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Abstract  

Twenty two grapevine cultivars were genotyped at six microsatellite loci (VVMD5, VVMD7, 
VVMD27, VVS2, VrZAG62, VrZAG79) in order to characterize their genetic diversity and to establish 
the maintenance of their identity and purity throughout two different national germplasm collections 
and one private collection from Romania. A total of 62 alleles were detected, giving a mean of 5.94 
alleles per 6 loci. The total number of alleles per locus varied between 8 to 12 and the polymorphism 
information content ranged from 0.72 to 0.85, indicating that these loci were highly informative. We 
established that the genetic identity of the analyzed cultivars was well preserved in both germplasm 
banks but not always in the private collection. Genetic characterization of grapevine cultivars can 
certify their authenticity and purity, two features that are of prime importance, especially in relation 
to quality control and consumer information. Where possible results were compared and proved to be 
consistent with those existing in the European Vitis Database.  
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Introduction 

 
The wine sector is economically the most important agricultural activity in the world. 

Today, the accurate identification of grapevine varieties is important to nurseries, growers and 
winemakers as well as for the submission to recent international trade regulations and wine 
labeling laws.  

Microsatellite markers have recently become the favorite type of DNA marker for 
identification of grapevine cultivars [1]. For the wine producer, such a method can certify the 
authenticity of the grape variety or varieties used [2]. SSR (microsatellite or simple sequence 
repeat markers) are true genetic markers, locus specific, and codominant [3, 4, 5, 6]. The 
importance of microsatellite as genetic markers and their potential in various applications 
such as diversity analysis in plants and particularly in grapevine has been demonstrated in 
several studies [4, 7, 8, 9, 10, 11, 12, 13, 14, 15]. So far Vitis SSR primers have been 
developed by several groups [4, 12, 15, 16, 17, 18]. 

In this research six microsatellite loci were used to analyze the genetic diversity and 
authenticity of 22 grapevine cultivars from three different collections: two national 
germplasm collections and one private collection from Romania. 
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Materials and methods 
 
Plant material and DNA extraction: A total of 22 cultivars, collected from three 

different regions of Romania (Transylvania - grapevine collection of SCDVV Blaj; Oltenia – 
grapevine collection of SCDVV Dragasani and Muntenia - a private grapevine collection 
from Topoloveni, Arges), were analyzed in this study. Where possible we harvested the same 
cultivars from each collection (see Table 1). 

Total genomic DNA was extracted with a Qiagen DNeasy Plant Mini Kit, from young 
leaves preserved in tubes with silica gel. The purified total DNA was quantified by 
electrophoresis on 1.0% agarose gel compared with Lambda DNA digested by HindIII as 
marker. 

 

Table 1. The grapevine cultivars genetically characterized in this study and their origin 
No Cultivars Short denomination of Origin 

1.  Muscat Ottonel MO Dragasani, Blaj, Topoloveni 
2.  Feteasca Alba FA Dragasani, Blaj, Topoloveni 
3.  Feteasca Regala FR Dragasani, Blaj, Topoloveni 
4.  Chasselas Dore CD Dragasani, Topoloveni 
5.  Burgund Mare B Dragasani, Topoloveni 
6.  Aligote Al Dragasani, Topoloveni 
7.  Cabernet Sauvignon CS Dragasani, Topoloveni 
8.  Feteasca Neagra FN Dragasani 
9.  Gordan G Dragasani 
10.  Braghina Br Dragasani 
11.  Cramposie selectionata Cr Dragasani 
12.  Carloganca Cl Dragasani 
13.  Ardeleanca Ar Dragasani 
14.  Tamaioasa Romaneasca Tm Dragasani 
15.  Francuse F Dragasani 
16.  Coada Vulpii CV Dragasani 
17.  Coarna Alba CA Dragasani 
18.  Coarna Rosie CR Dragasani 
19.  Coarna Neagra CN Dragasani 
20.  Pinot Gris PG Blaj, Topoloveni 
21.  Riesling Italian Ri Blaj, Topoloveni 
22.  Traminer Roz Tr Blaj 
 
SSR markers amplification: Six SSR primer pairs including VVS2 [19], VVMD5, 

VVMD7 [4], VVMD27 [16], VrZAG62 and VrZAG79 [12], were selected in accordance with 
the European Vitis Database-Vitis Variety Catalogue (VIVC), for the genetic characterization 
and authenticity certification of selected grapevine cultivars. PCR reactions were performed 
in a 25μl volume with 25 ng of genomic DNA; 0,1 mM dNTP mix; 2 mM MgCl2; 0,2μM of 
each primer; 0,75 units of Taq polymerase (FERMENTAS); 1X PCR Buffer (10mM Tris-HCl 
[pH 8.3]; 50mM KCl-FERMENTAS) and finally 5 μl of sterile water. The amplification 
reactions were performed using a MP Eppendorf Termocycler, under the following 
conditions: step 1 consisting of a denaturation at 95oC for 4 min, step 2 consisting of 40 
cycles of 35 sec at 94oC, 30 sec at different annealing temperatures for each primer (Table 2) 
and 1 min at 72oC and step 3 for 7 min at 72oC for final extension.  
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All amplification reactions were repeated two times under identical conditions and 
included a negative control. Amplification reaction products were separated on 7% 
denaturating polyacrylamide gels. The amplified fragments were detected using the silver 
staining method as described by B.J. BASSAM, P.M. GRESSHOFF [20]. 

