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ABSTRACT 
The genus vetch (Vicia L.) is grown worldwide for fodder, hay, grain and 

silage, and rich in protein, mineral substances, vitamins and an essential 

source of roughage in animal husbandry. However, genetic 

characterization studies in vetch are minimal. In this study, the genetic 

characterization of a total 37 accessions of five vetches (Vicia L.) species 

was investigated using SSR markers. A total of 18 SSR markers were 

used, and eight of them were showed polymorphism and used for genetic 

analysis of vetch accessions. The total number of alleles was 35, and the 

average number of alleles for each locus was determined as 4.38. The 

average heterozygote rate was found to be 0.49. The polymorphism 

information content (PIC) value varied between 0.23 and 0.77, and the 

average value was 0.44. Although almost a clear distinction was observed 

among the species, very high similarities were found between some 

cultivars within the same species. This similarity may be due to the 

narrow structure of the vetch genome or the inability of the SSR markers 

used in this study to distinguish the narrow structure of the vetch genome. 

The results reported here will be contributed to future germplasm 

management efforts and for comparative studies in vetch. 
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1. Introduction 
 

The genus Vicia L. belongs to the Fabaceae family (Van de Wouw et al. 2001; Renzi et al. 2020), and it is divided into two 

subgenera as Vicia and Vicilla (Kupicha 1976; Bozkurt 2009). The genus Vicia has 190 species worldwide (Davis 1970; Agar 

et al. 2006; Avcıoglu et al. 2009) and, mainly distributed in Europe, Asia and North America, extending to temperate South 

America and tropical East Africa (Van de Wouw et al. 2001; Renna et al. 2014). The genus Vicia is represented by 59 species, 

22 subspecies and, 18 varieties in Turkey (Davis 1970; Kıran et al. 2012) and five species and three subspecies of these are 

endemic in Turkey (Davis & Plitmann 1970). Common vetch, Hungarian vetch, narbon vetch, bitter vetch and, hairy vetch are 

economically important Vicia species grown in Turkey (Genckan 1992). Vicia species are generally produced for fodder, hay, 

grain, silage, pasture, green manure and cover crop either in pure stands or in mixture with cereals as forage crops (Renzi et al. 

2017; Kartal et al. 2020). Vetches have a very high feed value with their rich protein, mineral substances and vitamin content 

(Cheeke & Shull 1985; Avcıoglu et al. 2009; Larbi et al. 2010; Renna et al. 2014). Vetches are also important crops for sustainable 

agriculture as they can fix atmospheric nitrogen and improve soil properties (Ibanez et al. 2020). 

 

Determination of the diversity among genotypes is of great importance for breeding studies (Nunome et al. 2009). In recent 

years, molecular markers have increased in genetic diversity and characterization studies (O’Neill et al. 2003; Nunome et al. 

2009; Ozsensoy & Kurar 2012; Ertus et al. 2016; Zulkadir & İdikut 2021). Among the molecular markers, SSR markers are the 

most widely used markers (Tautz 1989; Mengoni et al. 2000) because of the high abundance in the genome, high polymorphism 

information content, random distribution within the genome, and its co-dominant inheritance (Dutta et al. 2011). SRR markers 

developed in V. sativa subsp. sativa was used to determine the genetic diversity and relationships of different Vicia species and 

analyzed their transferability to Vicia genomes (Raveendar et al. 2015). Additionally, cDNA-SSR markers developed in Vicia 

sativa subsp. sativa was used genetic diversity of Vicia sativa subsp. sativa accessions (Chung et al. 2013). Besides, genetic 

characterization studies in Vicia ervilia (L.) Willd. (El Fatehi et al. 2016), Vicia narbonensis L. (Bouabid et al. 2018) and Vicia 

sativa L. (De la Rosa et al. 2021) were carried out using SSR markers. Also, RAPD (Potokina et al. 2000; Agar et al. 2006), 

AFLP (Potokina et al. 2002; Maul et al. 2011) and ISSR markers (Unverdi 2007; Bozkurt 2009) were used in characterization 

studies in the genus Vicia L.  
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The present study aimed to reveal genetic diversity for registered Turkish vetch genotypes and some vetch lines using SSR 

markers. It is aimed that provided information about the genetic relationship among the vetch genotypes will help selection and 

more efficient utilization of the vetch genotypes in breeding programs and conservation of gene resources.   

