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Phytoplasmas in Australian grapevines - detection, differentiation and associated diseases
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S umm a ry: Phytoplasmas associated with Australian grapevine yellows (AGY) symptoms were detected using the polymerase
chain reaction (PCR). To optimise the diagnostic, nested PCRs were compared with single PCRs using different primer pairs. Grapevine
DNA known to be AGY phytoplasma positive was serially diluted and subjected to nested and single round PCR tests to determine which
was the most sensitive. Samples taken over two growing seasons were used to determine the optimum sampling time for phytoplasma
detection. The specificity of primer pairs was determined using phytoplasmas detected in Australian grapevines and overseas reference
grapevine phytoplasmas. DNA extracted from grapevine exhibiting a range of symptoms was screened for phytoplasmas. Two different
phytoplasmas were amplified in the PCR and they were identified using specific PCR primers and by restriction fragment length polymorphism
(RFLP) analysis of the 168 rRNA gene and 16S rRNA/23S rRNA spacer region. RFLP analysis confirmed that one phytoplasma was the
AGY phytoplasma and the other phytoplasma was indistinguishable from the tomato big bud (TBB) phytoplasma. The AGY phytoplasma
was associated with AGY symptoms but was occasionally detected in asymptomatic vines and those with late season leaf curl (LSLC) and
restricted growth (RG) symptoms. The TBB phytoplasma was detected in some vines with LSLC symptoms and very occasionally in vines
with AGY symptoms. A ‘variant’ of the AGY phytoplasma was also detected in vines showing typical AGY symptoms.
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Introduction Recent studies in Australia showed that, in addition to
AGY, disorders referred to as late season leaf curl (LSLC)
Australian grapevine yellows (AGY) is a disease of and restricted growth (RG) occur on grapevine and some
grapevines first reported in 1975 (MAGareY and WacHTEL  of the vines had a combination of these diseases (CoNsTa-
1983). A phytoplasma etiology was suspected (MAGAREY  BLE ef al. 1998). The aim of this study was to optimise the
and WacHTEL 1986) and confirmed more recently using  diagnostic for phytoplasmas in grapevines and to increase
molecular diagnostic techniques (Pabovan et al. 1995).  our understanding of the role of phytoplasmas in the grape-
The disease is characterised by yellowing, downward curl-  vine diseases AGY, LSLC and RG. In addition, attention
ing of leaves on stunted shoots that do not harden off but  was paid to vines showing combinations of these disorders
remain rubbery (MAGarRey and WAcHTEL 1985). Shoot tips  to provide more evidence that vines can express symptoms
die and bunches shrivel and fall (Macarey and WacHTEL ~ of more than one disorder at the same time. These vines
1986). The disease appears most often in Chardonnay and  were screened for phytoplasmas to increase our under-
Riesling, but has also been reported in other cultivars. The  standing of the diversity of phytoplasmas infecting Aus-
disease is now present in nearly every viticultural district  tralian grapevines.
of Australia (MaGarey and WacHTEL 1986).
AGY is similar to other grapevine yellows diseases and

a summary of these diseases occurring worldwide, and the Materials and Methods
identities of their associated phytoplasmas, is given in
Papovan et al. (1995). Based on 16S rRNA gene sequence Source of phytoplasmas: Grapevines without symptoms

data, Papovan et al. (1996) reported that the AGY phyto-  and those with symptoms of AGY, LSLC and RG were col-
plasma is unique but most closely related to the phytoplas-  lected from plantings at three vineyeards in the Sunraysia
mas associated with grapevine diseases in the stolbur group.  district; Karadoc in Victoria, Gol Gol in New South Wales,
Davis et al. (1997} also showed that while the AGY phyto- and Wenem in Victoria. The plantings were 4-5 years old
plasma was closely related to the European stolbur phyto-  Chardonnay on a variety of rootstocks (at Karadoc), on their
plasma, it was unique and represented a new taxon, “Can-  own roots {at Gol Gol), and on Ramsey and Schwarzmann
didatus Phytoplasma australiense”. LIEFTING et al. (1998)  {at Wemen). Chardonnay grapevines with symptoms of AGY
compared 168 rRNA gene and spacer region sequences and ~ were also collected from the Ovens Valley alpine region
proposed that, along with AGY, the phytoplasmas associat- of Victoria. Sweet potato with sweet potato little leaf
ed with Phormium yellow leaf (PYL) and papaya dieback (SPLL) disease was collected near Darwin, Northern Ter-
(PDB), should also be considered as “Candidatus Phyto-  ritory in 1991 and tomato with TBB disease was collected
plasma australiense”. near Adelaide, South Australia in 1992. Additional phyto-
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plasmas which have been grouped on the basis of their 168
ribosomal DNA restriction patterns and nucleotide se-
quence (SCHNEIDER et al. 1993; SEEMULLER et al. 1994)
were included as reference strains. The sources of
Moliére’s disease of cherry (MOL) from France, stolbur
of Lycopersicon esculentum (STOLF) from France, Amer-
ican aster yellows (AAY) from Florida and sunn hemp or
Crotalaria witches’ broom (SUNHP}) from Thailand are as
described previously (ScHNEIDER ef al. 1993). All refer-
ence phytoplasmas were transmitted to and maintained in
periwinkle.

