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Abstract
In order to characterize Iranian grape (Vitis vinifera L.)
germplasm, 136 genotypes were collected from five grape
growing regions (Azarbaijan, Qazvin, Kordestan, Khorasan
and Fars) and genotyped along with 36 European cultivars
using 9 sequence tagged microsatellite sites (STMS) mark-
ers. The used set of markers could distinguish all 172 geno-
types under study. Altogether 84 polymorphic alleles were
observed detected all the genotypes, with an average of 9.33
and 5.81 effective alleles per locus. The expected heterozy-
gosity values were higher than those observed for all the loci.
This could probably be due to the occurrence of null alleles
at these loci. The usefulness of this set of markers for geno-
type distinction was assessed as probability of identity (PI).
The estimated total PI value over all the geographic regions
for this set of markers was estimated to be 5.67×10-9.
Comparison of samples from different grape growing regions
of Iran and Europe based on various parameters using allel-
ic data revealed similar level of genetic variation. Analysis of
molecular variance (AMOVA) indicated significant difference
between samples, however, no difference was observed
between the Iranian and European groups. Genetic differen-
tiation among samples based on Fst in most pairwise com-
parisons was significant. Cluster analysis based on coances-
try coefficient matrix and principal coordinate analysis con-
firmed the result of AMOVA and Fst analysis.
Keywords: Grape; Sequence Tagged Microsatellite Sites
(STMS); Genetic variation; Analysis of Molecular Variance
(AMOVA)

INTRODUCTION

Grape (Vitis vinifera L.) is an important fruit crop in
many countries. At least about 14,000 grape cultivars

are listed, but the actual number of distinct cultivars is
believed to be much lower, between 5,000 to 8,000
(Alleweldt, 1988). Ampelography is the traditional
method of grape cultivar identification. However, this
botanical method, based on morphological characters
alone, is subject to environmental influence and fails
to distinguish cultivars with similar appearance.
Molecular markers are more precise means of genoty-
pe identification and determination of taxonomic rela-
tionship between Vitis species (Sefc et al., 1999).
Several different types of molecular markers have
been used for assessment of genetic variation among
grapevine cultivars (Collins et al., 1999; Mauro et al.,
1992; Parfitt et al., 1989). Among this kind of markers,
Sequence Tagged Microsatellite Sites (STMS) combi-
ne several properties of desirable molecular markers
including co-dominant inheritance, high reproducibili-
ty, high information content, selective neutrality, and
easy scoring in the form of allele size (Powell et al.,
1996; Weising et al., 1998). Application of microsatel-
lite markers in grape includes pedigree reconstruction
(Bowers and Meredith, 1997), parentage analysis
(Silvestrony et al., 1997; Sefc et al., 1997; Bowers et
al., 1999a), cultivar identification and diversity studies
(Lopes et al., 1999; Sefc et al., 1999, 2000; Aradhya et
al., 2003), mapping (Doligez et al., 2006) and syno-
nym detection (Lopes et al., 1999; Ulanovsky et al.,
2002). Grapevine SSR primers, have been developed
by three groups and are available in the public domain
(Thomas and Scott, 1993; Bowers et al., 1996, 1999b;
Sefc et al., 1999).

About 250 grapevine cultivars belonging to Vitis
vinifera L. are grown in Iran, mostly used as table and
dried fruit (Taffazoli et al., 1989). No attempts have
been made so far for comprehensive characterization
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of the Iranian cultivars particularly using molecular
markers. It is indeed possible that the same cultivar has
been grown in various regions with different names.
Moreover, the earliest “wine culture” in the world is
believed to have taken place in the Transcaucasian area
(McGovern, 2003), comprising modern Georgia,
Armenia and Azerbaijan. The Caucasus Mountains, a
natural barrier between Europe and Asia, probably
limited the material exchange with Europe. Since these
earliest varieties were essentially wine cultivars, they
probably do not correspond to the present varieties
from the Caucasian area, but it would be interesting to
evaluate the relationship between the recent varieties
to modern European cultivars. 