 

2. Material and Methods 
 

2.1. Plant Material and DNA Extraction 

 

The present study's Vicia species consist of 37 vetch genotypes (30 cultivars and 7 lines) obtained from different research centers 

in Turkey. A list of these genotypes and species and origin information were presented in Table 1. 

 
Table 1- List of accessions used in this study 

 

No Accessions Species Origin 

1 Yucel Vicia sativa L. Eastern Mediterranean Agricultural Research Institute 

2 Ozveren Vicia sativa L. Eastern Mediterranean Agricultural Research Institute 

3 Cumhuriyet-99 Vicia sativa L. Aegean Agricultural Research Institute 

4 Selcuk-99 Vicia sativa L. Aegean Agricultural Research Institute 

5 Alper Vicia sativa L. Aegean Agricultural Research Institute 

6 Doruk Vicia sativa L. Aegean Agricultural Research Institute 

7 Urkmez Vicia sativa L. Aegean Agricultural Research Institute 

8 Ankara Moru-08 Vicia sativa L. Field Crops Central Research Institute 

9 Ayaz-09 Vicia sativa L. Field Crops Central Research Institute 

10 Zemheri-08 Vicia sativa L. Field Crops Central Research Institute 

11 Alimoglu-2001 Vicia sativa L. Field Crops Central Research Institute 

12 Bakir-2001 Vicia sativa L. Field Crops Central Research Institute 

13 Farukbey-2001 Vicia sativa L. Field Crops Central Research Institute 

14 Sari Elci Vicia sativa L. Ankara University, Faculty of Agriculture, Department of Field Crops 

15 Tarman-2002 Vicia narbonensis L. Field Crops Central Research Institute 

16 Bozdag Vicia narbonensis L. Aegean Agricultural Research Institute 

17 Balkan Vicia narbonensis L. Transitional Zone Agricultural Research Institute 

18 Kansur Vicia pannonica Crantz Field Crops Central Research Institute 

19 Anadolu Pembesi 2002 Vicia pannonica Crantz Field Crops Central Research Institute 

20 Oguz-2002 Vicia pannonica Crantz Field Crops Central Research Institute 

21 Tarim Beyazi -98 Vicia pannonica Crantz Field Crops Central Research Institute 

22 Dogu Beyazi Vicia pannonica Crantz East Anatolia Agricultural Research Institute 

23 Aygun Vicia pannonica Crantz East Anatolia Agricultural Research Institute 

24 Budak Vicia pannonica Crantz Transitional Zone Agricultural Research Institute 

25 Ege Beyazi-79 Vicia pannonica Crantz Aegean Agricultural Research Institute 

26 Beta  Vicia pannonica Crantz Unknown 

27 Selcuklu-2002 Vicia villosa Roth Field Crops Central Research Institute 

28 Menemen-79 Vicia villosa Roth Aegean Agricultural Research Institute 

29 Efes-79 Vicia villosa Roth Aegean Agricultural Research Institute 

30 Segmen-2002 Vicia villosa Field Crops Central Research Institute 

31 Erac-2002 Vicia villosa Field Crops Central Research Institute 

32 Line – 1 Vicia ervilia Ankara University, Faculty of Agriculture, Department of Field Crops 

33 Line – 2 Vicia ervilia Ankara University, Faculty of Agriculture, Department of Field Crops 

34 Line – 9 Vicia ervilia Ankara University, Faculty of Agriculture, Department of Field Crops 

35 Line – 10 Vicia ervilia Ankara University, Faculty of Agriculture, Department of Field Crops 

36 Usak-Esme-1  

(cream seed coated line) 

Vicia ervilia Usak province, Turkey 

37 Usak-Esme-2  

(blackish seed coated line) 

Vicia ervilia Usak province, Turkey 

 

*lines: 14, 32, 33, 34, 35, 36, 37 

 

2.2. SSR analysis 

 

Genomic DNA was isolated from fresh, young seedlings according to the protocol described by Lefort et al. (1998) with minor 

modifications. The quality and quantity of the extracted DNA were determined in NanoDrop® ND-1000 Spectrophotometer 

(NanoDrop Technologies, Wilmington, DE, USA) and agarose gel electrophoresis (1%). A total of 18 SSR loci were used in this 

study. Thirteen of these (Lc_MCu 11, Lc_MCu 17, Lc_MCu41a, Lc_MCu 43, Lc_MCu47a, Lc_MCu71, Lc_MCu73, 

