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Abstract 

In this study, we performed a genetic diversity analysis using RAPD markers for some Vitex agnus-castus populations grown 
in Aydin, Turkey. Total genomic DNA isolation from the leaves of Vitex agnus-castus was performed using a commercial kit. 
Seven RAPD primers (OPA-02, OPA-05, OPA-13, OPA-15, OPA-16, OPA-18, OPA-20) were used to determine genetic 
diversity among populations. Polymerase Chain Reaction (PCR) was performed with all genomic DNA samples and primers. 
PCR products were run in agarose gel electrophoresis and visualized under UV light. The amplified products were scored as 
bands (1) and no bands (0) for all gel images and their matrix files were generated. A total of 36 characters were obtained from 
the primers. Phylogenetic relationships and genetic distances between the cultivars were calculated by using the PAUP* 
(Phylogenetic Analysis Using Parsimony and other methods) program. According to PAUP analysis, the closest genetic 
distances were between Çine pink flower and Çakmar purple flower, and Çakmar pink flower and Çakmar purple 
flower populations with a value of 0.05556; and the greatest genetic distance was between Çakmar pink flower and Köşk 
purple flower populations with a value of 0.36111. In the phylogenetic analysis obtained using UPGMA algorithms, the 
phylogenetic tree consisted of four groups. The results suggest that RAPD markers are useful tools for determining genetic 
relationships among Vitex agnus-castus genotypes. 
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Introduction 

Verbenaceae family is represented by approximately 100 
genus and 3000 species all over the world. Consisted of 
plants in the form of herbs, briers and trees, and being a 
member of this family, Vitex L. has almost 250 taxa (Hürkul 
and Köroğlu, 2018). Vitex agnus-castus L. is a medicinal 
plant of Vitex L. (Rice-Evans et al., 1997) although its native 
land is Mediterranean countries; it displays distribution in 
West Asia and West Africa (Fakir et al., 2014). Vitex agnus 
castus has been used as a medicine for women since ancient 
times. It has also been used for the treatment of acne, 
catarrh, cholera, diarrhea, ear diseases, fever, headache, heart 
diseases, hemorrhoids, liver diseases, malaria, nausea, 
rheumatism, skin diseases and ulcer (Eryiğit et al., 2015). In 
addition, the fruits were formerly used as a substitute for 
pepper from Italy to Eastern Georgia, a use which is still 
reflected in the local culture, as some Italian synonyms of 

the plant (‘albero del pepe’, ‘pepe falso’) (Stojkovic´et al., 
2011). 

Thanks to improvements in molecular biology 
techniques, many highly beneficial DNA markers were 
developed in order to detect genetic polymorphism. One 
the most frequently used techniques to develop DNA 
markers has been known as the Randomly Amplified 
Polimorphic DNA (RAPD) technique which is based on 
Polymerase Chain Reaction (PCR)   (Bardakçı, 2001). 
RAPD technique was first described by Williams et al. 
(1990). RAPD-PCR technique is easy to use and features 
random primers with a length of 9-10 bases (Sesli and 
Yegenoglu, 2017).  This technique provides genetic markers 
which have been used extensively in many different 
applications and in different plant species because of its 
simplicity (Hussein et al., 2005).  

The aim of this study was to performe a molecular 
characterization using RAPD markers for some Vitex agnus-
castus populations grown in the Aydın region of Turkey. 
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monomorphic bands. Genetic relations of local Vitex agnus-
castus samples which were used in the research were 
analyzed by using PAUP 4.0b10 program (Swofford, 2002); 
UPGMA phylogenetic tree of the same program was drawn 
based on arithmetic means of family trees, and genetic 
distance matrix between populations was created. 

 

Results and Discussion 

Because of RAPD-PCR analysis, 36 characters were 
acquired in total. 15 of these characters were stable, 8 
characters did not give information in terms of parsimony, 
and 13 characters gave information in terms of parsimony. 
Genetic distance matrix between UPGMA tree and Vitex 
agnus-castus populations were created by using PAUP 
4.0b10 phylogenetic analysis program. UPGMA tree 
consisted of 4 groups. Group 1 consisted of two sub-groups 
in itself. Subgroup 1 consisted of Çine purple flower and 
Koçarlı white flower populations; and sub-group 2 
consisted of Çakmar white flower, Germencik purple 
flower, Erbeyli white flower populations. Group 2 consisted 
of two subgroups in itself. Sub-group 1 consisted of Çine 
white flower, Aydın purple flower, and Aydın white flower. 
Populations gathered from Aydin within this group have 
emerged in one branch. Subgroup 2 consisted of Çine pink 
flower, Çakmar purple flower and Çakmar pink flower. 
Populations of Çakmar within this group have emerged in 
one branch. Group 3 consisted of only İncirliova purple 
flower; and group 4 consisted of only Köşk purple flower 
(Fig. 3). According to PAUP analysis, the closest genetic 
distances were between Çine pink flower and Çakmar 
purple flower, and Çakmar pink flower and Çakmar purple 
flower populations with a value of 0.05556; and the greatest 
genetic distance was between Çakmar pink flower and Köşk 
purple flower populations with a value of 0.36111 (Table 
3). RAPD markers can be used to detect genetic variability 
of plants, to study population genetics, systematic analyses, 
and genetic relationships (Aydın, 2004; Nayak et al., 2003). 

