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V
iruses, viroids, and phytoplasmas
were the subject of the 16th meet-
ing of the International Council for
the Study of Virus and Virus-Like

Diseases of the Grapevine (ICVG) held
in Dijon, France August 31–September
4, 2009. The ICVG meeting is held
every three years to promote collabora-
tion and interaction among grapevine
pathologists.
The 50th anniversary ICVGmeeting

will be held at UC Davis, California, in
2012.
There were 161 scientific presenta-

tions grouped into nine main sessions.

The reader is encouraged to visit
www.icvg.ch/archive.htm for more
detail.

Introductory keynote presentations
Giovanni Martelli presented an

overview of the progress in grapevine
virus research in the past three years.
Other keynote speakers included Dr.
Paul Gugerli, who presented the his-
torical compilation of Grapevine
leafroll associated virus (GLRaV-1-9)
antibodies produced in the last 25
years and Dr. Valerian Dolja, who
spoke about the evolution and gene
function of grapevine Closteroviridae,
the family that includes Grapevine
leafroll associated viruses (GLRaVs).

Detection — Plant material and
virus source
Scientists at the University of Cali-

fornia (UC) Davis andMississippi State
University independently announced

the discovery of a new Grapevine Syrah
virus-1 (GSyV-1) and Grapevine virus Q
(GVQ), respectively. Each virus was
isolated from different vines with dif-
ferent symptoms; GSyV-1 was charac-
terized from a Syrah vine expressing
Syrah decline, while GVQ was found
in asymptomatic wild Vitis rotundifolia.
Syrah decline (also known as Syrah

disorder in California) was first identi-
fied in California vineyards in 2004.
The symptoms include swollen graft
unions, cracking and pitting of the
wood, stem necrosis, leaf reddening
and scorching, vine decline, and death.
Although the symptoms described

for Syrah decline in France appear to
be similar, French and South African
scientists visiting affected Californian
vineyards reported that the disease
symptoms in their countries were dif-
ferent. Because there was a low corre-
lation (19%) between the detection of
GSyV-1 and Syrah decline symptoms,
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Two field visits were organized to learn about local disease problems, planting selections, and disease prevention. The delegates visited vine-
yards in Côtes de Beaune, Hautes Côtes de Nuits, Davayé (Mâconnais), and the Jura region (Château Chalon). Typical Burgundy vineyards (Macon)
with the “court noue” patchy yellowing caused by the infection of Arabis mosaic virus and Grapevine fanleaf virus. (Photo by Judit Monis)
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the etiology of the disease remains
unknown.
The study at the UC Davis lab

detected GSyV-1 in leafhoppers col-
lected from vines infectedwith GSyV-1,
supporting the possibility of leafhop-
per transmission. The discovery of this
virus in asymptomatic wild grapevine
species has relevant implications for
the sanitary status of rootstocks used
in viticulture, because rootstocks do
not express specific virus symptoms.
A study to validate sampling strate-

gies under Australian conditions
showed that viruses could be detected
from late spring into autumn in grape-
vines graft-inoculated with GLRaV-2,
GLRaV-3, and Grapevine fleck virus
(GFkV). The same study showed that
green petiole and shoot tissue can be
used reliably for detection of the above
viruses.

Fanleaf and other nematode-
transmitted viruses
Recent molecular data analyses of

Xiphinema index, which transmits
Grapevine fanleaf virus (GFLV), from
different geographical areas suggest a
common Middle Eastern origin of this

nematode. In contrast, the North
American Xiphinema nematodes and
their associated viruses — Cherry rasp
leaf virus, Peach rosette mosaic virus,
Tomato ringspot virus, and Tobacco
ringspot virus — appear to spread only
across the North American continent.
The high virus retention and long (at
least seven years) survival of infectious
nematodes in the absence of host
plants suggest that control measures
should focus on development of virus-
and nematode-resistant grapevines.
A study in Slovenia confirmed that

actively growing young shoot tissue,
as opposed to dormant vine tissue, is
the best material for GFLV testing. This
is because the virus resides in the
parenchyma and moves quickly to
younger portions of the vine during
the growing season.

Vineyard survey
Wild and native Vitis species were

shown to be reservoirs of viruses that
infect cultivated grapevines, and they
may play a significant role in virus epi-
demiology. Rupestris stem pitting associ-
ated virus (RSPaV), GLRaV-2, and
Grapevine virus B (GVB) were detected

in V. californica in the U.S. In Australia,
the glory vine (Vitis coignetiae) was
infected with RSPaV (Habili, unpub-
lished). In Iran, Grapevine virus A
(GVA) was the most prevalent virus
detected in wild and cultivated
grapevines, while GFkV, GLRaV-2, and
GLRaV-6 were found in wild vines.
In many countries, mixed infections

of GLRaV-3 with other GLRaV species
were frequently detected. A high inci-
dence of RSPaV was reported in culti-
vated grapevines and wild Vitis
species throughout the world.
One study highlighted the impor-

tance of vectors (which aid the trans-
mission of viruses) and the possible
influence of variety and rootstock in
virus incidence and distribution in two
areas in northern Spain — Rioja and
Galicia.
GFLV was more prevalent in Rioja

