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COMPARISON OF AMPELOGRAPHIC AND MOLECULAR DIVERSITY OF
AZERBAIJAN CULTIVATED AND WILD GRAPE VARIETIES

S.J.Salayeval?, J.M.Ojaghi,?, A.T.Mammadov?, Corresponding Member of ANAS
I.A.Shahmuradov3*

To estimate genetic relationships among cultivated (Vitis vinifera ssp. sativa) and wild grape-
vine accessions (Vitis vinifera ssp. sylvestris) originating from regions near the Caspian Sea of
Azerbaijan, comparison of ampelographic and ISSR markers diversity was performed. The genetic
diversity of studied grapevine accessions at the phenotype and genotype levels is not geographically
structured. Within the analyzed grapevine populations the highest genetic diversity is observed for
the cultivated samples from the Absheron peninsula. Although the wild population separated from
cultivated by ampelographic traits, the genetic similarity at the molecular level between wild and
cultivated gene pools is observed. These findings suggest that the Azerbaijan cultivated grapevine
population comes directly from wild population of these areas and this geographic region seems to
be one of the possible primary centers of origin of V.vinifera.
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Introduction

The Vitis vinifera L. is one of the oldest
cultivated plants and is thought to have origi-
nated in the region between the Mediterranean
basin and the Caspian Sea [11]. Azerbaijan is
one of the richest regions of the Globe for the
wealth of grapevine grades. The occurrence of
wild and cultivated vine in Azerbaijan dates
back to very remote times of ancient history.
Paleontological evidence and historical infor-
mation of different periods indicate that there
has been 7 thousand years of vine cultivation in
Azerbaijan [10].

Traditional methods for description of
grapevine varieties based on ampelography have
contributed greatly to establishing the identity
and relationships among V. vinifera cultivars.
Never-theless, ampelographic traits are often
plastic, with a great [genotype x environment]
components interaction rendering them less use-
ful in classifying closely related cultivars. Last
decade, molecular markers have proved to be a
valuable tool for genetic studies and cultivar
characterization. ISSR (Inter Simple Sequence
Repeats) has been widely used for varietal fin-
gerprinting or genetic diversity analysis, charac-
terization of genetic relatedness among popula-
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tions, detection of clonal variation, cultivar iden-
tification, detection of genomic instability and
assessment of hybridization [2].

This study was aimed to estimate the genetic
diversity between wild and cultivated grape va-
rieties from the Near-Caspian zone of Azerbaijan,
using ampelography and ISSR markers.

Materials and methods

A total of 60 local grapevine accessions,
comprising 30 cultivars from Absheron penin-
sula (Ne1-30; Davachi Halimasi, Fikrati, Mala-
hati, Farashi, Sharabi, Nardaran Darbandisi, Ag
uzum, Sarigila tezyetishan, Ag gulabi, Dana
gozu, Absheron gizil uzumu, Haji Abbas,
Sikhgara, Absheron kishmishi, Uzunsov gilali
ag shani, Gavangir, Iri gilali ag shani, Ag shani,
Absheron galinbarmagi, Fatmayi, Sarigila orta-
yetishan, Sarigila gejyetishan, Absheron kechi-
mamasi, Shireyi, Gara shani, Shabrani, Ala
shani, Ag shani [clone], Absheron khatinisi and
Iri salkhim, respectively) and 30 wild types
(Ne31-34 from Nabran, Ne35-41, 43, 44, 47, 49,
51-55 and 57 from Shabran, Ne42, 45, 46, 48,
50, 56 and 58-60 from Guba) were analyzed.
All plant materials were taken from the grape
collection of National Gene Bank of Azerbaijan
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Republic and the Azerbaijan Scientific Re-
search Institute of Viticulture and Winemaking.

For each accession 23 morphological traits
(length of annual bud, length and width of leave,
length of stalk of leave, length of central vessel,
number of bunches per bush, length and width of
bunch, length of stalk of bunch, number of ber-
ries per bunch, length and width of berry, weight
of bunch, number of seeds, length and width of
seed, weight of 100 berries, weight of 100 seeds,
number of fertile buds, number of green buds
(this trait has not measured in wild grape), yield
of bud, yield of per bush and time of vegetation)
were measured according to the international
descriptors for grape [5]. Data were analyzed
using MSTATC [9] and SPSS v.12.0 software
packages.

