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Abstract 
Nowadays, microsatellite loci represent molecular markers of choice for assessing genetic 

identities and phylogenetic relationships between different grapevine varieties and gene pools.  
In the present study, a genetic characterization of nine grapevine cultivars, from the National 

Institute for Biotechnologies in Horticulture, Ştefăneşti-Argeş collection, was carried out, based on 15 
microsatellite markers. These are among the most important cultivars encountered in Romanian 
vineyards, four of them non-autochtonous -  Muscat Ottonel, Italian Riesling, Cabernet Sauvignon, 
Sauvignon, and five of Romanian origin - Tămâioasă Românească, Negru aromat, Fetească albă, 
Fetească regală, Fetească neagră. 

The results obtained on the studied cultivars revealed the existence of some genetic 
particularities – conserved allelic variants, alleles significantly different (in base pairs number) from 
those already identified in other gene pools - which are the consequence of local molecular evolution 
mechanisms action, making the Romanian Vitis vinifera gene pool valuable as grapevine genetic 
resource in the world. 
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Introduction 
 

Microsatellites are the favourite type of DNA markers, their properties enabling a 
wide range of applications, from cultivar identification and discrimination, to phylogenetics, 
parentage testing and pedigree reconstruction, for the management of germplasm collections 
(M.R. THOMAS & al. [1]; J.E. BOWERS & al. [2]; M.R. THOMAS & al. [3]; J.E. 
BOWERS & al. [4]; K.M. SEFC & al. [5]; K.M. SEFC & al. [6]; K.M. SEFC & al. [7]). 

Microsatellites (simple sequence repeats – SSRs – or hypervariable sequences) are 
arrays of short motifs of 1 to 4 base pairs. These locus specific markers are characterized by 
their hypervariability, abundance, high reproductibility, Mendelian inheritance and 
codominant nature (K.D. SCOTT & al. [8]; CP. MEREDITH [9]). They are not affected by 
the environmental factors (soil, climate, methods of cultivation, diseases) influences. 

Due to the economical importance of Vitis vinifera species, and to the long viticulture 
tradition of many countries, the European Union has developed the GENRES CT96 081 
(European Network for Grapevine Genetic Resources Conservation and Characterization) 
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project (started in March 1997, ended in February 2002), aiming to establish the European 
Vitis Database [10], with free access via Internet, in order to enhance the utilization of 
relevant and highly valuable germplasm in breeding. 

A Vitis Working Group [11] has been constituted, at the end of the GENRES project, 
having as main objective improving the conservation and sustainable use of Vitis genetic 
resources in Europe.  

The present study is part of a national research direction developed as a response to 
the European Union initiative for inventory and conservation of grapevine genetic resources; 
this research direction aims to establish a genetic profile for all the grapevine varieties – 
autochtonous and nonautochtonous - cultivated in Romanian vineyards, in order to make an 
inventory of them, and also to facilitate the registration of Romanian originated cultivars in 
the European Vitis Database. 

The Vitis Working Group highly recommended to include, in each SSR-marker 
research, six microsatellite loci - VVS2, VVMD5, VVMD7, VVMD27, VrZAG62 and 
VrZAG79 - which would allow immediate comparison with the variety identification data 
obtained by the GENRES 081 project [11]. In our researches on this subject (which started in 
the year 2004, in the project 4644, funded by the Romanian Education and Research Ministry 
through the BIOTECH national program) (L.G. GHEŢEA & al. [12]; R.M. MOTOC & al. 
[13]), five of these six SSR markers have been considered among a total number of 15 
analysed microsatellite loci. 
 
Material and Methods 
 

The nine grapevine cultivars considered for this study (Table 1), are included in the 
Official Catalogue of Cultivated Plants from Romania, being some of the most important 
cultivars encountered in Romanian vineyards. They are maintained in the stock collection of 
the National Institute for Research and Development for Biotechnologies in Horticulture, 
Stefanesti-Arges.  

