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Abstract 
 

Grapevine is an economically important crop cultivated all over the world. The long 

history of cultivation, the high ability of hybridization and the asexual propagation of selected 

plants has lead to the formation of numerous cultivars. The taxonomic classification of 

Vitaceae is inconvenient due to the high number of species within the Vitaceae family as well 

as the high polymorphism level of different cultivars. The classical ampelographic tools 

proved to be insufficient leading to an increasing number of synonymous and homonymous 

cultivars. Molecular methods for the identification and classification of grapevine were first 

used in 1970’s. Till then a plethora of new tools allows the correct and conclusive 

identification based on DNA analysis methods. The new techniques used can help to improve 

and optimize germplasm collections all over the world while also creating a database in a 

common language as a reference for the researchers. In the current study we dealt with the 

identification of 24 grapevine cultivars using 20 SSR markers. The marker VVIv37 failed to 

amplify due to a mistake in the primer sequence. All remaining markers gave satisfactory 

results allowing to identify 150 total alleles ranging from 3-13 alleles per locus. The observed 

Heterozygosity was 73%. We observed 5 cases of synonymy and 1 case of homonymy 

among the studied cultivars. The genetic distances of the cultivars lead to the designing of a 

phylogenetic tree revealing the relations among the cultivars. 

 

 

Key words: Vitis vinifera, cultivar identification, microsatellites, DNA genotyping, phylogeny. 
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Abstrato 

 
A Vitis vinifera L. é uma cultura economicamente importante em todo o mundo. A 

longa história de cultivo, a elevada capacidade de hibridação e a propagação vegetativa de 

plantas seleccionadas ao longo de gerações levou à formação de numerosas cultivares. A 

classificação taxonómica das Vitaceae é confusa, devido ao número elevado de espécies 

dentro da família Vitaceae, bem como o elevado grau de polimorfismo de diferentes 

cultivares. As ferramentas ampelográficas clássicas são manifestamente insuficientes na 

identificação das diferentes cultivares proporcionando um incremento cada vez maior de 

sinônimos e homónimo, consequência da sua multiplicação. Métodos moleculares para a 

identificação e classificação da videira foram utilizados pela primeira vez em 1970. Desde 

então, uma infinidade de novas ferramentas com base em métodos de análise de ADN 

permitem uma correta identificação. As novas técnicas utilizadas podem ajudar a melhorar e 

otimizar coleções de germoplasma em todo o mundo e a criação de um banco de dados 

numa linguagem comum, usado como uma referência para os investigadores . Neste estudo 

foram utilizados 24 acessos de cultivares de videira, utilizando 20 marcadores 

microssatélites. O marcador VVIv37 não foi possível amplificar devido a um erro na 

sequência das sonda iniciadora recomendada. Os restantes marcadores permitiram 

identificar um total de 150 alelos que variam entre 3 e 13 alelos por locus. A 

heterozigosidade observada foi de 73%. A análise dos resultados permitiu identificar 5 casos 

de sinonímia e 1 caso de homonímia entre os 24 acessos estudados.  As distâncias 

genéticas das cultivares permitiram a criação de uma árvore filogenética revelando as 

relações entre elas. 

 

 

Palavras-chave: Vitis vinífera, identificação de cultivares, microssatélites, ADN genotipagem, 

filogenia.	  
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1. Introduction  

1.1 Historical data 

The last 15,000 years of the agricultural era numerous plants have been 

domesticated by man in order to satisfy the nutritional needs of growing communities. 

Therefore significant diversification of crop species has evolved. Even though cultivated 

varieties represent a very small proportion of the total species diversity, they constitute the 

major part of the human diet and are thus of great importance (Hammond, 1995, Dirzo and 

Raven, 2003). 

Looking throughout the history of western civilization we can easily spot the 

prominent role and the impact that wine and therefore vine culture, had on human societies.  

During the last ice age vine started to migrate from Northern Europe to Southern and 

therefore hotter regions. The main areas that exhibited the proper climatic parameters for vine 

growing were Caucasus and Mesopotamia. Including Egypt, these areas are considered 

today as the cradles of viticulture and therefore the homelands of wine. The early exploitation 

of wild grape fruit as a food source by late Palaeolithic populations (about 11000 B.C.) has 

been well documented from studies at different archaeological sites across Europe (Zohary 

1996). It is likely that early cultivars arose from independent in situ domestication of wild vines 

in many locations. Additional cultivars no doubt arose as chance seedlings or as sports of 

existing cultivars (Bowers and Meredith 1996). It is believed that the first vine growers were 

the Arians (ancestors of the Indians that inhabited the area of Caucasus till the Caspian sea), 

the Persians, the Semites, the Assyrians and later on the Phoenicians and the Egyptians 

(Kousoulas 1995). Archeological findings that date back to 6000 – 8000 B.C., point that wine 

making originates in Middle east (Iran, Georgia, Caucasus) (Eiras-Dias 2011, McGovern 

2003, McGovern et al. 1996). In Greece the first findings of wine making date back to 4000 

B.C. in Thrace and 2300 B.C. in Crete (Lefort and Roubelakis-Angelakis 2001). Around 600 

B.C. Phoenicians and Greeks transferred their knowledge and viticultural practices to 

Southern France. At the time of the Roman Empire, viticulture was known and practiced till 

Great Britain (Kousoulas 1995). Around the 13th Century A.D, Arabs introduced viticulture to 

the Iberian peninsula. Till the 17th century A.D. the whole Europe was familiar with viticulture 

(Kousoulas 1995). 

Wine production and wine trading faced frauds from ancient times, thus leading 

people to form rules that regulate the production methods, the grape varieties, even the type 

of container used. The first written proof of wine regulations comes from 500 B.C., when laws 

regarding the whole production procedure were published in Ancient Greece, while also 

determining fines for the frauds. This is a primitive form of the D.O.C. (Denomination Origin 

Controlled) system that is used till today in the European Union. 

 

1.2 Viticulture today 

Grapes and wine were, and still are, dietary staples in Mediterranean cultures, and 

wine and raisins were important items in early Mediterranean trade. Today, grapevine (Vitis 
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sp.) is one of the most important fruit crops cultivated worldwide. During 2010 the global 

grapevine area was estimated to reach 8.1 million hectares, almost 70% of which is found in 

Europe. Grapevine plays a major economic role in agriculture and it is also present in many 

related industries.  

Grapevine has the ability to adapt to different climatic conditions, growing in a wide 

variety of soil types, from light sand to packed clay, and flourishing around the globe in the 

temperate bands between 20° and 50° Latitude, north or south of the Equator. It is 

successfully grown in Europe, the Balkans, Asia, Mediterranean and South Africa, South 

Australia and New Zealand, most of North America and a big part of South America. 

Apart from wine production, grapevines are grown in many countries worldwide for 

table grapes or dried fruits (raisins) production. According to the variety and the cultural 

conditions, grape berries and wines may contain beneficial organic compounds, e.g., 

flavonoids or polyphenols that have been linked to a host of health revelations from lowering 

risk of heart attacks to protection against various cancers (German and Walzem 2000, Soleas 

et al. 1997). Nowadays, only a small number of Vitis vinifera cultivars dominate the global 

production. More precisely, a few selected cultivars are used in the production of superior 

wine, though autochthonous or rare cultivars are still of great importance for local 

communities in the Mediterranean and elsewhere. 

At the species level, most crops are genetically quite diverse, as evidenced by the 

existence of many landraces and distinctive varieties. Through evolution and man driven 

selection, local cultivars from different geographic regions may exhibit significant genetic and 

phenotypic variability. These cultivars are therefore indispensible at the specific environment 

they have adapted, providing sustainability in local communities. Conservation of the genetic 

resources in the agrosystem in which they have evolved is widely considered as 

complementary to ex situ strategies for conserving genetic diversity, as local cultivars may be 

the genetic source for desired traits extremely valuable in plant breeding and in the 

sustainability and food quality (Banilas et al. 2009, Louette 2000). In recent years there has 

been some concern from the scientific community regarding climate change and its effect in 

agricultural crops. Genetic diversity is important for breeders since it offers a broad gene pool 

for selecting superior alleles that may determine quantity, quality or other attributes relevant 

to desirable characters. Consequently regarding viticulture, agronomists are trying to explore 

the potential of varieties that were used in the past in order to evaluate their agronomical and 

enological behavior when they are cultivated in different climatic conditions, targeting to 

achieve the best result (Sefc et al. 2009). Among others, different genomic loci may include 

genes conferring tolerance against several biotic or abiotic stresses. Intra-species biodiversity 

of crop plants is thus very important for sustainable agriculture and for the food industry 

(Banilas et al. 2009).  

As mentioned above, frauds regarding the wine making procedures and the origin of 

the grapes lead people to regulate wine making and vine culture even from 500 B.C.. In 

addition to that, the need to assure high quality products combined with the continuous 
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advance of knowledge, technology and research gave birth to “Ampelography” that is the 

study, description and classification of all the different grape cultivars as the first step of 

further studying of the properties of different grapevine varieties.  

 

2. Identification and classification 

2.1 Classical tools - Ampelography 

The classification of living organisms is a process known to man even from the 

Paleolithic era (40000 B.C.), as it fulfills the human need to detect, recognize and classify the 

living organisms that are either surrounding him in their natural habitat or are being used or 

domesticated by him (Nikolaou 2011). 

The term Ampelography (from the Greek ampelos, “άµπελος”= vine and graphi, 

“γραφή” = writing / description) was first used from the German researcher D. Sachs in his 

book “Ampelographia” in 1661 (Stavrakas, 2011).  Ampelography as a division of the field of 

Viticulture deals with the description of the 

phenological traits and the properties of different 

vine varieties and clones (Stavrakas, 2011). The 

classical tools of Ampelography, take into 

account the different phenological traits of adult 

plants (i.e. shoot tip, young leaves, expanded 

leaves, young shoot, cane, inflorescence/flower, 

cluster/berry and seed). One very informative 

vegetative organ of the vine is the leaf. Taking 

into account different ampelometric traits of the 

leaf we can distinguish differences between 

cultivars.  

The actual ampelographic methods are 

the following:  

• descriptive methods, that describe the morphological characteristics of 

grapevine accession that allow to distinguish it from other accessions of 

another species, variety or clone; 

• ampelometric method, that consist in the measure of some continuous organ 

parameters and they are less subjective that the ampelographic methods; 

• biochemical and biomolecular methods, that reveal the polymorphism of 

some metabolite or of some DNA specific regions. 

The use of all three methods at the same time in the variety and clone identification 

allow obtaining more accurate results. 

 

2.2 Systematics of the vine 

 The traditional classification of Vitis vinifera L. suggests that vine belongs to the 

family of Vitaceae. Jansen et al. (2006) report that trees generated by both parsimony and 

Figure 1: ampelometric parameters of the vine 

leaf (Tomažič and Korošec-Koruza, 2003). 
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likelihood methods provided support for the resolution of relationships among eudicots. This 

included support for the position of the Ranunculales as the earliest diverging lineage of 

eudicots and the position of the Vitaceae as the earliest diverging lineage of rosids. Though it 

is reported that difficulties in the correct and thorough sampling of each taxon and incorrect 

model specification for concatenated multi-gene data sets, can mislead phylogenetic 

inferences when using whole chloroplast genomes for phylogeny reconstruction. The 

systematic classification of the Vitaceae family is controversial not only regarding the number 

of species in each genus, but also the number of genera. Linnaeus (1753) only recognized 

two genera: Cissus and Vitis in the family. Hooker (1862) included Vitis, Pterisanthes, and 

Leea in the Ampelideae (Vitaceae), treating Cissus as a synonym of Vitis. Baker (1871) and 

Lawson (1875) followed Hooker in merging Cissus with Vitis (Soejima and Wen, 2006). 

Planchon (1887) reports that the Vitaceae family contains 10 genera with 600 species in total. 

Suessenguth (1963) reports 12 genera, while Galet and Constantinescou (1968) report 14 

genera. More recent publications mention 19 genera (2 extinct genera are found only in 

fossilized form) (Boursiquot 2011, Nikolaou 2011). 

 For viticulture the most important genus is Vitis as within this genus we can find the 

grapevine (Vitis vinifera L.) and other species that are used mainly as rootstocks or as gene 

pools for breeding.  

 The genus Vitis is recognized as including two sub-genera: Euvitis, the true grape, 

and Muscadinia. Species of subgenus Vitis usually have shreddy bark on old stems, lenticels 

inconspicuous, pith interrupted by 

diaphragms within the nodes, and 

tendrils 2–3-forked. Subgenus 

Muscadinia consists of only 2–3 

species from the USA, the West 

Indies, and Mexico, whereas 

subgenus Vitis has a wide 

distribution in the northern 

hemisphere (Brizicky 1965). While 

Euvitis species have been found 

in Tertiary deposits in both 

Eurasia and North America, 

Muscadinia has only ever been found in fossil material in North America, suggesting that this 

main division of the genus probably took place before the onset of the Quaternary era some 

two million years ago (Mullins et al.1992). In the late Tertiary period it appears that climatic 

changes led to a division of the genus Vitis into a number of separate species, each 

becoming adapted to a particular environmental niche. 

A key feature of all species in the Vitis genus is that they hybridize easily, and Vitis 

vinifera in particular is highly heterozygous, readily mutating under different conditions (Jaillon 

et al. 2007). Wild forms of Vitis vinifera are often referred to as sylvestris, and cultivated 

Figure 2: Traditional systematic classification of the Vitaceae family 
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varieties as sativa or vinifera.  The early forms of wild Vitis vinifera were dioecious, consisting 

of both: male and female plants. 

 

2.3 Classification 
Grapevine’s long history and widespread area of cultivation, natural selection, natural 

crossing between cultivars, breeding and selecting programs, and the adaptation of cultivars 

to new environments are the reasons for the precious and almost endless genetic diversity 

that we have at our disposal (Ntavidis 1982). The number of cultivars of the Vitis vinifera L. 

species is enormous. Viala and Vemorel (1901-10) report more than 24000 names or 

synonyms of Vitis vinifera L, believed to correspond to 8000 – 9000 actual varietals. It is 

obvious that meticulous identification and classification can be difficult processes. Counting 

the cases of synonymy (one cultivar that can have different names in various cultivation 

areas) and homonymy (attribution of the same name to different cultivars) difficulties become 

greater.  

Reasons of optimization of all the viticultural processes dictate the need for correct 

identification and classification of each cultivar. For Viticulture, a cultivar is not the same as a 

botanical variety, and there are differences in the rules for the formation and use of the 

names of botanical varieties and cultivars. A cultivar is a plant or group of plants selected for 

desirable characteristics that can be maintained by propagation (Brickell et al. 2009, 

Lawrence 1953). Most cultivars have arisen in cultivation but a few are special selections 

from the wild. The world's agricultural food crops are almost exclusively cultivars that have 

been selected for characteristics like improved yield, flavour, and resistance to disease.  

Even though cultivated varieties, or cultivars, are propagated asexually and thus 

should be true-to-type, the fact is that most old cultivars are comprised of many grapevine 

selections having distinct viticultural characteristics. Selections such as these are referred to 

as clones by Viticulturists. It is likely that most old cultivars were never true-to-type in the first 

place, but began as a group of genetically distinct, but closely related, individuals. Some 

clones have also arisen from spontaneous mutation; such events may give rise to buds and, 

shoots respectively, that are distinctly different from the rest of the vine. Although the genetic 

relationships among clones may never be known, it is important to understand that variation 

between clones of the same cultivar can be considerable and such variation can be exploited 

to improve grapevine yield and quality (Fidelibus et al. 2009). 

 

2.4 Classification Systems 

The classification of grapevine cultivars based on the rules of systematic botany 

(phylogeny) is problematic due to missing information regarding paleontology 

phytogeography and genetics of the species (Ntavidis 1982). 

The cultivar Limnio is mentioned by Aristophanes (446 B.C. – 386 B.C.) in his work 

Irini (Ειρήνη = Peace) (Matesis, 1997) and later on by Aristotle (384 B.C. – 322 B.C.). Works 

of Magon the Carthagenian about 250 B.C., and Columella in the first century A.D. deal with 
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the description of vine cultivars (Chadha and Randhawa, 1974). Hebling designed a 

grapevine classification scheme in 1777. Hebling classified the grapevine cultivars in three 

groups regarding berry colour (white, red and pink) each of these groups was subdivided into 

two groups regarding berry shape. Helbling (1777), Frege (1804), Liegel (1825), Findelman 

(1837), Trumer (1841), Casparin (1846), Oberlin (1875), Pulliat (1889), Cosmo (1952), 

Logothetis (1958) et al., classified the grapevine cultivars examining berry characteristics 

during biochemical maturation. Acerbi (1825), Milano (1829), Findelman (1836) and Liegel 

(1841), used as descriptors berry colour, must flavour, leaf shape and cluster density, for 

describing and classifying grapevine varieties.  Rovascenda (1877) considered as an extra 

descriptor the hairs on the leaves or the young shoot. Clemente (1807) and Dochnanl (1888) 

based their classification guidelines, mainly on the existence of hairs on the leaves. De 

Casparin (1986), Lucas (1984), Pulliant (1888) Cosmo (1952), Logothetis (1957), based their 

classification systems on the time of berry maturation regarding to the berry maturation of the 

Chasselas dore. Metzger and Rodriguez (1938) used Ampelometric descriptors whereas 

Negrul (1939), Andrasovszky (1925) and Pirovano (1943) based their classification system on 

the geographical allocation of the different cultivars (Nikolaou 2011, Stavrakakis 2000, 

Chadha and Randhawa, 1974). Krimpas (1938) used the ratio berry length/seed length, as it 

appeared to be more homogeneous regarding other ampelographic characteristics. Negrul 

(1946) proposed a division of Vitis vinifera L. into eco–geographical groups or races: 

Occidentalis, Pontica, and Orientalis (Boursiquot 2011). Galet (1952) proposed a 

classification system based on the morphological characteristics of the young shoot, cane, 

leaf, clusters and berries. 