and distribution indicated the pres-
ence of its nematode vector. The inci-
dence of GLRaV-3 in Galicia was high
as a result of virus transmission by
mealybug vectors, while in Rioja,
where the mealybug vectors were not
present, no evidence of GLRaV-3 virus
transmission was observed for 20
years.
The presence of GLRaV-1 was vari-

able within each region, but has
decreased in the region of Ribeira
Sacra, even though vectors are present.
It was suggested that the introduction
of new varieties or rootstocks has
influenced this change in the preva-
lence of virus infection.
Mealybug nymphs of Heliococcus

spp. in northern Italy could acquire
three viruses — GLRaV-1, GLRaV-3,
and GVA — simultaneously, but they
could only transmit GLRaV-3 effi-
ciently. The citrus mealybug, Plano-
coccus citri, was reported as an addi-
tional vector for GLRaV-1.
Two previously unreported species

of soft scale insects (Coccus spp.) were
shown to transmit GLRaV-3. Because
soft scale insects are poorly adapted to
grapevines, scientists expect that they
will not play a significant role in virus
spread.

Phytoplasmas
The phytoplasma session included

11 oral presentations and 29 posters
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Figure-S: Milder symptoms caused by Grapevine leafroll associated virus -9 in Shiraz, Waite,
Australia. (Photo by Nuredin Habili)



2010

with most focusing on flavescence
dorée and stolbur (bois noir) phyto-
plasmas. For the first time, phytoplas-
mas have been reported from South
Africa. For further information please
refer to www.icvg.ch/archive.htm.

Molecular biology —
new technologies
To date, 60 viruses have been

detected in grapevines. However with
the advent of new molecular tech-
niques, many presently unknown
viruses can be discovered. High
throughput or deep sequencing tech-
nology has been used to identify
nucleotide sequences related to
unknown viruses in diseased vines.
This technology is possible because the
grapevine genome sequence is avail-
able.
The generated sequences from

healthy and infected vines are ana-
lyzed in a database for the presence of
potential pathogens. Using this tech-
nology, researchers at UC Davis
attempted to determine the casual
agent of Syrah decline, an economi-
cally important disease of unknown
etiology. The deep sequencing tech-
nique is powerful; however, due to
high cost, only two vines (one healthy
and one diseased) were analyzed in
this study.
A microarray detection strategy for

multi-parallel analysis of 44 viruses
developed in Chile promises to be
rapid and reliable, enabling detection
of many viruses. Grapevine virus
detection at UC Davis has been suc-
cessful utilizing a low density PCR
array (LDPA) based on TaqMan tech-
nology, which appears to be highly
sensitive and capable of detecting
more viruses in the same samples com-
pared to the RT-PCR assay.

Virus control and effects on grape
production and wine quality
A three-year field trial in the French

Champagne region was carried out to
determine the effect on virus resistance
of rootstocks expressing the coat pro-
tein of GFLV. Although the genetically
modified rootstock did not confer
resistance to GFLV infection, a delay in
symptom expression was observed in
transgenic vines compared to controls.

In recent years, the spread of
GLRaV-3 in South Africa, California,
and New Zealand has increased dra-
matically, with exponential growth in
some areas. This event resembles that
of the phylloxera outbreak in Europe
in the 1860s.
A study initiated in 2002 was

designed to evaluate methods of con-
trolling the spread of GLRaV-3 in
South African vineyards. The experi-
ment included virus-free tested vines
planted in land with no previous
grapevine planting history, sur-
rounded by GLRaV-3 infected vine-
yards. Several practices — including
removal of infected vines, insecticidal
treatment, and sanitary control of tools
and workers — led to a drastic reduc-
tion in disease incidence and spread. It
is expected that leafroll incidence will
further decrease following the removal
of old, infected vines growing upwind
from the trial vineyard.
The success of the project was due

to coordination among growers, heavy
reliance on insecticides, virus testing,
and vigilant rouging of infected vines.
Although the approach does not
appear to be sustainable, SouthAfrican
growers hope to implement an inte-

grated pest management strategy as
soon as the disease pressure is man-
ageable.
In South Africa insecticidal treat-

ments for mealybug vectors has been
an effective control strategy, but simi-
lar practices were not effective in New
Zealand, where beneficial insects were
destroyed by the insecticides.
A study in northern Spain using

micro-vinification of fruit collected
from GLRaV-3 and GFLV infected and
uninfected vines showed that the pres-
ence of viruses had a drastic effect on
both fruit set and wine quality. GFLV
infection caused reduced alcohol, tar-
taric acid, and anthocyanins; GLRaV-3
caused reduced alcohol content and
color intensity.
Another study indicates vine per-

formance (plant vigor, fruit quality,
and yield) was improved after elimina-
tion of GLRaV-1 and GLRaV-3. The
authors conclude that variation in
wine quality depends on the clone,
virus, environment, and viticultural
practices. More studies are needed to
understand the interactions between
viruses, vines, and wine quality.
Researchers in California studied

the effect on vine growth and fruit
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Figure-M: Severe symptoms caused by Grapevine leafroll associated virus -3 in Malbec CW14
LR3. (Photo by Nuredin Habili)
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quality of GLRaVs, GVB, GFkV, and
RSPaV in single and mixed infections.
The results showed a drastic reduction
of sugar in GLRaV-infected Cabernet
Sauvignon regardless of the rootstock
used. There was no difference in fruit
sugar content between healthy and
RSPaV-infected vines.
Foliar symptoms varied notably

when one of the multiple infection
treatments was grafted onto different
rootstocks. The authors hypothesize
variable tolerance to different viruses,
suggesting that GVB infection has
severe effects on certain rootstocks, in
particular Freedom.

