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Abstract Intensive surveys were conducted in the main
viticultural areas of Turkey in 2009-2010. Two hundred
eighty nine symptomatic and 20 non-symptomatic plant
samples were collected and subjected to nucleic acid
extraction followed by PCR, nested PCR and RFLP
analyses to detect phytoplasma presence and for their
identification. The incidence rate of phytoplasma infec-
tion was 18.33% and the majority of the symptomatic
grapevines were infected with grapevine yellows
phytoplasmas belonging to 16SrXII-A subgroup (“bois
noir”). Phytoplasmas of 16SrV group, aster yellows
(16SrI-B) and pigeon pea witches’ broom (16SrIX)
groups were also detected in the surveyed vineyards.
Phytoplasma-associated infections were present more
on wine grapevine cultivars (73.6%), such as
Alphonse Lavallée, Alicante Bouschet, Chardonnay,
Shiraz, Cabernet Sauvignon, Merlot, Sauvignon Blanc

and Pinot Noir, compared to table grapes (26.4%), such
as Bogazkere, Sirfani, Tahannebi and Emir.
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Introduction

Turkey is located in the subtropic climatic region of the
world and its Northeastern part, the Anatolian peninsula,
located between Black sea and Caspian sea regions,
includes the location fromwhich many important grape-
vine varieties originate. In Turkey, grapevine cultivation
is present since more than 6000 years, and there is very
rich potential of both wild (Vitis vinifera ssp. sylvestris)
and cultivated grapevine (Vitis vinifera ssp. sativa)
germplasms. According to FAO data, Turkey has
540,000 ha of grapevine cultivated area, ranking fourth
after Spain, France and Italy, and a grapevine production
of 3,923 million tons, ranking sixth after Italy, France,
China, USA and Spain (Celik et al. 2010). Viticulture
provides 24.8% of the total yearly fruit production and
comes after field crops, fruit and vegetable production
(Tuik 2008). The main viticultural region is the Aegean
Region with 151,401 ha of vineyard area, that is the
31% of the grapevine cultivated area of the country,
followed by Mediterranean, Central Anatolia, Eastern
Anatolia, and Marmara regions. Manisa province is the
leader in viticulture with 68,751 ha of vineyards and
1,075,013 tons of grapevine production and it is follow-
ed by Denizli and İzmir (Tuik 2008). Wide spectrum of
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wine and local table grapevine varieties are grown in
Turkey such as Cabernet Sauvignon, Merlot, Syrah,
Malbec, Cabernet Franc, Pinot noir, Chardonnay,
Kalecik Karası, Öküzgözü, Boğazkere, Çal Karası,
Bornova Misketi, Çavuş, Sultani Seedless, and Besni.

Grapevine is worldwide infected by several patho-
gens including phytoplasmas that are insect transmitted,
wall-less, phloem-limited bacteria of the class
Mollicutes. They can cause devastating losses in crops
and natural ecosystems worldwide (Weintraub and
Jones 2010). They have extreme genome reductions,
compared to their Gram-positive bacteria relatives, and
are identified according to the 16S ribosomal DNA
sequence (Lee et al. 1998; Seemüller et al. 1998).
Phytoplasmas are transmitted by phloem feeding hemip-
teran insects mainly leafhoppers (Weintraub and
Beandland 2006; Maixner 2011).

