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Abstract: Grape (Vitis vinifera L.) is among the most important commercial fruit species grown
worldwide in terms of its economic value. Anatolia (Turkey), located in the favorable climate
zone for viticulture, has a rich grape genetic potential due to its location at the intersection of
the grapevine gene centers. In Turkish Kara grape germplasm, there are problems in terms of
accuracy during the production phase due to the inadequacies in ampelographic definitions, and
also very little information is available on genetic analysis of Kara grape germplasm. This study
carried out genetic analysis of 49 Kara grape cultivars from six regions (sub-populations) of Turkey
and 3 reference cultivars using 22 microsatellite loci (SSR), and ampelographic analysis were also
performed concerning 39 OIV descriptors. In the SSR analysis, the average number of alleles per locus
was 8.91, ranging from 4 to 13; four synonymous and five homonymous cases were also identified. In
the population structure analysis, the genetic differentiation (Fst) values among six populations were
moderate. In the BAPS analysis, all populations except Central Anatolia were found to be highly
admixed with each other, and in the FCA analysis, the East Anatolia population was completely
separated. In the multilocus lineages (MLLs) analysis, a total of three accessions were matched to
different accessions as clone assignment. In this study, SSR-based genetic characterization of the
Turkish Kara grape germplasm was revealed for the first time, and it is thought that the obtained
data will help other grape genetic characterization studies and contribute to viticulture research in
other areas such as breeding, protection and variety registration.

Keywords: Vitis vinifera L.; Kara grapevine; SSR; population structure; Anatolia; Turkey

1. Introduction

The grapevine (Vitis vinifera L.), apart from being one of the most extensively cultivated
fruit trees in the world, is also a fascinating subject for history and evolutionary studies [1,2].
The plant is an extremely important resource, not only in terms of its fruit, but also because
of the presence of secondary metabolites contained in its cellular structure. Resveratrol
is one of these secondary metabolites which acts like an antioxidant, protecting the body
against high risks [3–5].
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Anatolia, located in Turkey, is rich in wild grape (Vitis vinifera ssp. sylvestris) vari-
eties [6,7], and diversity among germplasm of these varieties has gradually resulted in
the creation of a potent cultivated variety (Vitis vinifera ssp. sativa). The coastlines of the
Eastern Black Sea and Eastern Anatolian regions, except for the highlands, are involved
in economic viticulture. According to data from the FAO 2020, 77.1 million tons of grape
production has been conducted on an area of 6.9 million hectares worldwide. Turkey ranks
fifth in terms of area with 400,000 hectares (5.85%) of cultivated land and sixth in terms of
grape production with 4.2 million tons (5.32%) in the world.

As an important exporting crop in Turkey, more than 1200 cultivars of this species
are gathered in Turkey’s National Collection Repository (TNCR) by Tekirdağ Viticulture
Research Institute-Tekirdağ for the identification and protection of grape genetic potential.
In this collection, numerous ampelographic investigations have been performed, and as
a result of ampelographic researches, cultivars with different or similar morphological
features but same names have been encountered. The most important of them, especially
those consumed as fresh edible grapes, include 10 to 50 prevalent cultivars like White,
Black, Amasya, Dimrit, Parmak and Razakı. Due to the insufficiency of ampelographic
discrimination/identification of Kara (or Siyah, called Black in English) grape cultivars, its
nomenclature has been inaccurate and its synonyms/homonyms are undetermined. This
has complicated the correct identification of the number of grape cultivars. In addition to
its nutritional value, black grapes have accumulations of effective antioxidant substances,
especially in the skin and seeds, which are very important for health [8].

Development of genetic markers is considered a big step forward, because they are not
influenced by environmental conditions, nor by the type of the sample or the developmental
stage, and thus provide distinctive information [9,10]. DNA markers are widely used in
germplasm characterization and variety creation, and also in clone identification through
parent analysis [11,12]. A common criterion of a suitable or applicable marker is the degree
of polymorphism that can highlight differences between cultivars and clones [13]. Due to
the high polymorphism, repeatability and predominant quality of SSR microsatellites, they
have most often been selected for genetic analysis of Vitis cultivars [14,15].

SSR microsatellite markers, or Simple Sequence Repeats (SSR), are genomic repetitive
regions in the category of abundant Short Tandem Repeats (STRs) scattered throughout
the genome [16,17]. Indicatively, Velasco et al. [18] estimated the number of SSRs in the
genome of highly heterozygous individuals of Vitis vinifera to be about 89,000.

Recently, it was concluded that the utilization of 20 SSR markers tends to be sufficient
to distinguish existing cultivars or to solve synonymy and homonymy issues [19]. In this
work, the identical, synonymous and homonymous status of 49 Kara grape cultivars de-
rived from 30 provinces of six different eco-geographic sub-populations were distinguished
using 22 SSR loci and 39 ampelographic characterization descriptors (OIV: International
Organization of Vine). Furthermore, correlation between cultivars and eco-geographical
sub-population (region) distribution was illustrated by genetic relations, different popula-
tion structure approaches and clonal analysis.

2. Materials and Methods
2.1. Plant Material

Overall, 52 cultivars, including 49 Kara grape cultivars (Table S1) and 3 reference
cultivars (CS: Carbernet Sauvignon, M: Merlot, PN: Pinot noir), were analyzed in this study
(Figure 1). These grape cultivars were obtained from the National Grapevine Germplasm
Vineyard at the Institute of Viticulture in Tekirdağ, Turkey.
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Figure 1. Provinces from which Kara grape cultivars were collected (each sub-population and the
provinces belonging to each sub-population are given in the below right part of the figure).

2.2. OIV Data Analysis

Ampelographic characters of these grape cultivars were determined according to
the Descriptors of Grape norms from the IBPGR (International Board for Plant Genetic
Resources) [20]. A total of thirty nine major OIV descriptors were used for a set of 49 Kara
grape cultivars. Information related to OIV descriptors (characteristic description) and OIV
data codes is given in Table S2. The morphometric data were constructed using standard
OIV codes. However, the standard OIV coding was converted into a data format that could
be analyzed. The OIV 016 character was removed from the data file as it contained no
variation (all cultivars were coded as 1). PAST (Paleontological Statistics Version 3.22) was
used for the data analysis [21].

2.3. DNA Isolation

DNA was extracted from leaf tissue as described by Lefort et al. [22]. Determination
of DNA concentration and quality was performed according to Akçay et al. [23] and Ergül
et al. [24] using an ND-1000 spectrophotometer (NanoDrop Technologies, Wilmington, DE,
USA) and agarose (1%, w/v) gel electrophoresis. Isolated DNA was stored at −20 ◦C until
PCR reactions were performed.

