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Summary

Grapevine (V. vinifera L.) is one of the most widely
cultivated species of agricultural interest. The domesti-
cation of wild grapes starting in the Neolithic Age, took
place in the Near East area. The aim of this study was
the genotyping of germplasm coming from Armenia,
Azerbaijan, Georgia and Moldova by SSR markers in
order to investigate the genetic relationships among
samples along the East-to-West dissemination route
of grapevine after the domestication. Based on the de-
scriptive statistics Azerbaijani samples appeared hav-
ing the highest genetic diversity. PCoA and STRUC-
TURE analysis revealed three groups: i) Central Eu-
ropean group; ii) a group reuniting cultivars coming
from Armenia, Georgia and Moldova; iii) the group
of Azerbaijani cultivars (94%). The analysis of genetic
relationships in our dataset provided evidence of con-
nection among cultivars included in the proles pontica
and proles orientalis and geographical origin and hu-
man uses as well.
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Introduction

Grapevine (Vitis vinifera L.) is one of the most im-
portant widely cultivated fruit species. Archeological evi-
dence suggests that its domestication from their wild rela-
tives, V. vinifera subsp. sylvestris, took place in the South
Caucasus about 8,000 years ago, during the Neolithic Age
(Tuis et al. 2006, Fornt 2012). This species is highly het-
erozygous due to continuous breeding activities during
the domestication and adaptation processes (Laucou et al.
2011).

The genetic diversity of the South Caucasian grape-
vine germplasm (wild and cultivated), considered the first
centre of domestication, was investigated by molecular and
ampelographic analysis (MYLEs et al. 2011, BACILIERI et al.
2013, Imazio et al. 2013, Eknvalia and AKHALKATSI 2010).
The MyLEs et al. (2011) work revealed a Near East origin

of V. vinifera and an East-to-West dissemination gradient,
following the alleged spreading routes. The results report-
ed in BaciLiert et al. (2013) highlighted the genetic identity
and the originality of Georgian germplasm in respect to
the worldwide accessions, as well as the data described by
other authors (IMAzio et al. 2013, EkHvaia and AKHALKATST
2010).

The Simple Sequence Repeat (SSR) or microsatellite
markers are the most frequently tools used to analyze the
worldwide grapevine germplasm, as documented by dif-
ferent works describing the genetic characterization of the
most important grapevine repositories (Laucou et al. 2011;
EMANUELLI ef al. 2013). Microsatellites are largely used for
genotyping, to solve cases of homonyms and synonyms
(Laucou et al. 2011), to determine genetic diversity of
V. vinifera cultivars (Cipriant et al. 2010, BACILIERT et al.
2013, Imazio et al. 2013) and to establish pedigree analysis
(LAcoMBE et al. 2013).

In order to investigate the genetic relationships among
samples along the East-to-West dissemination route of
grapevine, the aim of this work was to study the genetic
diversity of a set of genotypes, never studied before, com-
ing from Armenia, Azerbaijan, Georgia and Moldova by
10 SSR markers. The data reported in this work were im-
plemented in the frame of EU-COST project entitled “East-
West collaboration for grapevine diversity exploration and
mobilization of adaptive traits for breeding” (COST Ac-
tion FA1003), having the aim to explore the grapevine ge-
netic resources on a large geographic scale and in a wide
range of countries (from the Caucasus to Eastern Europe to
Western Europe), in order to create a network of research
institutions for the identification of genetic resources, phe-
notypic characterization and the long-term conservation of
grapevine germplasm.

Material and Methods

Plant materials: Autochthonous grapevine
cultivars coming from Armenia (29), Azerbaijan (42),
Georgia (44) and Moldova (23), selected among the local
germplasm of each country, were taken into account for
this study. Twenty-two European varieties were included
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as reference. The samples were sent by cuttings to the Dip.
di Scienze Agrarie e Ambientali (Milano, Italy), planted in
pots and grown in greenhouse.

DNA extraction: Extraction of genomic DNA
was performed per each sample using the DNeasy Plant
Mini Kit (Qiagen, Hilden, Germany) following the manu-
facture’s instructions. Dried young leaves (0.02 g) were
ground by liquid nitrogen and the powder was used to per-
form the DNA extraction.

SSR amplification and detection: The
samples were genotyped by 10 SSR markers: ViZag62;
VrZag79; VVMDS5; VVMD7; VVMD27; VVMD?28;
VVMD21; VVMD24; VVMD?25; VVS2 (Laucou et al.
2011). Multiplexed PCR amplifications were performed in
25 pL final volume reaction mixture following the method
described in DE Lorenzis ef al. (2012). The PCR products
were carried out on ABI PRISM 310 Genetic Analyser
(Applied Biosystems by Life Technologies, Foster City,
USA) and the alleles were sized by GENEMAPPER 4.0
(Applied Biosystems by Life Technologies).

Data analysis: In order to estimate the genetic
diversity of germplasm, the SSR data were used to deter-
mine the number of different alleles (Na), the effective
number of alleles (Ne), the observed (Ho) and expected
heterozygosity (He) per each provenience. These data
analyses were performed by GenAlEx 6.5 software (PEAk-
ALL and SMousk 2006).