 

Table 1. The grapevine cultivars analysed in this study and their origin 

No. Cultivar Origin 

1. Muscat Ottonel ICDVV Valea Călugarească 

2. Italian Riesling  SCDVV Blaj 

3. Cabernet Sauvignon ICDVV Valea Călugarească 

4. Sauvignon SCDVV Blaj 

5. Tămâioasă Românească INCDBH Ştefăneşti 

6. Negru aromat ICDVV Valea Călugarească 

7. Fetească albă SCDVV Blaj 

8. Fetească regală INCDBH Ştefăneşti 

9. Fetească neagră ICDVV Valea Călugarească 
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The plant material consisted of grapevine plants obtained by virus elimination 
technique (thermotherapy) and/or “in vitro” cultures, tested for sanitary status, and planted in 
stock greenhouse. 

The genomic DNA was extracted from leaf tissue, using the MasterPureTM Plant Leaf 
DNA Purification Kit (Epicentre, USA), according to the manufacturer’s protocol. The 
efficiency of extraction (DNA purity and concentration) was evaluated on a Perkin Elmer 
spectrophotometer, and also by agarose gel electrophoresis. 

In order to genotype the grapevine cultivars, seventeen primer pairs for microsatellite 
(SSR) loci, were initially selected from the existing data bases (K.M. SEFC & al. [5]; M.R. 
THOMAS & al. [1]; M.R. THOMAS & al. [3]; J.E. BOWERS & al. [2]; J.E. BOWERS & al. 
[4]), six of which (marked in grey, in Table 2) were mentioned in the GENRES CT96 081 
project. 

The forward primers have been marked with one of the four fluorochromes: 6-FAM, 
NED, VIC or PET), as presented in Table 2. 
 

Table 2. List of the analysed SSR loci 

Primer   
Locus 

Allele size range 
(bp) 

cited in the 
literature 

 
Sequence 

Lenght  
(bp) 

Fluorochrome 
used 

 
T°annealing 

ssrVrZAG71 106-158 
 

(F) gtggtagtgggtgtgaacggagtgg 
(R) aacagcatgacatccacctcaacgg 

25 
25 

PET 
 

56°C 
 

ssrVrZAG121 140 – 172 (F) ctgcaaataaatattaaaaaattcg  
(R) aaatcctcggtctctagccaaaagg 

25 
25 

NED 
 

51°C 
 

ssrVrZAG151 163 – 193 (F) ggattttggctgtagttttgtgaag   
(R) atctcaagctgggctgtattacaat 

25 
25 

6-FAM 
 

54°C 
 

ssrVrZAG621 
185 – 203 (F) ggtgaaatgggcaccgaacacacgc 

(R) ccatgtctctcctcagcttctcagc 
25 
25 

PET 
 

54°C 
 

ssrVrZAG791 236 – 260 (F) agattgtggaggagggaacaaaccg 
(R) tgcccccattttcaaactcccttcc 