O.I.V. (International Organization of Vine and Wine) together with I.P.G.R. 

(International Board of Plant Genetic Resources) published tables containing 125 basic 

ampelographic descriptors, which were revised in 1984 and reduced to the 84 vital 

descriptors for the identification and classification of the grapevine cultivars; meeting the 

necessity for the creation of a single system of ampelographic description. With this system, 

every descriptor under study is marked with a code number, which helps the digitalization of 

the archives created. Moreover using this unified code workers around the world have a 

common language to describe, discuss and compare their findings using statistical programs.  

 

2.5 Restrictions and inaccuracies of the traditional classification procedure  

 The identification of grape cultivars has traditionally been based on ampelographic 

description, which is the analysis, and comparison of morphological characters of leaves, 

shoot tips, fruit clusters, and berries (This et al. 2004). Inaccuracies regarding this procedure 

can be caused by limitations such as: 

• Expertise in ampelography is restricted to a small and declining number of 

specialists (Sefc et al. 2001).  

• The phenotypes of the plants are heavily influenced by environmental 

conditions, as well as, nutritional state and health. Different environments 
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may cause variation in the morphological features considered in 

ampelography, and identification of infected, under-nourished or otherwise 

untypical plants is susceptible to mistakes (Nikolaou 2011, Sefc et al. 2001).  

• Juvenile plants are nearly impossible to identify because within 4 or 5 years, 

they do not exhibit the typical morphological traits of adult plants (This et al. 

2004). 

• Grafted rootstocks are never allowed to develop leaves in vineyards and this 

makes ampelographic identification impossible. The influence of the rootstock 

genotype on the growth of the grafted scion and the quality of the harvested 

grapes is considerable. The choice of the appropriate rootstock for the given 

conditions is vital for viticulture (Sefc et al. 2001) 

•  Some genetically related cultivars are morphologically very similar and 

difficult to differentiate by visual comparison (Aradhya et al. 2003). 

• Intravarietal clones can differ considerably in phenotype even though they 

have virtually identical DNA profiles (Vignani et al. 1996 ; Franks et al. 2002). 

• Problems of synonymy or homonymy of some cultivars can cause confusion 

(Sefc et al. 2009). 

 

 To surmount these limitations, biochemical and molecular markers have been used 

to differentiate, characterize, and identify grapevine accessions as a supplementary tool to 

the classical ampelographic methods. These methods can give more reliable results as they 

determine cultivar differences in genome level. 

  

2.5.1 Synonymy 

Due to grapevine’s long history of cultivation and its spreading to different countries it 

has been observed that a variety may have more than one name depending on the area 

where it is cultivated (synonymy) (Sefc et al. 2009). An example of synonymy in Portugal is 

Tinta Roriz that is known as Aragonez in Alentejo and Tempranillo in Spain (Eiras Dias et al., 

2011). French Grenache that is known as Garnacha in Spain, Cannonau in Sardinia and Red 

Tokai in the peninsular Italy, and many more all over the world (Calo et al., 1990). Grando et 

al. (2000a) identified 11 cases of synonymy within cultivars that are being used in the 

Trentino area in Northern Italy using 7 microsatellite markers (Grando, et al. 2000a). Cases of 

false synonymy or homonymy can also be found in many historically vine growing areas. An 

example is the variety Limnio in Greece, which is also known as Limniona and is cultivated 

mainly in Aegean islands, which actually differs from the variety Limniona also known as 

Limnio that is mainly cultivated in Thessaly (Stavrakas, 2011). 

 

2.6 Biochemical and molecular methods 

Plant genetic resources comprise the present genetic variation that is potentially 

useful for the future of humankind. Therefore plant genetic resources should be conserved, 
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with the ultimate reason being to eventually use them as a source of potentially useful genetic 

variation (de Vicente and Fulton 2003). The first step in this procedure is the identification of 

the genetic variability in plant resources. To this aim biochemical and molecular markers have 

been used successfully in many crop species. 

The issue of which cultivar to use is extremely important for vine growing, as 

determines all the viticultural practices and production parameters for years or decades to 

come. The task of identifying the genetic bases, collecting the cultivars and varieties, and 

examining their origin and properties – known as germplasm management – is a priority 

research area in Europe. The use of a simple and clear identification system avoids the errors 

of vegetative propagation, allows the users to identify the parents of the progeny (origin 

testing) and permits the setup of the registration framework of new cultivars. The knowledge 

of the genetic background, as well as, the quick and precise 

identification of the cultivars, are important also for the 

development and implementation of efficient breeding programs. 

To this aim biochemical and molecular methods have been used.  

A molecular marker can be either a protein or a nucleic 

acid (table 1). The proteins used for this reason can be either seed 

located proteins or pollen proteins. Seeds and pollen grains 

occur in a defined time regarding plant’s growing cycle while 

also being a qualitative and quantitative protein source, thus 

giving the opportunity of reproducibility and comparison of different results. Methods using 

nucleic markers (DNA) can be classified as: Non PCR-based or PCR based methods. 

The basis for genetic mapping is recombination among polymorphic loci, which 

involves the reaction between homologous DNA sequences in the meiotic prophase. The 

likelihood that recombination events occur between two points of a chromosome depends in 

general on their physical distance (Schneider 2005). 

 

2.6.1 Biochemical methods 

The identification of polymorphic molecules that are composed in plant cells has been 

used for species and cultivars classification (Nikolaou 2011, Eiras-Dias and Bruno-Sousa 

1998, Eiras-Dias et al. 1989).  The principle of this method is that the biosynthesis of these 

molecules (molecular markers) is controlled by genes in the cell’s nucleus; therefore their 

detected polymorphisms should be gene based. Thus the polymorphisms of these markers in 

different cultivars can be used for their identification and classification. Rarp et al. 

(1977,1980) used products of the secondary metabolism such as aromatic compounds of the 

“aromatic” varieties as markers. Phenolic compounds such as anthocyanins, flovonols, and 

phenolic acids where also used for the same reason (Garcia-Beneytez et al. 2003, Ribereau-

Gayon 1958). The use of macromolecules such as proteins or enzymes became popular as 

the detected differences in them, was the result of differences in the genome. Consequently 

the detection of differences or polymorphisms could lead in identifying different cultivars.  

Figure 3. Generation of 
recombinants by chiasma formation. 

(Schneider 2005) 
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 Detecting polymorphisms in protein markers is a technique that shares some of the 

advantages of using morphological ones. However, protein markers are also limited by being 

influenced by the environment and changes in different developmental stages. Even so, 

isozymes are a robust complement to the simple morphometric analysis of variation (de 

Vicente and Fulton 2003). 

 

2.6.1.1 Isoenzymes 

Isoenzymes are polypeptides. As all polypeptides, isoenzymes are made of amino 

acids. According to pH variations amino acids can be positively or negatively charged. At a 

certain pH amino acids have a neutral charge (isoelectric point) (Barboglis 2005). Accordingly 

enzymes have also a specific electric charge. By electrophoresis we can separate 

isoenzymes according to their charge and by specific dyeing we can identify them.  

The comparison of isoenzyme polymorphism permits a fast and more objective 

identification than that provided by morphological studies. For the identification of grapevine 

cultivars isoenzyme analysis has given successful results (Sánchez-Escribano et al. 1998). 

Protein markers use isoenzymes and alloenzymes, which are different molecular forms of one 

enzyme and share one catalyst action. Regarding isoenzymes, the enzyme is coded by more 

than one loci where as alloenzymes are coded by one loci in different alleles. 

Identification using protein markers has four distinct steps: 

• Protein extraction 

• Protein separation using electrophoresis 

• Identification after dyeing  

• Analysis of the motifs created by the protein bands 

 

In homozygote diploid organisms two copies of the same allele control one trait, in 

this case an enzyme, therefore after electrophoresis, we can see one specific result as 

allozymes are controlled by codominant alleles, which means that homozygotes can be 

distinguished from heterozygotes. Multimeric enzymes are enzymes, where the polypeptides 

are specified by different loci. The formation of isozymic heteromers can thus considerably 

complicate banding patterns. These complexities and the importance of correctly interpreting 

banding patterns, make genetic analysis desirable, even necessary, using progeny analysis 

(F1, F2  and backcross) of artificial crosses between individuals with known banding patterns 

(de Vicente and Fulton 2003).  

Taking into account that in a given population we can find a lot of genes for one 

specific genetic locus, the implementation of electrophoresis will lead to differentiated results 

therefore allowing the fingerprinting of different cultivars (Boursiquot and Parra 1992). 

 

2.6.2 DNA-based methods 

DNA consists of two long polymers of simple units called nucleotides, with backbones 

made of sugars and phosphate groups joined by ester bonds. These two strands run in 
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opposite directions to each other and are therefore anti-parallel. Attached to each sugar is 

one of four types of molecules called nucleobases (informally, bases). It is the sequence of 

these four nucleobases along the backbone that encodes information. This information is 

read using the genetic code, which specifies the sequence of the amino acids within proteins. 

The code is read by copying stretches of DNA into the related nucleic acid RNA in a process 

called transcription. 

Within cells DNA is organized into long structures called chromosomes. During cell 

division these chromosomes are duplicated in the process of DNA replication, providing each 

cell its own complete set of chromosomes (Russel, 2008). 

DNA sequences with a known location on a chromosome that can be used to identify 

individuals or species are known as genetic or molecular markers. Molecular markers are 

polymorphic due to mutation or alteration in the genomic loci. A genetic marker may be a 

short DNA sequence, such as a sequence surrounding a single base-pair change (single 

nucleotide polymorphism, SNP), or a long one, like minisatellites. 

 DNA polymorphisms can be detected in nuclear and organellar DNA, which is found 

in mitochondria and chloroplasts. Molecular markers concern the DNA molecule itself and 

they are therefore considered to be objective measures of variation. They are not subject to 

environmental influences, tests can be carried out at any time during plant development and 

they have the potential of existing in unlimited numbers, covering the entire genome (Agarwal 

et al. 2008, de Vicente and Fulton 2003). 

Many different types of molecular markers with different properties exist, and have 

been used for phylogeny studies and cultivar identification in viticulture. 

 
Table 1: Comparison of various aspects of frequently used molecular marker techniques (Agarwal et al. 

2008, Nguyen and Wu 2005, de Vicente and Fulton 2003). 

 

 
Abundance Codominant Reproducibility 

Degree of 
Polymorphism 

Locus 
specificity 

Technical 
requirement 

Quantity 
of DNA 

required 

Major 
application 

Isoenzymes 
Limited 

(<90) 
Yes High Low Yes Low - 

Physical 
mapping 

RFLP High Yes High Medium Yes High High 
Physical 
mapping 

RAPD High No Low Medium No Low Low 
Gene 

Tagging 

SSR Medium Yes Medium Medium No Medium Low 
Genetic 

Diversity 

SSCP Low Yes Medium Low Yes Medium Low 
SNP 

Mapping 

CAPS Low Yes High Low Yes High Low 
Allelic 

Diversity 

SCAR Low Yes/No High Medium Yes Medium Low 
Gene Tag. 
Ph. Map. 

AFLP High No High Medium No Medium Medium 
Gene 

Tagging 

IRAP/REMAP High Yes High Medium Yes High Low 
Genetic 

Diversity 

RAMP Medium Yes/No Medium Medium Yes High Low 
Genetic 

Diversity 
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For maximum efficiency a molecular marker methodology should meet the following 

criteria: 

• be polymorphic and evenly distributed throughout the genome,  

• provide adequate resolution of genetic differences, 

• generate multiple, independent and reliable markers  

• simple, quick and inexpensive, 

• need small amounts of tissue and DNA samples, 

• have linkage to distinct phenotypes and,  

• require no prior information about the genome of an organism.  

Unfortunately no molecular marker technique is ideal for every situation (Table 1). 

Techniques differ from each other with respect to important features such as genomic 

abundance, level of polymorphism detected, locus specificity, reproducibility, technical 

requirements and cost (Agarwal et al. 2008). 

 

2.6.2.1 Non PCR-based DNA methods 

2.6.2.1.1 Restriction fragment length polymorphism (RFLP) 

In molecular biology, restriction fragment length polymorphism, or RFLP, is a 

technique that exploits variations in homologous DNA sequences. It refers to a difference 

between samples of homologous DNA molecules that come from differing locations of 

restriction enzyme sites, and to a related laboratory technique by which these segments can 

be illustrated. The procedure RFLP analysis consists from two widely used techniques in the 

field of molecular biology. First the DNA sample is digested by restriction enzymes and then, 

the resulting restriction fragments are separated according to their lengths by gel 

electrophoresis. RFLP applications include: varietal identification, identification and mapping 

of quantitative trait loci, screening genetic resource strains for useful quantitative trait alleles 

and their marker-assisted introgression from resource strain to commercial variety, and 

marker assisted early selection of recombinant inbred lines in plant pedigree breeding 

programs (Beckmann and Soller 1983). These applications include: screening genetic 

resources for useful quantitative trait alleles, and introgression of chromosome segments 

containing these alleles from resource strain to commercial variety; development of improved 

pure lines out of a cross between two existing commercial varieties; and development of 

crosses showing increased hybrid vigor (Soller and Beckmann 1983). 

Striem et al. (1990), Mauro et al. 1992, Bourquin et al. (1993), and Thomas et al. 

(1994), report the successful identification of clones, cultivars, and rootstocks using RFLP 

markers. Guerra and Meredith (1995) report that not only did they managed to identify the 9 

rootstocks under study but they also verified the results of Walker and Liu (1995) who had 

found that two of the rootstocks under study had actually the same genotype, using 

isoenzyme analysis. Bowers and Meredith (1996) used RFLP markers to examine the genetic 

relation among 33 Vitis vinifera cultivars. Lin and Walker (1997) identified eight vine 

rootstocks using DNA extracted from the wood. By RFLP markers, Goto-Yamamoto et al. 
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(1998) identified differences among wild and cultivated vine varieties using the intergenic 

spacer region of rDNA. 

Gogorcena et al. (1993), report difficulties in the identification of five vine cultivars 

and nine Pinot noir clones. Bourqiun et al. (1995), managed to identify 22 vine rootstocks, but 

they failed to identify nine different clones of the rootstock 3309C. 

The above mentioned inaccuracies combined with the fact that it is time consuming, 

involves expensive and radioactive/toxic reagents and requires large quantity of high quality 

genomic DNA, lead to it’s narrow use. The requirement of prior sequence information for 

probe generation increases the complexity of the methodology. These limitations led to the 

conceptualization of a new set of less technically complex methods known as PCR-based 

techniques (Agarwal et al. 2008). 

 

2.6.2.2 PCR-based DNA methods 

After the invention of polymerase chain reaction (PCR) technology a large number of 

approaches for generation of molecular markers based on PCR were detailed, primarily due 

to its apparent simplicity and high probability of success. PCR-based techniques can further 

be subdivided into two subcategories: arbitrarily primed PCR-based techniques or sequence 

nonspecific techniques and sequence targeted PCR-based techniques (Agarwal et al. 2008). 

 

2.6.2.2.1 Polymerase chain reaction (PCR) 
The polymerase chain reaction (PCR) is a method to amplify a single or a few copies 

of a piece of DNA across several orders of magnitude, generating thousands to millions of 

copies of a particular DNA sequence. The method relies on thermal cycling, consisting of 

cycles of repeated heating and cooling of the reaction for DNA melting and enzymatic 

replication of the DNA.  

Typically, PCR consists of a series of 20-40 repeated temperature changes, named 

cycles, with each cycle commonly consisting of 3 discrete temperature steps.  

• Denaturation step: This step is the first regular cycling event and consists of 

heating the reaction to 94–98 °C for 20–30 seconds. It causes DNA melting 

of the DNA template by disrupting the hydrogen bonds between 

complementary bases, yielding single-stranded DNA molecules. 

• Annealing step: The reaction temperature is lowered to 50–65 °C for 20–40 

seconds allowing annealing of the primers to the single-stranded DNA 

template. The polymerase binds to the primer-template hybrid and begins 

DNA synthesis. 

• Extension/elongation step: The temperature at this step depends on the DNA 

polymerase used and commonly a temperature of 72 °C is used. At this step 

the DNA polymerase synthesizes a new DNA strand complementary to the 

DNA template (Russel 2008). 
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2.6.2.2.2 Arbitrarily primed PCR-based markers 

2.6.2.2.2.1 Random amplified polymorphic DNA (RAPD) 

Short primers of arbitrary nucleotide sequence may be used to reproducibly amplify 

segments of genomic DNA from a wide variety of species. Polymorphisms among the 

amplification products are detected frequently and are useful as genetic markers. These 

markers are known as RAPD markers (Williams et al. 1991). The method is based on the 

deduction of DNA polymorphisms produced by ‘‘rearrangements or deletions at or between 

oligonucleotide primer binding sites in the genome’’ using short random oligonucleotide 

sequences (Agarwal et al. 2008). 

Contrary to traditional PCR analysis, no knowledge of the DNA sequence for the 

targeted gene is required, as the primers will bind somewhere in the sequence, but it is not 

certain exactly where. The speed and efficiency of RAPD analysis, made it popular for high-

density genetic mapping in many plant species (Agarwal et al. 2008, Bardakci 2001). Results 

from experimentation indicate that the RAPD technique is useful for germplasm analysis and 

taxonomic study of American Vitis species (Qu et al. 1996).  