Total plant DNA was isolated from green
tissues of cuttings using a modified version of
the CTAB protocol [14] described by Doyle
and Doyle [4]. Each PCR reaction was carried
out using 50 ng of template DNA in 25 pL total
reaction volume containing buffer [10 mM
Tris-HCI (pH 8.3), 50 mM KCI, 1.5 mM
MgCl;], 5 mM MgClz, 10 mM of each dNTP,
10 mM primer and 0.5 unit Tag DNA polymer-
ase. Reaction cycles were as follows: 5 min at
94°C followed by 35 cycles of 1 min at 94°C, 2
min at 50°C and 5 min at 72°C. The program
ended with 10 min incubation at 72°C. Ampli-
fication products were separated by electropho-
resis using 2% agarose gels with 1x TBE buffer
at 100 V during 2 h. After running, the gels
were stained with ethidium bromide (0.05%)
and visualised with a Gel Doc camera. A clus-
ter analysis was performed using the PAST
software package [6]. Polymorphic infor-
mation content (PIC) values were calculated
for each ISSR primers according to the formu-
la: PIC=1-X(Pj)?, where Pj is the frequency of
the i"" pattern revealed by the j primer summed
across all patterns revealed by the primers [1].

Results and discussion
Ampelographic clustering of cultivars.
To determine the ampelographic and molecular

relationships of Azerbaijan wild and cultivated
grapevines originating from the Near-Caspian
zone, cluster analyses according to Euclidean
distance and Jaccard’s similarity index, respec-
tively, were performed. The analysis based on
morphological traits revealed three main groups.
Although the cultivated and wild individuals are
clustered in separate groups (excepting Nardaran
Darbandisi), the observed genetic diversity is not
geographically structured: 29 wild samples (out
of 30) are grouped in the first cluster; the second
cluster contains four cultivated grapevines (Haji
Abbas, Gavangir, Sarigila gejyetishan and Ala
shani), as well as the wild sample 34; the third
cluster includes remaining 25 cultivated grape-
vine accessions.

ISSR polymorphism. The nuclear ge-
nomes of 60 grape accessions were studied us-
ing 5 ISSR primers. Totally, we amplified 51
DNA fragments, where 45 samples were poly-
morphic (table 1). Overall, the number of am-
plicons ranged from 9 (for UBC 857 and UBC
873) to 12 (for UBC 827). However, the aver-
age number of bands and average number of
polymorphic bands were 10.2 and 9, respective-
ly, and the polymorphism level ranges from
66.66% (for UBC 873) to 100% (for UBC 827
and UBC 857), with an average polymorphism
of 87.69% across all varieties.

Four primers used (out of five; excepting
UBC 873) contained dinucleotide repeats,
where nucleotides at the 5’- and 3’- ends of the
primer play an important role in detecting poly-
morphism [3]. Four primers had anchors at the
3’ end. The primer UBC 873 missing the termi-
nal single base anchor was least polymorphic
(66.66%), while those with two bases anchor at
the 3’ end were most polymorphic. ISSR mark-
ers showed relatively high level of polymor-
phism in the examined gene pools: the PIC
values varied in the range of 0.862 (UBC 873)
to 0.941 (UBC 811), where an average PIC
value across all genotypes was 0.91 (for more
details see table 1).
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Table 1
ISSR primers used in the study and the values of some genetic parameters
ISSR primers Primers’ sequence (5°-3) NAB NPB %P PIC
UBC 810 (GA)T 11 9 81.81 0.93
UBC 811 (GA)sC 10 9 90 0.941
UBC 827 (AC)sG 12 12 100 0.89
UBC 857 (AC)YG 9 9 100 0.925
UBC 873 (GACA)4 9 6 66.66 0.862
Total - 51 45 - -
Min - 9 6 66.66 0.862
Max - 12 12 100 0.941
Average - 10.2 9 87.69 0.91

NAB-number of amplified bands; NPB-number of polymorphic bands; %P- percentage of polymorphism;

PIC-polymorphic information content

ISSR clustering of cultivars. A dendrogram
representing genetic similarity among all selected
samples is demonstrated in figure 1. For the Jac-
card’s genetic similarity index, the highest level of
genetic similarity (GS=0.9) was revealed between
the middle- and late-ripening Sarygile's (Sarigila
ortayetishan and Sarigila gejyetishan) in seven

