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Genetic diversity of ancient grape cultivars of the Crimea region
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Summary

A total of 76 accessions of Crimean autochthonous
grape cultivars from the collection of the National In-
stitute of Vine and Wine '""Magarach" were genotyped
using 22 nuclear and 3 chloroplast microsatellite loci
(SSR) to characterize their genetic diversity. The total
number of alleles was 238, the mean number of alleles
per locus was 10.8 and the range of expected heterozy-
gosity was 0.4-0.88. Several synonyms were identified
based on the comparison of microsatellite profiles with
INRA and EVD databases. Morphological, eno-carpo-
logical and eno-chemical characterization of number of
cultivars using BBCH scale and OIV descriptors were
performed. A short synopsis of the origin and historical
development of Crimean autochthonous grape culti-
vars is presented.

Key words: Vitis vinifera; autochthonous cultivars; mi-
crosatellites; Crimea; genetic diversity.

Crimea is a peninsula lying between latitudes 40° and
50° North and surrounded by Azov Sea and the Black Sea.
The latitudes of Crimea are those of southern France, Italy
and Ciscaucasia (Fig. 1). Crimea's landscape is very di-
verse, with steppes in the North and rock massifs in the
South which protect the southern coast from cold air flows.
A sharp contrast between the moderate steppe climate of
the plain and a nearly submediterranean type of the south
coast can be seen on Crimea territory.

The first mentioning of grape growing in Crimea
predate the 10" century BC. Different peoples, including
Scythians, Greeks, Romans, Goths, Huns, Byzantines, Ka-
zaks, Genoeses and Tatars, populated the region due to its
advantageous geographical position, at routes crossroads

Fig. 1: Map of the Crimean Peninsula.

from Asia to Europe (Korzuinski 1904, MaLikov 1968,
NEeGruL 1960, KHrapuNov 2010). Ancient Greek colonists
who came to the southern coast of Crimea in the 7h-6"
centuries BC made a considerable impact on the region's
grape growing and wine making. They carried on a brisk
trade with the local Scythian tribes populating the steppe
of the peninsula and of Ukraine as well as with Greece and
Asia Minor. The Silk Road also passed through Crimea.
This favored the development of Arts and importations
of new grape varieties in the region (NEGRUL 1946, 1960;
CARTER ef al. 2004). In the beginning of our era, the ancient
Greek colonies fell under the Roman sway that, after sev-
eral centuries, gave way to the Byzantine domination. The
13 century saw Mongol Tatars invasion. In that time and
onward, another influence on grape and wine growing of
the southern coast of Crimea was exerted by Genoese trad-
ers. They might have also imported varieties as they did a
lively trade in wine. Grape growing flourished best in that
time, with Sudak as center themselves.

Ottomans established in Crimea in 1475, followed by
a decline in wine making due to the Islamic prohibition.
Mostly table grapes continued to be cultivated. The revival
of wine making in Crimea begins in the 18" century after
Crimea joined the Russian Empire.

The first grapevine collection was established in the
Crimea in the Nikita Botanical Gardens founded in 1812
near Yalta. A further enhancement of grape and wine grow-
ing was associated with the school of wine making es-
tablished in 1828 on the location named Magarach. The
modern grapevine collection of the National Institute for
Vine and Wine "Magarach" maintains more than 3,000 ac-
cessions, including about 80 local grape cultivars, and their
diversity is of special interest.

Over the 181-20" centuries, autochthonous grape cul-
tivars of the Crimea were the subject of much investigation
(Korzumskir 1905, NegruL 1958). This subject became
part of scientific interests of the Magarach Institute in
1932, and a study of autochthonous grape cultivars was ini-
tiated by A.A. Ivanov in the Sudak area where the majority
of grapes were located. A considerable contribution to this
research was also made by Lazarevskii, Paponov, Gramo-
tenko, Panarina, Troshin, etc. who were with the Institute
in different time periods (Ivanov 1947, GRAMOTENKO 1979,
DASHKEVICH 1966).