25 
25 

VIC 
 

54°C 
 

VVS12 160 – 205 (F) acaattggaaaccgcgcgtggag 
(R) cttctcaatgatatctaaaaccatg 

21 
25 

NED 
 

54°C 
 

VVS22 129 – 155 (F) cagcccgtaaatgtatccatc 
(R) aaattcaaaattctaattcaactgg 

21 
25 

6-FAM 
 

54°C 
 

VVS42 167 – 187 (F) ccatcagtgataaaacctaatgcc 
(R) cccaccttgcccttagatgtta 

24 
22 

PET 
 

56°C 
 

VVS52 90 – 148 (F) attgatttatcaaacaccttctacat 
(R) tagaaagatggaaggaatggtgat 

26 
24 

VIC 
 

- 
 

VVMD53 
226 – 246 (F) ctagagctacgccaatccaa 

(R) tataccaaaaatcatattcctaaa 
20 
24 

VIC 
 

- 
 

VVMD63 
194 – 214 (F) atctctaaccctaaaaccat 

(R) ctgtctaagacgaagaaga 
20 
20 

6-FAM 
 

52°C 
 

VVMD73 
233 – 263 (F) agagttgcggagaacaggat 

(R) cgaaccttcacacgcttgat 
20 
20 

PET 
 

54°C 
 

VVMD143 222 – 250 (F) catgaaaaaatcaacataaaagggc 
(R) ttgttacccaaacacttcactaatgc 

25 
26 

6-FAM 
 

54°C 
 

VVMD173 212 – 236 (F) tgactcgccaaaatctgacg 
(R) cacacatatcatcaccacacgg 

20 
22 

NED 
 

52°C 
 

VVMD213 243 – 266 (F) ggttgtcttatggagttgatgttgc 24 VIC 52°C 
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1 (K.M. SEFC & al. [5]), [Nuclear SSR primers of the Centre for Applied Genetics, University of Agriculture, 
Vienna, Muthgasse 18, A-1190 Vienna, Austria] 

2 (M.R. THOMAS & al. [1]; M.R. & al. [3]), [Nuclear SSR primers of the Division of Horticulture CSIRO, 
Adelaide, Australia] 

3 (J.E. BOWERS & al. [2]; J.E. BOWERS & al. [4]), [Nuclear SSR primers of the Department of Viticulture and 
Enology, University of California, Davis, USA] 
 

For the amplification reaction, a thermocycler (Bio-Rad) with Peltier system was used. 
Annealing temperatures, presented in Table 2, were selected based on the results obtained in 
the temperature gradient PCR. In the chosen reaction conditions, no amplification has been 
obtained for VVS5 and VVMD5 loci. Due to this situation, the genotyping analysis has been 
done considering only 15 SSR loci; the VVS5 and VVMD5 primer pairs were excluded from 
this study. 

The PCR mix had the following composition: PCR buffer (5x) (GoTaq, Promega) - 
5μl ; MgCl2 – 0,75μl ; dNTP 10mM (Promega) – 0,5μl ; primer 1 - 1μl; primer 2 - 1μl, DNA 
sample - 30-45 ng/μl, Taq polymerase GoTaq (Promega) – 0,12μl, ddH2O – X μl (X was 
calculated for each sample, depending on the volume of DNA sample, to a final volume of 
25μl). 

After the selection of the optimal temperature for each primer set, the PCR reactions 
were performed on an GeneAmp 9700 thermocycler (Applied Biosystems). 
The thermocycler program was: 
 

I    950C → 4 minutes 
 
II  

950C → 1 minute 
X0C (X=510C, 52,80C; 54,30C; 56,30C ; 57,70C) → 1 minute 
720C → 1 minute 

III  720C → 7 minutes 

 
 
x 35 cycles 

 
The efficiency of the amplification reaction was analysed in an 2% agarose gel 

containing 5μg/ml ethidium bromide, in TAE buffer, according to F. AUSBEL & al. [14].  
The genotyping analysis was performed at an ABI PRISM 3100 Genetic Analyzer. 

The reaction mix was: 8,7µl formamide + 0,3 µl ROX 500 (internal standard) + 1 µl sample. 
The mix was distributed in 96-well plates and denaturated for 3 minutes at 940C. The samples 
were run on the analyser. Resulting data - the allelic size ranges (in number of base pairs, bp) 
for each of the 15 microsatellitic loci, were analysed using a GeneMapper TM  3.2 Software 
(Applied Biosystems) 
 
Results 
 

In Figure 1, a GeneMapper image of four DNA samples amplified at VVMD27 
microsatellitie locus, shows the final result given by the analyzer, by which the homozygous 
or heterozygous status of a certain SSR locus can be established. 
 