Q 0.12 0.24 0.36 .48 0.6
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cluster, and also between wild samples 49 and 6
(cluster 11) from Shabran and Guba regions, re-
spectively with a similarity index 0.86. By con-
trast, among all samples, the highest level of ge-
netic distance (GS=0.13) was detected between
cultivated grapes Ag shani (clone) and wild geno-
type Ne43 sampled from Shabran region.
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Fig. 1. Dendrogram showing the genetic relationships among cultivated and wild Azerbaijan grapevines
based on ISSR markers
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In dendrogram, all the genotypes are di-
vided into twelve separate groups at a similarity
index 0.45. The first, second, fifth, ninth and
tenth clusters were assigned two numbers of
cultivated genotypes for each (except the ninth
cluster, which consisted of cultivated Nardaran
Darbandisi and wild sample Ne42, originating
from Guba region with the genetic similarity
index 0.61 between them) and the forth, sixth
and twelfth clusters included only one cultivated
accession originating from Absheron peninsula;
the eighth cluster also includes a minimum
number of cultivars (Malahati, Ag gulabi and
Fatmayi) belonging to the separate groups. This
observation may be explained by the genetic
distance of these samples from the other inves-
tigated cultivated and wild genotypes. On the
contrary, the eleventh group contains bands for
only 20 wild genotypes (3 Nabran, 6 Guba and
11 Shabran samples). Other wild genotypes be-
long to the third or seventh clusters. Some stud-
ies suggest that the intraspecies genetic diversi-
fication of V. vinifera L. corresponded to geo-
graphical dispersal [8]. Sabir et al. [12] ana-
lyzed of 17 indigenous cultivars and concluded
that the relationship between genotypes was
highly dependent on the geographic origin of
the cultivars. However, our results obtained by
using Jaccard’s similarity index and ISSR
markers, as well as the previously reported fin-
dings by application the Jaccard’s similarity
index based on RAPD markers and Euclidean
distance based on ampelographic traits [13] in-
dicate that the observed genetic diversity of cul-
tivated and wild grape materials sampled in
Azerbaijan is not geographically structured, by
contrast to results of Maia et al. [7] performed

on ltalian grape cultivars. These findings sup-
ported by paleontological evidence and histori-
cal information suggest that Azerbaijan is one
of the centers of V.vinifera L. diversity, and
Azerbaijan aborigine cultivars from regions
near the Caspian Sea were originated from the
local wild forms in this area.

Relationship between ISSR markers and
biomorphological traits. Our studies revealed
the correlation between two assessed biomor-
phological traits and ISSR alleles (table 2). The
2100 bp allele in UBC811 locus was found on-
ly in Sarigila tezyetishan, Ag uzum, Ghara
shani, Absheron gizil uzumu, Sikhghara, Ab-
sheron kechimamasi cultivars and in wild ac-
cessions Ne32, Ne36 and Ne45. The average
time of vegetation for these genotypes was
135.29 days. However, the average time of
vegetation for the rest grapevine genotypes that
had other sizes of alleles for UBC811 locus was
160.8 days which makes it possible to use de-
tected 2100 bp allele of UBC811 locus as a ge-
netic marker for identification of early ripening
grapevine accessions.

Moreover, a correlation between 2500 bp
allele of UBC810 locus and the weight of 100
berries is also observed. Thus, in Sarigila
gejyetishan, Absheron kishmishi, Sikhghara, Iri
salkhim, Ag uzum, Absheron kechimamasi and
Sarigila ortayetishan cultivars which observed
allele in 2500 bp size for UBC810 locus aver-
age of the weight of 100 berries were higher
(110.7 g) than in other 52 grapevine accessions
(an average of the weight of 100 berries was
37.96 g). However, to introduce these two loci
as common genetic markers, additional studies
are required.

Table 2
Genetic relationship between biomorphological traits and ISSR markers
Traits ISSR markers No.of genotypes Mean SD F T-test
Time of vegetation UBCB811 9 135.29 2.8 3.57 0.018 *
51 160.8 5.87
Weight of 100 UBC810 8 110.7 0.89 4.18 0.03*
berries 52 68.8 3.69

* significant at 0.05 (P-value< 0.05)
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AZORBAYCANIN MODONI VO YABANI UZUM NUMUNOLORININ AMPELOQRAFIK
VO MOLEKULYAR MUXTOLIFLIKLORININ MUQAYiSOLi TOHLILI