The structure and the association among germplasm
was investigated following two different approaches:
i) Principal Coordinate Analysis (PCoA; PricE et al
20006), used to capture the correlation between genotypes;
i1) STRUCTURE analysis (PriTcHARD ef al. 2000), a Baye-
sian approach attempts to interpret the correlation between
genotypes in terms of admixture between a defined number
of ancestral populations. The PCoA analysis was carried
out by GenAlEx 6.5 software, starting to the SSR correla-
tion matrix. The STRUCTURE analysis was carried out
using STRUCTURE software package (PRITCHARD et al.
2000). K value (K number of ancestral genetic groups) was
chosen according to Evanno et al. (2005).

The genetic distance and inbreeding among the popu-
lation were performed considering pairwise Nei’s genetic
distance and pairwise Fst analysis. The parameters were
carried out in GenAlEx 6.5 software.
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Results and Discussion

One hundred and sixty V. vinifera cultivars coming
from the South Caucasus region, and Central and Eastern
Europe were studied by 10 SSR loci. The allelic profiles per
each locus were used to calculate descriptive statistics and
the results according to the accession geographic origin are
listed in Tab. 1. A total of 147 unique genotypes were de-
tected. In each group, synonyms were identified, except for
the cultivars included in the reference group. No samples
showing an identical profile but different geographic origin
were discovered. One hundred and sixty-six alleles and an
average of 16.6 alleles per locus were detected. The number
of different alleles ranged between 6.900 (Moldavian sam-
ples) and 11.200 (Azerbaijani samples), while the number
of effective alleles varied between 4.493 (European varie-
ties) and 5.948 (Azerbaijani cultivars). The mean value of
Ho revealed by the analysis was high (0.769), ranging from
0.698 (Moldova) to 0.814 (Europe). The He values were
very similar to Ho values, showing a mean value of 0.769
and range from 0.733 (Moldova) to 0.814 (Azerbaijan).
Despite the limited number of analyzed accessions, the
lower number of analyzed loci and the specific Caucasian
provenience of samples, the descriptive statistics reported
in this study reflected the genetic diversity highlighted in
previous works, such as Laucou et al. (2011), where data
about 2,836 SSR single profiles obtained by 20 SSR loci
were descripted, Imazio er al. (2013), reporting results
about cultivated and wild Georgian samples, and EMANUEL-
L1 et al. (2013), regarding the molecular characterization of
1,085 accessions (sativa, sylvestris, rootstocks and hybrids
genotypes).

Two different methods were performed to identify the
relationship among cultivars and the structure of genetic
groups. The PCoA analysis was computed on the genetic
distance matrix obtained by SSR allelic profiles and the
two principal coordinates of PCoA were plotted in a 2-D
scattered plot (Fig. 1). The first two principal coordinates
(PC) accounted for 26.21 and 24.56 % of the total vari-
ability.

The distribution differentiated the samples into three
main clusters: i) Azerbaijani groups, where the most part
of samples coming from Azerbaijan were grouped; ii) the
rest of Caucasian samples, iii) the European (Central and

Table 1

Genetic diversity of Armenian, Azerbaijani, European, Georgian and Moldavian cultivars
revealed by analysis of 10 SSR loci

Origin No.of  No. of different Nat Neb Hot He
samples genotypes

Armenia 29 24 8.100 5263  0.809 0.797
Azerbaijan 42 41 11.200 5948 0.768  0.814
Central Europe 22 22 7.200 4493  0.814 0.751
Georgia 44 40 8.700 4504 0.741  0.750
Moldova 23 20 6.900 4.573  0.698  0.733
Total 160 147 8.420 4956  0.766  0.769

“*Number of different alleles; ® Number of effective alleles; © Observed heterozygosity;

4 Expected heterozygosity.
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Fig. 1: Plot of the first two principal coordinates of PCoA detected
by SSR data for 160 samples coming from Armenia, Azerbaijan,
Georgia, Moldova and Central Europe.

Eastern) cultivars. Along the PCI1, the samples coming
from Azerbaijan were differentiated, while the reference
cultivars appeared differently along the PC2. Moreover,
the presence of overlapping zones was recognized. Sev-
eral samples from Azerbaijan were genetically closed to
some Eastern European (Moldova) and the Caucasian ac-
cessions, showing greater affinity. Moldova has an old tra-
dition in grapevine cultivation and winemaking, but due
to some periods of decline, depending on social, political
and natural events, the most part of biodiversity was lost
and further genotypes from diverse viticulture neighbour-
ing centres were introduced (Savin 2012). The distribution
of Armenian genotypes followed the geographic limits of
this country. The group of samples more related to Eu-
ropean and Caucasian varieties could be part of the gene
pool from where Western accessions originated, while the
group of more different genotypes could be associated to
the gene pool of the enlarged center of primo-domestica-
tion, expanding to Central Asia (BAcILIERI ef al. 2013). The
reference samples (Central European samples) were the
samples showing the most significant differentiation in the
Caucasian and East European groups. These overlapping
zones disappeared removing the most two different groups
(Azerbaijan and Central Europe) by the dataset (data not
shown) and the Armenian, Georgian and Moldavian groups
appeared distinct. The West-East gradient, following the
grapevine migration from the first domestication centre,
clearly identified in the analysis performed by MYLEs et al.
(2011) and Imazio ef al. (2013) was confirmed, despite
clear overlapping areas slightly flattening the distribution.
This differentiation of Azerbaijani samples could be due to
the different usage of grapes. Indeed, the Azerbaijani cul-
tivars are mostly table grapes, because when Azerbaijani
people have started to accept the Muslim religion since 10
century AD, the population selected table grapes instead of
wine grapes.

