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Abstract 
 
Symptoms of grapevine yellows diseases have been observed in some grapevine growing areas near to the cost in Syria. Symp-
toms are similar to those associated with phytoplasmas, know as yellows diseases. In order to verify the presence of phytoplasmas 
using molecular techniques, leaf samples were taken from symptomatic grapevine plants that were exhibiting leaf rolling and red 
coloration during September 2010. Total DNA was extracted from leaf midribs of these samples and tested by nested-PCR fol-
lowed by RFLP assays. Two phytoplasmas were identified in mixed infection: one related to stolbur (16SrXII) and the other tenta-
tively related to clover proliferation group (16SrVI). To our knowledge, this is the first detection and identification of phytoplas-
mas infecting grapevine in Syria. Further research about final classification of the phytoplasma identified in mixed infection and 
about their spreading and insect vector(s) in vineyards are in progress. 
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Introduction 
 
Grapevine production is of economic importance in 
many countries of the world including Syria, where it is 
a source of income and livelihood for a large number of 
Syrian farmers (Baghasa, 2006). In the recent years, 
Syria has kept its rank of 28th grape producing country 
in the world, accounting for 0.4% of total world pro-
duction (FAOSTAT, 2004). 

The grapevine is cultivated throughout Syria, al-
though the cultivated area of grape in Syria has de-
creased significantly since 1997 especially the in 
rained area due to climate changes such as, frost, tem-
perature rise and plant pests (Baghasa, 2006). Grape-
vine yellows (GY) are widespread diseases caused by 
different types of phytoplasma including ‘bois noir’ 
(BN). BN is a GY diseases associated with a stolbur 
phytoplasma which belongs to 16SrXII ribosomal 
group (Lee et al., 1998) and reported in Asia Minor, 
and in the Mediterranean and European countries 
(Maixner, 2006). 

Since the symptoms are very similar among the dif-
ferent grapevine yellows diseases, the molecular inves-
tigation is needed in order to determine which phyto-
plasmas are associated to these diseases. 
 
 
Materials and methods 
 
In September 2010, the grapevine leaves used in this 
study were taken from two fields near Latakia that lo-
cates on the Mediterranean in north-west of Syria, these 
leaves were sun-dried and leaf veins were isolated from 
samples and ground in liquid nitrogen to a fine powder 
in order to extract the total DNA according to a chloro-
form/phenol procedure (Prince et al., 1993). 

Phytoplasmas were screened by nested PCR using 
P1/P7 (Deng and Hiruki, 1991; Schneider et al., 1995) 
primer pair, followed by the primer pair 
R16mF1/R16mR2 (Gundersen and Lee, 1996). Final 
nested PCR was carried out with R16F2/R2 (Lee et al., 
1995). Template without nucleic acid was used as 
negative control. RFLP analyses was performed on the 
amplicons from first and second nested PCR reaction 
with TruI, HhaI, and AluI restriction endonucleases 
(Fermentas, Vilnius, Lithuania). After electrophoresis 
the restriction patterns obtained from these samples 
were compared with those of reference phytoplasma 
strains STOL (from pepper from Serbia, 16SrXII-A). 
Further nested PCR was carried out on P1/P7 ampli-
cons using B5/P7 (Padovan et al., 1995) followed by 
M1/V1731 (Martini et al., 1999) using as reference 
strain ULW (elm yellows from France, 16SrV-A). 
 
 
Results 
 
Nested PCR results with generic phytoplasma primers 
B5/P7 and R16F2/R2 provided positive results from all 
grapevines tested. RFLP analyses on R16F2/R2 ampli-
cons with TruI allow to identify phytoplasmas as 
stolbur or 16SrXII-A phytoplasmas (figure 1). A sec-
ond RFLP profile indicated the possible presence of 
16SrV, VI or VII phytoplasmas. Further analyses were 
carried out to identify the possible second phytoplasma 
detected in mixed infection. RFLP analyses with HhaI 
excluded the presence of 16SrVII group phytoplasmas 
(data not shown); while AluI suggested the presence of 
groups 16SrV or 16SrVI phytoplasmas. A nested PCR 
with 16SrV group specific primers provided negative 
results (figure 2) indicating the possible presence of 
16SrVI phytoplasmas. 

Phytoplasma diseases worldwide



 

 S218

                 
 
Figure 1. RFLP profiles of R16F2/R2 amplicons after 

TruI (left) and AluI (right) digest. Acronyms: Gr., 
grapevine samples; STOL, stolbur from pepper from 
Serbia (16SrXII-A); P, marker ΦX174 HaeIII digested. 

 
 

          
 
Figure 2. Nested PCR amplification with primers B5/P7 

(left) and M1/V1731 (right) on grapevine samples. 
The lack on amplification with M1/V1731 primers in-
dicates absence of 16SrV phytoplasmas. Acronyms: 
Gr., grapevine samples; ULW, elm yellows from EU 
(16SrV-A); M, marker 1kb DNA ladder. 