Viruses of the leafroll complex
The taxonomic classification within

the Closteroviridae family is under
revision. Presently two genera within
the Closteroviridae family — Clostero-
virus and Ampelovirus — include
known leafroll viruses. A proposal to
the International Committee on Tax-
onomy of Viruses will be made to
change the status of GLRaV-4, -5, -6,
and -9 from virus species to strains of a
single virus. The proposal is based on
the molecular and serological similar-
ity of these viruses.
One virus, GLRaV-8, reported prior

to the grapevine genome characteriza-
tion, will be removed since its exis-
tence was based on serology and par-
tial sequences that share a high degree
of homology with the Vitis genome.
Another proposed option is to

divide the Ampelovirus genus into two
subgroups: A and B. Subgroup A
would include species (such as
GLRaV-1 and GLRaV-3) with larger
particles and a more complex genetic
organization, often associated with
more severe symptoms (see Figure-M),
while members of subgroup B would
include viruses with simpler genetic
structure such as GLRaV-4, -5, -6, and -9
(see Figure-S). Placement of GLRaV-7
(an assigned Closteroviridae), which is
distantly related to leafroll viruses, will
depend on the outcome of vector
transmission studies.

Strains of the same virus within a
subgroup can vary considerably. For
example, GLRaV-3 isolates from South
Africa differ from isolates from the
U.S. and Chile. Further, an Australian
mild isolate of GLRaV-3 in Crimson
seedless grapes, detected only by
ELISA, appears to have desirable phe-
notypic characters while a severe iso-
late in the same variety induces severe
symptoms and results in undesirable
berry characters.
GLRaV-2 is the only known mem-

ber of the Closterovirus genus that
infects grapevines. This virus consists
of a number of distinct strains associ-
ated with graft incompatibility. In
countries where grafting on rootstocks
is required to control phylloxera,
GLRaV-2 infection has become a chal-
lenge.
Sanitary selection programs should

aim to test and exclude this virus from
certified blocks. In a grafting trial
using GLRV-2 and -3 infected Cabernet
Sauvignon grafted to several root-
stocks, it appears that Paulsen 1103
and Rupestris St. George were most
tolerant, while Kober 5BB was the
most sensitive rootstock.

Rugose wood complex
Vitiviruses, including GVA, GVB,

Grapevine virus D (GVD), andGrapevine
virus E (GVE) are associated with
rugose wood complex. Studies
reported that GVA is transmitted by
mealybugs in association with Ampelo-
viruse GLRaV-1 and/or GLRaV-3.
Grapevine virus A was reported to be
associated with Shiraz disease
(described in Shiraz, Merlot, and
Gamay) in South Africa and Australia.
Shiraz disease (not to be confused

with Syrah decline) symptoms include
delayed bud break, smaller grape
bunches with few and poorly colored
berries, rubbery canes (poor lignifica-
tion), and premature death.
In South Africa, GVA and GLRaV-3

often appear together. Researchers sus-
pect that GLRaV-3 may be needed for
the natural spread of GVA in South

Africa. However, inAustralia GLRaV-3
has not been detected in vines display-
ing Shiraz disease.
Strains of RSPaV were associated

with two major grapevine diseases. An
association of 93% was observed
between RSPaV-1 and grapevine vein
necrosis; while 92% of vines displaying
rupestris stem pitting disease were
infected with RSPaV-3. Both RSPaV
and GVA have been detected in seeds
of three grapevine varieties tested.

Emerging diseases and
diseases of unknown cause
Studies in Iran confirmed the asso-

ciation of Grapevine yellow speckle viroid
1 and/or 2 with GFLV-induced yellow
vein banding symptoms.
Studies in France have been unable

to attribute Syrah decline symptoms to
any pathogen (known virus or viroid).
Syrah decline could potentially be
caused by a combination of various
pathogens, stress factors, and the
genetic makeup of the Syrah variety.
The association of viruses with

Shiraz disease in South Africa remains
unclear. Studies continue in that region
to determinewhich variants of GVAare
associated with Shiraz disease. Phyto-
plasmaswere not detected in Shiraz dis-
ease-affected material in South Africa.
It is expected that more grapevine
viruses will be characterized in the
future, and these will most likely be
discussed in future ICVG meetings. �

Fiona Constable, Nuredin Habili, and
Judit Monis can be contacted by e-mail:
fiona.constable@dpi.vic.gov.au; nuredin.
habili@adelaide.edu.au; and juditmonis@
eurofinsus.com, respectively.
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