The majority of generated fragments were consistently reproducible showing a high 
level of polymorphism. All data were than statistically evaluated in order to reveal the genetic 
differentiation of analyzed cultivars.  
 

Table 2. The annealing temperatures of the six SSR primers 
SSR  Primer Annealing temperature oC 
VVMD5 52 
VMD7  52 
VVMD27 60 
VVS2 51 
VZAG62 60 
VZAG79 51 
 

Data analysis  
Polymorphic fragments were coded by 1 or 0 for presence or absence, respectively. 

 The polymorphism information content (PIC) was estimated as follows:   
PIC = 1-Σpi2-ΣΣ2pi2xΣpj2, 

where, pi and pj are the frequencies of the i’th and j’th alleles in a given population. The gene 
diversity (discriminatory power) of each microsatellite locus was expressed as the expected 
heterozygosity that was calculated from the sum of squares of allele frequencies:  

He= 1-Σpi2, 
where pi, is the frequency of allele i in the set of the 22 cultivars [21. Allele frequencies, allele 
number and observed heterozygosity were calculated with the help two software analysis 
programs: Excel Microsatellite Toolkit [22] and PopGene ver. 1.3.1 software analysis kit [23]. 
Population relationships were inferred using the 2.2 version of the program Structure [24].    
 
Results and discussions 
 

All primer pairs produced clear reproducible fragments. Those individuals revealing 
two fragments at each analyzed locus were considered as heterozygous while those presenting 
only one fragment were considered as homozigous.  

The majority of analyzed loci proved to be multiallelic. The number o alleles/locus 
varied from 8 (VrZAG62) to 12 (VrZAG79, VMD7), with a total number of 62 alleles/6 loci 
analyzed and a mean number of 5.94 alleles/ 6 loci (Table 3). 

The frequency of heterozygous genotypes was much higher compared with the level 
of homozigous genotypes. This was expected since grapevine cultivars usually reveal a high 
level of heterozygosity [25]. SSR analysis revealed between 12 (VMD27) and 16 (VMD5, 
VVS2, VMD7) different genotypes, with a total number of 86 genotypes for the six loci 
analyzed. Among these 56 proved to be unique genotypes: 12 for VMD5, 13 for VVS2, 12 for 
VMD7, 8 for VMD27, 7 for VrZAG62 and 11 for VrZAG79. The most frequent (32%) 
genotype was represented by the combination of alleles 133-143, generated by VVS2 locus. 

Polymorphism information content (PIC) ranged from 0.72 to 0.85, indicating that 
these loci are highly informative (Table 4). The expected heterozygosity over all loci was high 
and ranged from 0.77 (VrZAG62) to 0.88 (VMD5 and VrZAG79). Loci VrZAG79-12, 
VMD7-12, VMD5-10 and VMD27-11 had the greatest number of alleles. The greatest level 
of polymorphism was exhibited by VrZAG79 (He=0.88, PIC=0.85), VMD5 (He=0.88, 
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PIC=0.84), whereas loci VVS2 and VrZAG62 have only a number of 8 respectively 9 alleles 
in 22 cultivars and exhibited the lowest level of polymorphism (PIC=0.76 and PIC=0.72).  

For loci VMD5 and VMD27, observed heterozygosity was higher than expected 
(Ho>He). Observed heterozygosity varied between 68% (VMD7) and 95% (VMD5 and 
VMD27), while expected heterozygosity revealed lower values for the loci VMD5 (88%) and 
VMD27 (83%) than observed heterozygosity.  

Allele frequency was determined by means of the software Excel Microsatellite 
Toolkit [22]. The most frequent allele was of 195bp generated by VrZAG62 with a frequency 
of 36% from the total number of alleles generated by this locus (Table 5). 
 

Table 3. Characterization of microsatellite markers used in this study by means of the program PopGene    ver. 
1.3.1 (Francisc et al., 1999) 

Locus Hmo* Hme* Ho* He* n* ne* 
VMD5 0,04 0,11 0,95 0,88 10 7,223 
VVS2 0,18 0,18 0,81 0,81 9 4,185 
VMD7 0,31 0,13 0,68 0,86 12 6,585 

VMD27 0,04 0,16 0,95 0,83 11 5,563 
VrZAG62 0,22 0,22 0,77 0,77 8 4,119 
VrZAG79 0,22 0,11 0,77 0,88 12 7,389 

       
MEAN 0,17 0,15 0,82 0,84 10,33 5,94 

Standard 
deviation 

0,1 0,04 0,1 0,04 1,63 1,33 

* Hme –expected homozygosity,    * He – expected heterozygosity 
* Hmo –observed homozygosity  * Ho – observed heterozygosity 
* n – number of alleles/locus  * ne – the actual number of alleles/locus 
 

Table 4. Characterization of microsatellite markers used in this study by means of the program Excel 
Microsatellite Toolkit (Park, 2001) 