2.4. SSR Analysis and Capillary Electrophoresis

22 SSR loci, named VVS1, VVS2 [25], VVMD5, VVMD7, VVMD21, VVMD24, VVMD27,
VVMD28, VVMD31 [26], vrZAG21, vrZAG47, vrZAG64, vrZAG112, vrZAG62, vrZAG79,
vrZAG83 [27], VMC2H4, VMC2C3 [28] and VVIH54, VVIB01 [29], VVMD25, VVMD32 [26],
were used in this study. Nine loci, called the “core SSR marker set” (VVS2, VVMD5,
VVMD7, VVMD27, ZAG62, ZAG79, VVMD25, VVMD32), directly allow comparisons of
allele sizes from different grape cultivars analyzed in different studies [30,31]. Information
on the 22 SSR loci used (SSR locus name, primer sequence and references) is given in
Table S3.

Allele size detections, PCR amplifications and capillary electrophoresis conditions
were conducted according to Akçay et al. [23] and Yılmaz et al. [32]. In the PCR reactions,
fluorescent-labeled D4 (blue), D3 (green), and D2 (black) forward primers allocated to each
SSR locus were applied. A negative control (distilled water instead of DNA) was used
for checking for the presence of possible contamination in the PCR reactions. Samples for
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DNA amplification were subjected to PCR for 3 min at 94 ◦C, 1 min at 94 ◦C, or 1 min at
48–66 ◦C, depending on the degree of primer binding (annealing temperature), then for
2 min at 72 ◦C, and kept at 72 ◦C for 10 min during the last cycle. This was carried out for
35 cycles. Amplification (with 100 bp DNA ladder, Invitrogen™, Waltham, MA, USA), and
control of SSR loci products once their PCR steps were completed, were performed using
electrophoresis on a 2% agarose gel.

After diluting the PCR products with SLS (Sample Loading Solution) solution in
suitable proportions (20 µL), Genomelab DNA Standard Kit-400 (0.4 µL) was added to the
mixture, and then electrophoresis was applied in the CEQ 8800XL capillary DNA analysis
system (Beckman Coulter, Fullerton, CA, USA). Determination of the peak sizes (bp) was
carried out using the fragment analysis software of the system. “Cabernet Sauvignon
(CS)”, “Merlot (M)” and “Pinot noir (PN)” were included as reference cultivars. PCR and
SSR analyses were performed at least twice to indicate reproducibility of the results. The
heterozygosity or homozygosity of PCR fragments was visualized considering the types
and colors of each SSR locus peak after capillary electrophoresis.

2.5. Genetic Analysis
2.5.1. SSR Analysis

In this study, allele number (n), allele frequency, expected (He) and observed heterozy-
gosity (Ho) and detection probability (PI, Probability of Identity) values were determined
as genetic parameters with the IDENTITY 1.0 program [33]. This program was used to
detect the same genotypes. The proportion of shared alleles was determined by the ‘ps
(option 1-(ps))’ method described by Bowcock et al. [34], and the similarity ratio index was
calculated using the Microsat program [35]. Genetic similarities among a total of 52 stud-
ied cultivars were determined with the NTSYS program (version 2.02g, Exeter Software,
Setauket, NY, USA) using the UPGMA (Unweighted Pair-Group Method using Arithmetic
means) method [36].

Additionally, to confirm international synonymous and homonymous cases, the ge-
netic profiles of 49 cultivars were determined using the nine core SSR marker set (VVS2,
VVMD5, VVMD7, VVMD27, ZAG62, ZAG79, VVMD25, VVMD32) and compared with the
European Vitis database (www.eu-vitis.de (accessed on 15 May 2021)) and Vitis Interna-
tional Variety Catalogue VIVC (www.vivc.de (accessed on 10 June 2021)).

2.5.2. Population Genetic Analysis

Population genetic parameters of Kara grape sub-populations (population information
of cultivars can be seen in Table S1) were estimated using the Arlequin software Ver. 5.3
program according to the method of Excoffier and Lischer [37]. The genetic relationship
dendrogram of the cultivars was created on the basis of the genetic distance of Nei, using the
NTSYS-pc (Numerical Taxonomy and Multiware Analysis System) analysis program [38].
FCA was performed to find the presence of any population structure among eight grape
populations using Genetix 4.05 [39]. Gene flows (Nm) among populations were estimated
using Genetix 4.05, and genotypes were analyzed using the STRUCTURE 2.3 program. For
each run, 100,000 replicates of “burn-in” followed by an additional 100,000 MCMC (Markov
Chain Monte Carlo) replicates of data collection were conducted. A linkage model based
on known distances among microsatellite loci and a model of correlated allele frequencies
were used, and the data were analyzed with the STRUCTURE 2.3 program. Bayesian Popu-
lation genetic analysis was also applied using the BAPS software to visualize population
structure and admixture (http://www.helsinki.fi/bsg/software/BAPS (accessed on 21
March 2020)) [40].

We also analyzed the population structure with the STRUCTURE 2.3 program to esti-
mate the possible RPPs. The grape populations were analyzed according to Pereira-Lorenzo
et al. [41], and were based on the population structure analyzed with the STRUCTURE 2.3
program [42] using the same computing parameters except that the K level was calculated
for K = 2–9 unknown RPPs with 25 replicates. We also used STRUCTURE-HARVESTER [43]

www.eu-vitis.de
www.vivc.de
http://www.helsinki.fi/bsg/software/BAPS
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to estimate the best K value supported by the current data [44]. Similar to Ergül et al. [24],
the number of accessions strongly assigned to each RPP was determined based on the qI
probabilities (probability of membership) higher than 80%.

2.5.3. Clonal Analysis

For clonal differentiation, the GenAlEx v6.5 program [45] was used to identify Multi-
locus Genotypes (MLGs) in the populations. Effective alleles (Ne), number of different
alleles (Na), observed heterozygosity (Ho), Nei’s [46] unbiased expected heterozygosity
(uHe) and private alleles summary (PAS) values for each population were determined by
using the same program.

In addition, a histogram of pairwise distances created by the software GenoType
v1.2 [47] was applied to determine whether somatic mutations were present. Simpson’s
diversity and possible number of clones (representing clone number) based on multilocus
lineage (MLLs) calculations were conducted by using the GenoDive v1.1 program [47].
Furthermore, genotypic diversity (div), effective number of genotypes (accessions) (eff ),
evenness (eve) and Shannon–Wiener (shw) diversity index values were calculated by using
the GenoDive v1.1 program.

In analysis of the MLGs, various mutational threshold or T values (T represents the
maximum distance allowed to identify a clone among the individuals with the same “mul-
tilocus genotype (accession)” value) were tested (e.g., from threshold = 0 to threshold = 10)
to minimize the mutational problems and potential scoring errors. The groupings of MLGs
within MLLs were evaluated, and accessions with the similar values of the mutational
thresholds were thought to represent the clones.

3. Results
3.1. OIV Data Analysis

The detailed ampelographic definition presented in this work highlights clear mor-
phological differentiation between studied Kara grape cultivars characterized using 39 OIV
descriptors (Table S2).