Traditionally, germplasm identification of grape varie-
ties is done based on historical information and the am-
pelography of an acquisition. The advent of microsatellite
markers (SSR) has enabled grape genotypes to be studied at
a principally new level unaffected by subjective evaluation
and phenotypic variation. This makes them a convenient
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instrument to be used with the views to evaluate the origin
and the genotypic variation of cultivars, to identify grape
genotypes and to reveal synonyms and homonyms (SEFc
et al. 2000, LABRA et al. 2002, Tuis et al. 2004, GISMONDI
et al. 2014). Earlier we studied a number of autochthonous
grape cultivars of the Crimea as part of International
Projects (LEForT et al. 2003, HEUERTS et al. 2008). We
continued characterization of our cultivars using 22 SSR-
markers and OIV descriptors under the EU program COST
Action FA1003 and the RFBR grant Nel5-29-02715. This
made it possible to standardize the results obtained in ac-
cordance with the recommendations elaborated by EU pro-
grams and to compare grape genotypes with those found in
the Eu-Vitis (European Vitis Database) and French INRA
databases which include more than 7,000 accessions.

This paper reports results arising from our attempts to
identify old grape cultivars found in Crimea and to perform
for some of them morphological and chemical characteri-
zation and to analyze their origin and genetic diversity.

Material and Methods

Grape plant samples: Samples of plant ma-
terial (leaves, cuttings) of 76 accessions of the Crimean
autochthonous grape cultivars were collected from the am-
pelographic collection of the National Institute of Wine and
Vine "Magarach". The accession 'Ekim kara' was collected
from the collection in the Sun valley near the town Sudak.
Young leaves were dried using silicagel at 55 °C.

Morphological analysis: 52 cultivars were
characterized using 48 OIV descriptors (MauL et al. 2012).
23 cultivars were phenotyped using the BBCH scale. For
these 23 accessions eno-carpological and eno-chemical
traits were measured according to the protocols proposed
during the COST Action FA1003 (RusTioNI et al. 2014)

DNA extraction: DNA extraction and micros-
atellite analysis were done at the laboratory "Diversity and
genome of cultivated plants", Centre INRA de Montpel-
lier (France). 100 mg of plant material were used for DNA
extraction. Genomic DNA was extracted using Qiagen
DNeasy plant mini kit protocol (QIAGEN, Germany) with
minor modifications (LAucou et al., 2011).

Chloroplast microsatellite analysis
(cpSSR): Chloroplast DNA variation was analysed at
three cpSSR loci: ccmp3, ccmp5, ccmp10 (ARROYO-GARCIA
et al. 2000.).

Microsatellite analysis (SSR): A set
of 22 nSSR markers was used for grape diversity analysis
(THis et al. 2004, Laucou et al. 2011). DNA was twice di-
luted before use. Amplifications were performed by adding
20 ng of genomic DNA to a 20 pLL PCR mixture. All for-
ward primers were labeled with the fluorochromes 6-FAM,
NED or HEX (Applied Biosystems). PCR and electro-
phoresis were performed as described by Laucou et al.
(2011). Eight multiplex PCR were used. For all multiplex
except one annealing temperature was 56 °C. For multi-
plex containing primers VMC1b11 and VMC4f3 the tem-
perature was 60 °C (Laucou et al. 2011). The separation
of SSR fragments was carried out in an ABI 3130 Genetic

Analyser (AB) with POP 7 polymer (Applied Biosystems,
CA). Three sequencing runs were used. Peak sizes were
determined using Genescan v.3.7 software. The Internal
size marker GENESCAN HD 400 POX was used as an
internal marker. Amplified fragments were sized with the
software GeneMapper (version 3.5).

Data analysis: Standard genetic parameters (al-
lele frequencies, expected and observed heterozygoty (He
and Ho), deviations from Hardy Weinberg proportions)
were calculated using the POPGENE software (version
1.32). The program DARwin (version 5.0.158, http://dar-
win.cirad.fr/darwin/) was employed to calculate Nei's ge-
netic distance with standard deviations (1000 bootstraps)
and to construct neighbour-joining tree. SSR profiles were
compared with the INRA genetic resource database which
contains more than 7,000 accessions.