Extraction of DN A : DNA was isolated from the
leaves, petioles and young stems of field-collected plants
and the reference strains using a phytoplasma enrichment
procedure (AHRENS and SEEMULLER 1992). The nucleic acid
pellet was resuspended in 50 pl TE buffer (10 mM Tris-
HC], 1 mM EDTA pH 8.0) and 3 pl of the sample was sub-
jected to ¢lectrophoresis in a 1 % agarose gel using
0.5 TBE as running buffer. Products in gels were stained
with ethidium bromide and then visualised by UV transil-
lumination. The quality and quantity of the DNA was esti-
mated from the gel and the nucleic acid was used as a tem-
plate for PCR either undiluted or after 1/10 dilution.

Polymerase chain reaction (PCR)to
detect phytoplasmas: For PCR, cach reaction
contained 0.2 mM of each dNTP, 0.4 mM of each primer,
1 DNA polymerase buffer supplied with the enzyme and
0.2 U thermostable DNA polymerase (Advanced Biotech-
nologies Ltd, Surrey, U.K.). For first round or single PCR,
1 ml of undiluted or 1/10 diluted nucleic acid sample was
added to the PCR cocktail mix. For nested PCR, 1 ml of
the first round reaction mix was added to the PCR cocktail
mix containing the second primer pair. The total reaction
volume was 50 ml in a Corbett FTS-320 thermocycler (Cor-
bett Research, Mortlake, NSW, Australia). For first round
nested PCR with primer pair P1/P7, a manual hot start PCR
at 92 °C for one minute was followed by 35 cycles of de-
naturation at 94 °C for 1 min, annealing at 55 °C for 1 min
and extension at 72 °C for 1.5 min. PCR conditions for
second round nested PCR with primer pairs R16F2/m23sr,
and PCR with primer pair fStol/rStol were the same ex-
cept that the annealing temperature was 58 °C. Similarly,
PCR with primer pairs P1/AGY 2 and fStol/AGY 2 was the
same except that the annealing temperature was 53 °C .
After amplification, 5ul from each sample was subjected
to electrophoresis in a 1.0 % agarose gel and the DNA was
visualized by staining with ethidium bromide and UV illu-
mination. Total nucleic acid extracted from asymptomatic
plants were subjected to the PCR as a negative control and
in some experiments water controls were included, in
which no plant nucleic acid was added to the PCR reaction
mix.

PCR primers used to detect phytoplasmas in
grapevine are listed in Tab. 1. For the nested PCR, the primer
pair P1 and P7 were used, followed by the primer pair
R16F2 and m23sr. These primers are specific for a region
of the 165 rDNA gene in all known phytoplasmas. A single
PCR with the primers f/rStol was used to amplify a region
of the 165 rDNA gene of the European grapevine yellows
phytoplasmas. To develop a diagnostic assay that was spe-
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cific for AGY, the primer pair P1 and AGY 2 was used to
amplify a region of the 16S rRNA and 16S-238S spacer re-
gion (SR). This potentially AGY-specific test was com-
pared with another test using the primer pair fStol and AGY
2 which also amplified a region of the 165 rRNA and 168S-
238 SR. AGY 2 was designed as a result of comparisons of
the 168-23S SR sequences of the AGY phytoplasma with
sequences of other phytoplasmas (GiBs et al. 1998).

R FL P was used to differentiate phytoplasmas. 5 pl
of the PCR products amplified in the nested PCR were di-
gested using the restriction enzymes Aful, Rsal, Msel and
Hpall in the buffer supplied by the manufacturer (New
England Biolabs, Beverly, MA, USA). Digestions were in-
cubated overnight at 37 °C and the fragments were sepa-
rated by electrophoresis in an 8 % polyacrylamide gel in
1 TBE buffer and visualised by staining with ethidium bro-
mide and photographed on a UV transilluminator.