The dendrogram (Figure 2A) of the studied OIV descriptors ultimately consists of
two sub-groups, in which the character OIV 223 (Berry: shape) alone constitutes a single-
member group. However, the larger sub-group with 37 members consists of two sub-
groups, one of which is the OIV 004 (Young Shoot: density of prostrate hairs on tip)
character alone. In other words, cultivars are more diverse in terms of OIV 223 and OIV 004
traits, and there was no significant correlation between these traits and the other examined
traits. On the other hand, the OIV 66-4 (Mature leaf: length of vein N5) and OIV 225 (Berry:
color of skin) properties showed correlation with each other and defined the shorter length
of vein N5 in Kara grape cultivars. Additionally, OIV 51-2 (Young leaf: color of the upper
side—leaf 4–6) was in correlation with the OIV 230 (Berry: color of flesh) character and
determined that cultivars with green and yellow leaves contain colorless flesh. Besides the
correlation of OIV 83-1 (Mature leaf: shape of base of upper leaf sinuses) and OIV 83-2
(Mature leaf: shape of base of lower leaf sinuses) with OIV 007 (Young leaf: density of
prostrate hairs between veins), and other descriptors were identified (Figure 2A).

Using all accessions, two major clusters were identified by the cluster analysis: group
1 (46 accessions) and group 2 (3 accessions) (Figure 2B). The most dissimilar cultivars
grouped together showing the longer branches in the tree. The minor cluster consisted
of accessions: Miri Kara (Dendrogram no: 17) and Acı Kara (Dendrogram no: 5), which
were linked to the Bulgar Karası (Dendrogram no: 15), while Bulgar Karası (Dendrogram
no: 15) had the least similarity with the remaining 48 cultivars, although the larger group
was divided to two sub-groups in dendrogram. The most similar accessions were Kokulu
Kara (Dendrogram no: 12) and Beyaz Saplı Kara (Dendrogram no: 13), both of which are
from the Marmara region. Finally, it should be noted that the results of the genetic and
phenotypic similarity graphs were not completely consistent.
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Figure 2. Cluster analysis dendrogram of OIV characters. (A) The cluster analysis dendrogram shows
the relationship between Kara grape individuals (Table S2 can be used for the dendrogram sample
numbers (dendrogram no) information. Green numbers: Marmara; Blue numbers: Black sea; Red
numbers: Aegean; Black numbers: Mediterranean; Black numbers with yellow star: East Anatolia;
Black numbers with red stars: Central Anatolia) (B).

The scatter plot showing the individuals with the sub-group population names is
presented in Figure 3. It shows the scattering of the different grape samples and individ-
uals belonging to different geographic sub-groups, analyzed in the bi-dimensional space
determined by PCA 1 and PCA 2. In Figure 3, we do not see any groupings among Kara
sub-populations based on the OIV data, but it can be seen that the Mediterranean accessions
(black circles) accumulate on one side of the graph while the accessions of the Marmara
region (blue squares) are gathered on the other side of the graph. However, among these,
the Black Sea accessions (white diamonds) are well distributed among different sub-groups
of accessions.

The biplot with loadings of each OIV characters is presented in Figure 4, showing
which characters contributed to the separation of the individuals. It can be easily seen that
OIV223 and OIV 077.1 (Mature leaf: length of teeth N2) have the highest loadings on the
positive side, while OIV 004 and OIV 084.1 (Mature leaf: density of prostrate hairs—lower
side) have the highest loadings on the negative side. Additionally, the first axis was defined
by the density of prostrate hairs on the tip in young shoots (OIV 004) and length of teeth
N2 in mature leaves (OIV 077-1), respectively.



Horticulturae 2023, 9, 743 7 of 23

Horticulturae 2023, 9, x FOR PEER REVIEW 7 of 24 
 

 

sions (black circles) accumulate on one side of the graph while the accessions of the Mar-
mara region (blue squares) are gathered on the other side of the graph. However, among 
these, the Black Sea accessions (white diamonds) are well distributed among different sub-
groups of accessions. 

 
Figure 3. PCA scatter plot of Kara sub-populations. The PCA plot was determined for the first two 
principal components (PCA 1 and PCA 2). Each sample is indicated as a colored shape, according 
to the population information. 

The biplot with loadings of each OIV characters is presented in Figure 4, showing 
which characters contributed to the separation of the individuals. It can be easily seen that 
OIV223 and OIV 077.1 (Mature leaf: length of teeth N2) have the highest loadings on the 
positive side, while OIV 004 and OIV 084.1 (Mature leaf: density of prostrate hairs—lower 
side) have the highest loadings on the negative side. Additionally, the first axis was de-
fined by the density of prostrate hairs on the tip in young shoots (OIV 004) and length of 
teeth N2 in mature leaves (OIV 077-1), respectively. 

Figure 3. PCA scatter plot of Kara sub-populations. The PCA plot was determined for the first two
principal components (PCA 1 and PCA 2). Each sample is indicated as a colored shape, according to
the population information.

Horticulturae 2023, 9, x FOR PEER REVIEW 8 of 24 
 

 

 
Figure 4. Biplot showing both scattering and the loadings of all OIV characters used in the analysis. 
Each sample is indicated as a colored shape according to the sub-population information. 

3.2. SSR Analysis 
A total of 196 alleles were approved in the 22 mentioned SSR loci, and the mean allele 

number (n) was found to be 8.91. The most and least informative loci were determined to 
be VMC2H4, with 13 alleles, and VVIB01, with 4 alleles, respectively (Table 1). 

 
Observed (Ho) and expected (He) heterozygosity rates were 0.734 and 0.746, respec-

tively. The highest Ho was determined in VMC2H4, with a rate of 0.962, and the lowest 
was determined in VVS1 and VVIH54, with a rate of 0.500. He rates for VMC2H4 and 
VVIB01 were 0.871 and 0.526, respectively. These results prove the high polymorphism 
characteristics of these loci in grapes. VMC2H4 (0.056) and VVS2 (0.075) loci showed the 
lowest PI rates and were identified as being the most informative among the studied loci 
(Table 1). 

Table 1. SSR loci, allele number (n), expected heterozygosity (He), observed heterozygosity (Ho), 
probability of identity (PI). 

No SSR Loci n He Ho PI 
1 VVS1 7 0.551 0.500 0.315 
2 VVS2 12 0.843 0.885 0.075 
3 VVMD5 9 0.8036 0.769 0.111 
4 VVMD7 7 0.775 0.808 0.162 
5 VVMD21 7 0.743 0.692 0.190 
6 VVMD24 9 0.682 0.750 0.198 
7 VVMD27 9 0.823 0.769 0.099 
8 VVMD28 12 0.812 0.769 0.110 
9 VVMD31 9 0.714 0.692 0.196 
10 VrZAG21 8 0.709 0.750 0.185 
11 VrZAG47 11 0.831 0.731 0.090 

Figure 4. Biplot showing both scattering and the loadings of all OIV characters used in the analysis.
Each sample is indicated as a colored shape according to the sub-population information.



