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During surveys conducted in the most important viticultural regions, such as Absheron, Ganja and
Guba, the white varieties of grapevine (Vitis vinifera L.) dislpaying the yellowing and red varieties with
the leaf reddening and leaf rolling symptoms reminiscent phytoplasma infections were collected for
molecular analysis. Polymerase chain reaction assays using phytoplasma universal primer pair
R16F2/R16R1 followed by primer pair R16F2n/R16R2 in nested PCR confirmed the association of
phytoplasmas with symptomatic grapevines. Restriction fragment length polymorphism (RFLP)
analyses using Rsal, and Taql restriction enzymes indicated that grapevine phytoplasma isolates
detected in Azerbaijan are belonged to ‘Candidatus Phytoplasma solani’ strain (16SrXII group). To
verify the RFLP results, all of the positive samples were subjected to Stolbur group specific nested-
PCR test based on stamp gene amplification using the primer pairs Stamp-F/R0 and Stamp-F1/R1.
Amplification of non-ribosomal Stamp gene confirmed the results of RFLP analysis. This is the first
report of the ‘Candidatus Phytoplasma solani’ causing grapevine ‘Bois noir’ disease in Azerbaijan.
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INTRODUCTION

Grapevine phytoplasma diseases known with
the general name of “Grapevine yellows”
represent a collection of widespread diseases in
grapevine displaying similar symptoms that are
associated with molecularly distinguishable
phytoplasmas. The most important diseases in the
main viticultural areas of Europe and Mediter-
ranian countries are “Flavescence dorée” (FD) and
“Bois noir” (BN) (Bertaccini et al., 2014). FD
which appeared in south-west France in the
1950’s, is caused by phytoplasmas of the ‘elm
yellows’ or 16Sr- V taxonomic group and is
transmitted by the leathopper Scaphoideus titanus
in the persistent-propagative manner. BN, whose
symptoms are indistinguishable from those of FD,
was also first reported from France, then from the
most important viticultural areas of Europe. BN
disease, caused by ‘Candidatus Phytoplasma
solani’, transmitted in the persistent-propagative
manner by the planthopper Hyalesthes obsoletus.
Other hopper species may also act as vectors since
the disease has been observed to spread actively in
geographic areas where H. obsoletus does not
occur (Belli et al., 2010). ‘Candidatus Phyto-

plasma solani’ affects a wide range of crops and
wild plants in the Euro-Mediterranean area and
associated with several diseases (Quaglino et al.,
2013). However ‘Ca. P. solani’ has recently been
detected in Azerbaijan in annual crops such as
eggplant, pepper and tomatoes, also in declining
cherry and common meddler trees (Balakishiyeva
et al.,, 2010) however up to now there have not
been any reports on grapevine phytoplasma
diseases in Azerbaijan. The aim of this study was
to detect and identify phytoplasmas associated
with grapevine.

MATERIALS AND METHODS

Recently, an extensive surveys were conduc-
ted main grape-growing areas in Azerbaijan and
grapevines showing symptoms suggesting phyto-
plasma infection have been observed in main
grape-growing areas in Azerbaijan. During sur-
veys the white berried varieties of grapevine with
the yellowing and red varieties with the leaf
rolling and leaf reddening symptoms were collec-
ted in August and September 2014. Different local
and foreign grapevine varietes showing yellowing,



leaf reddening and leaf roll symptoms reminiscent
of phytoplasma infection and healthy plants for
each varietes as negative control were collected
(Table 1). Total DNAs were extracted from 1g
fresh leaf midribs of diseased and symptomless
plants (as control) following classical CTAB
extraction protocol (Maixner et al., 1995). The
DNA concentrations were measured by a
nanospectrophotometer.

Total nucleic acid extracts were tested by
16S-rDNA nested PCR with the universal primers
for phytoplasmas R16mF2 / R16mR1 and R16F2n
/ R16R2 (Gundersen and Lee, 1996). PCR was
performed in mixtures (50 pL total volume)
containing 100 ng of nucleic acid, PCR Buffer
1X, MgCI2 2 mM, 1 uM of each primer, 200uL of
dNTP mix, and 2 wunits Taq polymerase.
Following conditions were used: denaturation at
94°C for 1 min (94°C for 2 min for the first cycle),
annealing (hybridation) at 60°C during 2 min
(55°C for second amplification in Nested PCR),
and primer extension (elongation) at 72°C for 3
min and 10 min in the final cycle. The PCR
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products (7 uL) were analyzed by electrophoresis
in the 1 X TBE buffer troughs 1% agarose gel,
stained with ethidium bromide, and DNA bands
visualized using a UV transilluminator.