Optimising the diagnostic test: DNA
from two phytoplasma positive grapevine samples was
quantified using a DNA Mass Ladder (Life Technologics
Pty Ltd, Vic., Australia). To compare the sensitivity of the
diagnostic tests, the DNA was then diluted and subjected
to four different PCR tests using cither the nested prim-
ers, f/rStol, P1/AGY2 or fStol/AGY?2.

Optimising the sampling time for
phytoplasma detection: Twenty grapevines
growing in the commercial vineyard at Gol Gol were tagged
in October 1995 and samples were taken monthly from
October through May over two years. Most of the grape-
vines were chosen at random because it was too early to
observe symptoms of AGY disease. Some of the vines cho-
sen appeared slow in their new season’s growth. The shoot,
petiole and leaf samples were tested for phytoplasmas by
PCR using both the nested PCR with primers P1/P7 and
R16F2/m23sr, and single round PCR using primers fStol/
AGY2.

Phytoplasma diversity: To obtain more
information about the identity of the new phytoplasma in
Australian grapevine, PCR products amplified by the nest-
ed PCR were subjected to RFLP analysis using the restric-
tion enzymes, A/ul, Rsal and Msel. The new phytoplasma
was compared to AGY and representatives of most of the
major phytoplasma groups. During the course of this study,
grapevine samples showing AGY symptoms were collect-
ed from the Ovens Valley region in Victoria. Samples with
AGY symptoms which tested positive in the nested PCR,
were subjected to RFLP analysis using the restriction en-
zymes Alul, Hpall, Msel and Rsal.

Correlation between symptoms and
presence of phytoplasma: Seasonal field studies
and a recent report indicated that grapevines exhibited a
range of symptoms and often a single grapevine was ob-
served with more than one symptom. These observations
highlighted a need for tests that could be used to detect
and differentiate phytoplasmas in grapevine. At this stage,
specific phytoplasmas were not definitively linked to spe-
cific discases so as a first step towards understanding the
role of phytoplasmas, samples taken from vines with a range
of disorders were tested using both universal and AGY spe-
cific tests. Vines with different symptoms chosen on the
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Table 3

Grapevines with different symptoms were tested throughout 1995/96 and 1997/98 for phytoplasma.
The number positive by PCR and the type of phytoplasma detected were recorded

Symptoms Plants Positive AGY TBB AGY AGY Not
tested variant & TBB  known

AGY 223 131 (59 %) 94 5 6 1 25
LSLC 126 12 (10 %) 4 8

RG 203 11 (5 %) 9 2
AGY/RG 66 4061 %) 30 3 1 6
AGY/LSLC 35 9 (26 %) 4 4 1
AGY/RG/LSLC 11 5 (46 %) 3 2

RG/LSLC 28 1 (4 %) |

Asymptomatic 381 10 (3 %) 5 1 4

range of symptoms that may have been associated with, as
yet, unidentified phytoplasmas. When using the AGY spe-
cific tests the universai forward primer paired with the AGY
primer resulted in a PCR that was less sensitive than the
PCR using the forward stolbur specific primer and AGY
specific reverse primer. These sensitivity tests allowed us
to choose the best AGY phytoplasma specific test but also
indicated that the other primer combinations may be use-
fil in PCR tests aimed at differential detection of phyto-
plasmas, especially if more than one was detected by uni-
versal nested PCR in field collected vines.

During the course of this study there were problems
with PCR detection of phytoplasmas in grapevine. This prob-
lem had been noted in previous studies where we found
that grapevines sampled early in the season were phyto-
plasma negative, mid season they were positive and later in
the season they were again negative. These problems needed
to be addressed if we are to use PCR as a routine tool to
further our understanding of the association between the
AGY disease and the phytoplasma. To address the issue of
optimum sampling time for detection, the same set of
grapevines were sampled at different times throughout the
growing season and the ability to detect phytoplasmas was
determined. Results showed that there was an increase in
the number of phytoplasma positive grapevines reaching a
maximum early January to early February but detection fell
away dramatically after this. The different result for the
same vine between years is possibly a reflection of the
uneven distribution of the phytoplasma in the vine. Although
there is no information on phytoplasma distribution in a
grapevine with AGY symptoms, our experience is that sam-
ples must be taken from symptomatic areas of the vine,
and even then not all samples are phytoplasma positive.