Horticulturae 2023, 9, 743 8 of 23

3.2. SSR Analysis

A total of 196 alleles were approved in the 22 mentioned SSR loci, and the mean allele
number (n) was found to be 8.91. The most and least informative loci were determined to
be VMC2H4, with 13 alleles, and VVIB01, with 4 alleles, respectively (Table 1).

Table 1. SSR loci, allele number (n), expected heterozygosity (He), observed heterozygosity (Ho),
probability of identity (PI).

No SSR Loci n He Ho PI

1 VVS1 7 0.551 0.500 0.315

2 VVS2 12 0.843 0.885 0.075

3 VVMD5 9 0.8036 0.769 0.111

4 VVMD7 7 0.775 0.808 0.162

5 VVMD21 7 0.743 0.692 0.190

6 VVMD24 9 0.682 0.750 0.198

7 VVMD27 9 0.823 0.769 0.099

8 VVMD28 12 0.812 0.769 0.110

9 VVMD31 9 0.714 0.692 0.196

10 VrZAG21 8 0.709 0.750 0.185

11 VrZAG47 11 0.831 0.731 0.090

12 VrZAG62 10 0.778 0.904 0.140

13 VrZAG64 8 0.802 0.846 0.122

14 VrZAG79 9 0.815 0.846 0.100

15 VrZAG83 6 0.660 0.673 0.277

16 VrZAG112 9 0.621 0.615 0.219

17 VMC2H4 13 0.871 0.962 0.056

18 VMC2C3 7 0.696 0.712 0.240

19 VVIH54 11 0.745 0.500 0.132

20 VVIB01 4 0.526 0.558 0.557

21 VVMD25 8 0.789 0.846 0.136

22 VVMD32 11 0.820 0.577 0.094

Total 196 16.411 16.154 3.803

Average 8.91 0.746 0.734 0.173

Observed (Ho) and expected (He) heterozygosity rates were 0.734 and 0.746, respec-
tively. The highest Ho was determined in VMC2H4, with a rate of 0.962, and the lowest
was determined in VVS1 and VVIH54, with a rate of 0.500. He rates for VMC2H4 and
VVIB01 were 0.871 and 0.526, respectively. These results prove the high polymorphism
characteristics of these loci in grapes. VMC2H4 (0.056) and VVS2 (0.075) loci showed the
lowest PI rates and were identified as being the most informative among the studied loci
(Table 1).

3.2.1. Genetic Relations among the Kara Grape Cultivars

In this study, four synonymous (identical genotypes called by the different names) and
five homonymous (different genotypes called by the same name) cases were determined.
However, no identical (same names and same SSR profiles) cases were found in the study.
The similarity cases detected in 49 Kara grape cultivars are shown in Table 2.
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Table 2. Identical, synonymous and homonymous cultivars identified based on SSR analysis.

No Identical Synonymous Homonymous

(Cultivar Name/List no/Population (Region)-Location (Province))

1 -

Patlak
Kara/45/Central
Anatolia-Sivas

Kara Üzüm/1/Mediterranean-Adana-Kara Üzüm/15/Black Sea-Gümüşhane-Kara
Üzüm/16/Mediterranean-Hatay-Kara Üzüm/23/Aegean-İzmir-Kara
Üzüm/25/Black Sea-Kastamonu-Kara Üzüm/26/Marmara-Kırklareli-Kara
Üzüm/49/Black Sea-Zonguldak

Siyah
Üzüm/47/Central
Anatolia-Yozgat

2 -

Deli
Kara/3/Marmara-
Balıkesir

Siyah Üzüm/12/East Anatolia-Diyarbakır-Siyah
Üzüm/17/Mediterranean-Hatay-Siyah Üzüm/29/Central Anatolia-Konya-Siyah
Üzüm/31/East Anatolia-Malatya-Siyah Üzüm/32/East Anatolia-Mardin-Siyah
Üzüm/42/Black Sea-Samsun-Siyah Üzüm/43/Black Sea-Sinop-Siyah
Üzüm/44/Black Sea-Sinop/-Siyah Üzüm/47/Central Anatolia-Yozgat

Yerli
Kara/41/Marmara-
Sakarya

3 -

Eski
Kara/11/Aegean-
Denizli

Ekşi Kara/10/Aegean-Denizli-Ekşi Kara/48/Central Anatolia-Yozgat
Yerli
Kara/34/Aegean-
Muğla

4 -

Siyah
Üzüm/12/East
Anatolia-Diyarbakır

Yerli Kara/34/Aegean-Muğla-Yerli Kara/41/Marmara-Sakarya
Kara
Üzüm/26/Marmara-
Kırklareli

5 - - Katı Kara/36/Aegean-Muğla-Katı Kara/38/Black Sea-Ordu-Katı Kara/39/Black
Sea-Ordu

In comparison with the European Vitis database (www.eu-vitis.de (accessed on 15
May 2021)) and Vitis International Variety Catalogue VIVC (www.vivc.de (accessed on 10
June 2021)), it was found that one cultivar (Siyah Üzüm, List no: 17) was synonymous with
the “Muscat Hamburg” cultivar originating in the United Kingdom (Variety number VIVC:
8226, Accession number: DEU098-1980-274).

3.2.2. Genetic Structure Analysis among Kara Sub-Populations

The expected (Hexp) and observed (Hobs) heterozygosity values considering all sub-
populations are presented in Table 3. Among the Kara grape sub-populations, the highest
mean number of alleles was observed in the Marmara sub-population (6.72), while the
lowest one was observed in the East Anatolia sub-population (3.31). However, Hexp and
Hobs values were found to be approximately close to each other in all Kara sub-populations
(~0.700) except East Anatolia, Central Anatolia and reference sub-populations (Table 3).

The Kara grape cultivars and reference (PN-CS-M) population were divided into two
groups in the factorial correspondence analysis (FCA) (Figure 5A). In the FCA analysis
of seven sub-populations, it was seen that the reference cultivars and the East Anatolia
cultivars emerged as separate groups, while the remaining cultivars formed a cluster
(Figure 5B).

www.eu-vitis.de
www.vivc.de
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Table 3. The expected and observed heterozygosity values for Kara grape sub-populations.

Sub-Population Number of
Cultivars (n)

Heterozygosity Polymorphic Locus Mean of
Alleles/LocusHexp Hobs p (0.95) p (0.99)

Mediterranean 9 0.700 0.732 1.0000 1.0000 5.27

Std. error 0.086 0.170

Marmara 11 0.752 0.743 1.0000 1.0000 6.72

Std. error 0.084 0.155

Black Sea 11 0.700 0.714 1.0000 1.0000 5.95

Std. error 0.148 0.178

Aegean 9 0.651 0.717 1.0000 1.0000 4.54

Std. error 0.118 0.226

East Anatolia 3 0.596 0.727 1.0000 1.0000 3.31

Std. error 0.170 0.284

Central Anatolia 6 0.613 0.765 1.0000 1.0000 3.72

Std. error 0.125 0.255

References 3 0.611 0.772 1.0000 1.0000 3.50

Std. error 0.151 0.238

Std. error: Standard error.