Lc_MCu75, Lc_MCu78, Lc_MCu83, Lc_MCu85, Lc_MCu95, Lc_MCu97) were developed in lentil (Bakır & Kahraman 2019) 

and five (KF008505, KF008507, KF008512, KF008526, KF008536) were developed for common vetch genetic studies (Chung 

et al. 2013) (Table 2). 
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Table 2- List of SSR markers used in the study 
 

Locus Primer sequences (5’→ 3’) Tm (°C) 

Lc_MCu11F GAGTGGGAAGGAGACCACAA 54 

Lc_MCu11R CGTGGTCAGGAGAGGAAATA  

Lc_MCu17F GAAAGACAAAGAACGTGATAGAAGG 58 

Lc_MCu17R TGACCGTTGTTCCCAAATTC  

Lc_MCu41aF TGTGTGAGGAAGATGATGAA 48 

Lc_MCu41aR AAGGAGTTCACACACACACA  

Lc_MCu43F TCATAAAGCATTTGGCTAAAACA 50 

Lc_MCu43R CGCAAGCCTCAAGCCTATAA  

Lc_MCu47aF TTAGTTCGGAGAGCGTTTAG 48 

Lc_MCu47aR TGAAGAAGTGGAGGAGAAGA  

Lc_MCu71F CTCTCTAACACTATCACGCTCA 60 

Lc_MCu71R GAAGGAGTAGACAGGGAGAAG  

Lc_MCu73F TGGGACTTGAGAGAAGATTG 58 

Lc_MCu73R GTCTCTCTCCCTCCTCATTT  

Lc_MCu75F TCACGTCTTCTAGGAAGTCTCT 55 

Lc_MCu75R ATTGAGGATCCTGAGGTTG  

Lc_MCu78F GGTTGGGTGACAGTGAGA 50 

Lc_MCu78R AACGAAGGAGTCCCAAAC  

Lc_MCu83F ATCCTAAGCAAAGAATGACG 55 

Lc_MCu83R AAGGAGTCCACATACAAAACC  

Lc_MCu85F CAGTCGTTTCATTCTCTTCC 55 

Lc_MCu85R GAGTACGGAACCGGAGAT  

Lc_MCu95F CCTTCACTCTACTCTCTCGTTC 55 

Lc_MCu95R CTTTCATTCACTCGTTCCTC  

Lc_MCu97F CTACTCTCTCGTTCAGATCCTC 55 

Lc_MCu97R ATCCATAAGAGCCCGTATTT  

KF008505F ATCCATGCCTCTTTTGCC 55 

KF008505R AGCCTCATTTCAGCAGCA  

KF008507F TGGTTTCTTTCTAAAGGGGTG 55 

KF008507R CGGCTCGATGGACAGTAG  

KF008512F GGCCGGTATTCGTCAACT 55 

KF008512R CCCCGTATTTTCTCGGTC  

KF008526F CACTGTGACTCAGTTTCGTTG 55 

KF008526R CGATTTTGAACCCTAACCG  

KF008536F TGGTGGACGTCACTATGGA 55 

KF008536R CATGGTGCTTCCGACAAT  

 

PCR amplifications were performed using an M13-tailed primer according to method developed by Schuelke (2000). A tail 

M13 (-21), (TGTAAAACGACGGCCAGT) universal sequence was added to the 5’ end of each forward primers. PCR 

amplifications were performed in 20 μL reaction mixture containing 15 ng genomic DNA, 0.1 μM of each SSR primer, 0.1 μM 

labelled M13 (-21) universal primer, 0.2 mM dNTP, 1X DreamTaq Green Buffer (contains 2 mM MgCl2 at a concentration of 

2 mM) (Thermo Scientific, Waltham, MA, USA) and 0.5 U DreamTaq DNA Polymerase (Thermo Scientific, Waltham, MA, 

USA). Reaction mixtures without DNA were included as negative controls. PCR amplification was performed using the Bio-

Rad T100 thermocycler device. The amplification program conditions involved an initial step of 3 min at 94 °C, followed by 35 

cycles of 1 min at 94 °C, 1 min at 48-60°C, 2 min at 72 °C, followed by 8 cycles of 1 min at 94 °C, 1 min at 53 °C, 2 min at 72 

°C, and a final step of 10 min at 72 °C. PCR products were controlled by %2 agarose gel electrophoresis.  