One disadvantage of RAPD markers is that they are dominant; hence the statistical 

information generated is less per marker in F2 populations (Williams et al. 1991) but the major 

drawback of RAPD markers in population genetic studies of outbreeding organisms is that 

they are dominant which means that profiles are not able to distinguish heterozygous from 

homozygous individuals. Thus gene frequency estimates for such loci are necessarily less 

accurate than those obtained with codominant markers such as allozymes and RFLPs 

(Bardakci 2001). 

Arbitrarily primed polymerase chain reaction (AP-PCR) and DNA amplification 

fingerprinting (DAF) techniques are independently developed methodologies, which are 

variants of RAPD (Agarwal et al. 2008). 

 Regarding grapevine, RAPD markers were used by Busher et al. (1993), Bourquin et 

al. (1993), Jean Jacques et al. (1993). Gogorcena et al. (1993) report that RAPD markers 

were more efficient than RFLP markers in distinguishing differences between the studied 

cultivars. RAPDs were used to reject the hypothesis that the cultivar Silvaner a parent of the 

German cultivar Muller-Thurgau (Busher et al. 1994). Tschammer and Zyprian (1994) used 

the same methodology to investigate the genetic relations among the cultivars Riesling, Pinot, 

Chardonnay blanc and Chardonnay musqué. Grando et al. (1995) investigated the genetic 

distance between different cultivars of V. vinifera ssp. vinifera and V. vinifera ssp. sylvestris 

and found no difference between the wild and the cultivated species. Bowers and Meredith 

(1996) used RFLP and RAPD methods for the investigation of the genetic relations between 

different vine cultivars. Wild Vitis species and V. vinifera cultivars were found to be 

distinctively different on genetic level using RAPD markers (Goto-Yamamoto et al. 1998). 

 Moving a step further Collins and Symons (1993) report that RAPD markers can be 

used to identify intra-cultivar differences. Moreno et al. (1995) studied the intra-cultivar and 

between different cultivars genetic variability. Using RAPD they managed to identify all the 
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cultivars under study, as well as, some of the clones, verifying synonymies and revealing one 

homonymy. Ye et al. (1998) classified the cultivars under study into two groups but they were 

not able to detect any variability among clones of Chardonnay and Pinot noir. 

Qu et al. (1996) used RAPD analysis to verify the results from previous isoenzyme 

and RFLP analysis that small genetic variation exists among the Muscadinia cultivars, 

whereas more genetic variability is observed in the American hybrids.  

Three RAPD markers were able to successfully identify 30 vine rootstocks (This et al. 

1997). Bauer and Zyprian (1997) used RAPD markers to study 5 rootstocks. They managed 

to identify differences in all the five rootstocks although three of them were the result of the 

same crossing. 

The exact genetic relations between different cultivars with the name Albariño in 

Spain and Alvarinho in Portugal were identified by RAPD analysis, showing the inaccuracies 

in naming of these cultivars (Loureiro et al. 1998). RAPD analysis revealed the expected 

genetic variation among the Muscat group cultivars. Moschato aspro and Muscat de 

Frontignan were proven to be highly related while the identical patterns between the cultivars 

Moschato aspro and Moscudi support the conception that they are synonyms (Stavrakakis 

and Biniari 1998). Tessier et al. (1999) used a set of 224 varieties of Vitis vinifera of different 

origins, screened with 21 RAPD primers and two microsatellite loci. They concluded that a 

combination of 8 primers (6 RAPD and two microsatellite) was optimum for the discrimination 

of all the 224 varieties. 

Benjak et al. (2005) compared cultivars from Croatia, Greece and Turkey using 

RAPDs and SSRs. They report no synonyms regarding the studied cultivars and higher 

genetic relation of the Croatian and Greek cultivars. 

 

2.6.2.2.2.2 Amplified fragment length polymorphism (AFLP) 

Amplified fragment length polymorphism (AFLP) is a PCR-based method which uses 

restriction enzymes to digest genomic DNA, followed by ligation of primer recognition 

sequences (adaptors) to the restricted DNA and selective PCR amplification of restriction 

fragments using a limited set of primers (Jones et al. 1997).  The AFLP technique generates 

fingerprints of any DNA regardless of its source, and without any prior knowledge of DNA 

sequence (Agarwal et al. 2008).  

AFLP markers polymorphism is a result of the different recognition sites from the 

restriction enzymes (like in RFLP), changes in the nucleobase sequences due to mutations 

close to the enzyme recognition sites and insertions or excisions in the amplified fragments. 

Heterozygote individuals can be identified through comparison of the intensity of the different 

bands. AFLP analysis can be used as a tool to study biodiversity as it can be used to identify 

individuals that are genetically close up to the subspecies level (Althoff et al. 2007). The 

majority of AFLP fragments correspond to unique loci in the genome, therefore their 

significance in gene and physical mapping is high (Agarwal et al. 2008). 
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AFLP analysis was used successfully to identify nineteen clones of the cultivar 

Sangiovese and Colorino (Senci et al. 1996). Cervera et al. (1998) used AFLP analysis to 

distinguish 67 different samples for Rioja region in Spain. Lopez et al. (2009) identified clones 

belonging to 7 autochthonous cultivars but they found no difference among the clones of each 

cultivar. Assessing for the first time in grapevine, of a modified AFLP method, using six 

primers, Lopez et al. (2009) observed eleven polymorphic bands that allowed the 

identification of all the cultivars under study. Clonal differences within the cultivar Albariño, as 

well as, intravarietal fragments in the cultivars Albariño and Mencia were detected in the 

same study. 

Analysis of 86 Riesling clones was carried out using ten AFLP primer combinations 

with the aim to assess amplified fragment length polymorphism markers for classifying 

mutations. The AFLP marker analysis used here showed high variability between clones. 

Most clones in the present study just showed none, one or two mutations overall primer 

combinations. The findings suggest that the grape genome is dynamic and mutations mostly 

occur as single locus events (Anhalt et al. 2011). 

 

2.6.2.2.3 Sequence specific PCR-based markers. 

It is known that in the DNA helix and before the beginning of gene coding parts, 

inactive parts of DNA are located. These parts are constituted by repeated base sequences 

and are known as Variable Number Tandem Repeats (VNTRs). The VNTRs are classified 

according to their size and divided into microsatellite markers that are sequences made up of 

a single sequence motif no more than six base pairs long and minisatellite markers that are 

sequences 30 – 35 base pairs long. All VNTRs are tandemly repeated, that are, arranged 

head to tail without interruption by any other base or motif (Nikolaou 2011, Goldstein and 

Schlötterer, 1999, Morgante and Olivieri 1993). In the genome of eukaryotic organisms the 

VNTRs are abundant. The repetition number is higher for short sequences and smaller for 

longer sequences. VNTRs were an important source of RFLP genetic markers used in 

linkage analysis (mapping) of genomes. 

 

2.6.2.2.3.1 Microsatellite markers (SSRs) 

2.6.2.2.3.1.1 General information 

Microsatellites (or simple sequence repeats, SSRs) are considered as being amongst 

the most-efficient molecular markers. They are abundantly and uniformly distributed 

throughout the genome, inherited co-dominantly, are highly reproducible and have simple 

screening requirements. These properties make SSRs particularly advantageous for 

applications such as population studies and mapping (Rossetto et al., 2002). As microsatellite 

markers are located on inactive parts of the genome, they do not transcribe and therefore no 

production of any polypeptide derivative is observed (Nikolaou 2011). Other authors suggest 

that shorter microsatellite sequences can be found also in the transcribable part of DNA 

(Kantety et al. 2002).  Using the methods of molecular analysis, pedigrees describing the 
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genetic history of plant species can be reconstructed. Microsatellites have proved to be the 

marker of choice for this purpose since they are transmitted in a co-dominant Mendelian 

manner contrary to RAPD markers. In a cross, each of the parents passes one allele per 

locus to the offspring and in consequence, each allele displayed by the offspring must also be 

present in at least one of the two parents. By examining the microsatellite allele composition 

of an individual and its two presumptive parents, it is possible to confirm or reject the 

proposed parentage (Sefc et al. 2009, Laucou et al. 2008). In other crops genetic studies 

using microsatellite markers have been done to determine the genes that give resistance to 

viral pathogens for selective propagation (Danson et al., 2006). The discrimination potential of 

the microsatellite analysis is so high that the existence of same SSRs profiles is proof that the 

samples belong to the same cultivar. Therefore microsatellite analysis can be used to 

determine the genetic profile of a cultivar and then identify it by comparison with a known 

profiles taken from a database (Sefc et al. 2001).  

SSRs exhibit an increased mutation rate without nevertheless affecting plant’s 

phenotype (Goldstein 1995a). The mutations observed in microsatellites usually take place 

during the duplication of the DNA molecules (Levinson and Gutman 1987). Slipped-strand 

mispairing is believed to be the cause of length variation of these loci. The majority of these 

mutations cause the insertion or the excision of a short sequence. More often one or two 

simple nucleobase sequences are incerted (Moxon et al. 1999a, 1999b, Goldstein et al. 1995, 

Schlotterer et al. 1992, Tachida and Iizuka 1992, Harding et al. 1992). DNA recombination 

due to misparing of the chromatids during chiasma is the cause of greater changes in the 

VNTR regions (Goldstein et al. 1995a). Satellite DNA mutation rate depends on the size of 

the repeating sequence. Sequences of four nucleotides are more mutable than dinucleotide 

sequences (Levinson and Gutman 1987).  

 

2.6.2.2.3.1.2 Concerns regarding SSRs efficiency 

Microsatellites have proven to be a reliable molecular marker with many applications 

regarding the studying of the genetic variance within populations. Concerns regarding the 

validity of the SSR analysis results have to do with the existence of null alleles. A 

microsatellite null allele is any allele at a microsatellite locus that consistently fails to amplify 

to detected levels via the polymerase chain reaction (PCR), therefore possibly affecting the 

statistical parameters used to draw biological inferences of null alleles may be: 

• Poor primer annealing due to nucleotide sequence divergence in one or both 

flanking primers. 

• Differential amplification of size-variant alleles.   

• PCR failure due to inconsistent DNA template quality or low template 

quantity.  

However, proper multilocus analyses can normally distinguish these causes. The 

effect of the existence of null alleles can be minimized if they are considered during the 

statistical analysis of the results (Dakin and Avise 2004).  
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Homoplasy is defined as the co-occurrence of alleles that are identical in state, 

though not identical by descend. The existence of such alleles may produce false results, 

underestimating the actual divergence between populations especially when examining 

parental-offspring relationships. However, it can be analyzed more easily using interrupted 

microsatellites, where interruptions serve as anchors to appreciate homoplasy (Jarne and 

Lagoda 1996).  

 

2.6.2.2.3.1.3 SSRs implementations on grapevine 

Microsatellite markers have been successfully used for the genetic fingerprinting of 

vine cultivars. In grapevines, one of the major applications of microsatellite markers is the 

identification and discrimination of cultivars in order to facilitate the management of cultivar 

collections and control the trade of plant material although they are less efficient for the 

detection of clonal differences (Laucou et al., 2011, Sefc et al., 2000). SSRs can be used for 

genetic relation studies among individuals, genetic variability studies within a given 

population, as well as, evolution studies (Sefc et al. 2001, Goldstein 1995b).  

Thomas et al. (1993,1994) first used SSRs markers for the identification of grapevine 

cultivars. Microsatellite markers are favored among other molecular markers because of their 

combination of polymorphism, reproducibility, and their codominant nature, thus showing their 

suitability for genetical mapping (Sefc et al. 2001). These were the reasons why microsatellite 

markers were used by many researchers for cultivar identification. 

In order to develop a common basis for further research and communication the Vitis 

Microsatellite Consortium (VMC) was created in 1997 with the aim to develop a sufficient 

number of SSRs markers to map the whole genome of grapevine. As a result of this work, 

333 new markers were created, as well as, 700 unique DNA sequences (Sefc et al. 2001). 

The importance of SSRs in cultivar identification is so high that the International Organization 

of Vine and Wine (OIV) named 6 microsatellites to identify Vitis vinifera ssp. vinifera (Eiras 

Dias 2011). At the same time wine producing countries like Portugal, France, Greece, Italy 

proceeded in the genetic fingerprinting of the main cultivars that are used for grape or wine 

production building genetic databases or catalogues (Eiras Dias 2011, Lefort and Roubelakis-

Angelakis 2000). 

Thomas and Scott (1993) report the first results of successful identification of 26 vine 

cultivars and six vine species. Starting from that point a database containing the microsatellite 

profile of 200 cultivars was created (Thomas et al. 1994). Since then a lot of research has 

been done regarding either cultivar identification or the disambiguation of synonymous 

cultivars. The correct identification of cultivars that present different names is of great 

importance for the efficient management of germplasm collections. Based on ampelographic 

characterization a lot of cultivars have been proposed to be synonymous. These hypotheses 

have been tested by a lot of researchers using microsatellite markers (Cipriani et al. 1994).   

Cipriani et al. (1994) verified the synonymy of Refosco di Faedis and Rofoscone 

while Botta et al. (1995) proved the synonymy of Favorita, Pigato and Vermentino. Bowers et 
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al. (1996) verified that the cultivars Keshmesh and Thomson seedless are synonymous, as 

well as, the cultivars Dattier and Razaki. The cultivar Morillon that is cultivated in 

Southeastern Austria proved to be synonymous with the cultivar Chardonnay (Sefc et al. 

1998). Maletic et al. (1999) proved the synonymies of the cultivars Plavina and Brajdica, the 

Croatian cultivar Teran and the Italian cultivar Bijeli Prosecco. Moreover they rejected the 

hypothesis that the Croatian cultivar Hrvatica is synonymous with the Italian cultivar Croatina. 

Sefc et al. (2000) investigated the hypothesis that microsatellite variability of cultivars 

from different countries could be used to group vine cultivars according to their geographical 

origin. The results indicate that it may be possible to identify the origin highly differentiated of 

grapevine populations by their genotypes. 

Faria et al. (2000) used 4 SSR markers to identify five grape cultivars that are used 

for port wine production (Tinta Roriz, Tinto Cão, Touriga Francesa, Touriga Nacional, and 

Tinta Barroca). They also analyzed the corresponding 5 varietal musts and 26 must mixtures 

that result from the combination of the five cultivars. They report no differences between the 

corresponding leaf and varietal must profiles, whereas all the must combinations showed the 

expected band profiles. Four loci genotyping allowed the discrimination of 8 out of the 26 

must mixtures. 

Nunez et al. (2004) used microsatellites to create a database containing vine cultivars 

of the “El Bierzio” area, genotyping 98.6% of the collected samples in order to optimize the 

management of the germplasm collection.  

Masi et al. (2004) studied the microsatellite profile of the cultivars Sangiovese and 

Cabernet sauvignon, as well as, the profile of the spouts of the crossing of the two cultivars.  

Hvarleva et al. 2004 used nine microsatellite markers to identify 74 grape cultivars from 

Bulgaria. They managed to verify the synonymy of the cultivars Tamyanca, Italian Moscato 

Bianco and Muscat of Kerkyra as well as Pamidi and Pamid. In 2005 they discriminate 12 

Cypriot varieties, proving at the same time the synonymies of the Cypriot cultivar Malaga with 

Muscat of Alexandria, the Cypriot cultivar Lefkas with the Greek cultivar Vertzami, and the 

Cypriot Muscat with Tamyanka and Moscato Bianco. Pinto-Carnide et al. (2003) identified 12 

grape cultivars from Northern Portugal while Martin et al. (2003) and Lopez et al. (2009) 

identified autochthonous Spanish cultivars. The genotyping at 11 microsatellite loci of 46 

grapevine accessions from Portugal revealed 37 different allelic profiles, confirming cases of 

suspected synonymy and resolving confusing cases of homonymy (Lopes et al. 2006). 

Karatas et al. (2007) using six microsatellite markers reported the high genetic 

diversity among the majority of homonymous cultivars in Southwestern Turkey while Martinez 

et al. (2006) used six microsatellite markers to examine the genetic diversity and the relations 

among 25 autochthonous cultivars from Peru and Argentina. Fernández-González et al. 

(2007) performed SSR analysis at 12 loci to study 73 accessions from Castilla La Mancha 

identifying 39 different genotypes. Analysis using 6 SSR markers enabled the successful 

identification of all 51 cultivars studied by Almadanim et al. (2007). 

Zhang et al. (2009) used genetic framework maps built from the progeny of the 
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crossing of the phylloxera susceptible grapevine V3125 (Vitis vinifera ‘Schiava grossa’ x 

‘Riesling’) with the phylloxera resistant rootstock ‘Börner’ to localize the determinants of 

phylloxera root resistance. They first tested four hundred microsatellite (SSR) and ten 

sequence-tagged microsatellite site (STMS) flanking primer pairs in a small subset of 13 

randomly chosen progeny plants and the two parental types. The 167 SSR markers that were 

found informative were then applied over the complete segregating population. The study 

proved the usefulness of SSR markers for marker-assisted selection of complete phylloxera 

root resistance, highlighting future applications for the detection of qualitative traits loci (QTL). 

The sampling and examination of 82 grapevine genotypes from several areas of the 

Italian region of Sicily using six microsatellite showed 70 different genetic profiles. Nine cases 

of suspected and unsuspected synonymies among or between couples of cultivars were 

found, based on six SSR loci. On the contrary, considering different clones or biotypes of the 

same cultivars five cases of homonymous cultivars were revealed (Carimi et al. 2009). 