 
 
Discussion 
 
Stolbur phytoplasma is widespread in Europe in several 
different crops. BN disease associated with stolbur phy-
toplasmas has expanded geographically and increased in 
occurrence within the recent years (Maixner, 2006). 
There is no investigation up to now on the phytoplasma 
infections of grapevine in Syria, although phytoplasma 
infections have been reported in neighbouring countries 
to Syria (Boudon–Padieu, 2003, 2005). The finding of 
BN-associated phytoplasmas is in agreement with litera-
ture since it was reported in almost all grapevine growing 
areas worldwide.  

The presence of mixed infection with 16SrVI group 
phytoplasmas is to be confirmed. This phytoplasma group 
was reported in other crops such as sesame in region near 
to Syria (Sertkaya et al., 2007). In the future, surveys for 
the GY phytoplasmas will be carried out in a number of 
grapevine samples from different areas such as Damascus  
Rural, Homs, Hama, and Aleppo. In addition, further 

investigations in vineyards will verify BN incidence , as 
well as, both insect vector and alternative hosts, consider-
ing the wide host range for BN phytoplasmas. 
 
 
References 
 
BAGHASA H., 2006.- Commodities brief No 5. Table grape 

trade in Syria.- Project. GCP/SYR/006/ITA [online] From 
http://www.fao.com [accessed 19 April 2011]. 

BOUDON-PADIEU E., 2003.- The situation of grapevine yellows 
and current research directions: distribution, diversity, vec-
tors, diffusion and control.- Extended abstracts 14th meeting 
of the ICVG, Locorotondo (Bari), Italy: 47-53. 

BOUDON-PADIEU E., 2005.- Phytoplasmes de la vigne et vec-
teurs potentiels / Grapevine phytoplasmas and potential vec-
tors.- Bulletin O.I.V, 78: 299-320. 

DENG S., HIRUKI C., 1991.- Genetic relatedness between two 
nonculturable mycoplasmalike organisms revealed by nu-
cleic acid hybridization and polymerase chain reaction.- 
Phytopathology, 81: 1475–1479. 

FAOSTAT, 2004.- [online] From http://www.fao.org/catalog/ 
book_review/giii/x9091-e.htm [accessed 19 April 2011]. 

GUNDERSEN D. E., LEE I-M., 1996.- Ultrasensitive detection of 
phytoplasma by nested PCR assays using two universal 
primer pairs.- Phytopathologia mediterranea, 35: 144-151. 

LEE I-M., BERTACCINI A., VIBIO M., GUNDERSEN D. E., 
1995.- Detection of multiple phytoplasmas in perennial 
fruit trees with decline symptoms in Italy.- Phytopathol-
ogy, 85: 728-735. 

LEE I-M., GUNDERSEN-RINDAL D. E., DAVIS R. E., BAR-

TOSZYK I. M., 1998.- Revised classification scheme of phy-
toplasmas based on RFLP analyses of 16S rRNA and ribo-
somal protein gene sequences.- International Journal of Sys-
tematic and Evolutionary Microbiology, 48: 1153-1169. 

MAIXNER M., 2006.- Grapevine yellows – current developments 
and unsolved questions.- Extended abstracts 15th meeting of 
the ICVG, Stellenbosch, South Africa, 3-7 April: 223-224. 

MARTINI M., MURARI E., MORI N., BERTACCINI A., 1999.- 
Identification and epidemic distribution of two Flavescence 
dorèe-related phytoplasmas in Veneto (Italy).- Plant Dis-
ease, 83: 925–930. 

PADOVAN A. C., GIBB K. S., BERTACCINI A., VIBIO M., BON-
FIGLIOLI R. E., MAGAREY P. A., SEARS B. B., 1995.- Molecu-
lar detection of the Australian grapevine yellows phyto-
plasmas and comparison with grapevine yellows phytoplas-
mas from Italy.- Australian Journal of Grape Wine Re-
search, 1: 25-31. 

PRINCE J. P., DAVIS R. E., WOLF T. K., LEE I. M., MOGEN B. D., 
DALLY E. L., BERTACCINI A., CREDI R., BARBA M., 1993.- 
Molecular detection of diverse mycoplasmalike organisms 
(MLOs) associated with grapevine yellows and their classi-
fication with aster yellows, X-disease, and elm yellows 
MLOs.- Phytopathology, 83: 1130-1137. 

SCHNEIDER B., SEEMÜLLER E., SMART C. D., KIRKPATRICK B. 
C., 1995.- Phylogenetic classification of plant pathogenic 
mycoplasma-like organisms or phytoplasmas, pp. 369-380. 
In: Molecular and Diagnostic Procedures in Mycoplasmol-
ogy, Vol. I (RAZIN S., TULLY, J. G., Eds).- Academic Press, 
San Diego, CA, USA. 

SERTKAYA G., MARTINI M., MUSETTI R., OSLER R., 2007.- De-
tection and molecular characterization of phytoplasmas in-
fecting sesame and solanaceous crops in Turkey.- Bulletin of 
Insectology, 60(2): 141-142. 

 
Corresponding author: Ziad SOUFI (e-mail: 
ziadsoufiii@yahoo.com), Lehrstuhl pflanzenphyoilogie, 
Universität Bayreuth, Germany. 

P
 

 G
r.

1 
   

 G
r.

2 
   

 S
T

O
L

 

P
 

  G
r.

1 
   

 G
r.

2 
   