 

The M13 (-21) was 5’-fluorescently tagged with HEX, FAM or ROX to facilitate multiplexing. A set of three PCR products 

(0.5 μL each) was mixed with 0.5 μL GeneScan-600 LIZ size standards (Applied Biosystems, USA) and 9.5 μL Hi-DiTM 

formamide (Applied Biosystems) and denatured at 95 °C for 5 min, chilled on ice and electrophoresed on the Applied Biosystems 

Prism 3500 Genetic Analyzer System (Applied Biosystems, USA). GENEMAPPER software v5.0 (Applied Biosystems, USA) 

was used to determine fragment size. 

 

2.3. Statistical analysis 

 

For each locus, the expected heterozygosity (He), observed heterozygosity (Ho) and the polymorphism information content (PIC) 

(Nei 1973) were calculated with PowerMarker V3.025 software (Liu & Muse 2005). The neighbour-joining (NJ) and UPGMA 

(unweighted pair-group method using arithmetic average) were used to construct and draw a dendrogram from the genetic 

similarity matrix by using the MEGA6 (Tamura et al. 2007) and PowerMarker software programs.  
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3. Result and Discussion 
 

A total of 37 vetch accessions were analyzed using 18 SSR loci. Although the polymorphism rates of 18 loci were very high in 

the developed plants, only 8 showed polymorphism and used for analysis. Eight among the 13 markers developed by Bakır & 

Kahraman (2019) for lentil genetic analysis, namely Lc_MCu41a, Lc_MCu47, Lc_MCu71, Lc_MCu73, Lc_MCu75, 

Lc_MCu78, Lc_MCu83 and Lc_MCu85 could not be amplified, and Lc_MCu43 marker created multiple bands and discarded 

from the study. The polymorphism ratio of Lc_MCu11, Lc_MCu17, Lc_MCu95 and Lc_MCu97 markers developed in the same 

study was found similarly high. These results also showed that lentil SSR markers used in this study are transferable for vetch 

species and can use for genetic analysis in vetch. The rest of 5 SSR markers were chosen among the common vetch transferable 

36 SSR markers developed for common vetch (Chung et al. 2013; Raveendar et al. 2015). Among these markers, while 

KF008505, KF008507, KF008512, and KF008526 loci were showed similar polymorphism; however, the KF008536 locus was 

not amplified. 

 

A total of 35 alleles were generated from 37 vetch accessions using 8 SSR loci. The number of alleles per locus varied 

between 2 and 8, and the average locus value was found 4,38. The lentil SSR locus Lc_MCu17 had the highest number of alleles 

with 8 alleles (Table 3). The number of alleles per locus that we obtained was found to be low compared to the results obtained 

by Chung et al. (2013) in common vetch and Raveendar et al. (2015) in vetch species and but similar to the results obtained by 

Renzi et al. (2020) in hairy vetch and. However, the average locus value was similar to the results obtained by Renzi et al. (2020) 

in hairy vetch, but was lower than the results obtained by Chung et al. (2013) in common vetch and Raveendar et al. (2015) in 

vetch species. It is thought that the difference in the results obtained was due to the number of markers and the size of the 

population. 

 

The expected heterozygosity value (He) obtained from this study ranged between 0.27 (Lc_MCu97 and Lc_MCu11) and 

0.79 (Lc_MCu17) with an average of 0.49. The observed heterozygosity value (Ho) varied between 0.00 (Lc_MCu97 and 

Lc_MCu11) and 0.27 (KF008507) with the average 0.10 (Table 3). The value results of this study were similar to Chung et al. 

(2013), Raveendar et al. (2015), but were higher than Renzi et al. (2020). Ho values obtained from this study were found lower 

than Chung et al. (2013) and Raveendar et al. (2015). 

 

The polymorphic information content (PIC) values varied between 0.23 (Lc_MCu11 and Lc_MCu97) and 0.77 (Lc_MCu17), 

and the average value was 0.44 (Table 3). The PIC values we obtained were found similar to the results obtained by Chung et al. 

(2013) and Raveendar et al. (2015). 