 Leão et al. (2009) examined 221 grapevine accessions from Brazil with SSR 

analysis at seven loci managing to identify 187 accessions, for 60 of which no international 

reference profiles exist, while Jahnke et al. (2009) examined 48 accessions from the 

Hungarian grape germplasm collection using isoenzyme and SSR analysis. They report the 

higher discrimination power of the SSR analysis as they managed to identify 46 out of the 48 

cultivars while they also managed to discriminate the cultivars Pinot noir, Pinot gris and Pinot 

blanc although they are very closely related. On the other hand using isoenzyme analysis 

allowed the identification of 40 out of the 48 cultivars. 

The study of fifteen local grapevine cultivars (total of 98 accessions) from 

Northwestern Spain collected in the germplasm bank of the EVEGA, with 20 SSR markers 

revealed the genetic relationships among some Galician cultivars, one new synonymy and 

two homonyms that had never been previously reported. The cultivars Brancellao and 

Albarello proved to be synonyms while the cultivar Caíño Redondo from EVEGA showed two 

different genotypes. In this study two main lineages of origin of the cultivars are confirmed 

based on SSRs analysis (Diaz Losada et al. 2010). Gheorghe et al. (2010) report successful 

identification of 11 Romanian gravevine cultivars genotyped using 11 SSR markers. 

A collection of 1005 grapevine accessions was genotyped at 34 microsatellite loci 

(SSR) with the aim of analyzing genetic diversity and exploring parentages. Accepting two 

mismatches at most, 628 genotypes were identified as unique, whilst 377 genotypes were 

redundant, revealing 200 groups of synonymy and near synonymy. If mismatches are not 

allowed, the number of unique genotypes rises up to 745 (Cipriani et al. 2010). 

Cretazzo et al. (2010) studied autochthonous varieties of Majorca (Spain) such as 

Manto Negro, Callet and Moll using genetic markers to assist the assessment of viticultural 

and enological potentialities. The amplification of 33 SSRs revealed several varietal 

identification mistakes among the 94 samples, related to the clonal selection in Majorca. At 

the same time AFLP, selective amplification of microsatellite loci (SAMPL) and microsatellite-

amplified fragment length polymorphism (M-AFLP) analysis revealed intracultivar differences 
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identifying different clones. 

Laucou et al. (2011) mention that a set of eight SSRs was enough to distinguish and 

identify all the cultivars under study. Though the higher number of SSRs, the higher the 

accuracy of the results, especially in research level.  

Eiras Dias et al. (2011) published an ampelographic catalogue containing information 

about the description and the characteristics of the main Portuguese grapevine varieties. 

Complementary to the classical ampelographic descriptors, they used SSRs profiling with 6 

(OIV recommended) markers. 

While cultivar identification can be achieved by using all the above-mentioned 

molecular marker methods, clonal variations are more difficult to detect (Thomas and Scott 

1993, Botta et al. 1995, Moreno et al. 1995, Sefc et al. 1998). Doulati Baneh et al. (2009) 

studied ten clones of Keshmeshi grapevines with different quality and quantity traits with SSR 

analysis at 23 loci. They report that no polymorphism was found among the clones of the 

Keshmeshi cultivar and suggest that this technique is insufficient for clonal differentiation. 

They tested in addition seven AFLP primer combinations managing to separate the clones 

into two groups which were consistent with the ampelographic classification regarding berry 

skin colour. 

Two different genetic profiles were discovered when examining the cultivar Fontana 

thus proving its polyclonal presence in the vineyard. The proximity of the two different profiles 

supports the hypothesis that the plants are the descendants of a crossing of one of the 

parents with a seedling coming from the same plant after self-pollination (Silvestroni et al. 

1997). 

 

2.6.2.2.3.1.4 Organelle DNA microsatellite markers (cpSSRs) 

In plants the mitochondrial genome, characterized by a large size, slow nucleotide 

substitution rates and extensive levels of intramolecular recombination, has been of limited 

use in genetic studies. On the contrary the conserved gene order, the widespread availability 

of primers and a general lack of heteroplasmy and recombination, have made the chloroplast 

genome an attractive tool for phylogenetic studies of plants (Provan et al. 2001). 

The analysis of the chloroplast organelle provides information on the population 

dynamics of plants that is complementary to those obtained from the nuclear genome 

(Agarwal et al. 2008). Due to the maternal inheritance of chloroplast genome in angiosperms 

cpSSR variants accumulate in a uniparental lineage and can thus provide information about 

the level and distribution of genetic diversity at the regional and individual level. This is the 

reason why chloroplast microsatellites have been used as a marker to study genetic 

relationships among different grapevine cultivars (Imazio et al. 2006). 

Arroyo-Garcia et al. (2002) studied the cpSSR variation in different Vitis species, 

while Grassi et al. (2003) studied the genetic structure of six Italian and five Spanish Vitis 

vinifera ssp sylvestris with nuclear and chloroplast SSR analysis. Imazio et al. (2006) used 

cpSSR analysis to study a total of 141 cultivars from the Caucasian and Middle-East regions 
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to the Western part of Europe.  They report an increase in haplotype number from East to 

West. Lefort and Roubelakis-Angelakis (2000) used 17 nuclear microsatellites (nSSRs) and 5 

chloroplast microsatellites (cpSSRs) to identify the main Greek cultivars and construct a 

genetic database with free accessibility in order to promote the correct management of the 

germplasm resourses. Baleiras-Couto and Eiras-Dias (2006) investigated the possibility to 

detect and identify cultivars through SSRs detection in musts and wines. They examined five 

cultivars and they managed to identify musts coming from this cultivars using nSSR analysis 

while in wines cpSSR analysis proved to be more effective. Chloroplast microsatellites were 

used to compare 53 accessions of four distinct populations of Vitis vinifera L. ssp. sylvestris 

(Gmelin) and 57 accessions of Vitis vinifera L. ssp. vinifera from the Portuguese National 

Ampelographic Collection. The study revealed the genetic relations among wild vines from 

Portuguese populations and oldest Portuguese grapevine cultivars (Cunha et al. 2009).  

 

2.6.2.2.3.2 Single nucleotide polymorphisms (SNPs) 

Single-nucleotide polymorphism is a DNA sequence variation occurring when a single 

nucleotide — A, T, C or G — in the genome differs between members of a biological species 

or paired chromosomes in an individual. SNPs generally display only two alleles per locus 

that reduces their polymorphism information content when compared to other molecular 

markers such as SSRs. Though, multiplexing possibilities achieving from single SNP analysis 

to hundreds of thousands of SNP markers, largely overcome this limitation (Martinez-Zapater 

et al. 2010). SNPs constitute the most abundant molecular markers in the genome and are 

widely distributed throughout genomes although their occurrence and distribution varies 

among species (Agarwal et al. 2008). The genomic distribution of SNPs is not homogenous, 

SNPs usually occur in non-coding regions more frequently than in coding regions or, in 

general, where natural selection is acting and fixating the allele of the SNP that constitutes 

the most favorable genetic adaptation. Within a population, SNPs can be assigned a minor 

allele frequency. (Barreiro et al. 2008).  

Genetic variations among grapevine cultivar populations that are cultivated in 

different geographical regions are evident through genomic analysis with molecular markers, 

so this could indicate that an SNP allele that is common in one geographical group may be 

much more rare in another. These genetic variations between individuals are exploited in 

DNA fingerprinting and plant breeding as they underline differences in the susceptibility or not 

from different pathogens, indicating genes that are responsible for these traits.  

The most useful SNPs for DNA fingerprinting are the ones that occur in non-coding 

parts of the genome but in general SNPs may also fall within coding sequences of genes, or 

in the intergenic regions. Within the coding regions, an SNP is either non-synonymous and 

results in an amino acid sequence change, or it is synonymous and does not alter the amino 

acid sequence (Agarwal et al. 2008). A SNP in which both alleles produce the same 

polypeptide sequence is called a synonymous polymorphism. On the contrary if the SNP 

leads to the formation of a different polypeptide sequence, the polymorphism is a 
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replacement polymorphism. SNPs analysis can be used for: 

• Estimation of genetic variation 

• Individual identification, parentage and relatedness 

• Population structure estimation  

• Estimation of population size 

• Estimation of changes in population size (Morin et al. 2004) 

Specific applications of SNPs for grapevine include:  

• cultivar identification,  

• construction of genetic maps,  

• assessment of genetic diversity, 

• detection of genotype/phenotype associations  

• marker-assisted breeding (Martinez-Zapater et al. 2010) 

 

Single nucleotide polymorphisms (SNPs) are especially attractive as genetic markers. 

They are suitable for automation and are used for a range of purposes, including rapid 

identification of crop cultivars and construction of ultra high-density genetic maps (Agarwal et 

al. 2008). 

Salmaso et al. (2004) used single sequence conformational polymorphism (SSCP) 

and DNA re-sequencing to detect SNPs in grapevine. They compared three sets of 

genotypes: seven cultivated Vitis vinifera clones, the American species Vitis riparia, and a 

complex hybrid, the clone Freiburg 993/60 and they concluded that SSCP proved to be a 

useful and relatively efficient tool for SNP detection. More over they suggest the use of 

haplotype definition as an alternative to traditional mapping. Troggio et al. (2008) used six 

grapevine cultivars to test three methodologies for SNP marker alalysis. Pindo et al. (2008) 

used SNP (SNPlex genotyping system) analysis to compare 90 F1 progeny of a crossing of 

Syrah and Pinot noir (ENTAV 115) with the two parental genotypes. They conclude that the 

use of the SNPlex assay, coupled with a WGA-DNA, is a good solution for medium- to large-

scale genotyping studies. 

Vezzulli et al. (2008) have constructed a genetic map using the cultivars Syrah, Pinot 

Noir, Grenache, Cabernet Sauvignon and Riesling. The complete integrated map comprises 

1,134 markers (350 AFLP, 501 SNPs, 283 SSRs) therefore giving the opportunity to be used 

as a fundamental tool for molecular-assisted breeding.  

 

2.6.2.2.3.3 Sequence characterized amplified regions (SCAR) 

In order to bridge the gap between the ability to obtain linked markers to a gene of 

interest in a short time and the use of these markers for map-based cloning approaches and 

for routine screening procedures, SCAR marker technique was developed and applied 

(Agarwal et al. 2008). 

Sequence characterized amplified regions are DNA fragments amplified by PCR 

using specific 15-30 bp primers, designed from nucleotide sequences established in cloned 
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RAPD fragments linked to a trait of interest. By using longer PCR primers, SCARs do not face 

the problem of low reproducibility generally encountered with RAPDs. Obtaining a co-

dominant marker may be an additional advantage of converting RAPDs into SCARs.  

As in many crops, in grapevine SCARs have been used for the detection and 

mapping of qualitative traits loci (QTL) in marker assisted breeding programs (Fischer et al. 

2004). Lahogue et al. (1998) showed that SCAR marker SCC8 can be used to detect the trait 

of seedlessness in grape cultivars. Akkurt et al. (2007) used SCARs developed from RAPD 

markers linked to the major QTL region for powdery mildew (Uncinula necator) resistance to 

study the F1 progeny of a crossing. They concluded that SCAR marker ScORA7-760 is 

suitable for marker-assisted selection for powdery mildew resistance. 

 

2.6.2.2.3.4 Cleaved amplified polymorphic sequences (CAPS) 
The cleaved amplified polymorphic sequence or CAPS method is a technique in 

molecular biology for the analysis of genetic markers. It is a combination of the RFLP method 

with PCR to perform rapid and reliable detection of DNA sequence variations. CAPS method 

is also known as PCR-RFLP and is proven to be powerful for the mapping of mutant loci and 

SNP genotyping (Nguyen and Wu 2005). 

As SCAR markers, CAPS markers have been used in grapevine mainly for the 

detection and mapping of qualitative traits loci (QTL) in marker assisted breeding programs. 

Dalbó et al. (2001) examined the efficiency of marker-assisted selection for powdery mildew 

resistance in grapes. CAPS markers developed from one RFLP and one AFLP marker were 

used to study the segregation of the QTL evaluating powdery mildew resistance in four 

different seedling populations.   

 

2.6.2.2.3.5 Randomly amplified microsatellite polymorphisms (RAMP) 

Randomly amplified microsatellite polymorphisms (RAMP) are the result of the 

combination of SSRs and RAPDs methodologies into a new method to detect and map co-

dominant polymorphisms without cloning and sequencing. RAMP method is based on the 

random distribution of nucleotide sequences immediately flanking the simple sequence 

repeats and results in the preferential amplification of microsatellite loci (Wu et al. 1994). 

RAMP markers have been employed in genetic diversity studies of cultivars in different crops 

(Agarwal et al. 2008). 

  

2.6.2.2.3.6 Sequence-related amplified polymorphism (SRAP) 

Sequence-related amplified polymorphism technique targets open reading frames 

(ORFs) in the genome and results in a moderate number of co-dominant markers (Nguyen 

and Wu 2005, Li and Quiros 2001). The SRAP marker system has been adapted for a variety 

of purposes in different crops, including map construction, gene tagging and genetic diversity 

studies (Gulsen et al. 2006). 
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2.6.2.2.3.7 Target region amplification polymorphism (TRAP) 

Target region amplification polymorphism is a PCR-based method that which uses 

bioinformatics tools and the EST database information to generate polymorphic markers. The 

method suggests the use of two primers (min of 18 nucleotides long), one fixed and another 

one arbitrary that must meet three specifications: the selective nucleotides, 3-4 nucleotides at 

the 3' end; the core, 4-6 nucleotides with AT- or GC-rich regions; and the filler sequences that 

make the 5' end. TRAP methodology can be used in plant genomics research for detection of 

marker-trait associations (Hu and Vick 2003). 

 

2.6.2.2.3.8 Single strand conformation polymorphism (SSCP) 

Single strand conformation polymorphism is a PCR-based method that is defined as 

conformational difference of single-stranded nucleotide sequences of identical length as 

induced by differences in the sequences. It is mainly used for mutation detection including 

substitutions, insertions and excisions in PCR amplified DNA parts (Hayashi 1993) while it is 

also wildly used for the detection of point mutations (Fukuoka et al. 1994). The major 

disadvantage of the technique is that the development of SSCP markers is labor intensive 

and costly and cannot be automated (Agarwal et al. 2008). 

 

2.6.2.2.3.9 Transposable elements-based molecular markers 

Transposons are mobile genetic elements capable of changing their location in the 

genome (Agarwal et al. 2008). They are divided into two main categories class I and class II. 

For class I or retroelements it is not the element itself that moves but the element encoded 

mRNA that acts as an intermediate while the original element stays in place (Bennetzen 

1996). For class II retrotrasposons change their place within the genome (Grzebelus 2006).  

In plants with large genomes, retrotransposons are the major class of repetitive DNA (Kumar 

and Bennetzen 1999). Their abundance, dispersion across the nuclear genome, and 

insertional activity indicate their possible relation with genome evolution. At the same time 

they are a great basis for the development of DNA PCR-based marker systems to generate 

fingerprints (Nguyen and Wu 2005). 

Inter-Retrotransposon Amplified Polymorphism (IRAP) and REtrotransposon-

Microsatellite Amplified Polymorphism (REMAP) are two techniques that are retrotransposon-

based together with transposable display (TD) and inter-MITE polymorphism (IMP) these 

techniques have been used in different plant species (Agarwal et al. 2008).  

Böhm and Zyprian (1998) report the first evidence of retrotransposon-like elements in 

woody plants after examining Vitis vinifera cultivars. Pereira et al. (2005) examined the role of 

Gret1 in gene regulation explaining the phenotypic variability that exists between grape 

cultivars, by using REMAP and IRAP markers. 

 

2.6.2.2.2 High resolution melt analysis (HRM) 

High resolution melting analysis (HRM) is a recently developed technique for fast, 
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high-throughput post-PCR analysis of genetic mutations or variance in nucleic acid 

sequences. It enables researchers to rapidly detect and categorize genetic variations (SSRs, 

SNPs), and identify new genetic variants without sequencing or determine the genetic 

variation in a population prior to sequencing (Graham et al. 2005, Liew et al. 2004). 

The method involves the gradual denaturation (melting) of PCR amplicons and 

detection of the subsequent subtle fluorescent changes by so-called 3rd generation 

fluorescent double stranded DNA-binding dyes present in the amplification reaction. The 

melting temperature of the amplicon at which the two DNA strands come apart is dependent 

on the sequence of the DNA bases. When comparing two samples that have the same 

genotype we should get exactly the same shaped melt curve. However if there is a change in 

the amplified DNA sequence, then this will alter the temperature at which the DNA strands 

melt apart. The HRM machine has the ability to monitor this process in “high resolution”, 

therefore providing the possibility to detect very small changes even changes to the scale of a 

fraction of a degree (Wittwer et al. 2003). 

Advantages of the high-resolution melt analysis are: 

• Low reagent consumption, with little waste 

• Simple, fast workflow 

• Fast optimization 

• Low sample consumption 

 

High resolution melting analysis has been used primarily for the discovery and 

genotyping of single nucleotide polymorphisms (SNPs) (Graham et al. 2005). 

HRM analysis was performed in grapevine samples in order to detect SSR 

differences. Six different rootstocks and four grapevine cultivars where identified succesfully. 

In a modification of the method, samples were mixed with a reference DNA sequence. By 

comparing the melting curves of the mixed samples with the curves of the normal samples 

Mackay et al. (2008) where able to distinguish SNP differences, which lead to clonal 

identification of two different Riesling clones.  