In the Bayesian population structure (BAPS) analysis, similarly to the FCA, the
Kara grape population and reference population were clearly separated from each other
(Figure 6A). In the BAPS analysis based on individuals (as six sub-populations and one
reference population) (Figure 6B), it was observed that the Kara sub-populations were
admixed to some extent (Figure 6B). In the BAPS analysis based on individuals and popu-
lations, all sub-populations except Central Anatolia were found to be highly admixed with
each other (Figure 6C).

Genetic distance values are given in Table 4. The reference population had high
genetic distance values relative to the Kara sub-populations. Excluding the reference
population, the highest genetic distance values among the Kara sub-populations were
observed between the East Anatolia and Aegean populations (0.478), and between the
Central Anatolia and East Anatolia (0.470) populations. The lowest genetic distance values
were recorded between the Black Sea and Marmara populations (0.147), and between the
Black Sea and Mediterranean (0.149) populations.

Table 4. Genetic distance between sub-populations.

Sub-Populations Mediterranean Marmara Black Sea Aegean East
Anatolia

Central
Anatolia Ref.

Mediterranean -

Marmara 0.149 -

Black Sea 0.170 0.147 -

Aegean 0.248 0.180 0.195 -

East Anatolia 0.300 0.311 0.352 0.478 -

Central Anatolia 0.229 0.232 0.157 0.231 0.470 -

Ref. 0.632 0.519 0.699 0.641 0.815 0.757 -

Ref: references.
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The genetic differentiation (Fst) values and gene flow (Nm) values are given in Table 5.
Fst values among sub-populations were moderate, and the East Anatolia sub-population
showed especially significant genetic differentiation with the Aegean (0.087, p < 0.001) and
Central Anatolia (0.084, p < 0.05) sub-populations. Table 5 also indicates that the reference
population showed significant genetic differentiation with the Central Anatolia (0.147,
p < 0.05) and Aegean (0.122, p < 0.05) sub-populations. The Fst values explain the high Nm
among the sub-populations. The gene flow (Nm) between Kara sub-populations and the
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reference population is extremely limited, and the highest Nm value (4.08) was observed
between the reference and Marmara populations. Among Kara sub-populations, the highest
Nm value (84.93) was observed between the Marmara and Black Sea sub-populations, and
the lowest Nm value (2.28) was observed between the Central Anatolia and East Anatolia
sub-populations (Table 5).
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Table 5. Pairwise Fst values and gene flow (Nm) among the Kara sub-populations.

Sub-Population
(Fst/Nm) Mediterranean Marmara Black Sea Aegean East

Anatolia
Central

Anatolia Ref.

Mediterranean -

Marmara 0.00027/İnf. -

Black Sea 0.01284/21.03 0.00500/84.93 -

Aegean 0.04291 ***/5.47 0.02003/12.82 0.03029
*/7.96 -

East Anatolia 0.01655/15.66 0.01518/25.11 0.03902
*/6.50

0.08739
***/2.48 -

Central Anatolia 0.03113/6.97 0.03068/7.80 0.00898/22.23 0.04072
*/5.08

0.08424
*/2.28 -

Ref. 0.09815 ***/2.29 0.06173
*/4.08

0.11655
***/1.91

0.12209
*/1.71 0.12159/1.68 0.14787

*/1.28 -

* p < 0.05, *** p < 0.001, Inf: infinite, Ref.: References.

The structural analysis of the whole dataset of Kara grape cultivar sub-populations
reached a maximum K value at K = 2, as estimated by STRUCTURE-HARVESTER, which
corresponds to two main groups (RPP1 and RPP2) of genotypes (Figure S1). Reconstructed
panmictic populations were realized based on the Bayesian model-based clustering meth-
ods. We also calculated the number of genotypes strongly assigned to each of the two
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RPPs based on the qI (probability of membership) probabilities greater than 80%. The RPP
distribution of the cultivars (individuals) is given in Figure 7.
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Overall, results showed that 34 (65%) genotypes were assigned to each RPP with
higher than 80% probability, and 35% either did not belong to the representative RPPs or
showed a low probability of membership. Table 6 summarizes the results of membership
probabilities and the representative populations that formed the RPPs. All members of the
reference and East Anatolia sub-populations were grouped in RPP2, and all members of
the Central Anatolian sub-population were grouped in RPP1. All other sub-population
genotypes were seemingly admixed and were grouped in both RPP1 and RPP2.

Table 6. Classification of Kara grape cultivars by STRUCTURE using 22 SSR loci in K = 2 reconstructed
panmictic populations.

RPP Number of
Genotypes qI > 0.8 qI < 0.8 The Most Representative Populations and

the Number of Individuals

RPP1 30 18 (60%) 12 (40%)
Mediterranean (5), Marmara (5),

Black Sea (7), Aegean (7),
Central Anatolia (6)

RPP2 22 16 (73%) 6 (27%)
Mediterranean (4), Marmara (6),

Black Sea (4), Aegean (2),
East Anatolia (3), References (3)

Overall 52 34 (65%) 18 (35%) All populations
qI: coefficient coancestry.

3.2.3. Clonal Analysis

In the MLG analysis, except for three reference cultivars, 12 different multi-locus
genotypes (MLGs) were determined, while 37 unique genotypes were detected. According
to the distribution of the sub-populations, the highest MLG number was determined as
3 in the Marmara sub-population, while the lowest was 1 in East Anatolia. The number
of different alleles (Na) was highest in the Marmara (Na: 6.72) and Black Sea (Na: 5.95)
sub-populations, in direct correlation with the sub-population number (Table 7).
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Table 7. Multi-locus (MLG) number, number of different alleles (Na), effective alleles (Ne), observed
heterozygosity (Ho), unbiased expected heterozygosity (uHe) and private alleles summary (PAS)
values found in different grape sub-populations.

Sub-Population
(Sub-Population

Number)
MLG Na Ne Ho uHe PAS (Locus No: Alleles (bp))

Central Anatolia (6) 2 3.72 2.83 0.76 0.66 VVMD32:146

East Anatolia (3) 1 3.31 2.75 0.72 0.71 VVS1:181, VVMD28:281,
VVMD31:201, ZAG83:203

Mediterranean (9) 2 5.27 3.62 0.73 0.74
VVS2:141, VVMD7:230,

VVMD24:221, ZAG62:190,
ZAG112:229, VVMD5:271

Marmara (11) 3 6.72 4.44 0.74 0.78

VVS1:193, VVMD5:231,
VVMD7:258, VVMD24:201,
VVMD28:219, ZAG21:195,
ZAG47:183, ZAG62:210,
ZAG83:183, ZAG112:247,
VMC2h4:196, VVIh54:142

and154, VVIb01:300,
VVMD25:237 and247,

VVMD32:258

Black Sea (11) 2 5.95 3.99 0.71 0.73

VVMD5:219,VVMD28:245,
ZAG21:211, ZAG47:169,
ZAG62:208, ZAG64: 144,

VMC2h4:208 and210;
VMC2c3:187, VVMD32:262

Aegean (9) 2 4.54 3.14 0.71 0.68 VVMD21:250, VVIb01:308

Total 12 24.97 20.77 4.37 4.3 -

Effective alleles (Ne) ranged from 2.75 (East Anatolia) to 4.44 (Marmara) among
sub-populations, and Ho values were found to be greater than uHe values in the same
sub-population comparisons (except for Mediterranean and Marmara sub-populations).
The highest private alleles summary (PAS) value was found in Marmara, with 17 alleles at
15 different SSR loci, and the lowest PAS value was found in Central Anatolia, with 1 allele
at 1 SSR locus; no correlation was shown between PAS values and the sub-population
number (Table 7).