Worldwide several phytoplasmas, were associated
with diseases of grapevine such as, aster yellows (group
16SrI), elm yellows (group 16SrV) and “stolbur” (sub-
group 16SrXII-A), together with phytoplasmas belong-
ing to 16SrII, 16SrIII, 16SrVII, and 16SrX groups
(Angelini 2010; Constable 2010; Duduk et al. 2010).
“Bois noir” (BN) and “flavescence dorée” (FD) together
with Australian grapevine yellows and North American
grapevine yellows phytoplasmas are known as grape-
vine yellows phytoplasmas (GY diseases). Similar
symptoms are associated with these diseases including
severe redness of the leaves of red varieties and irregular
yellowing of the leaves of white varieties, with inward
curling of leaves, lack of lignification, and shriveling of
berries followed by early drying of whole cluster on
infected plants (Kuzmanovic et al. 2008; Martini et al.
1999; 2002; Weintraub and Jones 2010). These symp-
toms cause significant reduction in yields in many
European countries (Angelini et al. 2001) and in
Turkey neighboring countries such as Iran, Bulgaria
and Syria (Avramov et al. 2008; Karimi et al. 2009;
Angelini 2010). “Bois noir” phytoplasma, ‘Candidatus
Phytoplasma solani’ (Quaglino et al. 2013), belongs to
16SrXII-A subgroup and is transmitted by Hyalesthes
obsoletus Signoret (Cixiidae), a polyphagous
planthopper which seldomly and erratically feeds on
grapevine and also by Reptalus panzeri (Low)
(Maixner 1994; Sforza et al. 1998; Alma et al. 2002;
Sabaté et al. 2007; Cvrković et al. 2014). “Flavescence
dorée” phytoplasma which belongs to 16SrV-C and -D
subgroups, is transmitted by the leafhopper Scaphoideus
titanus Ball, a monophagous insect, feeding on

grapevine (Schvester et al. 1961; Lessio and Alma
2004). This phytoplasma is a quarantine pathogen in
Europe while the “stolbur” phytoplasma is a quarantine
pathogen only for potato in both Europe and Turkey
(Gthb 2012; Weintraub and Jones 2010).

Recently, severe redness and inward curling of the
leaves were observed in wine vineyards in Turkey,
therefore intensive surveys were conducted in the main
viticultural production areas to verify phytoplasma pres-
ence and identity. This is the first report about the
presence and distribution of grapevine phytoplasma in-
fections in Turkey.

Materials and Methods

Phytoplasma survey

Periodical surveys were conducted in main viticultural
areas located in Thrace (Edirne, Kirklareli, Tekirdag),
Aegean region (Izmir, Manisa and Denizli), Central
Anatolia (Ankara, Nevsehir) and Eastern Anatolia re-
gion (Elazig, Malatya, Diyarbakir and Mardin) of
Anatolian Peninsula from July-September in 2009-
2010. Leaf and young shoot samples were collected
from 289 symptomatic and 20 non-symptomatic plants.
Surveyed area is shown in Fig. 1.

Nucleic acid extraction

Nucleic acids were extracted from 1 g of grapevine leaf
ribs, using a chloroform/phenol protocol described in
Prince et al. (1993), suspended in 50-100 μl of TE
buffer (10 mM Tris-HCl and 1 mM EDTA, pH 8.0)
and stored at -20°C until they were processed. DNA’s
of non-symptomatic plants were used as negative
control.

PCR and nested PCR assays

Direct PCR assays with ribosomal P1/P7 universal
primer pair (Deng and Huruki 1991; Schneider
et al . 1995), followed by nested-PCR with
R16F2n/R2 (Gundersen and Lee 1996 or M1/B6
(Duduk et al. 2004) were carried out. R16F2n/R2
amplicons were used as templates in a second nested
PCR with R16(I)F1/R1, R16(V)F1/R1 (Lee et al.
1994) and M1/M2 (16R758f/16S1232r) primer pairs
(Gibbs et al. 1995).
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PCRmixture for direct PCR assays in a final volume of
25 μl was as follows: 2.5 μl 10 X PCR buffer, 250 μM
dNTP mix, 0.3 μM each primers, 20 ng target DNA, 2 U
Taq DNA polymerase (Promega, Madison, USA).
Nucleic acid concentration was determined by Nanodrop
2000 (Thermo Scientific) and 20-60 ng of DNAwere used
per reaction. PCR products were subjected to 1.5% aga-
rose gel electrophoresis; the gels were stained with
ethidium bromide (1 mgml-1) and visualised by bioimage
analysing system of Syngene (Cambridge, UK).

