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Abstract: Nowadays, there are well known PCR-based techniques to detect polymorphism in plants. Marker 
technologies which are applied in breeding and varietal characterization can be exchanged across laboratories 
with standardization to yield reproducible results. This article describes applying of simple sequence repeats 
(SSR) markers in European laboratories, in which the reproducibility of these popular markers are examined. 
One of the European Union interests is characterization of grape varieties and preparation of International 
Vitis catalogue for comparison global varieties as Chardonnay, Sauvignon, Pinot noir with the domestic for 
each other country. Grape genome contains of many SSR, which are highly polymorphic.
This review provides the latest information in SSR research including novels in research, comparison, 
development and application of microsatellites.
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Introduction

Microsatellites became the favourite type of DNA 
markers due to their properties including enabling 
a wide range of applications, from cultivar iden-
tification and discrimination, to phylogenetics, 
parentage testing and pedigree reconstruction, for 
the management of germplasm collections (Laucou 
et al., 2011, Sefc et al., 2000, Thomas et. al. 1998; 
Bowers et al., 1999; Sefc et. al., 1999).
Microsatellite markers consist from the repetition of 
simple nucleotide motifs and are highly expanded 
in eukaryotic genomes. Due to their high degree 
of polymorphism, locus-specificity, and PCR-based 
detection, they are powerful genetic markers for 
animals as well as for plants. In plants, SSR markers 
have been successfully applied to a variety of tasks 
including the construction of genetic maps, the 
assessment of genetic diversity, cultivar identifica-
tion pedigree studies (Ghetea et al., 2010; Riaz et 
al., 2004, Sefc et al. 1999). Microsatellites in woody 
plants have been reported for wheat (Varshney 
et al., 2005, Song et al., 2005, Gupta et al., 2003, 
Eujail et al., 2002), pineapple (Carlier et al., 2010), 
rice (Varshney et al., 2005, McCouch et al., 2002), 
bean (Li-Xia et al., 2009) grapevine (Cipriani 
et.al., 2010, Jahnke et al. 2010 Bowers et al. 1997), 
tomato (MENG et al. 2010), jujube (Ma et al., 2011), 
citrus(Oliveira et al., 2002), apricot (Aranzana et 
al. 2003; ; Maghulyet. al., 2005; Cheng et. al, 2009; 

Wunsch, 2009; Lamia et al., 2010), peach (Xie et 
al., 2010), and maize (Cheng et al, 2010, Jiang et 
al., 2008). Microsatellite markers are widely used in 
grape-vine genetic research for identifying cultivars 
(Bowers et al., 1999, Kozjak et al., 2003), investigat-
ing the parentage of cultivars (Ghetea et al., 2010, 
This et al., 2004), genome mapping (Carlier et al., 
2010, Troggio et al., 2007), geographic origin (Sefc 
et al, 2000) and genetically characterizing germ-
plasm (Upadhyay et al., 2007, Lamia et al., 2010).