Considering the clonal diversity values, it was seen that all accessions of the East
Anatolia, Mediterranean and Black Sea sub-populations were unique genotypes. Genotypic
diversity (div) values, also known as expected heterozygosity, were found to be similar
to each other (approximately 0.9) in all sub-populations, while the evenness (eve) value,
which shows the distribution profiles of individuals within the sub-population, had the
lowest amount in the Aegean (0.920) sub-population (Table 8).

The highest evenness value was observed in East Anatolia (1.00), Mediterranean
(1.00) and Black Sea (1.00), which reflects the equal frequency of all genotypes in these
sub-populations. The Shannon–Wiener (shw) value was found to be higher (1.041) in the
Black Sea sub-population compared to other populations, and this value shows that this
population has a high diversity (Table 8).

In the multi-locus lineages (MLLs) analysis, it was determined that there were some
small differences in the number of different MLLs, especially between T = 0 and T = 3
threshold values, and only one match difference occurred between T = 1 and 2.
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Table 8. Number of genotypes (accessions) (gen)/clonality, effective number of genotypes (accessions)
(eff ), genotypic diversity (div), evenness (eve), and Shannon–Wiener (shw) values (for threshold = 2)
determined in multi-locus lineages (MLLs) analysis.

Sub-Population
(Sub-Population

Number)

Number of
Genotypes

(Accessions)
(gen)/Clonality

Effective
Number of
Genotypes

(Accessions)
(eff )

Genotypic
Diversity

(div)

Evenness
(eve)

Shannon–
Wiener
(shw)

Central Anatolia
(6) 5/1 4 0.933 0.900 0.677

East Anatolia (3) 3/0 3 1 1 0.477

Mediterranean (9) 9/0 9 1 1 0.954

Marmara (11) 10/1 9 0.981 0.930 0.986

Black Sea (11) 11/0 11 1 1 1.041

Aegean (9) 8/1 7 0.972 0.920 0.887

There was no difference in the number of MLLs between T = 2 and 3. For this reason,
results for T = 2 were considered as the threshold value, and a total of three clones were
detected. Detailed information (accession name, accession no, etc.) of the clones determined
in the T = 2 threshold value are given in Table 9.

Table 9. Cultivar names and other cultivar names assigned to different accessions at the T = 2
threshold value based on MLLs analysis.

Matched Number Accession Name (List No-Region,
Province)

Matches at T = 2
(List No-Region, Province)

1 Kokulu Kara (5-Marmara, Bilecik) Siyah Üzüm (17-Mediterranean,
Hatay)

2 Yerli Kara (34-Aegean, Muğla) Eski Kara (11-Aegean, Denizli)

3 Patlak Kara (45-Central Anatolia,
Sivas)

Kara Üzüm (26-Marmara,
Kırklareli)

4. Discussion
4.1. OIV Data Analysis

Similar to the results of previous investigations [48–50], the highest correlations were
observed between traits of the same category (i.e., leaf and berry traits). In this sense, the
characters OIV 66-2 (Mature leaf: length of vein N2) and OIV 66-3 (Mature leaf: length of
vein N3) were the most strongly correlated descriptors, and showed similar variations in
different accessions. The other correlation was seen between OIV 221-1 (Berry length) and
OIV 221-2 (Berry width) properties and OIV 503 (Single berry weight); this showed that
the single berry weight is more strongly related to the length of the berry. Additionally,
a high correlation between OIV 242-1 (Length of berry seed) and OIV 243 (Weight of
berry seed) descriptors was detected. Previously, Lamine et al. [51], in a multivariate
analysis and clustering of Tunisian autochthonous grapes, reported that OIV 225 (color of
the berry skin) and OIV 230 (color of the berry flesh) descriptors were the most strongly
correlated characters in terms of fruit characteristics, and characters OIV 079-1 and OIV
079-2 were the most strongly correlated descriptors in terms of leaf characteristics. In fact,
morphological markers have a higher degree of genomic coverage and most individual
phenotypic markers are multigenic [51]. Morphological investigations of grapevine have
previously been carried out by Lamine et al. [51] and Khalil et al. [52].

Shoot, leaf and berry descriptors have been generally used as powerful tools for
discrimination of grapevine cultivars. The number of shoot descriptors (n = 4) in our
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study was not enough to separate grapevine cultivars. The number of leaf descriptors
used in this work (n = 25) was higher than those reported previously by Sabir et al. [53],
who used 12 descriptors, Khalil et al. [52], who used 9 descriptors, Dilli et al. [54], who
used 22 descriptors, and Knezović et al. [55], who used 7 descriptors. Furthermore, nine
ampelographic descriptors were evaluated for berry characterization in this study, and the
highest amount of variation was attained by berry descriptors. The number of descriptors
in the studies by Dilli et al. [54], Knezović et al. [55] and Khalil et al. [52] was 12, 15, 4 and
9, respectively.

Finally, in order to determine the table cultivars of grape, the berry shape variable,
representing the most independent variance segment, was selected, along with the variables
of berry weight, berry seed weight, berry length and berry width. These traits are important
both for the consumer and producers in terms of berry size, seed size and berry shape [52].
As a result, considering the above characteristics, the cultivars Kara üzüm (List no: 16), Acı
kara (List no: 18), İyi Bağ Karası (List no: 28) and Sofra Karası (List no: 33) were identified
as table grapes, due to the high (5.1 g) or very high (6.3 g or more) weight of their berries,
their small seeds (35–50 mg), the berry length (21.5–25 mm or more), berry width (17.5–21.0
mm) and cylindrical and elliptic shapes. In addition, the cultivars Pat kara (List no: 20)
and Patlak kara (List no: 45), with the above specifications in the size of berry, but with
a roundish berry shape, were among the special table cultivars. Kara üzüm (List no:26),
from Kırklareli (Marmara sub-population), has a berry with colored flesh, and so could
be a suitable candidate for use in the fruit juice industry. All cultivars had blue and black
berry skin. In table cultivars, a deep red to dark purple color is preferred to light-colored
selections, and a round to oval shape and a strong Muscat flavor are welcomed [56].

Doligez et al. [57] indicated the lack of co-localization between QTLs for berry and
seed traits, suggesting that the genetic control of both traits may be partly dissociated. In
this sense, direct correlation between seed traits and berry traits, like berry dimensions,
were not observed. This is in accordance with the findings of Khalil et al. [52].