Results and Discussion

Morphological analysis: Vineyards have
been an important part of the Crimean landscape, as well
as its culture. About 70 % of the cultivars are used for
wine, the remaining ones for table grape production. Only
20 autochthonous cultivars are nowadays cultivated on in-
dustrial vineyards in Crimea. The other cultivars are main-
tained only in the Magarach's ampelographical collection.
Some of them are represented in the collection only by one
individual plant. During the project, the list of Crimean
old grapevine cultivars was specified based on results of
ampelographic characterization and genetic identification.
Unfortunately, we can conclude that more than 70 % of
Crimean cultivars are endangered.

During the 2012-2013 vegetative period, 52 old grape-
vine cultivars were characterized using 48 OIV descriptors
and BBCH scale. Ampelographic characteristics of young
shoot, mature leaf, bunch and berry were investigated.
Ripening time, grape yield, mechanical characteristics of
bunch and berry were determined by standard methods of
measurement suggested in the frame of the COST Action
FA1003 project. Analyses of the ampelographic traits of
the studied grape cultivars showed that the genotypes con-
siderably differ by their main morphological, biological
and enological characteristics. The study of morphologi-
cal similarity revealed the existence of three groups. This
grouping was also confirmed by the analysis of genetic dis-
tances on SSR data.

Enological and eno-carpological traits of 19 Crimean
cultivars and 3 controls ('Saperavi', 'Rkatsiteli' and 'Caber-
net Sauvignon') as well as their morphological characters
have been described. Differences in anthocyanin and phe-
nolic substances were detected. Analysis of phenolics in the
berry skin of the studied cultivars revealed their highest ac-
cumulation in 'Kefessia' (3347.7 mg-L"), followed by 'Kok
Pandas' (3287.4 mg-L") and 'Manjil al' (2940.5 mg-L™).
This was considerably higher than what was found in the
control grapes 'Rkatsiteli' (728.6 mg-L"), 'Cabernet Sau-
vignon' (1310.5 mg-L'") and 'Saperavi' (1554.5 mg-L").
Large amounts of phenolics were also found both in berry
skin and seeds of the former two studied cultivars. The
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highest anthocyanin levels were determined in the berry
skin of 'Kefessia' (1035.1 mg-L"), which was more than in
'Cabernet Sauvignon' (862.8 mg-L"') and yet slightly lower
than in 'Saperavi' (1146.5 mg-L'). More detail morpholog-
ical, eno-carpological and eno-chemical analysis will be
present in future publication.

Nuclear microsatellite analysis: A to-
tal of 76 accessions of Crimean autochthonous grape culti-
vars were studied using 22 SSR loci. A total of 238 alleles
for 22 nSSR loci were detected (Tab. 1). The number of
alleles per locus ranged from 5 (VVIb0O1 and VVInl16) to
19 (VMC4f3 and VVIv67) with amean number of 10.8. The
analysis revealed a level of expected heterozygosity (H,)
ranging from 0.37 (VVIn73) to 0.88 (VMCI1bl11, VMC4f3
and VVIp31). The average gene diversity was 0.73. The ob-
served heterozygosity varied from 0.37 (VVIn73) to 0.90
(VMC413) with an average of 0.76. The most frequent al-
leles in this study were VVIb01-294 (59 %), VVIh54-165
and VVInl16-149 (58 %), VVIn73-263 (78 %), VVMD24-
206 (69 %), VVMD28-257 (51 %).