S.C.Salayeva, C.M.Ocagqi, A.T.Mammadov, I.9.Sahmuradov

Azorbaycanin Xozoryani bolgalorine moxsus modsni vo yabani iiziim genotiplarinin filogenetik slagolarini
dyronmok mogsadi ilo niimunalorin ampeloqgrafik gostaricilori ilo ISSR markerlori asasinda agkarlanmis genetik miixto-
lifliklori miiqayiss edilmisdir. Tadqiq olunan {izim niimunalerinin fenotip vo genotip saviyyslorinds agkar olunmusg
genetik miixtalifliklari onlarin cografi paylanmasina uygun olmamigdir. Azarbaycanin dyranilon iiziim populyasiyalari
sirasinda genetik miixtalifliyin on yiiksok Saviyyasi Abseron mongsli madani iiziim populyasiyasina mansub olmusdur.
Ampelografik slamatlorine géra yabani iiziim populyasiyast madeni iiziim populyasiyasindan ayrilmig olsa da,
molekulyar saviyyado modoni vo yabami iiziim genofondlar1 arasinda genetik oxsarliq miioyyan edilmisdir. Yabam va
madani {iziim niimunolori arasinda genetik oxsarligin askar edilmosi Azorbaycanin madoni {iziim populyasiyasinin
bilavasite, yerli yabani tizim niimunalorinden amals galdiyini vo bu cografi regionun V.vinifera-nin mimkiin ilkin
manga Markazlarindon biri oldugunu gostarir.

Acar sozlar: Vitis spp., ampelografiya, genetik masafa, genetik oxsariig, ISSR markerlari
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CPABHUTEJILHASI OHEHKA AMIIEJIOT PA®@UUYECKOTO U MOJIEKYJISIPHOT'O PASHOOEPA3US
KYJbTYPHBIX U JIUKHX OBPA3LIOB BUHOTPAJIA A3EPBAIIKAHA

C.Ix.CanaeBa, Im.M.Omxxaru, A.T.Mamenosn, U.A.lllaxmypanos

C 1esb10 BBISIBIICHAS (DHITOTEHETHYECKUX CBSI3EH MEKITY KYJIBTYPHBIMH M JTHKAMH BHHOTPAJHBIME 0OpasiaMu U3
MPUKACIIMACKAX PETHOHOB A3sepOaiipkaHa Oblia MPOBEJeHA CPABHUTENbHAS OIEHKA JAHHBIX aMIIenorpaguueckux mpu-
3HakoB U ISSR mapkepos. ['eHeTHUYeCKOE pa3HOOOpa3ue UCCIeAyEMbIX 00pa3IoB BUHOIPAa, BEISIBICHHOE HA (DEHOTHITH-
YECKOM M TeHOTHITHYECKOM YPOBHSX HE COOTBETCTBOBAJIO MX reorpaduueckoMy pacmpeseneruto. Cpenu u3yueHHbIX BHU-
HOTPaIHBIX MOy AsepOaiipkana Hanbolee BHICOKAM YPOBHEM TEHETHYECKOTO Pa3HOOOpasusi OTIMUYHMIACH KYIlb-
TypHas TOMyJAIms AGIIEPOHCKOTO MPOUCXOkKIeHHsA. Ha ocHOBe ammenorpaguuecKix MPU3HAKOB JTHKAS TIOIYIISAIHIS BU-
HOTpa/a MOJHOCTBI0 060COOMITACH OT KYJIBTYPHOM, TOT/Ia KaK Ha MOJICKYJSIPHOM YPOBHE KYJIBTYPHBIE U JTHKHE T€HO(OH-
IIbI BUHOTPA/ia OKa3aJIMCh TEHETHYECKH CXOMHBIMH. BhISBIICHIE FeHETHYIECKOTO CXOICTBA MEKITY JUKUMHU M KYJIbTYPHBIMH
BUHOTPAIHBIMU 00pa3I[aMK MO3BOJISIET OTMETHTh, YTO KYJIbTYPHbIE BUHOIPA HbIE TOMY/ISIIUK A3epOaiipkaHa MpOU30IITH
HEMOCPECTBEHHO OT MECTHBIX JJUKUX (JOPM U 3TOT reorpaduuecKuil peruoH sBIISETCS OJHUM M3 BO3MOYKHBIX TIEPBUYHBIX
IeHTpOB mpoucxoxaenus V.vinifera.

Knroueswie cnosa: Vitis spp., avnenocpagus, cenemuueckoe paccmosinue, 2enemuyeckoe cxoocmeo, |SSR mapxepwvi
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