The second method used to infer the relationship
among genotypes was the clustering algorithm imple-

mented in the STRUCTURE program. Different numbers
of K populations were explored (Fig. 2) and the optimal K
value, evaluated following the Evanno et al. (2005) meth-
od, estimated the most likely number of groups at K = 3.
The threshold used to estimate the group assignation was
> 80 % and about 91 % of samples were assigned to a clus-
ter at K= 3. The groups highlighted were: i) Central Europe
group (92 % of the reference samples); ii) a group reuniting
cultivars from different countries, containing the 73 % of
Armenian samples, 96 % of Georgian genotypes and 89 %
of cultivars from Moldova; iii) Azerbaijani group (94 % of
cultivars). The samples showing the high admixture were
the Armenian cultivars. Another STRUCTURE level was
identified increasing the K value up to 5: one group per
each geographical region was displayed (data not shown).
In this latter case, the samples showing the high admixture
level were Georgian and Armenian cultivars.
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Fig. 2: Estimation of admixture proportions for 160 samples
coming from Armenia, Azerbaijan, Central Europe, Georgia and
Moldova by STRUCTURE analysis (K = 3).

The three-group differentiation of STRUCTURE anal-
ysis could be explained based on geographical origin and
human uses: 1) wine varieties from the West; ii) wine varie-
ties from the East; iii) table varieties from the East. This
latter splitting was consistent with the results reported in
BAcILIERT ef al. (2013), where the analyses revealed three
genetic groups, including wine cultivars from western re-
gions, wine cultivars from the Balkans and East Europe,
and table grape cultivars from the Eastern Mediterranean,
Caucasus, Middle and Far East countries.

The genetic similarity among the Caucasian and Euro-
pean samples was also evaluated by Nei’s genetic distance
(Tab. 2). The Nei’s genetic distance values ranged from
0.242 to 0.845, respectively for the most similar groups,
Armenia and Moldova and the most dissimilar groups,
Central Europe and Georgia. The Moldavian samples,
geographically closer to Central Europe, showed a high
genetic distance value with varieties coming from Cen-
tral Europe. The dissimilarity of Azerbaijani cultivars was
also confirmed by high values of Nei’s genetic distance.
Furthermore, the Fst values (Tab. 2) were consistent with
results obtained by Nei’s genetic distance. The values were
very low, ranging from 0.034 (Armenia vs. Moldova) and
0.087 (Central Europe vs Georgia).

The identification of 3 different groups by the genetic
analysis was in agreement with the proles classification
proposed by Negrul (1946): i) proles occidentalis (culti-
vars from Italian Peninsula to Iberian Peninsula); ii) proles
pontica (varieties from Georgia to Balkans and the Anato-
lian Peninsula); iii) proles orientalis (Afghanistan, Arme-
nia, Azerbaijan and Iran).
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Table 2

Pairwise population matrix of Nei’s genetic distance (below the diagonal) and pairwise
population matrix of Fst values (above the diagonal) obtained analyzing 5 groups of
V. vinifera cultivars by 10 SSR loci

Armenia  Azerbaijan  Central Europe = Georgia Moldova
Armenia - 0.047 0.071 0.042 0.034
Azerbaijan 0.530 - 0.072 0.065 0.056
Central Europe 0.746 0.814 - 0.087 0.075
Georgia 0.342 0.674 0.845 - 0.041
Moldova 0.242 0.505 0.629 0.281 -
Conclusions EknvAIA, J.; AKHALKATSI, M.; 2010: Morphological variation and relation-

During the last years a lot of energy was spent in order
to investigate the genetic diversity, the structure and the
domestication history of the whole V. vinifera germplasm.
One limitation of these studies is that the analyzed sam-
ples, collected in repositories, were geographically limited
to one or few countries and sometimes some regions, such
as Minor and Central Asia, were under-represented. Hence,
the results could not be considered entirely concrete about
the structure of the entire grapevine gene pool. The pur-
pose of this study was to provide additional information
about the genetic diversity of European and Caucasian
varieties and the relationship among these different wine-
growing areas, analyzing a large set of cultivars. According
to our results, a clear connection between proles pontica
and proles orientalis might be assumed, as well as between
geographical origin and human uses, highlighting the high
genetic diversity of the South Caucasian germplasm.
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