Table 1

Statistical results for 22 microsatellite markers used in the present
study, namely: observed number of alleles (na), effective number
of alleles (ne), Shannon's Information index (I), observed hetero-
zygosity (Ho), expected heterozygosity (He), and average hetero-

zygosity (Ave Het)
Locus na ne 1 Ho He Ave Het
VMCI1bll1 11 7.8 216 088 0.88 0.87
VMC413 19 7.7 234 090 0.88 0.87
VVIb01 5 22 095 063 0.54 0.54
VVIh54 15 3.1 1.73 073 0.68 0.67
VVInl6 5 2.2 1.00 0.55 0.56 0.55
VVIn73 7 1.6 0.83 037 037 0.37
VVIp31 13 8.1 227 087 0.88 0.88
VVIp60 10 3.8 1.60 0.79 0.75 0.74
VVIg52 6 3.5 133  0.67 0.72 0.71
VVIv37 12 5.8 1.98 0.88 0.83 0.83
VVIv67 19 5.7 221 0.79 0.83 0.83
VVMD21 8 4.1 1.61 0.86 0.76 0.76
VVMD24 10 2.0 1.12 046 049 0.49
VVMD25 11 4.6 .70 0.89 0.79 0.78
VVMD27 8 6.2 1.90 087 0.85 0.84
VVMD28 13 3.0 1.56  0.69 0.67 0.67
VVMD32 9 5.4 1.82 087 0.82 0.82
VVMD5 10 6.4 198 087 0.85 0.84
VVMD7 9 3.1 1.41 0.70  0.68 0.68
VVS2 12 43 1.81 0.72 0.77 0.77
VrZAG62 12 7.1 2.15 087 0.86 0.85
VIZAG79 14 4.4 1.95 079 0.78 0.77
Mean 10.8 4.7 1.70 0.76 0.74 0.73
St. Dev 3.8 20 045 0.15 0.14 0.14

SSR analysis confirmed the differentiations and simi-
larities among the Crimean cultivars. In our study the den-
drogram constructed on the basis of 22 SSR loci analy-
sis shows two groups of synonyms, where local cultivars
known with different names display identical SSR profiles
(Fig. 2). The comparison of SSR-profiles and morpho-
logical data of '"Manjil al', 'Shabash' and 'Shabash Krup-
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Fig. 2: Dendrogram of 76 Crimean grapevine cultivars genotyped
at 22 nSSR loci. The dendrogram was build using the Weighted
Neighbour-Joining method with the Darwin software. Number of
cluster is designated by cipher. The indication of the use of the
fruit is preceded by a slash mark: wine - W, table - T, TW - table
wine.

noyagoddnyi' revealed the same SSR profile and simi-
lar morphological characteristics (cluster 81). Identical
profiles were also detected for cultivars 'Ekim kara' and
'Krona' (cluster 79). A high genetic relation has been de-
tected between 'Khachador', 'Biyas aibatly' and 'Polkovnik
izyum' (cluster 78). Moreover, these cultivars showed a
high similarity with 'Colonel (Isioum)'. Several synonyms
were identified based on the comparison of the microsat-
ellite profiles' data with those found in INRA database:
'Kutlakskii chernyi' = 'Catalan’, 'Firski rannii'='Firsky pré-
coce', 'Dardagan' = 'Hagnos Z6ld', 'Kapitan Yani kara' =
'Rindjaga’, "Kornishon crymskii' = 'Ciliegiulo nero', 'Khalil
izyum' = 'Kara oglan faux', 'Zerva' = 'Seibel 13666', 'Abla
Aganyn izyum' = 'Nuyu isioum'. Besides, the «Kokur»
group varieties shared identical profiles, with only one
difference. Based on ampelographical data, the cultivars
'Kokur polurassechennyi' and 'Kokur rassechennyi' are var-
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iants of 'Kokur belyi' (GRAMOTENKO, 1970). As a result, the
76 investigated accessions of the Crimean autochthonous
cultivars were found to belong to 57 unique profiles.

Analysis of genetic diversification revealed a ten-
dency for the differentiation based on the use of the fruit:
wine (W), table (T), table-wine (TW). The cultivars were
grouped into clusters having subclusters with i) W and
TW); ii) T and TW (Fig. 2).

Results of ampelographic characterization of Crimean
local cultivars showed the high level of variability. Com-
parison of Crimean cultivars SSR profiles with the Eu-Vi-
tis and the French database INRA confirmed that majority
of them are unique and exist only in Crimea. The results
were uploaded into the European Vitis Database (www.eu-
vitis.de).