(R) gcttcagtaaaaagggattgcg 22   
VVMD273 

173 – 194 (F) gtaccagatctgaatacatccgtaagt 
(R) acgggtatagagcaaacggtgt 

27 
22 

NED 
 

54°C 
 

VVMD363 244 – 315 (F) taaaataataatagggggacacggg 
(R) caactgtaaaggtaagacacagtcc 

25 
26 

NED 
 

56°C 
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Fig.1. GeneMapper image for Tamaioasa romaneasca, Feteasca alba, Cabernet Sauvignon and Feteasca regala 
cultivars, at the VVMD27 microsatellite region. The first three cultivars show a heterozygotic condition 
(revealed by the presence of two peaks); the fourth cultivar has a homozygous status (reflected by a single peak). 

 
The results on the nine analysed grapevine cultivars are presented in Table 3. 

 
Table 3.  Size of alleles  at 15 microsatellitic loci, in nine Romanian grapevine cultivars 

 

Microsatellitic (SSR) loci No. Cultivar 
ZAG7 ZAG12 ZAG15 ZAG62 ZAG79 VVS1 VVS2 VVS4 

1. Muscat 
ottonel 

- - 164 190 
195 

252 
256 

178 
186 

128 
139 

156 
168 

2. Riesling 
italian 

157 148 
140 

164 
174 

198 230 180 130 
148 

168 

3. Cabernet 
Sauvignon 

155 148 162 
164 

190 
196 

228 
247 

178 135 
148 

169 
176 

4. Sauvignon 155 148 164 190 
196 

235 178 128 
148 

169 
176 

5. Tămâioasă 
românească 

155 150 164 188 
198 

248 
252 

176 128 169 
176 

6. Negru 
aromat 

- - 164 175 
190 

252 186 128 
141 

156 
168 

7. Fetească 
albă 

157 150 172 
174 

194 - 178 
183 

128 168 

8. Fetească 
regală 

157 170 164 
172 

196 246 176 128 168 

9. Fetească 
neagră 

157 148 162 198 246 
254 

176 
186 

139 167 
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Table 3.  (continuation) 
 

Microsatellitic (SSR) loci No. Cultivar 
VVMD6 VVMD7 VVMD14 VVMD17 VVMD21 VVMD27 VVMD36 

1. Muscat 
ottonel 

196 
203 

239 
243 

- 209 
219 

261 186 259 
271 

2. Riesling 
italian 

200 
207 

248 
258 

216 219 243 182 
186 

249 
259 

3. Cabernet 
Sauvignon 

200 241 218 
222 

218 245 
255 

172 
186 

249 
259 

4. Sauvignon 191 
200 

241 
258 

216 219 246 
253 

182 
191 

267 

5. Tămâioasă 
Românească 

199 235 216 219 244 
263 

176 
191 

239 
259 

6. Negru 
aromat 

204 243 - 209 
218 

- 176 
190 

259 

7. Fetească 
albă 

200 
207 

248 
254 

216 
228 

210 
219 

244 182 
191 

261 
271 

8. Fetească 
regală 

187 
197 

248 
250 

216 209 
219 

245 191 249 
261 

9. Fetească 
neagră 

186 240 
256 

216 
228 

210 
219 

239 
244 

176 
186 

249 
259 

 

NOTE:  
- Columns filled in grey – the GENRES project recommended SSR loci; 
- Bolded numbers – allelic variants significantly shorter than the allele size cited in the literature; 
- Dashes – no amplicon has been detected 
 

In Table 4, the size and frequencies of the allelic variants found at each analysed 
locus, are presented. 

 
Table 4. Frequencies of the allelic variants found at each analysed microsatellitic locus (bolded numbers 
represent the most frequent allele/alleles) 
 

ZAG7 FA (%) ZAG12 FA (%) ZAG15 FA (%) ZAG62 FA (%) ZAG79 FA (%) 
155 44,44 140 12,5 162 15,38 175 7,14 228 8,33 
157 55,56 148 50 164 53,85 188 7,14 230 8,33 

  150 25 172 7,69 190 28,57 235 8,33 
  170 12,5 174 23,08 194 7,14 246 16,67 
      196 28,57 248 16,67 
      198 21,44 252 25 
        254 8,33 
        256 8,34 