Analyses and comparison of different 
type of microsatellites

Numerous methods were tested with the goal to 
provide a reliable method of genotype identifica-
tion and inter-laboratory comparison. Highly 
informative markers became an available technique 
for the management of germ-plasm collections. 
This method can be potentially used as an accurate 
certification system for global international trade of 
grapevine and rootstock plant material (Sefc et al., 
2000).
The traditional identification methods for differen-
tiation cultivars, ampelography and ampelometry, 
are based on the shape and contours of the leaves, 
the characteristics of growing shoots, shoot tips, 
petioles, the sex of the flowers, the shape of the 
grape clusters and the colour, size and pips of the 
grapes themselves. New view brought advances in 
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DNA sequencing, data analysis and PCR which 
gave results in powerful techniques which can be 
used for the characterisation and evaluation of 
germplasm (Upadhyay et al., 2007) and genetic 
resources (Troggio et al., 2007) and for the identifi-
cation of markers for use in breeding programmes 
(Vignani et al., 1996). Wide-scale applications 
of these techniques should be suitable for use in 
network activities in which many laboratories may 
be involved in coordinated actions and in which 
common data-bases are continually fed with data. 
It is essential for activities that the different screen-
ing techniques employed can be standardised to 
yield reproducible results across laboratories, so 
that direct collation and comparison of the data are 
possible (Jones et al., 1997).
There are known several techniques which can 
be used for the characterisation and evaluation 
of germplasm and genetic resources, and for the 
identification of markers for use in breeding pro-
grammes.
First technique is random-amplified polymorphic 
analysis (RAPDs) which involves the use of a single 
arbitrary primer in a PCR reaction and result of 
amplification is several discrete DNA products. 
These products are derived from a genome region 
which contains two short segments in inverted 
orientation that are templates for design of primer 
sequences and sufficiently close together for the 
amplification.
This analysis is a cheap, easy and fast method 
for the detection of genetic differences between 
or ganisms. RAPD analysis gave the satisfying 

levels of polymorphism which were detected in 
grapevine and rootstock cultivars (Tessier et al. 
1999, Jones et al. 1997, Fan-Juan et al. 2010). On 
the other hand, the major disadvantage of this 
method is the dependence of the results on strict 
experimental conditions.
Stability of the results can be achieved by strict 
laboratory standardized reaction conditions, but to 
achieve the satisfactory results of standardisation of 
the RAPD procedure and comparison of the results 
between laboratories is a difficult goal Fig. 1 (Sefc 
et al., 2000).
Amplified fragment length polymorphism (AFLP) 
analysis is another PCR-based method which 
involves restriction cleavage of the genomic DNA 
(Upadhyay et al., 2007, Lamia et al., 2010). Adapters 
are ligated to the ends of the restricted fragments 
and either a pre selection step performed using 
magnetic beads followed by a round of selective 
PCR, or two selective rounds of PCR amplification 
are applied. The amplified products are separated 
on a sequencing gel by electrophoresis and after 
that visualised by radioactive or fluorescent label-
ling. All the current evidences show that AFLPs are 
as reproducible as restriction fragment length poly-
morphism (RFLP). This method should be highly 
suited to inter-laboratory experiments (Jones et al., 
1997).
RFLP analysis was successfully used to detect cultivar 
fingerprints to differentiate varieties of grapevine 
and rootstock (Fig. 2). The RFLP method offers the 
advantages of robustness in various environments 
and higher levels of detectable polymorphism as 
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Fig. 1. Example of random-amplified polymorphic analysis (Technologijahrane, 2011).
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iso-enzyme analysis; identification of varieties by dis-
tribution of different enzymes. On the other hand, 
complicated banding patterns may cause difficulties 
in the evaluation of results and the requirement of 
large amounts of high quality DNA, as well as the 
time-consuming and costly primary development 
of probes and costly analysis procedure (Sefc et al., 
2000).
SSR markers, also known as short tandem repeats 
(STRs) or microsatellites consist of tandem repeated 
DNA sequences with 1–6 base pairs (bp). These 
markers are in abundance distributed in plant 
genomes; they have high level of variability in the 
number of repeats of the core motif, occasionally 
showing dozens of alleles at each locus. They are 
amplified by PCR using a primer pair that anneals 
to the repeat flanking regions and therefore tag a 
single locus in diploid genomes. The other advan-
tage is their high reproducibility between laborato-
ries without requiring any DNA exchange (Zhang 
et al., 2010, Martínez et al., 2006,). These markers 
which are locus-specific are characterized by their 
hyper-variability, abundance, high reproducibility, 
Mendelian inheritance and co-dominant nature. 
They are not affected by the environmental factors 
(soil, climate, methods of cultivation, diseases) in-
fluences (Ghete et al, 2010 Giannetto et al., 2008).
SSRs provide highly informative markers because 
they are co-dominant (unlike RAPDs and AFLPs) 
and generally highly polymorphic. The nature of 
the PCR-based assay used in their amplification and 
detection provide the confirmation that they are 

