted (Fig. 4B). All lanes in the immuno-
blots shown in Figure 4 represent polyacrylamide gels loaded with
the same amount of protein from the same preparations of each
virus source (e.g., LR 100 or LR 102).

Specific detection of GLRaV-1 and GLRaV-5 nucleic acids.
Four sets of PCR primers were designed for the detection of
GLRaV-1, GLRaV-5, or both viruses. The LR5-1F and LR5-1R
primers (nt 3411 to 3431 and 4081 to 4099, respectively) were
designed for the amplification of a specific fragment from the
GLRaV-5 coat protein (ORF C). This primer set yielded a DNA
fragment of approximately 690 nt in plant material infected with
GLRaV-5 (Fig. 5, lanes 1 and 5), but no PCR products from ex-

Fig. 3. Amino acid sequence alignment of the Grapevine leafroll-associated virus-5 (GLRaV-5) coat protein (LR5) and diverged duplicate coat protein (LR5d)
sequences with respect to homologues from GLRaV-1 (LR1, LR1d1, and LR1d2), GLRaV-2 (LR2 and LR2d), GLRaV-3 (LR3 and LR3d), and GLRaV-8 (LR8).
The conserved SNRGD sequence is highlighted in gray.

TABLE 3. Percentage of amino acid similarity between heat shock protein 70
(HSP 70), capsid protein (CP), and diverged duplicate capsid protein (dCP)
encoded by Grapevine leafroll-associated virus-5 (GLRaV-5) and homo-
logues encoded by other closterovirusesa

Virus HSP 70 CP dCP

GLRaV-1 (AU) 33 32 NS
GLRaV-1 (U.S.) 35 NA NA
GLRaV-2 29 33 NS
GLRaV-3 32 37 NS
GLRaV-4 90 NA 70
Little cherry virus 26 NS NS
Beet yellow stunt virus 30 21 NS
Citrus tristeza virus 27 NS NS

a Amino acid sequence similarity was obtained from pairwise comparisons
using the BLAST 2 sequences program (34). GLRaV-1 from Austria and
the United States depostited in Genbank as Accession Nos. AF195822 and
AF233935, respectively. NA = sequence not available; NS = no significant
identity. The partial sequences, 216 and 126 aa from the GLRaV-4 HSP 70
(AF039553) and a gene of unknown function (AF030168), respectively
were available for this study.
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tracts of plants uninfected (lane 9) or singly infected with GLRaV-
1 (Fig. 5, lane 10), GLRaV-2 and -3 (data not shown), GLRaV-4
(Fig. 5, lane 11), or GLRaV-8 (data not shown). The LR5-5F and
LR5-5R primers were designed based on the sequences upstream
from the HSP 70 gene of a cDNA clone produced from the LR
102 virus source (J. Monis, unpublished data). This primer set
yielded a PCR product of approximately 600 nt from GLRaV-1,
-5, and -8 infected material, but no PCR products from extracts of
plants uninfected or infected with GLRaV-2, -3, -4, or -6 (Fig. 5,
lanes 2 and 6) (data not shown). The GSP1 and GSP9 primers
(nt 356 to 379 and 557 to 579, respectively) were designed based
on the GLRaV-5 HSP 70 homologue protein gene (ORF A) se-
quence and yielded a product of 200 nt in grapevine material
infected with both GLRaV-1 and -5 (Fig. 5, lanes 3 and 7) (data
not shown). Further sequence analyses revealed that the GSP9
primer had a 2-bp mismatch at 5′ end. The GSP3 and GSP4
primers were designed based on the GLRaV-1 HSP 70 homologue
protein gene sequence and yielded a product of 150 nt in GLRaV-
1 infected material (Fig. 5, lane 8), but yielded no PCR products
from extracts of plants uninfected (data not shown) or infected
with GLRaV-5 (Fig. 5, lane 4), -2, -3, or -4 (data not shown).

DISCUSSION

The work reported here has extended our knowledge on the
molecular characterization of an additional grapevine-infecting
closterovirus, GLRaV-5. The in vitro expression of ORF C from
this virus for the production of antiserum against the expressed
protein has yielded information demonstrating that this protein is
the bonafide capsid protein. The calculated molecular mass of
29 kDa deduced from the aa sequence of the capsid protein is
smaller than the 36 kDa estimated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). It is not known
if this discrepancy is due to a posttranslational modification or an
artifact of SDS-PAGE analyses. Similar discrepancies have been
reported for the cloned ORF coding for the GLRaV-3 capsid
protein (22).

An important aspect of the characterization of GLRaV-5 is the
development of new tools for the detection of this virus. Although
a MAb against the GLRaV-5 capsid protein has been produced
(14) and a PAb is commercially available, these reagents have

relatively low titers (Fig. 4C and D). The polyclonal antiserum
against the recombinant GLRaV-5 capsid protein reported in this
study had a stronger reactivity to GLRaV-5 in immunoblots com-
pared with other serological reagents available (Fig. 4). This new
antiserum will allow the development of enzyme-linked immuno-
sorbent assays for the quick and reliable detection of GLRaV-5.
Furthermore, the availability of cDNA clones and specific PCR
primer sets provide the grapevine industry with a new tool for the
sensitive detection of GLRaV-1 and -5 (Fig. 5) (data not shown).

