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Abstract 

This investigation was carried out in Sweida governorate of Syria from 2014 to 2015. The purpose of this 

investigation was to estimate the genetic diversity among 17 old local grape cultivars using morphological 

traits and SSR molecular markers. Principal Component Analysis (PCA) of morphological traits revealed that  

four main components were accountable for 50.34 % of variance, with Eigen values of 16.77%, 13.31%, 

10.59% and 9.67%, respectively. While distribution of cultivars was found significantly dependent of first and 

second components, which separated Aswad Sharar and Derbly cultivars rather than other studied cultivars. 

Hierarchical cluster of morphological traits showed high diversity among studied cultivars. On the other hand, 

molecular characterization was conducted using eight informative SSR primer pairs, polymorphism was 

detected by seven SSR's primers. As a result, 18 polymorphic alleles were revealed with a polymorphism 

percentage of 100%, which reflected the genetic variation among studied cultivars. Genetic similarity was 

achieved, where 0.875 was the highest between Zeiny and Khedry cultivars, while the other two cultivars 

Ebeidy and AhmarMokamaa showed the lowest genetic similarity as 0.077. Cluster analysis of SSR markers 

grouped the studied cultivars into three clusters as per Jaccard coefficient. The first cluster grouped Ebeidy, 

Aswad Helwany and Derbly cultivars together, the second cluster contained two cultivars Beiady and Alb 

Atair, while the third cluster contained the remaining cultivars. Consequently, the results showed high 

diversity among studied cultivars, and some morphological traits were useful for cultivar discrimination. 
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Introduction 

The genus Vitis which belongs to the family Vitaceae is widely distributed in Asia, Europe and North America 

(Emanuelli et al., 2013). According to historical studies, the genus Vitis is native to Qauqaz and the Black sea 

region, Minor Asia, Iran and Syria. 

Many local grapevine cultivars are distributed in different regions in Syria, which amounts to  46,987 ha and 

produces 212,834 metric tons (MoA, 2016). Sweida governorate has been considered as the main area of 

grapevine agriculture as there are many evidences indicated that grapevine agriculture has been established 

since 3,000 BC. Identification and characterization of grape varieties are achieved as per IPGRI (1997) and 

OIV (2009) descriptors. Boselli et al.(2000) studied some of white grape cultivars using morphological traits 

depending on OIV descriptor. Russo and Liuzzi (2007) characterized two old local genotypes depending on 

bunch and berry characters, in addition to juice content. Morphological characters were widely used to identify 

grapevine cultivars in Italy, Spain and Brazil (Pommer et al., 2000; Weihl and Dettweiler, 2000; Nieddu et 

al., 2007; Russo et al., 2007). Molecular markers were developed to overcome the drawbacks of 

morphological traits. Since then, SSRs (Simple Sequence Repeats) were applied for identification, and 

breeding programs among different fruit species (Muzher and Sharaf, 2014). Likewise, the SSR technique 

was used for grape genetic diversity, genetic identification, genetic relationship, and genetic characterization 

in different countries such as Italy, Iran, Russia, Romania, and Hungary (Martínez et al., 2008;Ramezanietal., 

2009; Galbacs et al., 2009; Ghetia et al., 2010). 

Conservation and preservation of genetic diversity of old cultivars are the main priority of the twenty-first 

century agenda of the United Nations (Konrad, et al., 2009). Different species were undergone the genetic 

erosion due to climate change and human activities, which led to the loss of many ancient grape cultivars in 

different regions (Gago et al., 2009). However, old local grapevine cultivars in Syria are extremely important 

due to their adaptability to environmental conditions and their resistance against several pests, as well as their 

broad usage in industry field. Most of the  cultivars are used for certain industries or just as table cultivars. This 

investigation was carried out to characterize and estimate the genetic diversity among some local grapevine 

cultivars using PCA, hierarchical cluster and SSR markers. 