 
VVS1 FA (%) VVS2 FA (%) VVS4 FA (%) VVMD6 FA (%) VVMD7 FA (%) 
176 16,67 128 42,86 156 14,29 187 14,29 235 6,67 
178 33,33 130 7,14 167 7,14 191 7,14 239 6,67 
180 16,67 135 7,14 169 57,14 196 14,29 241 20 
183 8,33 139 14,29 176 21,43 200 35,7 243 13,33 
186 25 141 7,14   203 14,29 248 20 

  148 21,43   207 14,29 250 6,67 
        254 6,67 
        256 6,67 
        258 13,32 
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VVMD 
14 

FA (%) VVMD 
17 

FA (%) VVMD 
21 

FA (%) VVMD 
27 

FA (%) VVMD 
36 

FA (%) 

216 60 209 35,71 239 8,33 172 6,25 239 6,25 
218 10 219 64,29 244 33,34 176 18,75 249 25 
222 10   246 25 182 18,75 259 37,5 
228 20   253 8,33 186 25 261 12,5 

    255 8,33 190 31,25 267 6,25 
    261 8,34   271 12,5 
    263 8,33     

 
Discussions 
 

Genetic profiling of nine Romanian grapevine cultivars has been obtained, based on a 
set of 15 SSR markers. Comparing the size of the allelic variants found in the analysed 
cultivars with the allele size range (expressed in number of base pairs, bp), cited in the 
literature (see Table 2), for each analysed SSR marker, one can observe that some alleles 
(bolded numbers, in Table 3) in our cultivars are outside the allele size interval known for that 
microsatellitic locus . 

The results can be summarized as follows (see Tables 2, 3 and 4): 
VrZAG7: Amplicons have been obtained for seven of nine cultivars. All the seven 

cultivars proved to be homozygous for this microsatellite locus. Only two allelic variants have 
been found, the one of 157 bp being slightly dominant (55,5%). There is a small variation 
between the two alleles, proving that this SSR locus is well conserved in the analysed 
grapevine cultivars. 

VrZAG12: Like in the previous case, only for seven (the same) of nine cultivars the 
amplification was succesful. Italian Riesling cultivar proved to be heterozygous for this SSR 
locus; all the other six cultivars have a homozygotic constitution. Four allelic variants have 
been found, from which the one of 148 bp has a significant greater frequency (50%). 

VrZAG15: For all nine cultivars, DNA amplicons have been obtained. Five cultivars 
showed a homozygous status, the other four being heterozygous. From the four allelic 
variants, the dominant allele is the one of 164 bp (54%). At this SSR locus, a shorter allelic 
variant (than the size interval cited in the literature), of 162 bp, has been found in Cabernet 
Sauvignon and Feteasca neagra cultivars. 

VrZAG62: Amplicons have been obtained for all the analysed cultivars. Five of them 
showed a heterozygous status, the other four being homozygous. Six allelic variants have 
been found for this locus; for two of them (of 190, and 196 bp) the frequency was higher 
(28,6%). A significantly shorter allele, of 175 bp, has been identified in the autochtonous 
cultivar Negru aromat. 

VrZAG79: For eight cultivars amplicons have been obtained. Four of them proved to 
be homozygous. There is a great allelic variation (8 alelles) at this SSR locus; the dominant 
one (25%) is that of 252 bp. The allele of 230 bp, found in Italian Riesling cultivar, and that 
of 228 bp, in Cabernet Sauvignon cultivar, are shorter than the known allelic size interval. 

VVS1: Six cultivars showed a homozygotic constitution at this locus. Five allelic 
variants have been found, from which that of 178 bp was the dominant one (33,3%). 