The present investigation is the first report of a
comprehensive diversity analysis of 136 Iranian
grapevine genotypes using STMS markers. The objec-
tives of the study were 1) to access the extend of diver-
sity within this sample, 2) to analyze the genetic struc-
turing of these cultivars according to their geographi-
cal origin and their relationship with European culti-
vars and 3) to get a first insight of the degree of syn-
onymy among the Iranian cultivars. 

The results of this study are expected to be help-
ful in identifying a suitable set of microsatellite mark-
ers for Iranian grape varieties and use them in grape
breeding and variety identification in the context of the
evolving IPR regime. 

MATERIALS AND METHODS

Plant material: Cultivars from different regions of
Iran (Table 1) were obtained from the grape collections
of the Faculty of Agriculture, University of Tabriz, and
Agricultural Research Center, Varamin (Fig. 1). Beside
the 136 Iranian genotypes, a set of 36 European culti-
vars from the collection of “Domaine de Vassal”,
INRA Marseillan was used in this study. These 36 cul-
tivars have been chosen in order to represent the main
alleles at the different locus among a set of 110 culti-
vars from different European regions (Siret et al., in
preparation). There were included in this analysis in
order to allow comparative studies and to facilitate the
exchange (and/or pooling) of data between laborato-
ries.

Molecular methods: DNA was extracted from fresh
leaves by the procedure of Vroh et al., (1996). The
genotypes were analyzed using nine SSR loci:
VVMD5, VVMD7, VVMD21, VVMD24, VVMD25,
VVMD27, VVMD28, VVMD32, and VVMD36

(Table 2) (Bowers et al., 1996, 1999b). 
PCR reactions were carried out in a Perkin-Elmer

9700 thermocycler. Each 25 µl PCR reaction contained
30 ng template DNA, 20 pM of each primer, 1 unit Taq
polymerase (Roche, Germany), 0.2 mM of each dNTP,
2.5 mM MgCl2, 50 mM KCl, and 10 mM Tris-HCl.
Amplification was performed following the
“Touchdown” PCR profile (Don et al., 1991): 3 min at
94°C; 10 cycles of 30 sec at 94°C, 30 sec at 62/66°C,
decreasing by 1°C per cycle depending on the SSR
primers annealing temperature, 45 sec at 72°C; 25
cycles of 30 sec at 94°C, 30 sec at 52/56°C depending
on the SSR, 45 sec at 72°C; and 5 min at 72°C for final
extension. PCR amplification was confirmed by run-
ning 10 µl of PCR product on 2% agarose gels.
Equivalent volume of denaturing dye solution (95%
Formamide, 0.5% Bromophenol blue, 0.5% Xylene
cyanol) was added to the remaining 15 µl of reaction
product. Three to five µl of this mixture was elec-
trophoresed in denaturing polyacrylamide sequencing
gel (Bio-Rad model Sequi-Gen GT) consisting of 6%
acrylamide, 7 M urea, and 1X TBE. Silver staining
was carried out using the protocol of Bassam et al.
(1993). In the next step, the gels were treated with 10%
NaOH solution and were transferred on to Wattman
paper No.3 of appropriate size after washing and final-
ly dried by Bio-Rad gel drier system (model 583) fol-
lowing the conditions specified by the Company. The
product size was determined on the basis of migration
relative to the molecular weight (mw) marker M3 lad-
der (Elchorm Scientific, Suiss) and Ladder VIII
(Roche, Germany) that were electrophoresed in the
same gel.

Statistical analysis: Microsatellite allele frequencies,
the number of alleles per locus, the effective number of
alleles (Ne), observed (Ho) and expected (He) het-
erozygosity as genetic parameters of polymorphism
were calculated using the POPGENE program (Yeh
and Boyle. 1997). Probability of identity (PI) (Paetkau
et al., 1995) and expected heterozygosity (He) were
estimated based on following formula:

PI= Σ Pi
4 + Σ Σ (2PiPj)2

He = 1- Σ Pi
2

where Pi and Pj are the frequencies of the ith and jth
alleles within each locus, respectively.