PCR mixture for nested PCR assays was the same
described above and 1 μl of 1:30 dilutions of direct or
nested PCR ampliconswas used as template. PCR cycling
for direct and nested PCR assays were the same and were
applied for 35 cycles as: 1 min (2 min for the first cycle)
denaturation step at 94°C, 2 min for annealing at 55°C,
3 min at 72°C for primer extension (10 min for the last
cycle). Positive controls were DNAs extracted from per-
iwinkle infected with elm yellows (16SrV-A subgroup),
“stolbur” (16SrXII-A) and pear decline (PD) (16SrX-C)
phytoplasmas. DNAs of non-symptomatic plants and
sterile distilled water were used as negative controls.

RFLP analyses

Preliminary identification of the detected phytoplasmas
was achieved by RFLP analysis of R16(I)F1/R1,M1/B6
and M1/M2 amplicons with restriction endonucleases
Tru1I and TaqI, (Fermentas, Vilnius, Lithuania). Results
of the reaction were visualised by agarose 5% or

polyacrylamide 6.7% gel electrophoresis, then the gels
were stained and visualized as described above.

Sequencing of 16S rDNA

Selected amplicons obtained with R16(I)F1/R1, M1/B6
and M1/M2 primers were subjected to direct sequenc-
ing. The sequences were assembled, using Sequencher
4.1 software, compared with selected nucleotide se-
quences in the GenBank database, using BLAST (ver-
sion BLASTN 2.2.18) (National Center for
Biotechnology Information, Bethesda, MD). Sequence
alignments were performed, using ClustalX and BioEdit
(Hall 1999; Thompson et al. 1997).

Results

Survey results

During the surveys, 159 and 130 symptomatic grape-
vine samples were collected in the main viticultural
areas of Turkey in 2009 and 2010, respectively. Main
symptoms observed were severe redness and inward
curling of the mature leaves (Fig. 2). Other typical
yellows symptoms such as leaf yellowing and triangle
shaped, were not detected. Symptoms were usually
present on the old mature leaves, occasionally, in some
grapevine varieties, the whole canopy was completely
red. The redness of the leaves was more severe on wine

Fig. 1 The surveyed grapevine growing areas in Turkey
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grapevine varieties comparing to table grapevines.
Phytoplasma-associated symptomatology was present
in most of the surveyed provinces, especially in almost
all vineyards located in Marmara and Aegean Regions.
There were no phytoplasma symptoms in the vineyards

located in Diyarbakır and Mardin except in the germ-
plasm collection vineyard of Dicle University
(Diyarbakir). Phytoplasma-associated symptoms were
detected in the local table-grapevine varieties Trakya
İlkeren (Ankara), Bogazkere (Manisa), Şirfani

Fig. 2 Typical symptoms of grapevine yellows: reddening of leaves and shriveling of berries in cv. Merlot

A B

M 1   2    3    4    5    6   7

Fig. 3 In A: restriction profiles of BN infected samples after Tru1I
enzyme restriction analyses after second nested-PCR amplification
with M1/M2 primer pair on the nested amplicons obtained with
R16F2n/R2 primer pair. K1, K2 and K6: Kırklareli samples; I4:
Izmir sample; Ç11, Ç22 and Ç23: Çanakkale samples, PD: pear

decline; in B reference phytoplasmas: 1 and 4 “stolbur” from
pepper (STOL, 16SrXII-A); 2, grapevine BN (16SrXII-A), 3 and
7, pear decline (PD, 16SrX-C); 5 and 6, aster yellows (16SrI-B);
M: ØX174 DNA marker
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(Elazığ), Tahannebi (Malatya), Emir (Nevşehir), and in
grapevine cultivars for wine production Alphonse

Lavallée (İzmir), Alicante Bouschet (İzmir, Manisa,
Tekirdağ), Chardonnay (Manisa), Shiraz (Manisa,

Table 1 Distribution of the phytoplasmas detected in theTurkey viticultural areas

Province Grapevine cultivar Positive/analyzed Phytoplasma group GeneBank Accession No.