VVS2: Five heterozygous and four homozygous cultivars have beed detected. The 128 
bp allele is the dominant one (aprox.43%), from a number of six allelic variants found at this 
microsatellitic locus. The aspect could indicate a conservation process of a particular  allelic 
variant among the grapevine cultivars from this geographical region. 
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VVS4: Five cultivars showed a homozygotic constitution. Four different alleles have 
beed detected at this locus, with the dominant allelic variant of 168-169 bp (57%). The allelic 
variant of 176 bp (21,4%, in our cultivars) is frequently encountered in grapevine cultivars 
from different European countries (R. VIGNANI & al. [15]; K.M. SEFC & al. [6]). The allele 
of 156 bp, found in two cultivars - Muscat Ottonel and Negru aromat – is significantly shorter 
than the known allelic size interval for this SSR locus. 

VVMD6: Five heterozygous and four homozygous cultivars have beed detected. From 
the six allelic variants, the one of 199-200 bp is the most frequent (35,7%). Two significantly 
shorter alleles (than the known allelic size interval), have been found: one of 187 bp (with a 
frequency of 14,3%), and the other of 191 bp (7,14%). An allele of 207 bp has been observed 
in Romanian cultivars; however it is not common in other European grapevine gene pools 
(E.M. SANCHEZ-ESCRIBANO & al. 1999; L. ROUBELAKIS-ANGELAKIS & al. [17]).  

VVMD7: Six cultivars showed a heterozygotic constitution at this locus. A great 
diversity of allelic variants (9) have been found, two forms being dominant: 241 bp, and 248 
bp (both have a frequency of 20%). 

VVMD14: Amplicons have been obtained for seven of nine cultivars. Four cultivars 
presented a homozygotic status. A small number of allelic sizes (4) has been found, from 
which the one of 216 bp (shorter than the allelic size interval cited in the literature) has the 
highest frequency (60%). This allelic variant represents thereby a particular feature of these 
Romanian cultivars. 

VVMD17: Five cultivars are heterozygous for this locus. Only two alleles have been 
found: one of 209-210 bp, and the other of 218-219 bp., the last one being the most frequent 
(64,3%). The allele of 209-210 bp is shorter than the known allelic size interval). 

VVMD21: Only for one cultivar – Negru aromat – the amplification did not worked. 
Four cultivars presented a homozygotic status. Seven allelic sizes have been detected, from 
which, the one of 243-244 bp was the most frequent (33,3%). The allele of 239 bp, appearing 
only in the autochtonous cultivar Fetească neagră, is smaller than the allelic variants cited in 
the literature. 

VVMD27: Eight cultivars proved to be heterozygous for this locus. Only Muscat 
ottonel cultivar showed a homozygotic status. Five allelic variants have been detected, from 
which the most frequent  one has 190 bp (31,25%). 

VVMD36: seven cultivars are heterozygous for this SSR locus. Six allelic variants 
have been found, from which, the one of 259 bp was the most frequent (37,5%). The allelic 
variant of 239 bp, appearing only in the autochtonous cultivar Tămâioasă Românească, is 
smaller than the known allelic size interval. 
  
Conclusions 
 

For all of the nine studied cultivars,  an accurate genetic profile has been obtained, 
using a number of 15 SSR (microsatellitic) markers. 

In most of the analysed microsatellite loci, a certain allelic variant appears to be 
conserved, having a significantly higher frequency than the others. 

The low number of alleles, found in some of the SSR loci, shows a conservation of 
that genomic region, correlated, probably, with the stability and purity of the cultivar. 

The existence of a number of significantly shorter allelic variants (compared to the 
allelic size interval cited in the literature, for a certain SSR locus) in some microsatellitic loci, 
proves the action of local molecular evolution mechanisms responsible for inducing specific 
features in the grapevine gene pool from this geographical region. 
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Two important aspects: (1) the presence in the studied cultivars of some well 
conserved allelic variants in most of the 15 microsatellite loci, and (2) the existence of certain 
specific alleles significantly different (in base pairs number) from those already identified in 
other gene pools, could be the expression of genetic particularities which define the Romanian 
Vitis vinifera gene pool, making it valuable as genetic resource among the other grapevine 
regions of the world. 
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