Analysis of molecular variance (AMOVA)
(Excofier et al., 1992) was performed using Arlequin
2.00 software (Schnider et al., 2000) to partition total
genetic diversity i) Between Iranian and European
groups, ii) among Iranian samples and iii) among
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genotypes within samples. Fst pairwise comparison
was carried out as a criterion for sample differentia-
tion. As a measure of genetic distance among pairs of
samples belongs to each geographical region, the stan-
dardized Rst statistics (Slatkin, 1995) was also com-
puted using Arlequine pakage. The matrix of pairwise
distance was used as input for principal co-ordinate
analysis using NTSYSpc, Version 2.02 (Rohlf, 1998).

RESULTS

Microsatellite polymorphism: The set of 172 grape
genotypes (Table 1) was analyzed with the nine SSR
markers. They have been selected for their ability to
reveal polymorphism in 8 unlinked regions of the
genome since they are located on 8 different linkage
groups (Riaz et al., 2003; Doligez et al., 2006).
Among the 9 loci, VVMD28 and VVMD36 are close-
ly linked. These markers led to the detection of 84
polymorphic alleles (Table 3). Figure 2 illustrates the
results obtained with VVMD28 for 22 cultivars.

The heterozygosity values were high for all sam-
ples but ranged from 0.69 for cultivars from
Azerbaijan to 0.84 for those from Qazvin (Table 4). In
all samples, except Qazvin, the level of observed
heterozygosity was lower than expected but the defi-
ciency was not statistically significant. 

Cultivar identification: The proper identification and
distinction of the genotypes was one of the main objec-
tives in the present study. Detection of the most

informative markers could reduce the number of loci
needed for reliable genotype distinction. For this pur-
pose, the usefulness of this set of markers was asses-
sed as the probability of identity (PI) in different grape
growing regions and over all groups (Paetkau et al.,
1995). PI is defined as the probability with which two
randomly taken genotypes display the same SSR pro-
file. The calculated PI values for each geographic
region and for each SSR marker over all genotypes are
shown in Table 5. The PI values in different samples
varied from 0.07 for VVMD25 in Khorasan sample
and VVMD7 in Kordestan sample to 0.5 for VVMD21
in Fars.
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Table 2. Names and sequences of applied primers (Bowers et al., 1996, 1999b). Choromosomal location and mapping of primers
(Doligez et al., 2006).

Figure 1. Map showing five Iran grapevine growing regions referred
in the text.
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Genetic Diversity: A high level of genetic diversity
was observed in the studied samples which are expec-
ted in view of the dioecious and outbreeding nature of
wild grapes and high level of heterozygosity establis-
hed during the evolution and domestication processes
which have been conserved by the propagation of clo-
nes through vegetative reproduction (Olmo, 1995;
Zohary, 1995). Analysis of molecular variance was
performed to partition the total genetic variation into
among i) individuals within sample (any individual
genotypes), ii) among samples (different geographic

regions) and iii) between groups (Iran and Europe)
variations (Table 6). The results showed that only
0.25% of the total observed diversity is due to inter-
group variation, which is not significant (P = 0.66).
However Fst analysis confirmed the results of
AMOVA (Table 7). Cluster analysis based on coances-
tory coefficient matrix grouped investigated samples
in to two main groups. European cultivars along with
Fars and Khorasan samples located in one group and
another group  consist of  Azarbaijan, Qazvin and
Kordestan Samples (Fig. 3).

IRANIAN JOURNAL of BIOTECHNOLOGY, Vol. 4, No. 1, January 2006

40

Table 3. Genetic parameters for nine microsatellite markers in total sample that used
in this study. 

Table 4. Calculated genetic parameters within grapevine samples. 