 
Table 3- Genetic parameters for SSR markers 

 

Locus n He Ho PIC 

Lc_MCu11 2 0.27 0.00 0.23 

Lc_MCu17 8 0.79 0.17 0.77 

Lc_MCu95 4 0.34 0.08 0.30 

Lc_MCu97 2 0.27 0.00 0.23 

KF008505 6 0.61 0.17 0.53 

KF008507 5 0.68 0.27 0.63 

KF008512 5 0.48 0.03 0.41 

KF008526 3 0.48 0.11 0.40 

Total 35 3.92 0.83 3.52 

Mean 4.38 0.49 0.10 0.44 

 
n: number of alleles, He: expected heterozygosity, Ho: observed heterozygosity, PIC: polymorphism information content 

 

In the dendrogram, it was seen that 37 vetch accessions were divided into two main groups. While the first group comprised 

lines (V. ervilia) collected from Turkey, the second group included cultivars registered in Turkey. The genetic similarities of the 

first group were also found far from other vetch species (Figure 1). 
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Figure 1- Genetic relationship dendrogram created using 8 polymorphic SSR markers in 37 vetch accessions 

 

The majority of the cultivars, namely Beta, Aygun, Budak, Ege Beyazi-79, Kansur, Tarim Beyazi-98; Menemen-79, Selcuk-

2002; Balkan, Bozdag; Alper, Doruk, Yucel; Selcuk-99, Urkmez; Bakir-2001, Cumhuriyet-99, Ozveren; Ayaz-09, Farukbey-

2001, Sari Elci, Alimoglu-2001, Ankara Moru-08 were found to be genetically closer each other than the remaining accessions 

in the present study. This similarity may be due to the narrow structure of the vetch genome, and SSR markers used in this study 

might not be able to differentiate the narrow structure of the vetch genome, even if the markers provided an excellent distinction 

in the level of species. Furthermore, according to researchers in the research centers, the origin of registered cultivars might have 

arrived from the same resources to different research centers. The lowest genetic similarity rate among registered cultivars was 

observed between Dogu Beyazi and Alinoglu-2001, Alper, Ankara Moru-08, Ayaz-09, Doruk, Farukbey-2001, Yucel, Sari Elci 

(46%). Among the lines which were collected in Turkey, Line 1 and Line 9, as well as Usak-Esme 1 line, Usak-Esme 2 line was 

found genetically closer. The only morphological differences between Usak-Esme 1 and Usak-Esme 2 is seed coat colour. While 

the Usak-Esme 1 has cream seed coat colour, Usak-Esme 2 has blackish seed colour. This result also supports that SSR loci used 

in this study do not distinguish the narrow genetic structure of the vetch genome. The genetic similarity between registered 
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cultivars and collected lines varied between 0.32% (Balkan and Usak-Esme, Usak-Esme Black 2; Bozdag and Usak-Esme, Usak-

Esme2; Zemheri-08 and Line 2) and 0.04% (Menemen-79 and Line 1, Line 9, Line 10) (Figure 1). 

 

Potokina et al. (2000) used RAPD markers for genetic analysis of vetch genotypes. They reported that there are considerable 

differences between the genetic similarity value for inter- versus intra-specific genetic relationships as observed in the present 

study. However, Raveendar et al. (2015), on the other hand, stated that the dendrogram created using 36 SSR markers clustered 

in three groups but was not seen a clear division among Vicia accessions. Besides, a close genetic relationship was determined 

between Vicia sativa ssp. nigra and V. sativa. cordata (98%) using 8 RAPD markers (Agar et al. 2006). According to Potokina 

et al. (2002), the absence of a clear intra-species differentiation within V. sativa can be explained by three biological reasons; i) 

in the past, there has been a bottleneck of serious decrease in the number of individuals within the species, then the individuals 

spread rapidly to their existing areas without gaining distinct features, ii) the high probability of cross-pollination within the 

species (up to 10%; (Hanelt & Mettin 1989)) causes gene flow between populations and thus preventing the formation of different 

groups, iii) cross-pollination between seed materials brought to different regions by breeding studies and local materials can 

mask or eliminate area differences. 

 

As a result, a genetic analysis of 37 vetch accessions was performed with 8 SSR markers showing polymorphism among a 

total of 18 SSR markers developed for common vetch and lentil. Besides, the rate of transferability of lentil markers grew for 

lentils to vetch species was also determined. According to the results, a high similarity rate was found between some cultivars. 

It has been determined that the markers used in the study make a relatively successful distinction among the species but were 

not shown difference within the high similarities species. It is thought that the results obtained from this study will contribute to 

molecular breeding studies and the conservation of genetic resources in vetch. 
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