The sequence analyses of GLRaV-5 specific clones has shown
sequence identity to other members of the closterovirus group.
Our sequence comparisons revealed that GLRaV-5 has a closer
identity with GLRaV-1, -3, and -4 than with GLRaV-2, BYSV,
and CTV. Interestingly, a recent phylogenetic analysis shows the
216 N-terminal fragment of GLRaV-1, -3, -4, and -5 HSP 70
homologue genes cluster in the same lineage of mealybug-trans-
mitted closteroviruses (16).

Fig. 5. Ethidium bromide-stained agarose gel showing the detection of
Grapevine leafroll-associated virus-1 (GLRaV-1) and GLRaV-5 in diseased
grapevines by the polymerase chain reaction (PCR). Primer sets used:
LR51F/1R (lanes 1 and 5), LR52F/2R (lanes 2 and 6), GSP 1/9 (lanes 3 and
7), and GSP 3/4 (lanes 4 and 8). RNA was extracted from virus preparations
or tissue of the LR 100 (LR100) and LR 102 (LR102) virus sources. The
negative controls were conducted with LR5 1F and LR5 1R primers with
RNA isolated from uninfected grapevine tissue (lane 9), GLRaV-1 infected
grapevine tissue (lane 10), and GLRaV-4 infected grapevine tissue (lane 11).
The approximate sizes of the PCR products are shown on the left.

Fig. 4. A, Western blot analyses of viral and protein extracts with monoclonal antibodies (MAbs) (25): lanes 1 and 2, two different preparations of recombinant
Grapevine leafroll-associated virus-5 (GLRaV-5) coat protein (rec GLRaV-5 CP); lane 3, extract from healthy grapevine source (Vitis riparia cv. Gloire,
commonly known as cv. Riparia Gloire); and lane 4, LR 100 virus source infected with GLRaV-5. B, Western blot analyses of protein extracts from different
virus sources using polyclonal antiserum produced with recombinant GLRaV-5 coat protein (rec GLRaV-5 CP polyclonal antibody): lanes 1 and 2, LR 100 and
LR 102 virus source infected with GLRaV-5; lane 3, LR 109 virus source infected with GLRaV-2 and -3; and lane 4, FC/2 virus source infected with GLRaV-1.
C, Western blot analyses of protein extracts from different virus sources using GLRaV-5 polyclonal antiserum (GLRaV-5 polyclonal antibody): lane 1,
uninfected grape material, and lane 2, LR 100 virus source infected with GLRaV-5. D, Western blot analyses of protein extracts from different virus sources
using MAbs against GLRaV-5 capsid protein (14): lane 1, uninfected grape material; lanes 2 and 3, LR 102 and LR 100 virus sources infected with GLRaV-5;
lane 4, rec GLRaV-5 CP preparation. Lanes from all panels represent polyacrylamide gels loaded with the same virus or protein preparations (e.g., LR 100
extracts: A, lane 4; B, lane 1; C, lane 2; and D, lane 3) and equivalent protein concentration.
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When comparing the HSP 70 homologue and capsid protein aa
sequences, the least similarity was found with LChV, a closterovi-
rus reported to have a large molecular weight capsid protein and
to be mealybug-transmitted (15). Different research groups (6,30,
31,33) have demonstrated mealybug transmission of GLRaV-1
and -3, but no information is presently available on the insect
transmissibility of GLRaV-5.

A high degree of similarity between the sequences of a GLRaV-4
protein with unknown function (10) and the GLRaV-5 diverged
duplicate capsid protein was found. Also, a close relationship of
the partial nt and deduced aa sequence of GLRaV-4 and GLRaV-5
HSP 70 homologue was detected. In a separate report, we deter-
mined the presence of common epitopes in GLRaV-4, -5, and -8
(25). Although the available information suggests that GLRaV-4
and -5 are closely related, more studies will be needed to accu-
rately determine the relationship of these viruses.

Our phylogenetic studies showed that GLRaV-5 HSP 70, capsid
protein, and duplicate capsid protein genes clustered in the same
lineage with the respective GLRaV-1 and GLRaV-3 homologous
genes (data not shown). A discrepancy was found when the partial
HSP 70 aa sequences of GLRaV-4 and -5 were compared with the
complete HSP 70 aa sequences of GLRaV-1, -2, -3, and -5. The
unexpected results and unreliable phylogenetic trees could be
caused by errors in the initial aa sequence alignment and have
been recently discussed by Karasev (16).

In this study we have shown that the order of GLRaV-5 capsid
protein and diverged duplicate capsid protein is similar to that
reported for GLRaV-1 (11) and GLRaV-3 (21). Based on the in-
formation available on the genome organization of GLRaV-3,
Karasev (16) proposed a modification of the current Closteroviri-
dae classification, adding a new genus (Vinivirus) comprising the
mealybug-transmitted closteroviruses with GLRaV-3 as the type
representative. The molecular information available to date sug-
gests the inclusion of GLRaV-5 in the proposed genus. Additional
molecular and epidemiological research will further our under-
standing on the insect transmission, genome organization, and
sequence relatedness of the members of this complex group of
GLRaVs of the genus Closterovirus.
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