For taxonomic characterization of detected
phytoplasmas, the products (1.25 kbp) of the
Nested PCR, obtained with primer pair R16F2n /
R16R2, were subjected to enzymatic restriction
fragment polymorphism (RFLP) analysis, with
Alul (Sigma) and Taqgl (Sigma) restriction
endonucleases. 20 pl the enzymatic digestion
mixture contained 0.5 pl of each enzyme (5 U/pl),
2 ul of 10x buffer, 13.5 ul sterilized H20 and 4 pl
of PCR product. Digestion with Alul performed
by incubation at 37 °C overnight, but with Taq I
incubated during two hours at 65 °C. Phytoplasma
strains FD-70 (Flavesence doree phytoplasma,
16SrV-C), Stolbur-Moliere (‘Ca. P. solani’,
16SrXIIA) maintained at INRA Bordeaux in
Catharanthus roseus were used as references.
Digested PCR products were analyzed on 3%
agarose gel electrophoresis and visualized by
staining with ethidium bromide under UV.

Table 1. Grapevine samples collected from Ganja, Guba and Absheron regions

Sample ID Grapevine variety Collected region + nested PCR 16S R16R2-F2n
GR1.AZ Cabernet Savignon (red berried) Ganja -
GR2.AZ Cabernet Savignon (red berried) Ganja -
GR3.AZ Cabernet franc (red berried) Ganja -
GR4.AZ Cabernet franc (red berried) Ganja -
GRS5.AZ Gara kishmish (red berried) Ganja -
GR6.AZ Gara kishmish (red berried) Ganja -
GR7.AZ Gara kishmish (red berried) Ganja -
GR8.AZ Saperavi (red berried) Ganja -
GR9.AZ Mahmudu (red berried) Ganja -
GR10.AZ Mahmudu (red berried) Ganja -
GRI11.AZ Gara kishmish (red berried) Ganja -
GR12.AZ Ag muskat (white berried) Ganja -
GR13.AZ Bayanshira (white berried) Ganja -
GR14.AZ Bayanshira (white berried) Ganja -
GR15.AZ Ag muskat (white berried) Ganja -
GR16.AZ Cabernet franc (red berried) Guba -
GR17.AZ Cabernet franc (red berried) Guba -
GR18.AZ Grenache (red berried) Guba -
GR19.AZ Grenache (red berried) Guba -
GR20.AZ Bayanshira (white berried) Guba -
GR21.AZ Gara shani (red berried) Absheron +
GR22.AZ Gara shani (red berried) Absheron +
GR23.AZ Gara kishmish (red berried) Absheron +
GR24.AZ Gara kishmish (red berried) Absheron +
GR25.AZ Ag shani (white berried) Absheron -
GR26.AZ Ag meleyi (white berried) Absheron -
GR27.AZ Ag meleyi (white berried) Absheron -
GR28.AZ Saray sarigilesi (white berried) Absheron -
Stolbur-Moliere ‘Ca. P. solani’ reference isolate France +
PD ‘Ca. P. pyri’ reference isolate France +
FD70 “flavescence dorée” reference isolate France +
PS Healthy periwinkle France -
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Stolbur group specific nested-PCR test based on
stamp gene amplification (Fabre et al. 2011) were
performed using the primer pairs Stamp-F/R0 and
Stamp-F1/R1.

RESULTS AND DISCUSSION

During the late summer and early autumn in
2014, symptoms reminissent grapevine phyto-
plasma diseases have been observed in several
grape-growing areas, such as Ganja, Guba regions
and Absheron peninsula, in Azerbaijan. Observed
symptoms were restricted to the three major types:
leaf reddening, leaf rolling, and leaf yellowing. In
the surveyed regions, yellowing symptoms ap-
peared on the white varieties of grapevine, where-
as the leaf rolling and leaf reddening were obser-
ved on the red berried grapevine varieties (Fig. 1).