highly reproducible between laboratories (Jones et 
al., 1997).
Jones et al. (1997) described the reproducibility of 
testing different type of markers in plants by a 
network of European laboratories. This article 
described three popular molecular marker tech-
niques which were examined in several European 
laboratories for testing reproducibility: RAPD, 
AFLP and SSR. RAPDs were found to be easy to 
perform by all laboratories, but reproducibility 
was not achieved to a satisfactory level. The system 
of genetic screening package was distributed to 
different participating laboratories in the network 
and the results obtained compared with those of 
the original sender. Disadvantage of RAPD me-
thods were their problems with reproducibility. 
For AFLPs, a single-band difference was observed 
in one track, while SSR alleles were amplified by 
all laboratories, but small differences in their siz-
ing were obtained.
Microsatellite analysis can be applied to the confir-
mation and definition of synonyms and homonyms, 
i.e. identical genotypes known under different 
names or different genotypes under the same 
names (Ulanovsky et al., 2002). The identification of 
duplicates is important in germplasm collections to 
save genetic variability should be maintained while 
keeping the number of specimens at minimum. 
For several cultivars, synonyms and homonyms had 
been suspected or assumed based on ampelographic 
observations and could be confirmed by microsatel-
lite analysis (Cipriani et al., 2010).
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Fig. 2. Example of restriction fragment length polymorphism analysis (Nicerweb, 2011).
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Design of primer sequences

The aim of the work of many European workplaces 
was to develop a microsatellite marker-based map 
of the Vitis vinifera genome (n = 19), which can be 
used for genetic studies in perennial heterozygous 
species, as SSR markers are highly transferable co-
dominant markers (Adam-Blondon et. al, 2004).
The most important for development of microsatel-
lites is a fresh material from young plants at identi-
cal developmental stages. The next step to develop 
the molecular markers was the analysis at the DNA 
level, since the DNA of a certain plant is identical 
in all cells of any tissue at any stage of development. 
DNA can be obtained from every kind of plant tis-
sue available, e.g. wood, leaves or berries, but the 
easiest is DNA extraction from leaves and analyses 
can therefore be carried out at any time of the year. 
DNA characteristics are not influenced by environ-
mental or sanitary conditions of the plants. Thus, 
DNA based analyses are free from various kinds of 
external limitations (Sefc et al., 2000).
The most usual microsatellite sequence consists 
of five to one hundred tandem repeats of short, 
simple sequence motives composed from 1 to 
6 nucleotides (e.g. (CA)n, (GATA)n; Fig. 3). About 
104 to 105 micro satellite loci are scattered randomly 
throughout the genome of eukaryotes. This abun-
dance of microsatellite sequences in eukaryotic 
genomes constitutes an almost unlimited source of 
polymorphic sites that may be exploited as genetic 
markers. Microsatellite markers are usually not 
located inside or close to a coding sequence, where 
they may cause the disruption of gene function or 
be influenced by selection pressures on a gene in 
their vicinity (Sefc et al., 2000).
Before the availability of the polymerase chain 
reaction (PCR), microsatellites were used for 

fingerprinting eukaryotic genome by classical 
hybridization method (Vezzulli et al. 2008, Jahnke 
et al. 2007). Big advantages of microsatellite 
markers are both locus specificity and their high 
polymorphism. Allele sizes are resolved by the 
high-resolution electrophoresis. The markers are 
co-dominant and thus allow the discrimination 
of homozygotes and heterozygotes. Microsatellite 
profiles are represented by the allele sizes detected 
at the analysed loci and given in base pairs. Dis-
advantages of microsatellite markers used for 
detection of relationships between organisms are 
cost of this method, time consuming procedure 
including optimizing of PCR conditions, primers 
and construction and screening of genomic libra-
ries. Fortunately, microsatellite primers which 
are design for one species are very often similar 
in closely related species of the same genus and 
even sometimes genera such as in case of Vitis vin-
ifera and Vitis riparia. There have been published 
microsatellite markers from Vitis vinifera and Vitis 
riparia, which amplified DNA from other Vitis spe-
cies (Sefc et al., 2000).
Reproducibility and standardization of microsatel-
lite profiling is usually easy to achieve and after 
allow transfer and comparison between laboratories 
(Sefc et al., 2000).
Bowers et al. 1999 studied microsatellite markers 
and twenty of these (Table 1, 2) were polymorphic 
in V. vinifera and produced satisfactory results. As 
with other grape microsatellite markers, they are 
highly heterozygous and very informative in V. 
vinifera (Table 1).