Figure 2. SSR band profile for 22 cultivars at VVMD28 locus. Amplification products were separated on
denaturing polyacryamide gel and visualized by silver staining. From the left two first lanes are M3 and
Ladder VIII (Roche) size markers respectively. 1-18 is Iranian genotypes and 19-22 are three European
cultivars. 

The first column shows locus name, number of allels per locus (Na), effective number of allels
(Ne), Expected hetrozygosity (He) and observed heterozygosity (Ho).

The first columns showed sample size (n), observed heterozygosity (Ho), expected heterozygosity (He), mean number
of allels (MNA) and effective number of allel (Ne). Values in parentheses are standard deviations.
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DISCUSSION

Microsatellite polymorphism: The number of
observed alleles per locus ranged from 6 for VVMD21
and VVMD27 to 12 for VVMD5, and VVMD28,
respectively, with an average of 9.33 alleles per locus
(Table 3). The numbers of alleles are very similar to
those obtained with 9 SSR microsatellite on a set of
164 European cultivars (Sefc et al., 2000), but are rel-
atively smaller than those observed on a set of 244
grape accessions both cultivated and wild by Aradhya
et al. (2003) using  8 locus among which 5 were com-
mon with the present analysis. 

The effective number of alleles varied from 3.2
for VVMD21 to 7.23 for VVMD5 (Table 3). These dif-
ferences between the number of effective and of
observed alleles indicated the presence of rare alleles
that exist in one or a few genotypes and could be used
for their identification. 

The observed heterozygosity ranged from 0.68
for VVMD5 to 0.81 for VVMD24 with a mean of 0.76.
The high level of heterozygosity could be due to the
cross-pollinating nature of the plant and to the fact that
grapes carry a heavy load of deleterious recessive
genes (Olmo, 1976). Moreover, artificial selection also
has a remarkable effect on this process (Sefc et al.,
2000). For 8 loci, it was lower than what would be
expected by the random union of gametes, but most
different for VVMD5. This is in contrast to reports
from other similar studies (Thomas and Scott, 1993;
Bowers et al., 1996; Lopes et al., 1999; Sefc et al.,
2000; Aradhya et al., 2003). The heterozygosity defi-
ciency has been found to be non-significant based on
χ2 test (p < 0.001). This could be due to the presence
of null alleles as previously reported (Thomas et al.,
1994; Bowers et al., 1996) but could also be due to dif-
ficulties in scoring heterozygous individuals when
alleles are just one repeat apart (This et al., 2004). It
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Table 5. Calculated probability of identity (PI) for samples of each geographic regions and total sample.

Table 6. Analysis of molecular variance (AMOVA) in six samples using nine STMS markers. P-
values are estimated using 1023 random permutation.

Table 7. Genetic differentiation between grapevine samples using pair wise values of Fst. 

* significant at 0.05 (P-value<0.05), ns nonsignificant (P>0.05). P-values are estimated using 16002 permutations.
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could also result from the history of the cultivars, some
being the results of inbreeding. 

Identification and distinction of the cultivars: The
potential of the markers in genotype differentiation
was of great interest.  In this study, every single culti-
var analyzed was distinct from the other ones. No syn-
onymes have therefore been observed in the study. 

The PI values in different samples varied from
0.07 for VVMD25 in Khorasan sample and VVMD7
in Kordestan sample to 0.5 for VVMD21 in Fars. The
information content of a given marker differs between
genotypes collected from different regions as allelic
frequencies differ between grape gene pools. The high
PI values were due to a low number of alleles and their
uneven distribution within each sample. For example,
VVMD21 in Fars had only five alleles, one of which
(246 bp) has a frequency of 0.53. High PI value in
VVMD21 in cultivars from Azarbaijan, VVMD25 and
VVMD27 in cultivars from Qazvin, VVMD27 in cul-
tivars from Khorasan, and VVMD28 in cultivars from
Fars, were due to the presence of an allele with high
frequency (data not presented). The total cumulative
PI value for this set of markers was 5.67×10-9 that
shows the high discrimination power of the selected
primers. A marker revealing maximum information in
one collection sample probably has a high level of dis-
criminating power in other gene pools as well. For
example, VVMD5 had low PI values in all the sam-
ples. But this is not true for all markers. For instance,
VVMD21 had very high PI values (0.27-0.50) among
the five samples, except cultivars from Kordestan
(0.09). Therefore, based on the PI values, one could

select a set of highly informative markers (with low
values of PI) to study a particular sample (Table 5).
Indeed, loci with uneven allele distribution could be
very useful for genotype identification due to the pres-
ence of rare alleles. However the elimination of mark-
ers with high PI values may result to the loss of rare
alleles.