Materials and Methods 

This investigation was carried out from 2014 to 2015 in farmers' grapevine orchards and at Pome and 

Grapevine Division- GSAR in Sweida governorate, which is located in south of Syria at 1200-1500 m 

altitude. The annual average rainfall is 525 mm. The soil is classified as a clay with a low content of organic 

material and nitrogen, high content of phosphorous and moderate content of potassium, with a pH 6.5 to 6.8. 
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Seventeen old local grape cultivars which belong to Vitisvinifera, wereused for different purposes; 12 white 

cultivars: Ebeidy (Eb), Shammouty (Sh), Zeiny (Z), Beyadi (B), Ras Al- Asfour (RA), ZeinyRafeea (ZR),  

Feddy (F), Khedrey (KH), Leyat Al- Kharoof (LK), Derbly (D), Kasoufy (K) and Soury (S) which were used 

as multi purposes cultivars, three red cultivars: AhmarMkammaa (AM), Alb Al-Tayr (AT) and 

AhmarDoumany (AD) which were used as table cultivars; and two black cultivars: Aswad Helwany (AH) 

and Aswad Sharar (Ash) which are used for wine-making. 

Morphological characterization 

45 morphological and agronomic traits were studied according to IPGRI (1997) and OIV (2009) descriptors 

including the following: 

- Young shoots (4 traits): Form of tip, anthocyanin coloration of shoot tip, density of prostrate hairs on 

tip, and density of erect hairs on tip. 

- Shoots (11 traits): Color of dorsal side of internode, color of ventral side of internode, color of dorsal 

side on node, color of ventral side on node, density of prostrate hairs on internode, density of erect hairs on 

internode, density of prostrate hairs on node, density of erect hairs on node, number of consecutive tendrils, 

tendrils length, and number of inflorescences per shoot. 

- Young leaf (5 traits): Color of upper surface, density of prostrate hairs between veins, density of erect 

hairs between veins, density of prostrate hairs on main veins, and density of erect hairs on main veins.  

- Mature leaves (10 traits): Shape of blade, blade length, blade width, number of lobes, general shape 

of petiole sinus, anthocyanin coloration of main veins on upper side of blade, petiole sinus limited by veins, 

shape of upper lateral sinus, shape of teeth, and length of petiole compared to middle vein. 

- Bunch (5 traits): Length of bunch, width of bunch, density of bunch, length of peduncle, and weight 

of bunch.  

- Berries (10traits): Length of berry, width of berry, berry shape, skin color, weight of berry, weight of 

seeds, pedicel length, must yield, total soluble solids, and tetratable acidity. 

Data analysis 

Means for each trait were used to perform a Principal Component Analysis (PCA) using SPSS 17 software, 

and Hierarchical cluster analysis using unweighted pair group method with arithmetic mean (UPGMA) based 

on Euclidean distance using PAST software. 

Molecular characterization 

Young green leaves of the seventeen grapevine cultivars were collected for DNA extraction using CTAB 

protocol (Porebskiet al., 1997). DNA estimation was carried out using bio-photometer plus (Eppendorf, 

Germany). Eight informative grape SSR primer-pairs were used (Table 1).The PCR reaction was carried out 

using 1 unit Go-Taqpolymerase in 25 μl reaction volume containing 1X PCR buffer, 2 mM of each dNTPs, 
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10 P mol of forward primer, 10 P mol of reverse primer and 50 ng genomic DNA. Hot Starting and 

denaturation step at 95 °C for 5 min was followed by 35 cycles at 95 °C for 45 seconds, annealing temperatures 

according to each primer sets (45 Seconds) depending on melting temperature as shown in Table 1, and primer 

extension at 72 °C for 1 min, then followed by an extension cycle for 5 min and cooling at 4 °C. 

Table1: List of SSR flanking primers. The corresponding melting temperatures, and the expected Allele size 