Total DNA from twenty eight grapevine leaf
samples with the leaf rolling and yellowing for

white varietes and red varieties with the leaf red-
dening symptoms also from two symptomless
plants collected in September 2014 were extracted
and obtained DNA extracts were tested by 16S-
rDNA Nested PCR (Fig. 2).

While symptomless plants gave no amplifica-
tion, positive results (1250 bp amplicons) were
obtained from four samples of red berried varie-
ties of grapevine. The positive samples were from
Absheron peninsula and belong to “Gara shani”
local red berried grapevine varietes.

For identification of detected grapevine
phytoplasmas, all of the obtained 16S-rDNA
Nested PCR products were subjected to overnight
restriction with enzymes Alul and Tagql (Fig. 3).
As shown from the Figure 3, 16S-rDNA-RFLP
patterns of Alul and Tagl from all of the four
grapevine samples gave the same profile that the
Stolbur-Moliere ‘Ca. P. solani’ reference isolate.

Figure 1. Observed symptoms reminissent grapevine phytoplasma diseases.
A, B - red berried varietes, C,D — white berried varieties.
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Figure 2. 16S-rDNA Nested PCR analysis with R16mF2 / R16mR1 andR16F2n /
R16R2 universal praimer pairs for phytoplasmas. M- 1kb DNA marker (Sigma), 1-
GR17-AZ; 2- GR18-AZ; 3- GR19-AZ; 4- GR20-AZ; 5-GR21-AZ; 6-GR22-AZ; 7-

GR23-AZ; 8- GR24-AZ; 9- PD-positive control; 10-PS-negative control.

M1 2 3 456

Y B

Alul
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Figure 3. 16S-rDNA nested PCR-RFLP analysis. M-100 bp marker (Sigma), 1-GR
21.AZ; 2-GR 21.AZ; 3-GR 21.AZ; 4-GR 21.AZ; 5-St MOLIERE; 5-FD-70.

Abbrevations were given in Table 1.

All positive grapevine samples were tested by
‘Ca. P. solani’ specific nested-PCR based on stamp
gene amplification (Fig. 4).

Nested PCR products were obtained for the four
grapevine samples previously positives for 16S
phytoplasma amplification. ‘Ca. P. solani’ was
therefore recognized as the causal agent of grapevine
diseases showing leaf reddening in Absheron region
of Azerbaijan. ‘Ca. P. solani’ has recently been
detected in Azerbaijan in annual crops such as
eggplant, pepper and tomatoes, but also in declining
cherry and common meddlar trees (Balakishiyeva et
al., 2010). Hyalesthes obsoletus, and a ‘Ca. P.
solani’-infected cixiid planthopper are known to be
present in Azerbaijan (Balakishiyeva et al., 2013).
The ‘Ca. Phytoplasma solani’ was previously
reported from such Middle Eastern countries as
Lebanon (Choueiri et al., 2002),
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Turkey (Canik et al., 2011), Jordan (Salem et
al., 2013) and Iran (Mirchenari et al., 2015) as a
causal agent of grapevine diseases, but up to present
work there were no reports of phytoplasma diseases
associated with grapevine in Azerbaijan. It is the
first report of grapevine phytoplasma diseases and
the first report of ‘Ca. P. solani’ associated with
grapevine BN disease in Azerbaijan.
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Azarbaycanda ‘Candidatus Phytoplasma solani’ Fitoplazma Noviiniin
Uziim Bitkisindos Toratdiyi ‘Bois Noir’ Xostoliyi
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Uziimgiiliiyin yaxs1 inkisaf etdiyi Abseron, Gonco vo Quba rayonlarma toskil edilon fitopatoloji
monitorinqlor zamani yarpaqlarin saralmasi slamotlorine malik ag va yarpaqglarin qizarmasi va burulmasi
kimi fitoplazma xostoliklorinin simptomlarin1 gostoran qara lizim sortlarindan niimunslor toplanilaraq
molekulyar soviyyoads analiz edilmisdir. Fitoplazmalar {igiin universal olan R16F2/R16R1 praymer ciitliikori
il baslayib nested PZR-do R16F2n/R16R2 ciitliiklori ilo davam etdirilon Polimeraza Zancirvari Reaksiyasi
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simptomatik bitkilordoki xastaliyin fitoplazma tabistli oldugunu tesdiq etmisdir. Rsal va Tagl restriksiya
enzimlori ilo hoyata kegirilmis RFLP analizinin noticolori Azorbaycanda {iziim bitkisindo askar olunmus
fitoplazma izolyatlarinin ‘Candidatus Phytoplasma solani’ fitoplazma ndviins (16SrXII grupu) aid oldugunu
gostormisdir. RFLP analizinin naticolorini yoxlamaq ii¢lin biitlin pozitiv niimiinolor stamp geninin
amplifikasiyasina osaslanan vo Stamp-F/RO and Stamp-F1/R1 praymer ciitlorindon istifade etmoklo stolbur
grupu ii¢lin spesifik nested PZR testo moruz qoyulmusdur. Qeyri-ribosomal stamp geninin amplifikasiyasi
RFLP anaizinin naticalarini tosdiq etmisdir. Bu Azarbaycanda ‘Candidatus Phytoplasma solani’ fitoplazma
ndviiniin tiziim bitkisinds ‘Bois noir’ xastsliyi toratmasi haqqinda ilk molumatdir.