4.2. SSR Analysis

In this study, the number of different alleles for 22 SSR was 196, ranging from 4
(VVIB01) to 13 (VMC2H4) per locus. The VMC2H4 locus has been shown among the
loci with high allele numbers [28,58], and previous studies also showed that the VVS2
locus [58–60] and VVMD28 locus [58,59,61] were among the most informative loci (Table 1).
Furthermore, the VVIB01 locus has been used in genetic diversity studies of grapevine
accessions from Southeast [62] and Eastern Turkey [63], and also the genetic identification
and characterization of Armenian grapevine cultivars [60], in which it showed the lowest
allele number among the loci. In this study, the VVIB01 locus, with four alleles, involved
the lowest number of alleles, showing similar results to those of previous studies.

Given that the average number of alleles in each locus is influenced by the number
of samples and the number of examined loci, this amount varies from 5 to 20 in different
analyses [13,60,64], similar to our study (average number of alleles: 8.91, Table 1). This value
was found to be 5.75 by Eyduran et al. [63] in the genetic characterization of autochthonous
grapevine cultivars from Eastern Turkey, whereas it was recorded as 20.95 by Riaz et al. [61]
in accessions from around the Mediterranean basin and Central Asia.

Ho is the proportion of heterozygous individuals in the analyzed sample; expected
heterozygosity (He) or genetic diversity shows the percentage of the population that would
be heterozygous if an accidental cross occurred between individuals. The highest amount
of Ho was found in locus VMC2H4 and VrZAG62, implying high genetic diversity in the
mentioned SSR loci. Additionally, the average Ho value (0.73) obtained in this survey
for the Kara grape population was found to be very similar to average values for East
Anatolia grapes (0.71, 0.75 and 0.73) [62,63,65], to Armenian grapevine cultivars (0.74) [60]
and also to Mediterranean basin and Central Asian cultivars, which had an average of
0.74 [61]. Moreover, the high average value of heterozygosity (Table 3) may be seen by the
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high number of crosses in the variety set and random pollination, which is consistent with
findings from previous studies [66].

4.3. Genetic Relations among the Kara Grape Cultivars

There are over 10,000 cultivars of grapes in the world, and the grouping of these
cultivars is mostly confused due to homonymous, synonymous, limited or inaccurate
historical information, etc. [67]. In this study, which might contribute to the conservation
of national genetic resources, four synonymous and five homonymous cases were found
as a result of SSR analysis. The synonymous cultivars were Patlak Kara (List no: 45) and
Siyah Üzüm (List no: 47), from Sivas and Yozgat provinces, respectively; Deli Kara (List
no: 3) and Yerli Kara (List no: 41) from Balıkesir and Sakarya provinces, respectively; and
Eski Kara (List no: 11) and Yerli Kara (List no: 34) from Denizli and Muğla, respectively.
These cultivars are from the same region, but some of their morphological characteristics
(Table S2) are different. Siyah Üzüm (List no: 12) and Kara Üzüm (List no: 26) from
the synonymous cultivars were collected from Diyarbakır (East Anatolia sub-population)
and Kırklareli (Marmara sub-population) provinces, respectively, and also gave different
morphological results in some traits from separate regions. In this case, it can be concluded
that the same cultivar has incorrectly been nominated by a different name. Furthermore,
the fact that these cultivars are taken from different places with similar morphological data
supports their synonymous cases.

Kara Üzüm (List no: 1), Kara Üzüm (List no: 15), Kara Üzüm (List no: 16), Kara Üzüm
(List no: 23), Kara Üzüm (List no: 25) Kara Üzüm (List no: 26) and Kara Üzüm (List no: 49)
were found to be homonymous cultivars. All homonymous cultivars were collected from
different provinces, and there was no relationship between them (Tables 2 and S1). The fact
that homonymous cultivars are not the same could be caused by incorrect nominating. In
addition, variations (clones, types, etc.) of each variety could occur over time. Molecular
studies have shown that the majority of homonymous cultivars are clonal variations [68],
and these findings support our results.

The highest similarity ratio among cultivars was found to be 95.5% between Kokulu
Kara (List no: 5) and Siyah Üzüm (List no: 17) and between Siyah Üzüm (List no: 29) and
Yerli Siyah (List no: 30) cultivars. Kokulu Kara (List no: 5) and Siyah Üzüm (List no: 17)
were different from each other in one allele of the VVMD7 locus, and Siyah Üzüm (List no:
29) and Yerli Siyah (List no:30) were different from each other in one allele of the VVMD28
locus. However, the Kokulu Kara (List no: 5) and Siyah Üzüm (List no: 17) cultivars have
relatively different morphological features, and they are quite different in terms of their
sampling place. On the other hand, morphological data in the Siyah Üzüm (List no: 29)
and Yerli Siyah (List no: 30) cultivars support the genetic data (genetic similarity. These
two cultivars were collected from the same location and are morphologically separated
from each other only in berry shape (Table S1).

Except for the examples mentioned above, the highest similarity ratio was found to
be 75% in Kara Üzüm (List no: 23) and Sıkkara (List no: 24) cultivars, while they differed
in 11 loci. Moreover, the regions from which these two cultivars were collected were the
same, their maturation dates were close to each other and they were similar in terms of
other morphological characteristics. (Table S2).

In this study, a relatively low similarity ratio was determined among the Kara grape
cultivars. On the other hand, there was no direct correlation between the genetic relations
(genetic similarity dendrogram) of the cultivars and the original cultivation regions. The
genotypes belonging to six sub-populations (regions) show a nested distribution in the
dendrogram, and the homonymous character in some cultivars is an indicator of a gene
flow that occurs naturally or by transport in the regions in ancient times. This is supported
by the results obtained in Table 5.



Horticulturae 2023, 9, 743 18 of 23

4.4. Genetic Structure Analysis among Kara Sub-Populations

Despite the large number of synonymous and clonal relationships among the acces-
sions, we observed a high level of genetic variation. In the total germplasm collection,
the average genetic diversity quantified by the expected heterozygosity (0.752) and the
number of alleles in each locus (6.7) was higher for Marmara (Table 3). Likewise, the high-
est value of observed heterozygosity was revealed for the Central Anatolia and Marmara
sub-populations (Table 3).

As shown in Table 5, Fst values that are significantly greater than zero indicate a
deficiency of differentiation among these populations, probably as a consequence of genetic
drift, gene flow, mating systems, selection, and mutations [69]. Previously, Ergül et al. [7]
emphasized that limited genetic differentiations observed in Anatolian grape cultivars
might be a reflection of the area’s long history of grape cultivation and material exchanges
between provinces of Turkey. In this survey, the Nm value among Kara sub-populations
ranged from 2.28 to an infinite amount, indicating a high degree of gene flow and con-
tinuous distribution of genes, and also limited differentiation between sub-populations
(Table 5). On the other hand, as expected, the highest levels of pairwise genetic differ-
entiation values were observed between Anatolian grapes and the reference populations
(PN-CS-M), which is in accordance with Yılmaz et al. [32].