SSR Name Primer sequence (5'-------3') Tm 

Vmc8A7 F GCAGCAACTCTCTTACACACCG 68 

Vmc8A7 R GTGGGAGCACTGGTTGCTTTAG 68 

Vmc8B12 F AGAGCACGCTGGACCTTCTTC 66 

Vmc8B12 R GCACTGCGCGATTTCACTC 60 

Vmc8D11 F TGTTGAAGCTAGCATTGTCTCC 64 

Vmc8D11 R ATTCGTCTTTATGCCCATTGTT 60 

Scu5vv  F CAAGCAGTTATTGAAGCTGCAAGG 70 

Scu5vv  R TCATCCATCACACAGGAAACAGTG 70 

Scu6vv  F CCTAATGCCAGGAAGGTTGC 62 

Scu6vv  R CCCTAGTCTCTCTACCTATCCATG 72 

Scu8vv  F CGAGACCCAGCATCGTTTCAAG 68 

Scu8vv  R GCAAAATCCTCCCCGCCTACAAGTC 70 

Scu15vv F GCCTATGTGCCAGACCAAAAAC 66 

Scu15vv R TTGGAAGTAGCCAGCCCAACCTTC 74 

Scu16vva F CAAAGACAAAGAAGCCACCGAC 66 

Scu16vva R ACCCTCTAAAGCACACACAGGAAC 72 

Tm: Melting temperature for each primer sequence 

Amplified PCR products were detected on 2% agarose gel and visualized by Gel documentation system 

(VILBER LOURMOT Germany). The amplified alleles were scored either as present (1) or absent (0). 

Alleles of the same mobility were scored as identical. The genetic similarity coefficient (GS) between two 

genotypes was estimated according to Jaccard coefficient (Jaccard, 1908). Dendrogram was clustered using 

the unweighted pair-group method with arithmetic averages (UPGMA) based on SSR data. 

Results 

Principal Component Analysis (PCA) 

Using PCA over the correlation matrix of the 43 morphological studied characters (Number of consecutive 

tendrils and length of petiole compared to middle vein were excluded due to the similarity among studied 

cultivars), the first 4 principal components accounted 50.34% of variance with Eigen values of 16.77%, 

13.31%, 10.59% and 9.67% respectively (Figure 1).Variability within the highest Eigen vectors in each PC 

were as follows:  
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  Figure 1: Distribution of studied cultivars according to the first and the second principal 

components of the studied traits. 

PC1: The most important characters are correlated with a high mean value of density of prostrate hairs 

between veins (0.90), density of prostrate hairs on main veins (0.83), density of erect hairs between veins 

(0.77), density of prostrate hairs on tip (0.74), density of prostrate hairs on internode (0.72), erect hairs on 

internode (0.62), density of erect hairs on tip (0.59), density of erect hairs on main veins (0.57), tendril length 

(0.54), anthocyanin coloration of main veins on upper side of blade (0.54) and leaf shape (0.54).The characters 

density of prostrate hairs on tip and erect hairs on internode discriminated D, Eb and AD cultivars, while the 

character density of prostrate hairs on main veins differentiated D, AD and ASh cultivars, the character density 

of prostrate hairs between veins discriminated D, ASh and AH cultivars, the character anthocyanin coloration 

of main veins on upper side of blade distinguished RA, ZR and K, and the character LSh differentiated Kh 

cultivar. 

PC2: Mature leaf width (0.84), tetratable acidity (0.74), mature leaf length (0.69), berry width (0.53) and 

general shape of petiole sinus (0.51) were positively associated, whereas color of dorsal side of node (-0.66) 

and bunch density (-0.55) were negatively correlated. PC2 discriminated ASh cultivar which revealed the 

highest leaf length and width, and very loose bunch density; on the other hand, S cultivar was distinguished 

by the lowest leaf length and width, in addition to very small berries. In addition, Sh cultivar discriminated by 

tetratable acidity, while E cultivar distinguished by very dense bunch.  

PC3: Included seven characters which were positively correlated (Berry pedicel length 0.71, peduncle length, 

0.64, berry length, 0.6, dorsal side of internode, 0.59, berry width, 052, and density of erect hairs on node with 

color of dorsal side of internode 0.51). PC3 discriminated Kh cultivar by short to medium peduncle length. 

Eb and D cultivars distinguished by the completely green color of dorsal side of internode. 

PC4: Two characters were included in PC4; the form of the young shoot tip (0.61) was positively correlated 

while seed weight was negatively correlated (-0.63). PC4 discriminated  F and RA cultivars by fully open and 
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wide open shoot tip respectively, while the other cultivars ranged between closed to half open shoot tip,  and 

distinguished K cultivar by low to medium seed weight, at the time that all other studied cultivars ranged 

between medium to very high seed weight. 

Hierarchical cluster 

The studied cultivars were clustered into two clusters and three separate cultivars "ASh, D and S" (Figure 2). 