This problem with detection changing with time ad-
versely affects epidemiology studies where it is necessary
to sample for phytoplasmas throughout a season so that
comparisons can be made between symptom development
and the association with phytoplasmas. It is not known
whether the increased ability to detect phytoplasmas in
January and February reflects the normal increase in phy-
toplasma titre associated with a previous season’s infec-
tion. Another explanation is that it may reflect an increase

in titre resulting from a recent inoculation event. Alterna-
tively, the phytoplasma titre may be constant at these times
and the increase in detection is due to an increasing effi-
ciency of the PCR test perhaps resulting from a reduction
in host inhibitors or an increase in the rate of circulation
of the phytoplasma in the phloem.

At the optimum sampling time in February 1996, there
was no clear benefit afforded by the nested PCR. To un-
derstand this process we need to increase our understand-
ing of phytoplasma titre and distribution in the host through-
out the growing season. We also need to determine wheth-
er DNA extracts do inhibit the PCR more at some times
than at other times. Although there is no clear benefit to
using nested PCR, we found on occasion, that the nested
PCR optimised our chances of detecting phytoplasma af-
ter the optimum sampling time had passed.

Grapevines with a range of symptoms which had been
shown to be phytoplasma positive using the nested univer-
sal PCR test, were subjected to further PCR testing using
the AGY phytoplasma specific test. Interestingly, not all
samples were positive using this"AGY phytoplasma spe-
cific test. The TBB phytoplasma control was not amplified
and vines with symptoms of LSLC, even though some of
these had symptoms of AGY, were negative. These results
indicated that vines with LSLC and known to be phytoplas-
ma positive, were not infected with the AGY phytoplasma.
In contrast, BonrigLioLl et al. (1995) reported an associa-
tion between LSLC (late AGY) and the AGY phytoplasma.
The vines with LSLC had symptoms over the entire vine
but AGY symptoms were localised on a few spurs only.
Efforts were made to take samples from both the AGY af-
fected area and from the rest of the vine. It is possible that
the titre of the AGY phytoplasma was very low in the AGY
symptomatic sample, and was below the detectable level
in the AGY phytoplasma specific tests. One plant with
symptoms of LSLC and AGY was positive in both the uni-
versal and AGY specific tests and one plant with symp-
toms of RG which was positive in the nested universal PCR
test, was negative in the AGY phytoplasma specific test.

A number of approaches were used to identify the phy-
toplasmas, known as GP-A, amplified in vines with LSLC
symptoms. One approach was to use different primer com-
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binations and include a range of reference phytoplasmas,
TBB, AGY, VK, and BN. As expected, the universal nested
PCR tests amplified all phytoplasmas. The stolbur specif-
ic primers amplified AGY, VK and BN but not TBB or GP-
A, indicating that GP-A was not a stolbur phytoplasma. The
AGY phytoplasma specific primers amplified AGY phyto-
plasma only, but not the other phytoplasmas. These results
reaffirmed that GP-A was different from the AGY phyto-
plasma. v

RFLP analysis of GP-A with a wide range of known
phytoplasmas used as references, showed that this phyto-
plasma was indistinguishable from the sunnhemp phyllody
phytoplasma from Thailand. This phytoplasma belongs to
the faba bean phyllody phytoplasma group (ScHNEIDER
et al. 1995) which includes the TBB phytoplasma (Giss
et al. 1996). ConstaBsLE et al. (1998) also reported detec-
tion of a tomato big bud (TBB) type phytoplasma in grape-
vine, often in association with LSLC symptoms and occa-
sionally with AGY symptoms, however there was no strong
asscciation between symptoms of LSLC and phytoplasma.
BonriGLIoLL et al. (1995) reported an association between
symptoms of LSLC (late AGY) and the AGY phytoplasma
but there was no report of the TBB phytoplasma in this
study.

Grapevine samples showing AGY symptoms were col-
lected from the Ovens Valley region in Victoria. Relative-
ly small isolated pockets of Chardonnay are grown in this
region which is elevated and experiences cooler tempera-
tures than Chardonnay grown in the Sunraysia district. RFLP
analysis showed that the phytoplasma associated with AGY
symptoms is closely related to but distinguishable from
the AGY phytoplasma, nor is it similar to any of the other
reference phytoplasmas used. Pabovan et al. (1996) com-
pared the AGY phytoplasma from Chardonnay and Ries-
ling vines collected from different regions in two Austral-
ian states but found no variation by RFLP analysis. This is
the first report of an “AGY variant” phytoplasma and se-
quence analysis will be required for further characterisa-
tion.