Locus He Ho PIC* n ne 
VMD5 0,88 0,95 0,84 10 7,223 
VVS2 0,81 0,81 0,76 9 4,185 
VMD7 0,86 0,68 0,83 12 6,585 

VMD27 0,83 0,95 0,79 11 5,563 
VrZAG62 0,77 0,77 0,72 8 4,119 
VrZAG79 0,88 0,77 0,85 12 7,389 

* PIC- polymorphism information content 
 

Table 5. Alleles frequencies-AF (%) for the six loci was analyzed with the program Excel Microsatellite Toolkit 
(Park, 2001) 

VMD5 AF VVS2 AF VMD7 AF VMD27 AF VrZAG62 AF VrZAG79 AF 
226 13,63 133 34,09 232 2,27 175 6,81 187 2,27 238 4,54 
228 22,72 135 4,54 233 2,27 179 22,72 189 18,18 239 9,09 
230 4,54 137 6,81 236 2,27 181 2,27 192 2,27 240 2,27 
232 6,81 139 4,54 238 4,54 185 15,9 195 36,36 243 2,27 
234 6,81 143 25 239 27,27 188 4,54 197 11,36 244 4,54 
236 11,36 145 6,81 240 9,09 189 29,54 200 2,27 245 6,81 
238 9,09 149 2,27 243 6,81 191 6,81 203 2,27 247 4,54 
240 18,18 151 11,36 247 9,09 192 2,27 205 25 250 20,45 
244 4,54 153 4,54 248 20,45 193 2,27   251 22,73 
246 2,27   249 2,27 194 4,54   255 11,36 
    255 4,54 195 2,27   256 2,27 
    257 9,09     259 9,09 

 

 Furthermore allele length was compared for some cultivars with those given in the 
European Vitis Database-Vitis International Variety Catalogue (VIVC). Considering that 
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differences of 2-10 base pairs are admitted when data are compared between laboratories [26], 
we could confirm the authenticity of some cultivars. This database allows to verify the 
identity of the cultivars from different countries by simply filling out an on-line form with 
your SSR marker data (Fig.1). 
 
 
 
 
 
 
 
 

The relationship between groups of cultivars was analyzed using the 2.2 version  
 
 
 
 
 
 
 
 

Fig.1. Comparison of obtained SSR-marker data with those given in the European Vitis Database-Vitis Variety 
Catalogue (VIVC) for the cultivar Cabernet Sauvignon. 
 

The relationship between groups of cultivars was analyzed using the 2.2 version of the 
program Structure [24]. Analysis of cultivars has been carried out by grouping autochthonous 
cultivars separately from acclimatized cultivars in Romania (Fig. 2). 

 
 

 
 
 
 
 
 

 
 
 

Fig. 2. Cultivars classification based on SSR analysis-program Structure (Pritchard, 2000) (red-the group of 
mostly considered autochtonous cultivars; green-the group of mainly acclimatized cultivars in Romania) 
 

 
Fig. 3. Intercalibration polyacrylamide gel revealing the correct alleles combination-haplotypes for some 
cultivars. Only one individual from each collection was loaded on the gel. The numbers represent the dimension 
in bp (base pairs) of the alleles combination. The initials represent the short denomination of each cultivar (see 
also Table 1.) 

SSR analysis allowed to correctly identify and to reveal the purity or impurity of the 
analyzed cultivars. The correct alleles combination was given for some cultivars in the Figure 
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3. Thus we were able to identify that some cultivars from the private collection of 
Topoloveni-Arges-Muntenia, were genetically impure. These cultivars proved to be: Feteasca 
Alba, Muscat Ottonel and Pinot Gris (Fig. 4, 5). 
 

 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
Conclusions 

 
Based on the alleles combination given by the selected markers, we were able to 

discriminate all analyzed grapevine cultivars and to prove that cultivars maintain their 
authenticity throughout authorized germplasm collections. Furthermore we were able to prove 
that the owner of the private collection can not guarantee the genetic identity and purity of his 
cultivars and thus the quality of the final product-the wine. Our results were comparable for 
some cultivars with those given in the European Vitis Database. These markers may be 
successfully used in the service of viticulturists and wine producers who are interested to 
guarantee the genetic identity and the quality of traded products. SSR profiles were easy to 
reproduce and standardize. This facilitates the transfer and exchange of data between 
laboratories as well as the comparison with international scientific data given in on-line 
databases. 
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Fig. 4. Identification of some impure grapevine cultivars in the private collection Topoloveni, with VMD5 
marker: n-normal haplotype, a-abnormal haplotype; 6 individuals were analyzed from each population of 
cultivars. The numbers represent the dimension in bp (base pairs) of the alleles combination. The initials 
represent the short denomination of each cultivar (see also Table 1.) 

Fig. 5. Identification of some impure grapevine cultivars in the private collection Topoloveni, with VMD5 
marker: n-normal haplotype, a-abnormal haplotype; 6 individuals were analyzed from each population of 
cultivars. The numbers represent the dimension in bp (base pairs) of the alleles combination. The initials 
represent the short denomination of each cultivar (see also Table 1.)
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