Methods of analysis and their comparison

Different methods are applied in analysing mic-
rosatellite markers, for example incorporation 35S 
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 Forward primer  Reverse primer
 5’ →→→→→→→ ---Length polymorphism-- ←←←←←←← 3’
 tagttcattgaaaagaaggatctctttctttcacacacacacacacacacacacacacacacacacaggctgttctctgaaccttgcctgtt
  cacacacacacacacacaca
  cacacacacacacacacacacaca
  cacacacacacacacacacacacacaca

— Description
 SSR markers consist from tandem repeats of short nucleotide motifs (1 to 6 bp), have a low degree of 

repetition (5—100 repeats). They are randomly distributed in the genome and the length polymorphism 
can be detected by PCR amplification and electrophoresis.

— Advantages
 SSR markers have several advantages, locus-specific amplification, frequent occurrence, high polymor-

phism, a co-dominant inheritance and are distributed throughout the nuclear genome.

Fig. 3. A dinucleotide microsatellite locus (Sefc et al., 2001).
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dATP or 33P-dATP during the PCR and separation 
of the products on polyacrylamide gels (Jones et.al., 
1997, Thomas and Scott, 1993), 32P end-labelled 
primers in the amplification reaction and separation 
on denaturing polyacrylamide gels, ethidium bro-
mide staining of non-denaturing polyacrylamide 
gels, hybridisation of end-labelled (32P, biotin); 
microsatellite oligonucleotide probes to fragments 
are transferred to nylon membranes after that are 
separated on denaturing polyacrylamide gels and 
silver stained to denaturing polyacrylamide gels 
(Meng et. al. 2010, Thiel et. al. 2003). Primers la-
belled by fluorochromes and fragment separation 
on denaturing polyacrylamide gels were shown as 
the most effective methods. The configurations 
used by a number of different groups including 
Sefc et al. (2000).
In the present time, the fluorescent labelling is 
more often applied, which include the possibility of 
multiplexing loci in a single lane with an internal 

size standard and automated size calling of the alle-
les. (Kozjak et al. 2003, Adam-Blondon et al. 2004). 
Allele size calling between gels and different gel-
based ABI sequencing machines have shown a high 
reproducibility, however the major disadvantage of 
different methods is the comparison of obtained 
results between laboratories because of differences 
in size calling coming from different electrophore-
sis systems. For example, an allele estimated to be 
150 bp by silver staining may run at 148 bp in the 
Pharmacia system, while it may be called 153 by 
the ABI sequencer. These deviations, however, are 
constant within a certain locus, and can easily be 
determined by analysing a small set of genotypes 
in each of the systems. Later on, the allele sizes de-
termined by different systems can be corrected for 
the observed deviation to one established standard 
system, and data from different sources become 
easily comparable again. Another possibility mak-
ing the comparison of data is the presentation of 
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Tab. 1. Primer sequences for 12 microsatellite markers that are polymorphic in V. vinifera. (Bowers et. al, 
1999).