Although other workers have demonstrated a clear as-
sociation between the AGY phytoplasma and symptoms of
AGY (MAaGAREY and WACHTEL 1986; BoNFIGLIOLI et al.
1995; PapovaN et al. 1995, 1996; Davis et al. 1997; Con-
STABLE et al. 1998), there have been few studies that have
tested large numbers of grapevines with a range of symp-
toms and combinations of symptoms, especially LSLC and
RG. In this study, almost 700 symptomatic vines were tested
for phytoplasma, along with 381 asymptomatic vines. In-
terestingly, 3 % of asymptomatic vines were phytoplasma
positive, with the majority of those being the AGY phyto-
plasma and one the TBB type phytoplasma. There may be a
number of explanations for this result. Vines with detecta-
ble levels of phytoplasma can be asymptomatic or resist-
ant or alternatively these vines may have gone on to show
symptoms, i.e. in some cases phytoplasma may be detect-
able by the diagnostic test before symptoms appear. Symp-
toms of AGY do not generally involve the whole vine so it
is also possible that a small symptomatic spur was removed
and leaves near that area sampled for testing may not have
shown clear symptoms. This is an unlikely explanation for
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vines with symptoms of LSLC or RG where the whole vine
is usually affected.

Vines showing typical AGY symptoms showed a strong
association with phytoplasma, the vast majority of which
was the AGY phytoplasma. Some of the vines with symp-
toms of AGY were associated with the AGY “variant” phy-
toplasma but this was confined to vines from the Ovens
Valley region. Occasionally vines with symptoms of AGY
had the TBB type phytoplasma. It is possible that these vines
had levels of the AGY phytoplasma that were too low to be
detected. It is not known whether the TBB phytoplasma can
also cause AGY symptoms because this phytoplasma is
found so infrequently in vines with AGY symptoms, the
great majority of which have the AGY phytoplasma. It is
possible the TBB type phytoplasma is not associated with
any particular disease and may just be asymptomatic in the
vine.

Vines with both AGY and RG symptoms also showed a
streng association with the AGY phytoplasma and again,
the TBB type phytoplasma was detected infrequently in
these vines. A small number of vines with RG symptoms
(5 %) were phytoplasma positive and all of these were the
AGY phytoplasma. It is possible that these vines had symp-
toms of AGY which were overlocked. Taking inte account
the background 3 % of asymptomatic vines shown to be
phytoplasma positive, there is no strong evidence that RG
symptoms are caused by phytoplasmas. Only 4 % of vines
with both RSG and LSLC symptoms were phytoplasma
positive and the phytoplasma was TBB. In other studies,
RG symptoms have been associated with climatic and cul-
tural factors (WiLson 1995, 1997; Wison and HavEes 1996)
and although vines with RG symptoms have been tested for
phytoplasmas, there is also no strong evidence to suggest
that this disease is associated with phytoplasmas (BonFiG-
LioLl et al. 1995; PapovaN et al. 1995; CONSTABLE et al.
1998).

Few vines with LSLC symptoms only were phytoplas-
ma positive (10 %) however, of these, there appeared to be
more vines with the TBB phytoplasma than with the AGY
phytoplasma. It is possible that some of these vines had
localised AGY symptoms which were not observed during
sampling, or were removed during harvest. This would ac-
count for the occasional AGY phytoplasma but this amount-
ed to 3 % which is not strong evidence to support the view
that the AGY phytoplasma causes LSLC symptoms. This is
in contrast to the report by BonricLioL! et al. (1995) in
which 81 % of vines with LSLC symptoms, refererred to
as ‘late AGY’, had detectable levels of the AGY phytoplas-
ma. In this study the phytoplasma was assumed to be the
AGY phytoplasma but it may have been the TBB phyto-
plasma. Even so, 81 % is much higher than our 10 % and
on the basis of our results we conclude that there is no
strong evidence to suggest that LSLC symptoms are caused
by phytoplasma. This is supported by the low incidence of
phytoplasma in vines with both RG and LSLC symptoms.

There is no clear understanding of the relationship be-
tween the TBB type phytoplasma and diseases in grapevine
{ConsTaBLE et al. 1998). In this study, 26 % of vines with
symptoms of both AGY and LSLC were phytoplasma pos-
itive, half were TBB and half were the AGY phytoplasma.
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Of the 11 vines with symptoms of all three disorders, two
had TBB and three had the AGY phytoplasma. There is,
however, no overwhelming evidence to suggest that the TBB
phytoplasma is associated with any particular disease in
grapevine and it is quite possible that it is present at low
levels in grapevine but does not necessarily cause disease.
It would be important however, to monitor a cohort of vines
over a number of seasons to determine whether, in fact,
vines with the TBB phytoplasma, eventually do show symp-
toms of a disease. It is possible that infection with the TBB
phytoplasma does not cause disease for some time and so
any screening in one season will not necessarily reveal a
strong correlation between phytoplasma and disease.
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