Genetic diversity: Maximum diversity (0.82) was
recorded for the samples from Kordestan, and mini-
mum (0.73) for those from Azarbaijan. This gives a
mean diversity of 0.74. The mean number of alleles
(MNA) per sample varied from 6.44 (Kordestan) to
7.33 for Europe and Khorasan (Table 4). The smallest
number of alleles was observed in the sample that had
the smallest sample size. Therefore, this could be
attributed to sampling bias since there is a positive and
significant correlation between MNA and sample size
(r = 0.82).       

The results of AMOVA analysis suggests the pos-
sible presence of high genetic overlap between the
Iranian and European samples. Although inter-samples
diversity was significant (P<0.00) explaining for
5.42% of the total genetic variation, the high level of
genetic diversity can be attributed to genotypes within
samples which could account for of 96.1% of total
diversity (Table 6). Therefore, the studied samples are
valuable sources of genes, which can be utilized, in
breeding programs of grapevine. Nevertheless,
between sample variance was smaller compared to that
of within sample, the significant between sample vari-
ation (Fst=0.051) indicates the samples from different
geographical regions did not combined genetically due
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Figure 3. UPGMA dendrogram of investigated populations based on coancestry coefficient matrix using
84 different microsatellite allels in nine loci.
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to the migration events, mostly in form of cutting
exchanges and sample from each geographic region
has a distinct genetic structure. Pairwise comparisons
of samples differentiation was carried out based on Fst
as criteria using all the samples. Significant Fst values
were observed in the case of all samples except that
from Azarbaijan and Qazin (Table 7). The result of this
analysis also indicated that each of the studied samples
have distinct genetic constructions and differ from
each other even in the case of very close samples such
as Qazvin and Kordestan.

Relationship among samples: To depict among sam-
ple relationships, cluster analysis was performed based
on coancestry coefficient matrix using UPGMA algo-
rithm (Fig. 3). The resulting dendrogram clustered the
studied samples into two main groups.

Group one consisted of cultivars from Europe,
Khorasan and Fars in which high closeness was
observed between those from Khorasan and Fars indi-
cating the possible common origin of these collections.
In the second cluster, samples from Azarbaijan,
Qazvin and Kordestan were located, where the simi-
larity between cultivars from Azarbaijan and Qazvin
was higher than that of these samples with Kordestan.
Principal Coordinate Analysis (PcoA) was performed
based on Rst matrix (Slatkin, 1995), and scatter plot of
samples against the first two principal coordinate is
shown in Figure 4. Distribution of samples on the scat-

ter plot revealed similar pattern to geographic map and
dendrogram. The results of these analyses confirmed
results of AMOVA analysis and Fst pair wise compar-
isons.

CONCLUSION

In the absence of comprehensive studies on the Iranian
grape cultivars, this study showed that STMS markers
are a powerful tool for cultivar identification and
analysis of genetic structure. High information content
of the markers enables characterization of a large num-
ber of cultivars only with combination a few loci. The
nine microsatellite markers used in this study were
very informative in the Iranian and European cultivars
analyzed. The 136 Iranian genotypes account for
approximately half of the cultivars in our collection.
Genetic characterization of a larger number of geno-
types will help in identifying potentially synonymous
and homonymous cultivars, which will be very useful
in germplasm management.
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Figure 4. Scatter plot of population differentiation against two first principal coordinates
based on Rst matrix.
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