Genetic distances and genetic similarities are two important parameters to measure
when assessing the genetic diversity of the population. Results of genetic distance (ge-
netic similarity, %) between populations based on Nei [46] revealed that Kara grape sub-
populations of the Aegean and East Anatolia regions were the least genetically similar
(52.2%), with a maximum genetic distance (0.478) (Table 4). Among these, the minimum
genetic distance (0.147) was found between Black Sea and Marmara regions.

To understand the effect of geographic distance on genetic structure, genetic distances
among studied populations were examined and the results showed that the genetic distance
was not exactly correlated with the geographic distance, suggesting that the geographic
distance is not the principal factor influencing genetic differentiation among the Kara
sub-populations of Turkey. For instance, these results showed that the genetic relationship
of Mediterranean germplasm with Marmara germplasm was close. These results are
consistent with a long history of cultivation and increased selection pressure by humans
for Kara cultivars. In addition, the East sub-population was found to have the most genetic
distance with other groups.

It is accepted that, the consequences of gene introgression from sympatric populations
are strongly dependent on the extent of gene flow. In the Bayesian analysis of population
structure, the results showed that genotypes similar to the reference cultivars were found
in sub-populations, and also similar genotypes were seen between different regions (Fig-
ure 6C). When the same data was analyzed collectively, it is clear that the sub-population
with the most different genotypes is Marmara, whereas the Central region was found to
be a non-admixing region. In FCA analysis, dispersion in Marmara is also clearly seen.
According to the BAPS results, this indicates the introgression of genes from different
regions to this region, while they were least similar to those from the Eastern and reference
accessions. Nevertheless, the highest genetic distance was observed between Anatolian and
reference accessions, which is consistent with the results of Wang et al. [70], who showed
that Cabernet Sauvignon and Merlot were clustered together in a discrete cluster separately
from the remaining local Anatolian cultivars. A high population differentiation value was
observed between the grapes from East Anatolia region and the reference cultivars (0.815).
High differentiation values were observed between Anatolian and reference cultivars (PN-
CS-M), which could be explained by factors such as geographic isolation, variety evolution,
and restricted gene flow.

As mentioned in the BAPS analysis, genotypes similar to reference cultivars (PN-CS-
M) were also found in sub-populations, and similar genotypes were seen among different
regions. This structure was not influenced by geography with an Eastern–Western gradient
and human usage factor, as already identified by Laucou et al. [71] using 10 K genome-wide
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SNPs (Single nucleotide polymorphisms). Additionally, the large number of genotypes
(40%) remained in a large admixed group. This could be due to several factors, such as:
(i) the low genetic differentiation [72]; (ii) a departure from the underlying assumptions
of the Bayesian model (random mating population), which are probably not met in this
cultivated grape population; (iii) true admixing in some cultivars if they are directly
descended from spontaneous or man-made crosses between parents belonging to separate
ancestral groups; and finally (iv) a computational difficulty for STRUCTURE to assign
individuals to groups in the presence of a large number of informative markers [71].

4.5. Clonal Analysis

In viticulture, it is known that grape cultivars usually consist of separate clones sharing
common phenotypic characteristics which are grouped as a cluster of cultivars. Clonal
polymorphism within perennial species is mainly accepted to be associated with naturally
occurring mutations during plant growth [73]. However, if clones belonging to a cluster
have sufficiently different characteristics, they are considered different cultivars. Therefore,
these clones, which are morphologically very similar, are very difficult to distinguish by
visual observation [74]. On the other hand, SSR markers have frequently been used in clone
analysis of different plant species in recent years, as they are highly informative about the
level of heterozygosity between and within grapevine cultivars [75–78].

In the analysis of 70 Italian grape genotypes with 13 SSR markers, 39 unique genotypes
were determined, while in our study [78], interestingly, 46 unique genotypes were deter-
mined among 49 grapevine cultivars belonging to six different regions (sub-populations).
On the other hand, in the analysis performed with 11 SSR markers on 164 Cypriot indige-
nous grape genotypes, a total of 83 multi-locus genotypes (MLGs) were identified [77].
In this study, however, 12 MLGs were determined, which could be attributed to the fact
that the genotypic abundance feature associated with the number of MLGs in genotypes is
slightly lower, despite the different sub-populations.

Heterozygosity values (uHe and Ho) determined in MLG analysis provide information
about the genetic diversity and relationships between multi-locus genotypes [79]. In our
study, unbiased expected heterozygosity (uHe) and observed heterozygosity (Ho) values
were found to be very close to each other and both heterozygosity values were found to
be more than 0.66 in all six populations in MLG analysis. This situation reveals that there
might be possible genetic variation among multi-locus genotypes in each population [79].

5. Conclusions

Anatolia (Turkey) is among the most important countries in the world in terms of vine-
yard areas and grape production due to the suitability of climatic and growing conditions.
In addition, Turkey, as one of the countries wherein Vitis vinifera L. was first cultivated,
possesses a rich grapevine gene potential that has emerged over time through natural
hybridization.

In this study, ampelographic analysis of 49 Kara grapevine germplasms (from six
different regional sub-populations), which have high antioxidant content and also eco-
nomic importance, was performed with 39 OIV descriptors. Genetic characterization and
population structure analysis were also carried out using 22 SSR markers. As a result of
OIV analysis, it was determined that especially OIV 223 (Berry: shape) and OIV 004 (Young
Shoot: density of prostrate hairs on tip) were the defining features in the Kara grape OIV
dendrogram. In the PCA analysis, a clear grouping profile was not determined among the
Kara grape sub-populations.

As a result of SSR analysis, the high number of homonyms and the low number of
detected clones and synonyms reveals the genetic richness of the Kara grape germplasm.
Among the sub-populations, the East Anatolia sub-population especially differed from
other sub-populations according to FCA and genetic distance analysis, while the Central
Anatolia sub-population showed a homogeneous profile in the BAPS analysis. It is useful to
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screen the detected clonal genotypes with SNP-level techniques such as GBS (Genotyping-
by-Sequencing).

Evaluation of the genetic diversity in grape germplasms is of great importance in
terms of improving quality traits of interest and identifying gene sources. In this sense, it is
thought that the data from this study will contribute to genetic characterization, genetic
protection and different breeding programs in grapes.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/horticulturae9070743/s1, Table S1: Some ampelographic char-
acteristics and original collection locations of Kara grape accessions used in this study, Table S2:
Information related to OIV descriptors (characteristic description) and OIV data codes, Table S3:
SSR loci information (SSR locus name, primer sequence (F: forward primer, R: reverse primer) and
references) [25–29], Figure S1: Population structure of predefined Kara grape sub-populations based
on 22 SSR data (A). The graph showing the best K value as 2 (the highest peak) (B). Reconstructed
panmictic populations (RPPs) groups general distribution (C).
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