Acgar sozlor: Ca. Phytoplasma solani’, ‘Bois noir’, tiziim, Qara sani, yarpaqlarin qizarmasi, yarpaqlarin
burulmast

Bose3ns Pacrenunii Bunorpana ‘Bois Noir’, BeizBannas ®@uronaasmoii ‘Candidatus Phytoplasma
solani’ B Azep0aiizkane
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"Hnemumym monexynapnoii 6uonocuu u 6uomexnonoeuu HAHA
’Unemumym 6omanuxu HAHA
 Hayuonans i uncmumym cenbekoxo3saicmeennvlx ucciedosanuti, Opanyus
*Vuusepcumem Bopoo, @panyus

Bo Bpems ¢uTOomaToisorndeckux MOHMTOPHHIOB, OPraHU30BAaHHBIX B pailoHbl AOmepoH, ['samxa u ['y0Oa,
re XOpOIo Pa3BUTO BHHOTPAIAPCTBO, OBUTH COOpaHBI 00pa3Ilsl OCIBIX COPTOB BHHOTPANa ¢ MPHU3HAKAMU
¢duTonIa3MeHHBIX 00JIE3HEH, TAKUX KaK MTOKEJITEHNE JIUCTHEB M YEPHBIX COPTOB C MPU3HAKAMH MTOKPACHEHHUE
U CKpY4YMBaHHE JIMCTHEB Ul MPOBEACHUS MOJEKYJSIPHBIX aHATM30B. B pe3ynbrare moiuMepasHol LemHOH
PEaKIuu C UCIONIb30BaHNEM YHHUBEPCAIBHBIX s (huTora3mMel mapamu mnpaiimepoB R16F2/R16R 1u Hecten-
MNP ¢ mapamu npaiimepoB R16F2n/R16R2 ycranoBieHo, uTo 00Ne3Hh PaCTEHUH ¢ TAKMMHU NPH3HAKAMHU
umeer (uToruiazMeHHylo npupoay. Pesynpratel RFLP  ananusa, mpoBomumele ¢ pectpukTa3amu Rsa I u
Taq I, moKa3bIBAIOT, YTO OOHApYXEHHBbIE B AsepOaipkaHe M30JATH (DUTOIUIA3M Yy pacTeHHH BHUHOTpana
otHOCcATCA K Buay ‘Candidatus Phytoplasma solani’(16SrXII rpynma). s moaTBepKIAeHUS pe3yIbTaTOB
RFLP ananm3a, Bce mo3UTHUBHBIC 00pa3ipl mojasepranu Hectea-IIIIP ¢ ucnonp3oBaHueM crienu(UIECKUX
st Stolbur rpynm Stamp-F/RO u Stamp-F1/R1 nap npaiimepoB ai1st aMmriiuKanuu stamp TeHa. AMIUIA-
(hukanms HepruOOCOMAIIBHOTO stamp TeHa moATrBepAmia pe3yiabTatel RFLP ananmmza. Ota mepBuunas uabOp-
Maiuss o0 Oose3nu ‘Bois noir’ pacreHuil BUHOIrpaja, BbI3BaHHOW BuIOM Quromiamel ‘Candidatus
Phytoplasma solani’ B AzepOaiimxane.

Knrouegwie cnosa: Ca. Phytoplasma solani’, ‘Bois noir’,eunozpad, I apa wanvl, nokpachenue 1ucmoes,
CKpyuUSanue IUCmoes
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