 

2.6.2.3 RNA-based molecular markers 

Gene expression actually controls all the biological responses of the plant therefore 

information about it is crucial. To facilitate the study of gene expression different RNA PCR-

based techniques have been developed. The cDNA-SSCP analysis of RT-PCR products can 

be used to evaluate the presence and relative quantity of highly similar homologous gene 

pairs from a polyploid genome. RNA fingerprinting by arbitrarily primed PCR (RAPPCR) is 

used for studying differential gene expression. The cDNA-AFLP is an RNA fingerprinting 

technique used to examine differentially expressed genes (Agarwal et al. 2008). 
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3. Materials and methods 

3.1 Cultivars under study 

The current work deals with the genetic study and identification of 20 Portuguese, two 

Greek grapevine varieties, one accession of Vitis aestivalis and one suspected Riesling (table 

2), with the aim to reveal genetic relations among the cultivars as well as clarifying suspected 

cases of synonymy or homonymy. 

 

Reference 
of CAN  

(Accession) 
Name Origin 

40303 Godello B PT 
52112 Gouveio B PT 
40405 Cornichel Branco B PT 
53210 Santa Paula PT 
41201 Azal Espanhol T PT 
52206 Touriga Nacional PT 
41207 Verdial N (V. verdes) PT 
41208 Verdial N (Douro) PT 
41209 Alvarelhão Ceitão N PT 
41809 Mollar N PT 
51202 Tinta Negra Mole N PT 
51805 Verdejo Negro N PT 
52115 Pintado dos Pardais B PT 
52017 Boal espinho PT 
41206 Transancora T PT 
53807 Teinturier PT 
50108 Desconhecida, Madeira B PT 
40604 Malvasia Branca de S. Jorge PT 
50402 Barco do Porto PT 
50417 Vitis aestivalis PT 
51707 Albariño B PT 
53209 Riesling PT 

Sample 1 Limnio GR 
Sample 2 Malagouzia GR 

PT- Portugal 
GR- Greece 

 
 

 

 
Table 2: List of grapevine cultivars under investigation 

 

 All the accessions, apart from the samples of the two Greek varieties are collected in 

Portuguese National Ampelographic Collection (PRT 051), INIA Dois Portos, INRB I.P: 

(Quinta da Almoinha). The samples for the two Greek varieties were taken directly from a 

nursery in Greece. 

 

3.2 DNA extraction 

Lodhi et al. (1994) report that DNA extraction from grapevine has been difficult due to 
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the presence of contaminants such as polyphenols and polysaccharides. The presence of 

these contaminants in DNA preparations often makes the samples viscous and renders DNA 

unrestrictable in endonuclease digestion and unamplifiable in PCR. The existing DNA 

extraction protocols often produce unsatisfactory yields and/or quality (Lodhi et al., 1994). In 

the same paper Lodhi et al. suggest the following protocol to eliminate the unwanted effect of 

the above-mentioned substances. 

 

DNA extraction protocol 

• Collection of young leaves in liquid nitrogen or on ice and storage at or below -70°C 

until used. Grinding of 0.5 g of leaves using mortar and pestle in the presence of 

liquid nitrogen. 

• Addition of 5 mL of extraction buffer to the ground leaves and mixing in the mortar. 

Placing the slurry into clean 15-mL polypropylene centrifuge tubes. 

• Addition of 50 mg polyvinylpolypyrrolidone (PVP), (Sigma, P6755) and invertion of 

the tubes several times to mix thoroughly with the leaf slurry; the final concentration 

of PVP is 100 mg/g leaf tissue. 

• Incubation at 60°C for 25 minutes and cooling to room temperature. 

• Addition of 6 mL of chloroform-octanol and mixing gently by inverting the tubes 20 to 

25 times to form an emulsion. 

• Spinning at 6000 rpm for 15 minutes in a tabletop centrifuge at room temperature. 

• Transfer of the top aqueous phase to a new 15-mL centrifuge tube with a wide-bore 

pipette tip. A second chloroform-octanol extraction may be performed if the aqueous 

phase is cloudy due to the presence of PVP. 

• Addition of 0.5 volume of 5M NaCl to the aqueous solution recovered from the 

previous step and good mixing. 

• Addition of two volumes of cold (-20°C) 95% ethanol and refrigerate (4 to 6°C) for 15-

20 minutes or until DNA strands begin to appear. The solution can be left for one 

hour or more if necessary. 

• Spinning at 3000 rpm for three minutes and then increase speed to 5000 rpm for an 

additional three minutes at room temperature. 

• Pouring off the supernatant and washing pellet with cold (0 to 4°C) 76% ethanol. 

Completely removing ethanol without drying the DNA pellet by leaving the tubes 

uncovered at 37°C for 20 to 30 minutes. 

• Dissolving in 200 to 300 µL TE. 

• Treating with 1 µL RNase A per 100 µL DNA solution and incubating at 37°C for 15 

minutes. 

• Quantification DNA in a spectrophotometer at A260. 

• Storing DNA at -70°C for long-term or -20°C for short-term storage. 
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3.3 DNA quantification 

After electrophoresis we compared the bands generated by the samples to 4 DNA 

sample of known concentration in order to find out the DNA concentration of the samples. 

 

3.3.1 Preparation of the agarose gel (1.2%). 

• Construction of the mold sealing the ends of the gel tray securely with strips of lab 

tape. Pressing the tape firmly to the edges of the gel tray to form a fluid-tight seal. 

• Level the gel tray on a leveling table or workbench. 

• Position the desired comb over the gel tray. 

• Preparation of the agarose gel mix by dissolving 2.76 g of agarose in 230 mL of TBE 

0.5% and heat till melting in microwave oven. 

• When the agarose is completely dissolved, allow it to cool down slowly. After agarose 

has cooled to about 60°C, pour it into the gel tray (mold) and allow it to solidify at 

room temperature for about 1 hour. 

• Carefully remove the comb from the solidified gel and the Remove the tape from the 

edges of the gel tray. 

• Place the tray into the gel box containing buffer. 

• Submerge the gel under 2 to 6 mm buffer. Use greater depth overlay with increasing 

voltages to avoid pH and heat effects. 

 

3.3.2 Samples DNA quantification 
In order to be able to quantify the DNA of the samples we need to compare them with 

the bands created from samples of known concentrations. For this reason DNA from the λ 

Hind III is used in 4 different concentrations. From an initial solution of 100 ng/µL we made 4 

dilutions according to table 3 (pics b1, b2 in ap 2). 

 
Final DNA 

Concentration 
50 ng/µL 100 ng/µL 200 ng/µL 300 ng/µL 

Unknown 
samples 

µL of λ DNA 

solution used 
0.5 1 2 3 1* 

µL of LBOG 

(dye) used 
2 2 2 2 2 

µL of H2O 

used 
7.5 7 6 5 7 

Total Volume 

in µL 
10 10 10 10 10 

*µL of the sample DNA 

Table 3. Volumes used for the sample preparation for DNA quantification 

 

3.4 Polymerase chain reaction PCR 

3.4.1 Primers used 
The microsatellite analysis was based on the amplification of 25 primers divided into 

6 multiplexes. Though for the purposes of the current work, 20 microsatellites were chosen to 
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deduct the genetic identities of each cultivar. The different combinations of the primers are 

shown in the table 4 bellow. 

 

 

Multiplexes 
Allele size range in base 

pairs 
Colour Marker 

Mplex 1 SSRs    

VVMD 27 173-194 Black D2 

VVMD 25 243-275 Black D2 

VVMD 28 221-279 Blue D4 

VVMD 32 239-273 Green D3 

Mplex 2 SSRs    
VVMD 5 226-246 Blue D4 

VVMD 7 233-263 Green D3 

VVS 2 129-155 Blue D4 

Mplex 7 SSRs    
VMC4f3 160-214 Green D3 

VVMD 24 208-219 Blue D4 

Mplex 8 SSRs    

VVIb01 278-318 Black D2 

VVIn73 254-269 Green D3 

VVIh54 139-187 Green D3 

VVIq52 71-89 Blue D4 

Mplex 9 SSRs    
VVIp31 158-210 Blue D4 

VVIv37 141-181 Black D2 

VVIp60 291-348 Black D2 

VVMD 21 218-267 Green D3 

Mplex 10 SSRs    

VMC1b11 165-208 Blue D4 

VVIn16 141-175 Black D2 

VVIv67 305-386 Blue D4 

    

    

 

Table 4. Multiplexes of primers used. 

 

Grapevine genome is organized into 19 chromosomes. The 20 markers used in the 

current study are located one in each chromosome, apart from the markers VVS2 and 

VVMD25 that are both located in the 11th chromosome (fig. b1 in ap2). 

 

3.4.2 Preparation for the PCR reaction 

For each DNA sample the protocol shown on table 5 was followed in order to carry 

out the PCR reaction for the amplification of the primers. The Biometra T-Gradient 

Thermoblock thermocycler was programmed according to the specifications shown on table 

6. 
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 Volume / reaction 

Multiplex PCR Master Mix 5.0 µL 

Primer mix (2µΜ each) 0.5 µL 

Bi-distillated sterilized water 3.0 µL 

DNA (solution of 10 ng/µL) 1.5 µL 

Total 10.0 µL 

 

Table 5. Samples’ preparation for PCR reaction  
 

3.4.3 Verification of the PCR products. 

After the end of the PCR reaction a second electrophoresis was carried out to verify 

whether the primers had amplified or not. For this procedure a 2.0% agarose gel was 

prepared, using 0.5xTBE. Following to that, 1µL of loading dye was mixed with 3 µL of each 

sample and then placed in the wells of the agarose gel starting from the second well. In the 

first well we placed 3 µL of the marker “Fast Ruler Low DNA Ladder (MBI Fermentas)” with 

fragments ranging from 100 to 1000bp in order to compare the results. We carried out the 

electrophoresis during 30 min’ at 400 Volts. Finally we placed the gel within a solution 

containing ethidium bromide (0.5µg/ml) for 10-15 min’ and then rinsed it with water for 10 

min’. A picture of the gel was taken under UV light. 

 

3.5 DNA sequencing. 

The final step involved the fragment analysis and identification. To this aim we used 

capillary electrophoresis using a marker with known molecular weight as a scale to deduct the 

molecular weights of the sample fragments. The automatic sequencer CEQ 8000 Genetic 

Analysis System (Beckman Coulter) allowed us to test up to 96 samples each time placed in 

a test plate. 

For the preparation of the test plate we followed the protocol mentioned bellow: 

• 0.6 µL of the known marker (red) (CEQ DNA Size standard kit-400 Beckman 

Coulter) are placed in each well of the plate. 

• 1.0 – 2.5 µL of the PCR products are placed in each well (1.0 µL for samples 

with DNA concentration: 20 ng/µL, 1.5 µL for samples with DNA 

concentration: 15 ng/µL etc). 

• 23 – 24 µL of formaldehyde are placed in each well of the test plate. 

• Spinning of the plate in the centrifuge is essential for better mixing of all the 

reagents as well as for gathering all the reagents in the bottom of each well. 

• Addition of one drop of vegetative oil (Beckman Coulter) in each well 

preserves the samples from evaporating as the sequencing takes time. 

• A second plate is prepared by filling each well up to ¾ with buffering solution 

Thermocycler PCR programme   

94°C 15 min  

94°C 30 sec  

56°C 90 sec  total 38 cycles 

72°C 60 sec  

72°C 30 min  

 

Table 6. Programme used in the thermocycler for the 

PCR raction 
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(Beckman Coulter). 

• Finally the two plates are placed in the sequencer along with a washing plate 

containing bi-distillated water. The DNA fragments are separated by capillary 

electrophoresis and then detected using inflorescence.  
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4. Results 

The raw results after the sequencing analysis are shown in the tables 7 to 12 below. 

Concerning the marker VVIv37, a mistake in the sequence of the forward primer didn’t allow 

any of the samples to amplify with PCR. Unfortunately the samples of the Greek cultivar 

Malagouzia failed to sprout so no analysis was made for this cultivar. 

 
Table 7. Fragment analysis results for multiplex I. 

Mix I 
  VVMD 27 VVMD 25 VVMD 28 VVMD 32 

Cultivar name code All 1 All 2 All 1 All 2 All 1 All 2 All 1 All 2 

Godello B 40303 183 187 250 250 235 259 251 269 

Gouveio B 52112 183 187 250 250 235 259 251 269 

Cornichel Branco B 40405 179 193 240 256 245 259 255 259 

Santa Paula 53210 179 193 240 256 245 259 255 259 

Azal Espanhol T 41201 187 187 240 260 259 269 239 251 

Touriga Nacional 52206 179 187 250 256 235 269 239 269 

Verdial N (V. 
verdes) 41207 187 187 240 256 235 257 239 239 

Verdial N (Douro) 41208 177 181 242 254 235 253 251 251 

Alvarelhão Ceitão 
N 41209 185 185 250 256 259 259 255 269 

Mollar N 41809 179 179 242 256 245 259 251 271 

Tinta Negra Mole N 51202 179 187 240 250 235 249 255 269 

Verdejo Negro N 51805 179 187 240 250 235 249 255 269 

Pintado dos 
Pardais B 52115 177 193 242 256 237 259 251 269 

Boal espinho 52017 177 193 242 256 237 259 251 269 

Transancora T 41206 187 187 240 258 257 267 239 251 

Teinturier 53807 179 183 242 250 237 257 251 269 

Desconhecida, 
Madeira B 50108 179 193 240 240 227 247 253 257 

Malvasia Branca de 
S. Jorge 40604 179 193 240 240 227 247 253 257 

Barco do Porto 50402 177 185 242 250 235 253 269 269 

Vitis aestivalis 50417 179 187 240 240 229 267 247 251 

Albariño B 51707 187 187 250 250 233 233 239 269 

Riesling 53209 179 187 250 254 227 233 249 269 

Limnio 10000 183 187 242 242 235 267 253 269 
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Table 8. Fragment analysis results for multiplex II. 

 

 

MIX II 
  VVMD 5 VVMD 7 VVS 2 

Cultivar name code All 1 All 2 All 1 All 2 All 1 All 2 

Godello B 40303 223 235 238 242 151 157 

Gouveio B 52112 223 235 238 242 151 157 

Cornichel Branco B 40405 223 233 246 250 131 141 

Santa Paula 53210 223 233 246 250 131 141 

Azal Espanhol T 41201 223 229 238 260 135 157 

Touriga Nacional 52206 225 235 238 238 143 151 

Verdial N (V. 
verdes) 41207 219 229 238 260 143 157 

Verdial N (Douro) 41208 225 225 238 238 143 143 

Alvarelhão Ceitão 
N 41209 225 239 238 242 141 149 

Mollar N 41809 239 239 238 238 141 141 

Tinta Negra Mole N 51202 225 237 238 254 131 149 

Verdejo Negro N 51805 225 237 238 254 131 149 

Pintado dos 
Pardais B 52115 223 233 238 242 141 141 

Boal espinho 52017 223 233 238 242 141 141 

Transancora T 41206 225 231 238 260 133 155 

Teinturier 53807 225 233 238 238 145 151 

Desconhecida, 
Madeira B 50108 221 225 238 238 131 143 

Malvasia Branca 
de S. Jorge 40604 221 225 238 238 131 143 

Barco do Porto 50402 225 237 236 246 131 131 

Vitis aestivalis 50417 237 237 234 246 121 135 

Albariño B 51707 229 235 240 254 151 151 

Riesling 53209 225 233 246 254 141 149 

Limnio 10000 225 225 248 250 131 143 
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MIX VII 
  VMC4f3 VVMD 24 

Cultivar name code All 1 All 2 All 1 All 2 

Godello B 40303 178 186 213 213 

Gouveio B 52112 178 186 213 213 

Cornichel 
Branco B 40405 186 186 207 217 

Santa Paula 53210 186 186 207 217 

Azal Espanhol 
T 41201 172 172 205 207 

Touriga 
Nacional 52206 178 206 207 211 

Verdial N (V. 
verdes) 41207 172 178 207 207 

Verdial N 
(Douro) 41208 182 206 207 209 

Alvarelhão 
Ceitão N 41209 166 172 207 215 

Mollar N 41809 166 204 205 209 

Tinta Negra 
Mole N 51202 178 206 207 211 

Verdejo Negro 
N 51805 178 206 207 211 

Pintado dos 
Pardais B 52115 166 206 209 209 

Boal espinho 52017 166 206 209 209 

Transancora T 41206 172 172 205 205 

Teinturier 53807 172 186 211 211 

Desconhecida, 
Madeira B 50108 182 188 207 207 

Malvasia 
Branca de S. 

Jorge 
40604 182 188 207 207 

Barco do 
Porto 50402 164 172 207 215 

Vitis aestivalis 50417 166 166 207 217 

Albariño B 51707 172 178 211 215 

Riesling 53209 172 188 207 215 

Limnio 10000 208 226 207 207 

 
Table 9. Fragments analysis results for multiplex VII. 