Ankara Unknow 1/1 16SrXII-A KJ810648

Trakya İlk Eren 1/1 16SrXII-A KJ810649

Others 0/9

İzmir Alphonse Lavallée 5/7 16SrXII-A KJ810633

Alicante 1/1 16SrXII-A

Others 0/13

Manisa Chardonnay 1/3 16SrXII-A

Alicante 2/6 16SrXII-A

1/6 16SrIX HQ714331

Boğazkere 1/1 16SrXII-A

Syrah 1/9 16SrXII-A

Others 0/19

Kırklareli Cabernet Sauvignon 3/5 16SrXII-A KJ810634

1/5 16SrI-B

Merlot 6/7 16SrXII-A KJ810635 and KP015027

Malbec 1/5 16SrV

Elazığ Unknown 5/10 16SrXII-A KJ810636; KJ810637;
KJ810638; KJ810639;
KJ810640

Şırfani 1/1 16SrXII-A KJ810641

Others 0/8

Diyarbakır Unknown 3/10 16SrXII-A

Others 0/18

Malatya Tahannebi 2/4 16SrXII-A

Nevşehir Chardonnay 1/7 16SrXII-A

Emir 1/1 16SrXII-A KJ810642

Sauvignon blanc 1/1 16SrXII-A KJ810643

Others 0/14

Çanakkale Syrah 1/1 16SrXII-A KP015028

Syrah 1/1 16SrV

Others 0/14

Tekirdağ Pinot Noir 3/4 16SrXII-A KJ810644; KJ810645;
KJ810647

Papaz karası 1/1 16SrXII-A

Gamay 1/1 16SrXII-A KJ810646

Alicante 2/2 16SrXII-A

Çıtlık 1/1 16SrXII-A

Others 0/17

Edirne Cabernet Sauvignon 2/2 16SrXII-A

Merlot 1/1 16SrXII-A

Syrah 1/1 16SrXII-A

Others 0/5
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Çanakkale), Cabernet Sauvignon (K ırklareli,
Çanakkale), Merlot (Kırklareli), Sauvignon Blanc
(Nevşehir), and Pinot Noir (Tekirdağ).

Phytoplasma identification

After double nested-PCR assays with primers M1/M2,
53 out of the 289 grapevine sample tested were detected
as phytoplasma-infected. The detection rate of
phytoplasma-infected plant samples was 18.33% (53/
289); in 49 samples ‘Ca. P. solani’, was identified ac-
cording to the restriction profiles indicating the presence
of phytoplasmas belonging to 16SrXII-A, (Fig. 3).
Positive samples were also amplified in second nested
PCR assays with primers R16(V)F1/R1 and R16(I)F1/
R1. In two samples, phytoplasmas belonging to 16SrV
group were detected (data not shown), while all other
samples were amplified with R16(I)F1/R1 primers and
after RFLP analyses, 16SrI-B and 16SrXII-A
phytoplasmas were detected respectively in 1 and 49
samples (data not shown). One sample showing a profile
not referable to any one reported in literature was sub-
jected to sequencing and the 1,063 bp sequence (acces-
sion number HQ714331), showed 99% homology with
phytoplasmas belonging to group 16SrIX. M1/M2
(about 440 nt) amplicons of the BN strains showed
100% homology with sequences of phytoplasmas be-
longing to the same group present in the NCBI
Genebank (accession numbers KJ810633-KJ810649,
Table 1). Sequence analyses of two samples (K11
KP015027 and C24 KP015028, Table 1) amplified with
M1/B6 primers (843 and 845 nt respectively) showed
99% homology with ‘Ca. P. solani’-related strains,
while the RFLP analyses with TaqI showed the presence
of an extra band of 700 bp in strain K11 that was not
referable to other reported phytoplasmas (Fig. 4) nor
retrivable by in silico RFLP. Considering the consistent
presence of this band in all the repetitions of PCR/RFLP
analyses on this sample its presence could indicate a
mixed phytoplasma infection with not identified strains.