Locus Primer + Primer –

VVMD14 CATGAAAAAATCAACATAAAAGGGC TTGTTACCCAAACACTTCACTAATGC 

VVMD17 TGACTCGCCAAAATCTGACG CACACATATCATCACCACACGG 

VVMD21 GGTTGTCTATGGAGTTGATGTTGC GCTTCAGTAAAAAGGGATTGCG 

VVMD24 GTGGATGATGGAGTAGTCACGC GATTTTAGGTTCATGTTGGTGAAGG 

VVMD25 TTCCGTTAAAGCAAAAGAAAAAGG TTGGATTTGAAATTTATTGAGGGG 

VVMD26 GAGACGACTGGTGACATTGAGC CCATCACCACCATTTCTACTGC 

VVMD27 GTACCAGATCTGAATACATCCGTAAGT ACGGGTATAGAGCAAACGGTGT 

VVMD28 AACAATTCAATGAAAAGAGAGAGAGAGA TCATCAATTTCGTATCTCTATTTGCTG 

VVMD31 CAGTGGTTTTTCTTAAAGTTTCAAGG CTCTGTGAAAGAGGAAGAGACGC 

VVMD32 TATGATTTTTTAGGGGGGTGAGG GGAAAGATGGGATGACTCGC 

VVMD34 GGTACATCAGTACTTGAAATGGTTGC TTCTCCGTAGAAGCGTAAACAGC 

VVMD36 TAAAATAATAATAGGGGGACACGGG GCAACTGTAAAGGTAAGACACAGTCC 

Tab. 2. Primer sequences for 10 microsatellite markers of lesser utility in V. vinifera (Bowers et. al, 1999).

Locus Primer + Primer – 

Polymorphic but less useful  

VVMD20 AAAACACATATTCAAACCAACCCC AACACCCTCCCTCTCCTACTCC 

VVMD23 ATGGTTCGATGGATGGATGG AAGTATGAAGCGAGTGCAGGC 

VVMD29 CCTTTGAACTTTGAAGTCTATGAGTCTG AGCTAGAAACAGAACTCTCTCTCTCTC

VVMD30 CGAAAGAATTCCCAAAGGGC TCTAGGCACTCTTTTCGGTACTCC 

VVMD37 GATCGCCTTGTAATCCAAAAGG GATCTGAACTAACCCAAGAAGAGAGC 

Ussually monomorphic  

VVMD 12 CCTTCTGTATAGCAACCTcTGA TTCCCTCATATTTGAACAGTCT 

VVMD 13 ATGGTGAAAGAAGCAGAGAGGG GCATTGAAGATGACCGGTAGC 

VVMD15 CTGCAGTGCACTCAAAGTTGG TGAAACACCAAGGGAAACCTC 

VVMD19 TGAAATATCATCAATGCTCTCTCTCC GGTTGATATTGCTTCCTTTTCCC 

VVMD35 GAGGAAGACTCCTCACGTAGAAGG TCAACAAACATACCGAGGAACG 
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micro satellite profiles by the actual number of 
repeat motifs in each allele (Sefc et al., 2000).

Analysis of microsatellite data

Microsatellite profiles from grapevine cultivars can 
be evaluated according to different perspectives 
according to Sefc et al. (2000):
a) Management of germplasm collections:
 — identification of cultivars
 — identification of synonyms
 — reconstruction of pedigrees
b) Evaluation of microsatellite markers:
 — level of polymorphism
 — allele frequencies
 — frequency of null alleles
c) Characterisation of grapevine gene pools:
 — genetic variability,
 — allelic and genotypic composition
 — differentiation among gene pools
d) Cluster analysis:
 — establishment of similarity or distance measures
 — construction of phenograms