 

 

 



	   35	  

MIX VIII 
  VVIb01 VVIn73 VVIh54 VVIq52 

Cultivar name code All 1 All 2 All 1 All 2 All 1 All 2 All 1 All 2 

Godello B 40303 290 290 264 264 161 161 82 86 

Gouveio B 52112 290 290 264 264 161 161 82 86 

Cornichel Branco B 40405 290 296 264 264 163 175 82 86 

Santa Paula 53210 290 296 264 264 163 175 82 86 

Azal Espanhol T 41201 290 296 264 264 163 163 80 86 

Touriga Nacional 52206 296 296 264 264 163 163 82 86 

Verdial N (V. 
verdes) 41207 290 296 264 264 165 165 80 86 

Verdial N (Douro) 41208 290 290 256 264 161 161 86 86 

Alvarelhão Ceitão 
N 41209 290 290 264 264 161 165 80 82 

Mollar N 41809 292 292 264 264 165 165 82 86 

Tinta Negra Mole N 51202 290 296 264 264 161 165 86 86 

Verdejo Negro N 51805 290 296 264 264 161 165 86 86 

Pintado dos 
Pardais B 52115 290 290 264 264 161 161 82 86 

Boal espinho 52017 290 290 264 264 161 161 82 86 

Transancora T 41206 292 296 264 264 163 163 80 86 

Teinturier 53807 292 296 264 264 161 161 82 86 

Desconhecida, 
Madeira B 50108 292 300 264 264 161 165 86 86 

Malvasia Branca de 
S. Jorge 40604 292 300 264 264 161 165 86 86 

Barco do Porto 50402 292 296 262 262 161 161 80 80 

Vitis aestivalis 50417 294 294 264 264 163 163 80 82 

Albariño B 51707 290 296 264 264 161 161 80 86 

Riesling 53209 288 300 264 264 161 161 80 86 

Limnio 10000 296 296 256 264 163 163 84 84 

 
Table 10. Fragment analysis results for multiplex VIII. 
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MIX IX 
  VVIp31 VVIv37 VVIp60 VVMD21 

Cultivar name code All 1 All 2 All 1 All 2 All 1 All 2 All 1 All 2 

Godello B 40303 179 189  md  md 319 319 248 252 

Gouveio B 52112 179 189  md  md 319 319 248 252 

Cornichel Branco B 40405 179 189 md md 317 325 254 254 

Santa Paula 53210 179 189 md md 317 325 254 254 

Azal Espanhol T 41201 179 189  md  md 315 319 242 246 

Touriga Nacional 52206 183 183  md  md 319 319 246 252 

Verdial N (V. 
verdes) 41207 179 179  md  md 319 319 242 248 

Verdial N (Douro) 41208 177 189  md  md 317 325 242 248 

Alvarelhão Ceitão 
N 41209 189 191  md  md 319 321 242 242 

Mollar N 41809 175 191  md  md 321 321 242 264 

Tinta Negra Mole N 51202 179 189  md  md 319 319 248 254 

Verdejo Negro N 51805 179 189  md  md 319 319 248 254 

Pintado dos 
Pardais B 52115 189 189  md  md 305 321 242 248 

Boal espinho 52017 189 189  md  md 305 321 242 248 

Transancora T 41206 179 189  md  md 315 319 242 246 

Teinturier 53807 177 193  md  md 317 321 246 246 

Desconhecida, 
Madeira B 50108 187 191  md  md 305 331 248 254 

Malvasia Branca de 
S. Jorge 40604 187 191  md  md 305 331 248 254 

Barco do Porto 50402 179 193  md  md 311 321 240 248 

Vitis aestivalis 50417 175 183  md  md 321 321 246 264 

Albariño B 51707 179 193  md  md 305 319 248 248 

Riesling 53209 175 183  md  md 305 323 246 246 

Limnio 10000 177 189  md  md 321 331 246 256 

 
Table 11. Fragment analysis results for multiplex IX. 
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MIX X 
 VMC1b11 VVIn16 VVIv67 

Cultivar name code All 1 All 2 All 1 All 2 All 1 All 2 

Godello B 40303 166 170 151 153 366 372 

Gouveio B 52112 166 170 151 153 366 372 

Cornichel Branco B 40405 184 184 151 153 356 356 

Santa Paula 53210 184 184 151 153 356 356 

Azal Espanhol T 41201 168 172 153 153 368 368 

Touriga Nacional 52206 170 170 151 151 366 366 

Verdial N (V. 
verdes) 41207 168 184 143 153 358 368 

Verdial N (Douro) 41208 184 188 151 153 364 374 

Alvarelhão Ceitão 
N 41209 172 184 139 153 364 374 

Mollar N 41809 184 188 151 153 350 364 

Tinta Negra Mole N 51202 166 172 151 153 364 374 

Verdejo Negro N 51805 166 172 151 153 364 374 

Pintado dos 
Pardais B 52115 166 184 153 153 372 372 

Boal espinho 52017 166 184 153 153 372 372 

Transancora T 41206 168 172 153 153 366 366 

Teinturier 53807 172 184 153 153 364 374 

Desconhecida, 
Madeira B 50108 184 188 153 153 358 374 

Malvasia Branca de 
S. Jorge 40604 184 188 153 153 358 374 

Barco do Porto 50402 168 168 151 161 344 344 

Vitis aestivalis 50417 172 188 151 151 364 374 

Albariño B 51707 170 170 151 159 364 372 

Riesling 53209 166 184 151 153 356 362 

Limnio 10000 184 184 151 153 358 358 

 
Table 12. Fragment analysis results for multiplex X. 

 

The study of the different alleles for each locus is important when it comes to the 

preservation of genetic resources. In order to maximize the management efficiency of the 
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germplasm collections of grapevine, it is important to know the frequency of appearance of 

each allele within the genome of each grapevine cultivar. Given the high maintenance cost for 

grapevine germplasm collections, this is one way for optimization as all the described alleles 

can be present in the collection without the necessity to preserve all grapevine cultivars. The 

table 13 presents all the allele frequencies for the cultivars studied in this work, described by 

the given number of loci studied. 

 

Locus 
Allele 
(fragment 
length) 

Allele 
frequency 

Allele 
appearanc
e number 

 Locus 
Allele 
(fragment 
length) 

Allele 
frequency 

Allele 
appearance 
number 

177 0.087 4  240 0.283 13 VVMD 
27 179 0.261 12  

VVMD 
25 242 0.174 8 

 181 0.022 1   250 0.283 13 
 183 0.087 4   254 0.043 2 
 185 0.065 3   256 0.174 8 
 187 0.348 16   258 0.022 1 
 193 0.130 6   260 0.022 1 
         

227 0.065 3  239 0.130 6 VVMD 
28 229 0.022 1  

VVMD 
32 247 0.022 1 

 233 0.065 3   249 0.022 1 
 235 0.196 9   251 0.239 11 
 237 0.065 3   253 0.065 3 
 245 0.065 3   255 0.109 5 
 247 0.043 2   257 0.043 2 
 249 0.043 2   259 0.043 2 
 253 0.043 2   269 0.304 14 
 257 0.065 3   271 0.022 1 
 259 0.217 10      
 267 0.065 3      
 269 0.043 2      
         

219 0.022 1  234 0.022 1 VVMD 
5 221 0.043 2  

VVMD 
7 236 0.022 1 

 223 0.152 7   238 0.478 22 
 225 0.304 14   240 0.022 1 
 229 0.065 3   242 0.109 5 
 231 0.022 1   246 0.109 5 
 233 0.130 6   248 0.022 1 
 235 0.087 4   250 0.065 3 
 237 0.109 5   254 0.087 4 
 239 0.065 3   260 0.065 3 
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Locus 
Allele 
(fragment 
length) 

Allele 
frequency 

Allele 
appearance 
number 

 Locus 
Allele 
(fragment 
length) 

Allele 
frequency 

Allele 
appearance 
number 

VVS 2 121 0.022 1  164 0.022 1 
 131 0.196 9  

VMC4f
3 166 0.130 6 

 133 0.022 1   172 0.217 10 
 135 0.043 2   178 0.152 7 
 141 0.217 10   182 0.065 3 
 143 0.152 7   186 0.152 7 
 145 0.022 1   188 0.065 3 
 149 0.087 4   204 0.022 1 
 151 0.130 6   206 0.130 6 
 155 0.022 1   208 0.022 1 
 157 0.087 4   226 0.022 1 
         

205 0.087 4  288 0.022 1 VVMD 
24 207 0.413 19  

VVIb 
01 290 0.413 19 

 209 0.130 6   292 0.152 7 
 211 0.130 6   294 0.043 2 
 213 0.087 4   296 0.304 14 
 215 0.087 4   300 0.065 3 
 217 0.065 3      
         

256 0.043 2  161 0.500 23 VVIn 
73 262 0.043 2  

VVIh 
54 163 0.261 12 

 264 0.913 42   165 0.196 9 
      175 0.043 2 
         

80 0.196 9  175 0.065 3 VVIq 
52 82 0.239 11  

VVIp 
31 177 0.065 3 

 84 0.043 2   179 0.261 12 
 86 0.522 24   183 0.087 4 
      187 0.043 2 
      189 0.326 15 
      191 0.087 4 
      193 0.065 3 
         

na na na  305 0.130 6 VVIv 
37     

VVIp 
60 311 0.022 1 

      315 0.043 2 
      317 0.087 4 
      319 0.348 16 
      321 0.217 10 
      323 0.022 1 
      325 0.065 3 
      331 0.065 3 
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Locus 
Allele 
(fragment 
length) 

Allele 
frequency 

Allele 
appearance 
number 

 Locus 
Allele 
(fragment 
length) 

Allele 
frequency 

Allele 
appearance 
number 

240 0.022 1  166 0.152 7 VVMD
21 242 0.196 9  

VMC1
b11 168 0.109 5 

 246 0.196 9   170 0.130 6 
 248 0.283 13   172 0.152 7 
 252 0.065 3   184 0.348 16 
 254 0.174 8   188 0.109 5 
 256 0.022 1      
 264 0.043 2      
         

139 0.022 1  344 0.043 2 VVIn 
16 143 0.022 1  

VVIv 
67 350 0.022 1 

 151 0.348 16   356 0.109 5 
 153 0.565 26   358 0.109 5 
 159 0.022 1   362 0.022 1 
 161 0.022 1   364 0.174 8 
      366 0.130 6 
      368 0.065 3 
      372 0.152 7 
      374 0.174 8 

 
Table 13. Allele frequencies for the studied cultivars. 

 

Statistic Value Std.Err. c.i.2.5% c.i.97.5% Description 
Num 7.895 0.709 6.15 8.8 Number of alleles 
Eff_num 4.772 0.477 3.638 5.428 Effective number of alleles 
Ho 0.668 0.054 0.522 0.73 Observed Heterozygosity 

Hs 0.758 0.053 0.608 0.809 
Heterozygosity Within 
Populations 

Ht 0.758 0.053 0.608 0.809 Total Heterozygosity 
H't nan nan nan nan Corrected total Heterozygosity 
Gis 0.119 0.033 0.056 0.189 Inbreeding coefficient 
      
Standard errors of F-statistics were obtained through jackknifing over loci. 
95% confidence intervals of F-statistics were obtained through bootstrapping over loci. 

 
Table 14. Summary of indices of genetic diversity 

 

4.1 Phylogenetic trees 

Phylogenetic analysis, studies the evolutionary history of species or taxa that have a 

common ancestor. On a molecular basis, the evolutionary history of each living organism is 

written in its DNA sequences. Apart from separating one species from another, DNA 

analytical methods also allow the study of different individuals of the same species within a 

given population giving us the opportunity to understand even closer relations among them. 

Phylogenetic trees are used as a mean to interpret evolutionary history, as each branching 
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point represents one evolutionary step, when one ancestral species divides into two new 

ones.  

The two main taxonomic strategies concerning classification systems in Biology are 

the phenetic and the phylogenetic. The phenetic strategy is based on the phenotypic 

characteristics of different species while ignoring the evolutionary relations among them. On 

the contrary the phylogenetic strategy takes into account the genetic relations among species 

by examining the closest common ancestor of two individuals, while ignoring the phenetic 

relations among them. Evolution based systematic taxonomy takes into consideration both 

phenetic and phylogenetic ralations among species. 

Phylogenetic relations can be deducted by careful examination of common 

morphological or molecular characteristics among species. 

A phylogenetic tree is a graphic representation of phylogeny of a group of taxa or 

genes and it can be built by possessing genetic data from one or more genes. The data that 

are used for the construction of a phylogenetic tree are divided into operational taxonomic 

units (OTU). In every tree we can find the operational taxonomic units and the hypothetical 

taxonomic units (HTU). The branching scheme is called topology and is related with the 

number of genetic differences, while the length of each branch is correlated with genetic 

distances among individuals. Common errors while constructing a phylogenetic tree are 

divided into two main categories: topology errors and errors concerning branch length. 

Distance matrix based methods such as unweighted pair group method with 

arithmetic mean (UPGMA), transformed distances method, Fitch-Margoliash method and 

neighbour joining method as well as methods that are based on the presence or not of 

informative descriptors such as maximum parsimony method, maximum likelihood method 

and Bayes analysis, can be used for the construction of phylogenetic trees. 

Unweighted pair group method with arithmetic mean (UPGMA) was originally 

proposed for taxonomic classification based on morphological data though it was later 

successfully used for molecular data (Sneath and Sokal 1973). The assumption that evolution 

rate among all tree branches is homogenous is important in order to achieve an almost linear 

relation between the calculated genetic distances and the division chronology (Nei, 1978). 

The accuracy of this method increases as we study a large amount of loci and as we choose 

loci with longer DNA sequences. In this case the constructed tree is closer to reality. 

The algorithm used for UPGMA analysis examines the structure present in a pairwise 

distance matrix and results in the construction of a rooted phylogenetic tree. The calculation 

of the genetic distances for all OTU is essential in order to apply the method. At each step, 

the two closest OTUs are joined in a combined OTU that is calculated as the mean between 

the original OTUs.  

In the present study we intended to identify the different grapevine cultivars and to 

reveal the genetic relations among them. For this reason the fragment lengths that were 

presented in the tables above were also used for the construction of a phylogenetic tree in 

order to visualize these relations (figure 4). 
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Figure 4. Phylogenetic tree created using MEGA version 5 (Tamura et al. 2011) 
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5. Discussion 

Grapevine culture and wine making practices are closely bound with human history, as 

wine was even from antiquity related with many religious and social aspects in peoples lives. 

Today grapevine culture is an economically significant crop worldwide. Up to 10.000 cultivars 

are believed to be cultivated around the world. 

The identification and classification of the different cultivars is important in order to 

optimize cultivation practices. The traditional ampelographic methods are inconvenient as 

they are time consuming while morphological characteristics are influenced by environmental 

conditions as well. These are the reasons that led to the development of different molecular 

methods for cultivar identification. These methods are based either on protein or on DNA 

extraction and identification. The high polymorphism level SSR markers as well as their co-

dominant nature allow the identification and classification of grapevine cultivars revealing 

parental relations among cultivars.  

The importance of the SSR markers for genetic mapping or genetic diversity studies is 

highlighted in many studies for grapevine and other crops. OIV suggests the use of 6 SSR 

markers as a reference for the genetic identity of each cultivar. 

As mentioned above the high polymorphism level of the markers is a crucial element for 

successful identification. The polymorphism level of each marker can vary among different 

regions due to the dominance of certain alleles or to the presence of null alleles in the 

population (Sefc et al., 2000). 

Martin et al. (2003) and Ibañez et al. (2003) observed 9-13 and 4-16 alleles respectively. 

Fatahi et al. (2003) also mention a polymorphism level of 76% and 4-16 alleles. Laucou et al. 

(2010) used the 20 SSR markers that were used in the current study as well, in order to 

assess 4370 grapevine accessions. They report a total number of 524 alleles ranging from 9-

59 for different loci. The most informative SSR was the VVIv67 with 59 alleles whereas the 

least informative SSR was the VVIq52 with 9 alleles. The heterozygosity level was 76%.   

Bowers et al. (1996) used 4 SSR markers and observed a lower polymorphism level, 5-11 

alleles and Observed Heterozygosity (Ho) 85.5%. Martinez et al. (2006) observed Ho 81.8%, 

Lopes et al. 2006 report Ho 81% while many researchers report Ho 60%-85.5% (Bowers et 

al. 1996, Lefort et al. 2002, Fatahi et al. 2003, Ibañez et al. 2003, Hvarleva et al. 2005, 

Karatas et al. 2007, Ramezani et al. 2009). 

In the current study we used 20 SSR markers to identify 23 grapevine accessions. Apart 

from the marker VVIv37, which failed to amplify due to a mistake in the primer sequence, all 

the rest markers gave satisfactory results. We observed 5 cases of synonymy and one case 

of homonymy. The synonymous cultivars are Godello B (40303) and Gouveio B (52112), 

Tinta Negra Molle (51202), and Verdejo Negro (51805), Desconhesida Madeira B (50108) 

and Malvasia Branca de S. Jorge (40604), Cornichel Branco (40405) and Santa Paula 

(53210), Pintado dos Padrais (52115) and Boal espinho (52017). The homonymous cultivars 

are Verdial N (41208) from Douro and Verdial N (41207) from Vinhos Verdes regions. The 

total number of alleles observed is 150 with a mean of 7.895 alleles per locus. The most 
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informative marker proved to be VVMD28 with 13 alleles whereas the least informative 

marker is VVIn73 with 3 alleles. The observed heterozygosity is 73%, though due to the 

limited number of the studied samples this number is just an indication and should not be 

extrapolated to deduct a conclusion for the whole population without further studies. 

In their work Catalogo das Castas para Vinho cultivadas em Portugal, Eiras Dias et al. 

(2011) include morphological information as well as molecular data for the main grapevine 

cultivars for wine production in Portugal. In this work they used the markers VVS2, VVMD5, 

VVMD7, VVMD27, VrZAG62 and VrZAG79. Comparing the data for the markers that are 

common with the ones in the current study we can observe that there are a verification of the 

data for the cultivars Godello B (40303) / Gouveio B (52112), Touriga Nacional (52206) and 

Pintado dos Padrais (52115) / Boal Espinho (52017). On the contrary there is a difference in 

the data among the cultivars Azal Espanhol (41201) and Azal, Alvarelhão Ceitão N (41209) 

and Alvarelhão, Tinta Negra Mole (51202) and Negra Mole, Albariño B (51707) and 

Alvarinho. 

Lefort and Roubelakis-Angelakis (2000) include in the Greek vitis database the genetic 

profile of the cultivar Limniona that is often mistaken with the cultivar Limnio. Although there is 

only one common marker between the markers used in this study and the markers used for 

the construction of the Greek Vitis Database (VVS2) we can observe the distinct difference of 

the sample used in this work. 