The first cluster contains four white cultivars, which grouped into two sub clusters, the first one contains K 

and Eb, which has the same berry shape, berry skin color, and berry pedicel length, and the second sub cluster 

includes Sh and RA cultivars, which revealed the same berry length and width, berry shape and seed weight. 

The second cluster divided into four sub clusters, AM laid in a separate sub cluster, while the second sub 

cluster contains three cultivars " AD,F and AH". The third sub cluster includes four cultivars, which grouped 

into two groups "Z and ZR which have the same berry shape, length, width, skin color and bunch density, and 

AT with LK which have the same berry length and weight, bunch width and weight, peduncle weight, and 

leaf shape ". The fourth sub cluster contains only two cultivars B and Kh cultivars which revealed the same 

berry width, length and shape, number of bunches, and the form of young shoot tip. 

 

     Figure 2: Hierarchical cluster analysis of studied cultivars revealed by morphological traits. 

Molecular characterization 

In this study 8 SSR primer pairs were used, seven out of them were able to detect the polymorphism which 

revealed 18 polymorphic alleles, with polymorphism percentage 100%, this reflected the genetic variation 

among studied cultivars. The highest number of amplified alleles was four with Vmc8D11 and Scu8vv 

(Figure 3), while the other primer pairs revealed two polymorphic alleles. The average number of alleles per 
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primer across the seventeen cultivars was 2.57 alleles per locus (Table 2). The size of all alleles exhibited by 

these polymorphic loci ranged between 130- 179 bp. 

 

Figure 3: SSR profile of the 17 old local grape cultivars amplified with SSR primerScu8vv. M: 100 bp 

ladder marker. 

Table 2.Total number of allelic forms obtained among the seventeen grape cultivars. 

Allele size/bp Polymorphis

m % 
Polymorphi

c alleles 
Total allelic 

forms Primers 
130-140 100 2 2 Vmc8A7 

130-135-140-155 100 4 4 Vmc8D11 

135-145 100 2 2 Scu5vv 

161- 172 100 2 2 Scu6vv 

146- 154-161-179 100 4 4 Scu8vv 

159-165 100 2 2 Scu15vv 

170-178 100 2 2 Scu16vva 

 100 18 18     Total 

The genetic similarity based on Jaccard coefficient for the seventeen local grape cultivars ranged from 0.071 

between B and D cultivars, to 0.875 between Z and Kh cultivars as shown in Table 3. Eb cultivar revealed 

low genetic similarity (less than 0.50) with all studied cultivars except AH and D, while ZR showed high 

genetic similarity with most of studied cultivars (11 cultivars). Dendrogram based on SSR data using the 

UPGMA clustered the seventeen grape cultivars into three clusters (Figure 4), the first cluster contains three 

cultivars; Derbly cultivar which clustered in a separate sub cluster and Eb with AH which grouped in the 

second sub cluster. The second cluster includes two cultivars B and AT, while the third cluster grouped all the 

other cultivars into four sub clusters; The first sub cluster contains only one cultivar AM, the second one 

includes three cultivars, the third includes two cultivars and the fourth sub cluster contains four cultivars. 
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 Figure 4: Cluster analysis based on  SSRs data. 

Table 3. Genetic similarity among studied cultivar depending on Jaccared coefficient.   

 
Eb AH Sh Z AM B AT RA A Sh Z R F A D Kh 

 

L K D 

 

K 

 

S 

Eb 1.00                              

A H .750 1.00                            

Sh .167 .167 1.00                          
Z .364 .364 .500 1.00                        

A M .077 .167 .556 .250 1.00                      

B .167 .167 .273 .500 .273 1.00                    

A T .167 .167 .556 .500 .273 .556 1.00                  

R A .167 .273 .400 .364 .400 .400 .400 1.00                
A Sh .400 .556 .400 .364 .400 .167 .167 .556 1.00              

Z R .167 .167 .556 .500 .273 .556 .556 .750 .400 1.00            

F .273 .273 .556 .500 .400 .273 .273 .556 .556 .556 1.00          
A D .154 .154 .500 .231 .500 .250 .500 .667 .364 .500 .364 1.00        