Creating the phylogenetic tree

A phylogenetic tree or evolutionary tree is a 
branching diagram or “tree” showing the inferred 
evolutionary relationships among various biologi-
cal species or other entities based upon similarities 
and differences in their physical and/or genetic 
characteristics. The taxa joined together in the tree 
are implied to have descended from a common 
ancestor (Huelsenbeck et al., 2001).
In a rooted phylogenetic tree, each node with 
descendants represents the inferred most recent 
common ancestor of the descendants and the edge 
lengths in some trees may be interpreted as time 
estimates. Each node is called a taxonomic unit. 
Internal nodes are generally called hypothetical 
taxonomic units (HTUs) as they cannot be directly 
observed. Trees are useful in fields of biology such 
as bioinformatics, systematics and comparative 
phylogenetics (Shimodaira, 2002).
Although phylogenetic trees produced on the basis 
of sequenced genes or genomic data in different 
species can provide evolutionary insight, they have 
important limitations. They do not necessarily 
accurately represent the species evolutionary his-
tory. The data on which they are based is noisy; 
the analysis can be confounded by horizontal gene 
transfer, hybridization between species that were not 
nearest neighbours on the tree before hybridisation 
takes place, convergent evolution, and conserved 
sequences (Shimodaira, 2002, Huelsenbeck et al., 
2001).

Simple sequence repeat markers in Europe

Lopes et al. (2006) characterized Portuguese 
grapevines based on microsatellite markers. A set 
of 46 grapevine denominations was genotyped at 
11 microsatellite loci in order to discriminate them. 
Comparison of the data obtained in this study with 
data of 32 genotypes previously reported enabled 
the detection of three parent offspring relation-
ships, and identified other putative parent/progeny 
relationships. These data allowed understanding 
the origin of some Portuguese cultivars. The inte-
gration of the obtained data with ampelographic 
characteristics would be very important for the ac-
curate identification of the Portuguese cultivars and 
can become a significant tool for the certification of 
quality wines produced in specific regions.
Moreno-Sanz et al. (2011) made study presenting 
the evaluation and identification of the phytoge-
netic resources of the Asturian (Northern Spain) 
grapevine. A total of 293 accessions were collected 
in old vineyards and analyzed through nine micro-
satellite markers. Forty-two different genotypes 
were obtained, including six profiles with allelic 
variations. Only 27 cultivars were identified when 
compared with national and international data-
bases; some of them had not been found in this 
region before. Homonyms and synonyms have also 
been detected. These results provide an overview 
of the status of current grapevine phytogenetic 
resources in Asturia. Despite the substantial genetic 
erosion that the Asturian vineyard has suffered, a 
higher variability than expected has been detected. 
The finding of new grapevine genotypes is a fact of 
great importance. The genetic grapevine resources 
are being drastically reduced all over the world, 
so this new genetic material has to be included in 
germplasm-banks for its conservation and further 
agronomical and enological evaluation.
The aim of Jahnke et al. (2006) work was to inves-
tigate the genetic diversity of grapevine with SSR 
markers in Hungary. The microsatellite profiles 
in 6 loci (VVS2, VVS16, VVMD7, VMC4A1, 
VMC4G6, VrZag79) of 48 grapevine varieties 
were analyzed. Based on the SSR analyses 46 of 
the 48 investigated varieties were identified. Even 
‘Pinot blanc’ and ‘Pinot gris’ cultivars belonging to 
the same consult (Pinot) could be differentiated in 
their VMC4A1 locus.
Schneider et al. (2001) analyzed thirty-one grape 
cultivars by RAPD and SSR markers to verify 
25 synonym hypotheses in France and North-
western Italy. RAPD analyses were performed 
with 8 selected primers and profiles with 7 micro-
satellite loci were used in other to confirm RAPD 
results, it required. Sixteen clones were confirmed, 
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including the French cv. Verdesse with the Italian 
cv. Bianver, the French cv. Persan with the Italian 
cv. Biquet, the French cv. Chatus with Italian cv. 
Neiret.

Conclusion

Simple sequence repeat markers are the most 
favourite type of DNA markers because of 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.
Characterization by molecular markers is more 
reliable compared with the amphelographic char-
acterization because of testing possibility during all 
year, better exactness and possibility of comparison 
across European laboratories. Nowadays, finding 
the ancient varieties without virus infections is 
almost impossible and for this reason the genetic 
collections are created more often in all European 
countries.
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