Regner et al. (2000) used 40 SSR markers to identify different Riesling clones. The 9 

common markers: VVS2, VVMD5, VVMD7, VVMD21, VVMD24, VVMD25, VVMD27, 

VVMD28, VVMD32 are in accordance in the two studies and for all the Riesling clones 

studied by Regner et al. (2000). 

As far as the phylogenetic analysis of the studied cultivars is concerned, we can observe 

that all the Portuguese cultivars apart from Barco do Porto (50402) can be sub grouped into 

two smaller groups that differentiate from Vitis aestivalis (50417) and the Greek cultivar 

Limnio. Although there is only one cultivar from Greece in this study, we can observe that 

follows the division of Vitis vinifera into the three subgroups Occidentalis, Pontica and 

Orientalis suggested by Negrul. Though a much larger number of cultivars should be studied 

in order to confirm this conclusion. As far as the cultivar Barco do Porto (50402) is concerned, 

it is thought to be a rootstock thus justifying the above-mentioned results. 
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Appendix 1: Cultivar photos and profiles 
 
Godello B (40303) 
 

                   
 
                   Picture 1. Codello shoot tip                                                     Picture 2. Godello young leaf (4th) 
 
 

 
 

Picture 3. Godello B mature leaf (9th front) 
 
 



	   56	  

Godello B (40303) 
 

 
 

Picture 4. Godello B mature leaf (9th back)  
 
 

 
 

Graph 1. Multiplex1 analysis results 
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Godello B (40303) 
 

 
 

Graph 2. Multiplex2 analysis results 
 

 
 

Graph 3. Multiplex7 analysis results 
 

 
Graph 4. Multiplex8 analysis results 
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Godello B (40303) 
 

 
 

Graph 5. Multiplex9 analysis resuls 
 
 

 
 

Graph 6. Multiplex10 analysis results 
 

OIV Description 40303 
1 Young Shoot: Aperture of tip 5 

51 Young Leaf: colour of the upper side of the blade (4th leaf) 2 
67 Mature Leaf: shape of the blade 3 
68 Mature Leaf:Number of lobes 3 
72 Mature Leaf: Goffering of blade 1 
75 Mature Leaf: Blistering of the upper side of the blade 1 
76 Mature Leaf:Shape of the teeth 3 
79 Mature Leaf: degree of opening / overlaping of petiole sinus 3 
80 Mature Leaf: Shape of the base of petiole sinus 3 

 
Table a1. OIV Ampelographic descriptors for Godello B 

 
 
 
 
 
 

 



	   59	  

Gouveio B (52112) 
 

            
 
                  Picture 5. Gouveio shoot tip                                                     Picture 6. Gouveio young leaf (4th) 
 
 
 

 
 

Picture 7. Gouveio mature leaf (9th front) 
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Gouveio B (52112) 
 

 
 

Picture 8. Gouveio mature leaf (9th back) 
 
 
 

 
 

Graph 7. Multiplex1 analysis results 
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Gouveio B (52112) 
 

 
 

Graph 8. Multiplex2 analysis results 
 

 
 

Graph 9. Multiplex7 analysis results 
 

 
Graph 10. Multiplex8 analysis results 
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Gouveio B (52112) 
 

 
 

Graph 11. Multiplex9 analysis results 
 

 
 

Graph 12. Multiplex10 analysis results 
 
 

OIV Description 52112 
1 Young Shoot: Aperture of tip 5 

51 Young Leaf: colour of the upper side of the blade (4th leaf) 2 
67 Mature Leaf: shape of the blade 3 
68 Mature Leaf:Number of lobes 3 
72 Mature Leaf: Goffering of blade 1 
75 Mature Leaf: Blistering of the upper side of the blade 1 
76 Mature Leaf:Shape of the teeth 3 
79 Mature Leaf: degree of opening / overlaping of petiole sinus 3 
80 Mature Leaf: Shape of the base of petiole sinus 3 

 
Table a2. OIV Ampelographic descriptors for Gouveio B 
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Cornichel Branco B (40405) 
 

          
 
           Picture 9. Cornichel Branco shoot tip                                     Picture 10. Cornichel Branco young leaf (4th) 
 
 
 

 
 

Picture 11. Cornichel Branco mature leaf (9th front) 
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Cornichel Branco B (40405) 
 

 
 

 
Picture 12. Cornichel Branco mature leaf (9th back) 

 
 

 
 

Graph 13. Multiplex1 analysis results 
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Cornichel Branco B (40405) 
 

 
 

Graph 14. Multiplex2 analysis results 
 

 
 

Graph 15. Multiplex7 analysis results 
 

 
Graph 16. Multiplex8 analysis results 
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Cornichel Branco B (40405) 
 

 
 

Graph 17. Multiplex9 analysis results 
 

 
 

Graph 18. Multiplex10 analysis results 
 
 

OIV Description 40405 
1 Young Shoot: Aperture of tip 5 

51 Young Leaf: colour of the upper side of the blade (4th leaf) 3 
67 Mature Leaf: shape of the blade 3 
68 Mature Leaf:Number of lobes 3 
72 Mature Leaf: Goffering of blade 3 
75 Mature Leaf: Blistering of the upper side of the blade 5 
76 Mature Leaf:Shape of the teeth 5 
79 Mature Leaf: degree of opening / overlaping of petiole sinus 3 
80 Mature Leaf: Shape of the base of petiole sinus 3 

 
Table a3. OIV Ampelographic descriptors for Cornichel Branco 
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Santa Paula (53210) 
 

                 
 
            Picture 13. Santa Paula shoot tip                                                Picture 14. Santa Paula young leaf (4th) 
 
 
 

 
 

Picture 15. Santa Paula mature leaf (9th front) 
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Santa Paula (53210) 
 

 
 

Picture 16. Santa Paula mature leaf (9th back) 
 
 
 

 
 

Graph 19. Multiplex1 analysis results 
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Santa Paula (53210) 
 

 
 

Graph 20. Multiplex2 analysis results 
 

 
 

Graph 21. Multiplex7 analysis results 
 

 
Graph 22. Multiplex8 analysis results 
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Santa Paula (53210) 
 

 
 

Graph 23. Multiplex9 analysis results 
 
 

 
 

Graph 24. Multiplex10 analysis results 
 
 
 
 

OIV Description 53210 
1 Young Shoot: Aperture of tip 5 

51 Young Leaf: colour of the upper side of the blade (4th leaf) 3 
67 Mature Leaf: shape of the blade 3 
68 Mature Leaf:Number of lobes 3 
72 Mature Leaf: Goffering of blade 3 
75 Mature Leaf: Blistering of the upper side of the blade 5 
76 Mature Leaf:Shape of the teeth 5 
79 Mature Leaf: degree of opening / overlaping of petiole sinus 3 
80 Mature Leaf: Shape of the base of petiole sinus 3 

 
Table a4. OIV Ampelographic descriptors for Santa Paula 
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Azal Espanhol T (41201) 
 

         
 
              Picture 17. Azal Espanhol shoot tip                                       Picture 18. Azal Espanhol young leaf (4th) 
 
 
 
 

 
 

Picture 19. Azal Espanhol mature leaf (9th front) 
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Azal Espanhol T (41201) 
 

 
 

Picture 20. Azal Espanhol mature leaf (9th back) 
 
 
 
 

 
 

Graph 25. Multiplex1 analysis results 
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Azal Espanhol T (41201) 
 

 
 

Graph 26. Multiplex2 analysis results 
 

 
 

Graph 27. Multiplex7 analysis results 
 

 
 

Graph 28. Multiplex8 analysis results 
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Azal Espanhol T (41201) 
 

 
 

Graph 29. Multiplex9 analysis results 
 

 
 

Graph 30. Multiplex10 analysis results 
 
 
 
 
 

OIV Description 41201 
1 Young Shoot: Aperture of tip 5 

51 Young Leaf: colour of the upper side of the blade (4th leaf) 3 
67 Mature Leaf: shape of the blade 3 
68 Mature Leaf:Number of lobes 5 
72 Mature Leaf: Goffering of blade 3 
75 Mature Leaf: Blistering of the upper side of the blade 5 
76 Mature Leaf:Shape of the teeth 2 
79 Mature Leaf: degree of opening / overlaping of petiole sinus 7 
80 Mature Leaf: Shape of the base of petiole sinus 3 

 
Table a5. OIV Ampelographic descriptors for Azal Espanhol 
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Touriga Nacional (52206) 
 

             
 
             Picture 21. Touriga Nacional shoot tip                                   Picture 22. Touriga Nacional young leaf (4th) 
 
 
 

 
 

Picture 23. Touriga Nacional mature leaf (9th front) 
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Touriga Nacional (52206) 
 

 
 

Picture 24. Touriga Nacional mature leaf (9th back) 
 
 
 

 
 

Graph 31. Multiplex1 analysis results 
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Touriga Nacional (52206) 
 

 
 

Graph 32. Multiplex2 analysis results 
 

 
 

Graph 33. Multiplex7 analysis results 
 

 
Graph 34. Multiplex8 analysis results 
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Touriga Nacional (52206) 
 

 
 

Graph 35. Multiplex9 analysis results 
 
 

 
 

Graph 36. Multiplex10 analysis results 
 
 
 
 
 
 

OIV Description 52206 
1 Young Shoot: Aperture of tip 5 

51 Young Leaf: colour of the upper side of the blade (4th leaf) 3 
67 Mature Leaf: shape of the blade 3 
68 Mature Leaf:Number of lobes 3 
72 Mature Leaf: Goffering of blade 1 
75 Mature Leaf: Blistering of the upper side of the blade 5 
76 Mature Leaf:Shape of the teeth 2 
79 Mature Leaf: degree of opening / overlaping of petiole sinus 3 
80 Mature Leaf: Shape of the base of petiole sinus 3 

 
 

Table a6. OIV Ampelographic descriptors for Touriga Nacional 
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Verdial N (V. verdes) (41207) 
 

             
 
         Picture 25. Verdial N (V. verdes) shoot tip                             Picture 26. Verdial N (V. verdes) young leaf (4th) 

 
 
 
 
 

 
 

Picture 27. Verdial N (V. verdes) mature leaf (9th front) 
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Verdial N (V. verdes) (41207) 
 

 
 

Picture 28. Verdial N (V. verdes) mature leaf (9th back) 
 
 
 
 
 

 
 

Graph 37. Multiplex1 analysis results 
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Verdial N (V. verdes) (41207) 
 

 
 

Graph 38. Multiplex2 analysis results 
 

 
 

Graph 39. Multiplex7 analysis results 
 

 
Graph 40. Multiplex8 analysis results 
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Verdial N (V. verdes) (41207) 
 

 
 

Graph 41. Multiplex9 analysis results 
 

 
 

Graph 42. Multiplex10 analysis results 
 
 
 
 
 
 

OIV Description 41207 
1 Young Shoot: Aperture of tip 5 

51 Young Leaf: colour of the upper side of the blade (4th leaf) 2 
67 Mature Leaf: shape of the blade 3 
68 Mature Leaf:Number of lobes 3 
72 Mature Leaf: Goffering of blade 1 
75 Mature Leaf: Blistering of the upper side of the blade 5 
76 Mature Leaf:Shape of the teeth 2 
79 Mature Leaf: degree of opening / overlaping of petiole sinus 7 
80 Mature Leaf: Shape of the base of petiole sinus 3 

 
 

Table a7. OIV Ampelographic descriptors for Verdial N (V. verdes)  
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Verdial N (Douro) (41208) 
 

             
 
           Picture 29. Verdial N (Douro) shoot tip                                  Picture 30. Verdial N (Douro) young leaf (4th) 
 

 

 
 

Picture 31. Verdial N (Douro) mature leaf (9th front) 
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Verdial N (Douro) (41208) 
 

 
 

Picture 32. Verdial N (Douro) mature leaf (9th back) 
 
 
 
 

 
 

Graph 43. Multiplex1 analysis results 
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Verdial N (Douro) (41208) 
 

 
 

Graph 44. Multiplex2 analysis result 
 

 
 

Graph 45. Multiplex7 analysis results 
 

 
Graph 46. Multiplex8 analysis results 
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Verdial N (Douro) (41208) 
 

 
 

Graph 47. Multiplex9 analysis results 
 

 
 

Graph 48. Multiplex10 analysis results 
 
 
 
 
 
 

OIV Description 41208 
1 Young Shoot: Aperture of tip 5 

51 Young Leaf: colour of the upper side of the blade (4th leaf) 2 
67 Mature Leaf: shape of the blade 4 
68 Mature Leaf:Number of lobes 3 
72 Mature Leaf: Goffering of blade 1 
75 Mature Leaf: Blistering of the upper side of the blade 5 
76 Mature Leaf:Shape of the teeth 2 
79 Mature Leaf: degree of opening / overlaping of petiole sinus 7 
80 Mature Leaf: Shape of the base of petiole sinus 3 

 
Table a8. OIV Ampelographic descriptors for Verdial N (Douro)  
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Alvarelhão Ceitão N (41209) 
 

             
 
         Picture 33. Alvarelhão Ceitão shoot tip                                  Picture 34. Alvarelhão Ceitão young leaf (4th) 
 
 

 

 
 

Picture 35. Alvarelhão Ceitão mature leaf (9th front) 
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Alvarelhão Ceitão N (41209) 
 

 
 

Picture 36. Alvarelhão Ceitão mature leaf (9th back) 
 
 
 
 
 
 
 

 
 

Graph 49. Multiplex1 analysis results 
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Alvarelhão Ceitão N (41209) 
 

 
 

Graph 50. Multiplex2 analysis results 
 

 
 

Graph 51. Multiplex7 analysis results 
 

 
Graph 52. Multiplex8 analysis results 
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Alvarelhão Ceitão N (41209) 
 

 
 

Graph 53. Multiplex9 analysis results 
 

 
 

Graph 54. Multiplex10 analysis results 
 
 
 
 
 

OIV Description 41209 
1 Young Shoot: Aperture of tip 5 

51 Young Leaf: colour of the upper side of the blade (4th leaf) 2 
67 Mature Leaf: shape of the blade 2 
68 Mature Leaf:Number of lobes 3 
72 Mature Leaf: Goffering of blade 1 
75 Mature Leaf: Blistering of the upper side of the blade 7 
76 Mature Leaf:Shape of the teeth 3 
79 Mature Leaf: degree of opening / overlaping of petiole sinus 5 
80 Mature Leaf: Shape of the base of petiole sinus 3 

 
Table a9. OIV Ampelographic descriptors for Alvarelhão Ceitão 
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Mollar N (41809)  
 

                
 
                   Picture 37. Mollar shoot tip                                                    Picture 38. Mollar young leaf (4th) 
 
 
 
 

 

 
 

Picture 39. Mollar mature leaf (9th front) 
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Mollar N (41809)  
 

 
 

Picture 40. Mollar mature leaf (9th back) 
 
 

 
 

 
 

Graph 55. Multiplex1 analysis results 
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Mollar N (41809)  

 
 

Graph 56. Multiplex2 analysis results 
 

 
 

Graph 57. Multiplex7 analysis results 
 

 
Graph 58. Multiplex8 analysis results 
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Mollar N (41809)  
 

 
 

Graph 59. Multiplex9 analysis results 
 

 
 

Graph 60. Multiplex10 analysis results 
 
 
 
 

OIV Description 41809 
1 Young Shoot: Aperture of tip 5 

51 Young Leaf: colour of the upper side of the blade (4th leaf) 2 
67 Mature Leaf: shape of the blade 3 
68 Mature Leaf:Number of lobes 3 
72 Mature Leaf: Goffering of blade 3 
75 Mature Leaf: Blistering of the upper side of the blade 3 
76 Mature Leaf:Shape of the teeth 3 
79 Mature Leaf: degree of opening / overlaping of petiole sinus 3 
80 Mature Leaf: Shape of the base of petiole sinus 5 

 
Table a10. OIV Ampelographic descriptors for Mollar 
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Tinta Negra Molle N (51202) 
 

                
 
          Picture 41. Tinta Negra Molle shoot tip                                   Picture 42. Tinta Negra Molle young leaf (4th) 
 

 
 

 
 

Picture 43. Tinta Negra Molle mature leaf (9th front) 
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Tinta Negra Molle N (51202) 
 

 
 

Picture 44. Tinta Negra Molle mature leaf (9th front) 
 
 
 
 
 

 
 

Graph 61. Multiplex1 analysis results 
 
 
 
 
 
 

 



	   97	  

Tinta Negra Molle N (51202) 
 

 
 

Graph 62. Multiplex2 analysis results 
 

 
 

Graph 63. Multiplex7 analysis results 
 

 
Graph 64. Multiplex8 analysis results 
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Tinta Negra Molle N (51202) 
 

 
 

Graph 65. Multiplex9 analysis results 
 

 
 

Graph 66. Multiplex10 analysis results 
 
 
 
 
 

OIV Description 51202 
1 Young Shoot: Aperture of tip 5 

51 Young Leaf: colour of the upper side of the blade (4th leaf) 2 
67 Mature Leaf: shape of the blade 3 
68 Mature Leaf:Number of lobes 2 
72 Mature Leaf: Goffering of blade 1 
75 Mature Leaf: Blistering of the upper side of the blade 5 
76 Mature Leaf:Shape of the teeth 3 
79 Mature Leaf: degree of opening / overlaping of petiole sinus 9 
80 Mature Leaf: Shape of the base of petiole sinus 3 

 
 

Table a11. OIV Ampelographic descriptors for Tinta Negra Molle 
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Verdejo Negro N (51805) 
 

             
 
             Picture 45. Verdejo Negro shoot tip                                       Picture 46. Verdejo Negro young leaf (4th) 
 