Kh .400 .400 .556 .875 .273 .556 .556 .400 .400 .556 .556 .250 1.00      

L K .273 .400 .556 .500 .556 .273 .273 .750 .750 .556 .750 .500 .556 100     

D .500 .364 .250 .231 .154 .071 .071 .250 .500 .250 .500 .231 .250 .364 1.00   

K .273 .273 .750 .667 .400 .400 .400 .556 .556 .750 .750 .364 .750 .750 .364 1.00  

S .167 .167 .556 .500 .556 .556 .273 .400 .400 .556 .556 .250 .556 .556 .250 .750 1.00 

Discussion 

Syria is one of the most important countries concerning old local grape cultivars that revealed high diversity 

among and within cultivars classified as manufactured and table grapes. Genetic diversity depends on  the 

application of morphological and molecular characterization to establish integrated knowledge about 

distributed species. Multivariate analysis such as Principal Component Analysis (PCA) and hierarchical 

cluster are widely used to resolve complex problems related to definition and classification in viticulture and 

other crop accessions (Manjunathet al., 2007; Borges et al., 2008). The present results shows high genetic 

diversity among old local grape cultivars in south of Syria depending on the main morphological characters, 

as described in  IPGRI and OIV descriptors, in addition to SSR molecular markers, which contribute to build 

a beneficial platform around the origin and description for grapevine germplasm.    

Principal Component Analysis (PCA) revealed that thirteen out of 45 characters contain hairiness, shoot tip, 

leaf, bunch density, berry size and seeds characters probably formed the most important characters to 
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discriminate between studied cultivars. Thus, PC1 and PC2 significantly separated ASh and D cultivars from 

other studied cultivars. These results confirmed that principal component analysis is a powerful tool in grape 

diversity studies, and that the ability to use informative  traits and reduce the number of studied traits for 

evaluation purposes, as mentioned by Rakonjacet al. (2014). Lamineet al. (2014) who stated that PCA is a 

useful assay to discriminate among grape cultivars depending on a few differentiation characters. However 

PCA is widely used in grape studies (Burin et al.,2010; Leaoet al., 2010; Vilanovaet al., 2013; Chalaket 

al.,2016).  

The results showed that hierarchical cluster discriminates between cultivars depending on some 

morphological traits especially berry traits (berry shape, berry length and width, berry weight, and seed 

weight), in addition to bunch width and weight, leaf shape and the form of shoot tip, which was in agreement 

with (Chalaket al., 2016). While the color or chemical contents weren't efficient to differentiate among studied 

cultivars. Ampelographic characters revealed clear morphological discrimination among Syrian old local 

grape cultivars. However, hierarchical cluster successfully used in genetic diversity studies on different species 

(Aljane and Ferchichi, 2009; Leaoet al., 2011; Al-Halabi and Muzher, 2015). 

Molecular Characterization 

Cluster analysis revealed high tendency between morphological traits and molecular study, some of 

informative traits like anthocyanin coloration of shoot tip, number of lobes, and the color of upper surface in 

young leaves, somehow played an important role in clustering the studied cultivars into main clusters. On the 

other hand, another traits of berry, hairiness, and some bunch traits contributed in grouping the studied 

cultivars into separated sub clusters, which prove a coherent relation between morphological and molecular 

characterization to differentiate the studied cultivars. The obtained data reflected the ability of SSR marker to 

discriminate between individuals and identify the genetic diversity among the studied grape cultivars. As well, 

application of SSR markers in the grapevine identification have increasingly become the ideal tool for genetic 

studies due to their high polymorphism and simple detect ability (Akkak et al., 2010). Ramezani et al.(2009) 

stated that the polymorphism percentage ranged between 0.658 -0.880 and the number of alleles per locus 

ranged between 6 to 11 alleles when they compared among thirty for grapevine accessions from Iran with six 

accessions from Russia and three accessions from USA. Wang et al.(2015) found that the grouping of studied 

cultivars into different clusters may have been because of the collection of these cultivars from different 

regions and may have been end to uniformity through a long time to adapt to climate and human activities 

through the long-time of cultivation. 
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Conclusion 

Our research shows the genetic diversity as revealed by principal component analysis and hierarchical cluster 

depending on morphological characters and the polymorphism of SSR marker provided a sufficient 

information about the old local grapevine cultivars, which demand serious preservation and conservation 

management. 
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