The incidence of grapevine phytoplasmas in Turkish
vineyards was low and the predominant phytoplasma,
infection was associated to the presence of “bois noir”
phytoplasma as shown in Table 1. The phytoplasma was
present mostly in grapevine varieties for wine produc-
tion of imported origin such as Alphonse Lavallée
(Izmir), Chardonnay (Manisa, Nevsehir), Alicante
Bouchet (Manisa, Tekirdag), Shiraz (Manisa),
Cabernet Sauvignon (Kirklareli, Canakkale),

Sauvignon Blanc (Nevsehir), Merlot and Malbec
(Kirklareli) and Pinot Noir (Tekirdag). The infection
was also detected in a small number of samples in local
varieties: Bogazkere (Manisa), Tahannebi (Malatya),
Emir (Nevsehir), Papaz karasi and Gamay (Tekirdag).

Phytoplasmas belonging to group 16SrIXwere detect-
ed in one of the samples from Manisa and aster yellows
phytoplasmas were detected in one of the samples, from
Kırklareli, from symptomatic Cabernet Sauvignon grape-
vine. There was no difference in symptoms associated
with the detected phytoplasmas; no phytoplasma infec-
tion was detected in Denizli and Mardin regions.

Discussion

In recent years, epidemics of phytoplasma-associated
diseases of grapevine became one of the major problem
in Turkish viticulture. “Bois noir” phytoplasma was
detected in most of the symptomatic plants of this sur-
vey. Morevoer ‘Ca. P. asteris’ (aster yellows) and ‘Ca. P.
phoenicium’were found as unique infections and grape-
vine was detected as a new host species of the latter
phytoplasma within this research (Canik et al. 2011).
None of the identified phytoplasmas was epidemic in
the surveyed viticultural areas.

Aster yellows phytoplasma was detected in one of
the Cabernet Sauvignon cultivar samples. This phyto-
plasma was associated with an epidemic grapevine

Fig. 4 Profiles ofM1/B6 amplicons obtained after TaqI restriction
analyses. 1 and 2: grapevine samples K11 and G24; 3: elm
yellows, 4: “flavescence dorée” strain 16SrV-C; 5: “flavescence
dorée” strain 16SrV-D; 6: “bois noir”; M: ØX174 DNA marker
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yellow outbreak in South African vineyards, causing
serious damages ranging from lower yields to death of
grapevines, and Chardonnay was reported as the most
sensitive grapevine cultivar (Carstens et al. 2012).
Transmission of grapevine phytoplasmas occurs
through the use of phytoplasma infected propagation
material and by vector insects. The main phytoplasma
infections detected in the vineyards of Turkey were
associated with BN present in all surveyed regions
except in the provinces Denizli and Mardin. It was
detected from both wine grapevine and some local table
grapevine varieties. BN is considered an endemic dis-
ease vectored by H. obsoletus which is a polyphagous
insect and feeds on grapevine occasionally. BN phyto-
plasma is transmitted to grapevine from several wild
plant species which can host both insect and phytoplas-
ma, especially Urtica dioica (nettle) and Convolvulus
arvensis (bindweed) (Maixner 2011). The cixiid vector
is present in Turkey and it has been reported in the
potato fields in Erzurum plato (Güçlü and Özbek
1988), however it was very rarely present in the
inspected vineyards. Insect vectors were found as less
effective in dissemination of grapevine yellows
phytoplasmas in Turkey (Bayram et al. 2014) therefore
it has been thought that phytoplasma infection in grape-
vines occurred by infected plant material. The incidence
of symptomatic grapevines was higher in the vineyards
located in Thrace and Aegean region compared to
Central and Eastern Anatolia regions where local table
grapevine varieties are usually grown and there was no
introduction of new imported varieties. Although the
incidence rate of phytoplasma associated diseases was
low, it does not mean that they will not become epidem-
ic in the near future so, regulation and certification
procedures of grapevine material need to be improved.
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