 
 

 
 

 
 

Picture 47. Verdejo Negro mature leaf (9th front) 
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Verdejo Negro N (51805) 
 

 
 

Picture 48. Verdejo Negro mature leaf (9th back) 
 
 
 

 
 

Graph 67. Multiplex1 analysis results 
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Verdejo Negro N (51805) 
 

 
 

Graph 68. Multiplex2 analysis results 
 

 
 

Graph 69. Multiplex7 analysis results 
 

 
Graph 70. Multiplex8 analysis results 
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Verdejo Negro N (51805) 
 

 
 

Graph 71. Multiplex9 analysis results 
 

 
 

Graph 72. Multiplex10 analysis results 
 
 
 
 
 

OIV Description 51805 
1 Young Shoot: Aperture of tip 5 

51 Young Leaf: colour of the upper side of the blade (4th leaf) 2 
67 Mature Leaf: shape of the blade 3 
68 Mature Leaf:Number of lobes 3 
72 Mature Leaf: Goffering of blade 1 
75 Mature Leaf: Blistering of the upper side of the blade 5 
76 Mature Leaf:Shape of the teeth 3 
79 Mature Leaf: degree of opening / overlaping of petiole sinus 3 
80 Mature Leaf: Shape of the base of petiole sinus 3 

 
Table a12. OIV Ampelographic descriptors for Verdejo Negro 
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Pintado dos Pardais B (52115) 
 

                
 
         Picture 49. Pintado dos Pardais shoot tip                               Picture 50. Pintado dos Pardais young leaf (4th) 
 
 
 
 

 

 
 

Picture 51. Pintado dos Pardais mature leaf (9th front) 
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Pintado dos Pardais B (52115) 
 

 
 
 

Picture 52. Pintado dos Pardais mature leaf (9th back) 
 
 
 
 

 
 

Graph 73. Multiplex1 analysis results 
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Pintado dos Pardais B (52115) 
 

 
 

Graph 74. Multiplex2 analysis results 
 

 
 

Graph 75. Multiplex7 analysis results 
 

 
Graph 76. Multiplex8 analysis results 
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Pintado dos Pardais B (52115) 
 

 
 

Graph 77. Multiplex9 analysis results 
 

 
 

Graph 78. Multiplex10 analysis results 
 
 
 
 

OIV Description 52115 
1 Young Shoot: Aperture of tip 5 

51 Young Leaf: colour of the upper side of the blade (4th leaf) 2 
67 Mature Leaf: shape of the blade 3 
68 Mature Leaf:Number of lobes 2 
72 Mature Leaf: Goffering of blade 5 
75 Mature Leaf: Blistering of the upper side of the blade 5 
76 Mature Leaf:Shape of the teeth 2 
79 Mature Leaf: degree of opening / overlaping of petiole sinus 7 
80 Mature Leaf: Shape of the base of petiole sinus 3 

 
Table a13. OIV Ampelographic descriptors for Pintado dos Pardais  
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Boal Espinho (52017) 
 

                
 
              Picture 53. Boal Espinho shoot tip                                         Picture 54. Boal Espinho young leaf (4th) 
 
 
 
 

 

 
 

Picture 55. Boal Espinho mature leaf (9th front) 
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Boal Espinho (52017) 
 

 
 

Picture 56. Boal Espinho mature leaf (9th back) 
 
 
 
 
 

 
 

Graph 79. Multiplex1 analysis results 
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Boal Espinho (52017) 
 

 
 

Graph 80. Multiplex2 analysis results 
 

 
 

Graph 81. Multiplex7 analysis results 
 

 
Graph 82. Multiplex8 analysis results 
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Boal Espinho (52017) 
 

 
 

Graph 83. Multiplex9 analysis results 
 

 
 

Graph 84. Multiplex10 analysis results 
 
 
 
 
 

OIV Description 52017 
1 Young Shoot: Aperture of tip 5 

51 Young Leaf: colour of the upper side of the blade (4th leaf) 2 
67 Mature Leaf: shape of the blade 3 
68 Mature Leaf:Number of lobes 2 
72 Mature Leaf: Goffering of blade 5 
75 Mature Leaf: Blistering of the upper side of the blade 5 
76 Mature Leaf:Shape of the teeth 5 
79 Mature Leaf: degree of opening / overlaping of petiole sinus 7 
80 Mature Leaf: Shape of the base of petiole sinus 3 

 
Table a14. OIV Ampelographic descriptors for Boal Espinho 
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Transancora T (41206) 
 

                
 
              Picture 57. Transancora shoot tip                                           Picture 58. Transancora young leaf (4th) 
 
 
 
 

 

 
 

Picture 59. Transancora mature leaf (9th front) 
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Transancora T (41206) 
 

 
 

Picture 60. Transancora mature leaf (9th back) 
 
 
 

 
 

Graph 85. Multiplex1 analysis results 
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Transancora T (41206) 
 

 
 

Graph 86. Multiplex2 analysis results 
 

 
 

Graph 87. Multiplex7 analysis results 
 

 
Graph 88. Multiplex8 analysis results 
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Transancora T (41206) 
 

 
 

Graph 89. Multiplex9 analysis results 
 

 
 

Graph 90. Multiplex10 analysis results 
 
 
 
 
 

OIV Description 41206 
1 Young Shoot: Aperture of tip 5 

51 Young Leaf: colour of the upper side of the blade (4th leaf) 3 
67 Mature Leaf: shape of the blade 3 
68 Mature Leaf:Number of lobes 3 
72 Mature Leaf: Goffering of blade 3 
75 Mature Leaf: Blistering of the upper side of the blade 5 
76 Mature Leaf:Shape of the teeth 2 
79 Mature Leaf: degree of opening / overlaping of petiole sinus 7 
80 Mature Leaf: Shape of the base of petiole sinus 3 

 
Table a15. OIV Ampelographic descriptors for Transancora 
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Teinturier (53807) 
 

                
 

                Picture 61. Teinturier shoot tip                                                 Picture 62. Teinturier young leaf (4th) 
 

 
 

 
 

 
 

Picture 63. Teinturier mature leaf (9th front) 
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Teinturier (53807) 
 

 
 

Picture 64. Teinturier mature leaf (9th back) 
 
 
 
 

 
 

Graph 91. Multiplex1 analysis results 
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Teinturier (53807) 
 

 
 

Graph 92. Multiplex2 analysis results 
 

 
 

Graph 93. Multiplex7 analysis results 
 

 
Graph 94. Multiplex8 analysis results 
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Teinturier (53807) 
 

 
 

Graph 95. Multiplex9 analysis results 
 

 
 

Graph 96. Multiplex10 analysis results 
 
 
 
 
 

OIV Description 53807 
1 Young Shoot: Aperture of tip 5 

51 Young Leaf: colour of the upper side of the blade (4th leaf) 3 
67 Mature Leaf: shape of the blade 2 
68 Mature Leaf:Number of lobes 2 
72 Mature Leaf: Goffering of blade 1 
75 Mature Leaf: Blistering of the upper side of the blade 3 
76 Mature Leaf:Shape of the teeth 2 

79 
Mature Leaf: degree of opening / overlaping of petiole 
sinus 3 

80 Mature Leaf: Shape of the base of petiole sinus 2 
 

Table a16. OIV Ampelographic descriptors for Teinturier 
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Desconhecida, Madeira B (50108) 
 

             
 
      Picture 65. Desconhecida, Madeira shoot tip                          Picture 66. Desconhecida, Madeira young leaf (4th) 
 
 
 
 

 

 
 

Picture 67. Desconhecida, Madeira mature leaf (9th front) 
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Desconhecida, Madeira B (50108) 
 

 
 

Picture 68. Desconhecida, Madeira mature leaf (9th back) 
 
 
 
 
 
 

 
 

Graph 97. Multiplex1 analysis results 
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Desconhecida, Madeira B (50108) 
 

 
 

Graph 98. Multiplex2 analysis results 
 

 
 

Graph 99. Multiplex7 analysis results 
 

 
Graph 100. Multiplex8 analysis results 
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Desconhecida, Madeira B (50108) 
 

 
 

Graph 101. Multiplex9 analysis results 
 

 
 

Graph 102. Multiplex10 analysis results 
 
 
 
 
 

OIV Description 50108 
1 Young Shoot: Aperture of tip 5 

51 Young Leaf: colour of the upper side of the blade (4th leaf) 2 
67 Mature Leaf: shape of the blade 2 
68 Mature Leaf:Number of lobes 4 
72 Mature Leaf: Goffering of blade 1 
75 Mature Leaf: Blistering of the upper side of the blade 5 
76 Mature Leaf:Shape of the teeth 5 
79 Mature Leaf: degree of opening / overlaping of petiole sinus 3 
80 Mature Leaf: Shape of the base of petiole sinus 2 

 
Table a17. OIV Ampelographic descriptors for Desconhecida, Madeira 
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Malvasia Branca de S. Jorge (40604) 
 

                
 
  Picture 69. Malvasia Branca de S. Jorge shoot tip                Picture 70. Malvasia Branca de S. Jorge young leaf (4th) 
 
 
 
 

 

 
 

Picture 71. Malvasia Branca de S. Jorge mature leaf (9th front) 
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Malvasia Branca de S. Jorge (40604) 
 

 
 

Picture 72. Malvasia Branca de S. Jorge mature leaf (9th back) 
 
 
 
 
 

 
 

Graph 103. Multiplex1 analysis results 
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Malvasia Branca de S. Jorge (40604) 
 

 
 

Graph 104. Multiplex2 analysis results 
 

 
 

Graph 105. Multiplex7 analysis results 
 

 
Graph 106. Multiplex8 analysis results 
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Malvasia Branca de S. Jorge (40604) 
 

 
 
 

Graph 107. Multiplex9 analysis results 
 

 
 

Graph 108. Multiplex10 analysis results 
 
 
 
 
 
 

OIV Description 40604 
1 Young Shoot: Aperture of tip 5 

51 Young Leaf: colour of the upper side of the blade (4th leaf) 2 
67 Mature Leaf: shape of the blade 4 
68 Mature Leaf:Number of lobes 4 
72 Mature Leaf: Goffering of blade 1 
75 Mature Leaf: Blistering of the upper side of the blade 5 
76 Mature Leaf:Shape of the teeth 2 
79 Mature Leaf: degree of opening / overlaping of petiole sinus 3 
80 Mature Leaf: Shape of the base of petiole sinus 2 

 
Table a18. OIV Ampelographic descriptors for Malvasia Branca de S. Jorge  
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Barco do Porto (50402) 
 

             
 
            Picture 73. Barco do Porto shoot tip                                        Picture 74. Barco do Porto young leaf (4th) 
 

 
 

 
 
 

 
 

Picture 75. Barco do Porto mature leaf (9th front) 
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Barco do Porto (50402) 
 

 
 

Picture 76. Barco do Porto mature leaf (9th back) 
 
 
 
 
 

 
 

Graph 109. Multiplex1 analysis results 
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Barco do Porto (50402) 
 

 
 

Graph 110. Multiplex2 analysis results 
 

 
 

Graph 111. Multiplex7 analysis results 
 

 
Graph 112. Multiplex8 analysis results 
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Barco do Porto (50402) 
 

 
 

Graph 113. VVib01 Microsatellite from Multiplex8 (repetition) 
 

 
 

Graph 114. Multiplex9 analysis results 
 

 
 

Graph 115. Multiplex10 analysis results 
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Barco do Porto (50402) 
 
 

OIV Description 50402 
1 Young Shoot: Aperture of tip 5 

51 Young Leaf: colour of the upper side of the blade (4th leaf) 2 
67 Mature Leaf: shape of the blade 2 
68 Mature Leaf:Number of lobes 1 
72 Mature Leaf: Goffering of blade 3 
75 Mature Leaf: Blistering of the upper side of the blade 5 
76 Mature Leaf:Shape of the teeth 3 
79 Mature Leaf: degree of opening / overlaping of petiole sinus 5 
80 Mature Leaf: Shape of the base of petiole sinus 3 

 
Table a19. OIV Ampelographic descriptors for Barco do Porto 
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Vitis aestivalis (50417) 
 

                
 
            Picture 77. Vitis aestivalis shoot tip                                          Picture 78. Vitis aestivalis young leaf (4th) 
 
 
 
 

 

 
 

Picture 79. Vitis aestivalis mature leaf (9th front) 
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Vitis aestivalis (50417) 
 

 
 

Picture 80. Vitis aestivalis mature leaf (9th back) 
 
 
 
 
 

 
 

Graph 116. Multiplex1 analysis results 
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Vitis aestivalis (50417) 
 

 
 

Graph 117. Multiplex2 analysis results 
 

 
 

Graph 118. Multiplex7 analysis results 
 

 
Graph 119. Multiplex8 analysis results 
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Vitis aestivalis (50417) 
 

 
 

Graph 120. Multiplex9 analysis results 
 

 
 

Graph 121. Multiplex10 analysis results 
 
 
 

OIV Description 50417 
1 Young Shoot: Aperture of tip 5 

51 Young Leaf: colour of the upper side of the blade (4th leaf) 4 
67 Mature Leaf: shape of the blade 2 
68 Mature Leaf:Number of lobes 1 
72 Mature Leaf: Goffering of blade 1 
75 Mature Leaf: Blistering of the upper side of the blade 7 
76 Mature Leaf:Shape of the teeth 5 
79 Mature Leaf: degree of opening / overlaping of petiole sinus 3 
80 Mature Leaf: Shape of the base of petiole sinus 3 

 
Table a20. OIV Ampelographic descriptors for Vitis aestivalis 
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 Albariño B (51707) 
 

             
 
                 Picture 81. Albariño shoot tip                                                  Picture 82. Albariño young leaf (4th) 
 

 
 

 

 
 

Picture 83. Albariño mature leaf (9th front) 
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Albariño B (51707) 
 

 
 

Picture 84. Albariño mature leaf (9th back) 
 
 
 
 
 
 

 
 

Graph 122. Multiplex1 analysis results 
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Albariño B (51707) 
 

 
 

Graph 123. Multiplex2 analysis results 
 

 
 

Graph 124. Multiplex7 analysis results 
 

 
Graph 125. Multiplex8 analysis results 
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Albariño B (51707) 
 

 
 

Graph 126. Multiplex9 analysis results 
 

 
 

Graph 127. Multiplex10 analysis results 
 
 
 
 
 

 OIV  Description 51707 
1 Young Shoot: Aperture of tip 5 

51 Young Leaf: colour of the upper side of the blade (4th leaf) 2 
67 Mature Leaf: shape of the blade 4 
68 Mature Leaf:Number of lobes 1 
72 Mature Leaf: Goffering of blade 1 
75 Mature Leaf: Blistering of the upper side of the blade 5 
76 Mature Leaf:Shape of the teeth 3 
79 Mature Leaf: degree of opening / overlaping of petiole sinus 3 
80 Mature Leaf: Shape of the base of petiole sinus 3 

 
Table a21. OIV Ampelographic descriptors for Albariño  
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Riesling (53209) 
 

             
 
                  Picture 85. Riesling shoot tip                                                  Picture 86. Riesling young leaf (4th) 
 
 
 
 

 
 

 
 
 

Picture 87. Riesling mature leaf (9th front) 
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Riesling (53209) 
 

 
 

Picture 88. Riesling mature leaf (9th back) 
 
 
 
 

 
 

Graph 128. Multiplex1 analysis results 
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Riesling (53209) 
 

 
 

Graph 129. Multiplex2 analysis results 
 

 
 

Graph 130. Multiplex7 analysis results 
 

 
Graph 131. Multiplex8 analysis results 
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Riesling (53209) 

 
 

Graph 132. Multiplex9 analysis results 
 

 
 

Graph 133. Multiplex10 analysis results 
 
 
 
 
 

 OIV Description 53209 
1 Young Shoot: Aperture of tip 5 

51 Young Leaf: colour of the upper side of the blade (4th leaf) 2 
67 Mature Leaf: shape of the blade 2 
68 Mature Leaf:Number of lobes 2 
72 Mature Leaf: Goffering of blade 1 
75 Mature Leaf: Blistering of the upper side of the blade 5 
76 Mature Leaf:Shape of the teeth 5 
79 Mature Leaf: degree of opening / overlaping of petiole sinus 7 
80 Mature Leaf: Shape of the base of petiole sinus 3 

 
Table a22. OIV Ampelographic descriptors for Riesling  
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Limnio (10000)* 
 

Due to short development of the sample from Limnio no Ampelographic description 
was made for this cultivar and no pictures were taken. 
 
 

 
 

Graph 134. Multiplex1 analysis results 
 

 
 

Graph 135. Multiplex2 analysis results 
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Limnio (10000)* 

 
 

Graph 136. Multiplex7 analysis results 
 

 
 

Graph 137. Multiplex8 analysis results 
 

 
Graph 138. Multiplex9 analysis results 
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Limnio (10000)* 
 

 
 

Graph 139. Multiplex10 analysis results 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
* The code “10000” was given unofficially to the sample of the cultivar limnio just to avoid confusion during the 
statistical and plylogenetic analyses.  

 
All the pictures were taken at the INIA Dois Portos vineyard. The pictures of the shoot tips and young leaves were 
taken at 05th June 2012 while the pictures of mature leaves were taken at 19th June 2012. 
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Appendix 2: Supplementary photos and tables 
 

 
 
 
 

 
 

Pictures b1, b2. Gel electrophoresis for DNA quantification after extraction from young leaves.  
 
 
 
 

 
Figure b1. Position of SSR loci on the consensus map of Vitis vinifera (adapted from Laucou et al. 2010 and Adam-

Blondonet al. 2004). 
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