Chloroplast microsatellite analysis:
The analysis of haplotype diversity shows that all chloro-
plast loci are polymorphic within the 76 cultivars. A total
of 8 alleles were detected. Three cpSSR loci combine in a
total of 5 different haplotypes (Tab. 2). Of them haplotypes
A, B, C, D were identified as indicated in ARROYO-GARCIA
et al. (2006). These haplotypes corresponded to haplop-
types IV, 11, V, I that were identified using two cpSSR loci
(ccmp3, ccmpl0) by Imazio et al. (2006). Only one haplo-
type, identified for 'Solnechnaya dolina 31a' was unique.
Haplotype II (B) was the most represented (29 out of 76).
It is interesting to note that this haplotype, as Imazio et al.
(2006) note, is mostly represented in Italian accessions. It
confirms the supposition that they were imported by the
Genoese and the Turks and came from West European ori-
gin (NEGRUL 1946).

Table 2

Haplotypes identified in the accessions of the Crimean cultivars
using chloroplast SSR loci cemp3, cempS and cemp10. The first
two coloumns display the number and percent of the haplotypes
belonging to the different haplogroups, among the 76 studied ac-
cessions. These haplotypes corresponded to haploptypes A, B, C,
D as identified by ARROYO-GARCIA ef al. (2006) and haploptypes
IV, 11, V, I as identified using two cpSSR loci (ccmp3, ccmp10) by
IMmazio et al. (2006). One identified haplotype was unique

Classification of haplotypes

I:clgg:fi;f % ARROYO-GARCIA et al. Imazio et al.
2006 2006
! 1.3 not present not present
13 17.1 A v
29 38.2 B I
10 13.2 C v
23 30.1 D 1

Haplotype I, which is highly represented in Caucasian
accessions, as indicated Imazio et al. (2006), was identi-
fied in 30 % of the Crimean cultivars. Some authors con-
sider that many Crimean varieties were imported from
Caucasia (NEGRUL 1946, Ivanov 1947). Furthermore, a
route of the Silk Road passed through the Crimea. At the
end of the 1% century BC, the Silk Road divided where the
River Don empties into the Sea of Azov. Routes originating
from that place led to all large cities of the states located

on the shores of the Sea of Azov and the Black Sea, such
as Phanagoreia, Cafa (modern Feodosia), Olvia, Sugdeia
(Sudak) and Chersonesus (Fig. 1).

Haplotype IV was identified in 10 cultivars. This hap-
lotype was the rarest and completely absent in the group of
East European varieties (Imazio ef al. 2006).

Conclusions

Origin of Crimean grape cultivars is a very complex
process. Comparing morphobiological traits of some au-
tochthonous varieties of the Crimea and of the revealed
variants of Vitis vinifera ssp. allows us to suggest that a
number of local cultivars originate in the Crimea. For the
major part, they are wine cultivars: 'Khersonesskii', 'Manjil
al', 'Kastel chernyi', 'Ekim kara', 'Jevat kara' etc. (MaLIKOV
1968). Thus, judging by morphological traits, the variety
'Khersonesskii' reminds of wild-growing grape and is found
in the region near an ancient Greek city Chersonesus (now
Sevastopol) (DasHkEVICH 1966). Onward, concurrent with
the development of ancient Greek colonies on the seacoast
of Crimea in the 7%-6" centuries BC, new grape varieties
were imported to the area. For instance, the cultivars 'Sary
pandas', 'Sary kokur', 'Kokur belyi', 'Kandavasta' have
Greek names (Ivanov 1947, Korzumski 1904, NEGRUL
1954). It is possible that the formation of grape cultivars of
the Crimea has been affected by a number of factors, such
as natural selection, artificial selection and hybridization
of local and imported varieties. These results suggest that
historical movement of grapevine was important in shap-
ing the structure of the grapevine genepool. This study will
make available additional information about the genetic
diversity and the relationship among Crimean cultivars.
The genetically rich and diversified genepool of Crimean
cultivars represents valuable material sources for future
sustainable breeding and improvement of grapevine.
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