Materials and Methods  

Plant samples and DNA isolations 
Leaf samples of Vitex agnus-castus populations to be 

used in this study were collected from Central, Koçarlı, 
Çakmar, Çine, Germencik, İncirliova, and Köşk districts of 
Aydın. Flower colors of the collected samples were classified 
as white, purple, and pink. Collected leaf samples were 
brought to the laboratory and prepared for genomic DNA 
isolation. Vitex-agnus-castus plant is rich in secondary 
compounds and volatile oils, and it is hard to acquire pure 
genomic DNA from these species because these compounds 
they contain prevent both the acquisition of pure DNA and 
successful PCR amplification. In order to avoid these 
disadvantages, genomic DNA isolation was carried out by 
using a commercial kit (GeneMark) as a preferred genomic 
DNA isolation method. 

 
PCR amplifications 
RAPD primers chosen for PCR amplifications are given 

in Table 1. Ready mixes were used as an alternative to PCR 
reaction. Amplification will be carried out by adding 2 μL 
genomic DNA (1/5 diluted), 1 μL primers, 5 μL master mix 
(PCR buffer, MgCl2, dNTP, Taq DNA polymerase) and 17 
μL dH2O into the PCR tube. The PCR programs were 
separately created for each primer based on temperature 
TM values of the primers which were used in previous 
studies (Table 2). PCR products were analysed by 
electrophoresis on 1% agarose gel and the amplified 
products were detected after staining by ethidium bromide. 
Because of RAPD-PCR some of the gel photos were shown 
in Fig. 1 and Fig. 2. 

 
Data and phylogenetic analysis 
After PCR analyses, “1” was given if there were DNA 

bands on the gels and “0” was given if there were no bands; 
DNA bands were scored in this way, and RAPD analyses 
were carried out on polymorphic bands by applying 
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Table 1. Primers used in the RAPD-PCR reactions and their Tm degrees 

Primers DNA Sequences (5’-3’) Tm 

OPA-15 5’-TTCCGAACCC-3’ 32  °C 

OPA-20 5’-GTTGCGATCC-3’ 32  °C 

OPA-02 5’- TGCCGAGCTG-3’ 34  °C 

OPA-13 5’- CAGCACCCAC-3’ 34  °C 

OPA-16 5’-AGCCAGCGAA-3’ 32  °C 

OPA-18 5’-AGGTGACCGT-3’ 32  °C 

OPA-05 5’-AGGGGTCTTG-3’ 32  °C 

 

Table 2. Cycles program for RAPD-PCR reactions 

Step Heat/Time Cycles 

1. step 94 °C /2 min 1 Cycle 

2. step 94 °C /1 min. 35 Cycles 

3. step 32-34 °C /1 min 35 Cycles 

4. step 72 °C /1 min 35 Cycles 

5. step 72 °C /10 min. 1 Cycle 
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Table 3. Pairwise genetic distance matrix obtained from PCR with RAPD primers 
Populations 1 2 3 4 5 6 7 8 9 10 11 12 13 

Çine purple 

flower 
- 0.22222 0.11111 0.16667 0.19444 0.11111 0.11111 0.11111 0.30556 0.13889 0.22222 0.30556 0.12121 

Çine White 

flower 
8 - 0.16667 0.11111 0.13889 0.11111 0.11111 0.22222 0.30556 0.19444 0.22222 0.30556 0.30303 

Çine pink 

flower 
4 6 - 0.11111 0.19444 0.16667 0.05556 0.16667 0.30556 0.13889 0.22222 0.30556 0.18182 

Çakmar pink 

flower 
6 4 4 - 0.19444 0.16667 0.05556 0.16667 0.30556 0.19444 0.11111 0.36111 0.21212 

Aydın purple 

flower 
7 5 7 7 - 0.08333 0.13889 0.13889 0.27778 0.11111 0.19444 0.27778 0.21212 

Aydın white 

flower 
4 4 6 6 3 - 0.11111 0.11111 0.30556 0.13889 0.22222 0.25000 0.18182 

Çakmar 

purple flower 
4 4 2 2 5 4 - 0.11111 0.30556 0.13889 0.16667 0.30556 0.18182 

Çakmar 

White flower 
4 8 6 6 5 4 4 - 0.25000 0.08333 0.11111 0.19444 0.12121 

İncirliova 

purple flower 
11 11 11 11 10 11 11 9 - 0.16667 0.19444 0.27778 0.21212 

Germencik 

purple flower 
5 7 5 7 4 5 5 3 6 - 0.13889 0.22222 0.15152 

Erbeyli white 

flower 
8 8 8 4 7 8 6 4 7 5 - 0.30556 0.15152 

Köşk purple 

flower 
11 11 11 13 10 9 11 7 10 8 11 - 0.33333 

Koçarlı white 

flower 
4 10 6 7 7 6 6 4 7 5 5 11 - 

 

Fig. 1. Gel image of RAPD-PCR bands amplified with OPA-
20 

Fig. 2. Gel image of RAPD-PCR bands amplified with OPA-
05 

 

Fig. 3. The UPGMA tree generated using RAPD data of Vitex agnus-castus populations 
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 In the past studies using RAPD-PCR technique 
including Desmodium (Rahman et al., 2017), Calendula
(Baciu et al., 2013) Vigna mungo (Arulbalachandran et al., 
2010), Velezia (Poyraz et al., 2012), Hordeum vulgare
(Olgun et al., 2015), Prunus (Casas et al., 1999), Malus 
(Botez et al., 2009), Pyrus (Monte-Corvo et al., 2000), Olea 
europaea ssp. oleaster (Sesli and Yegenoğlu, 2017), and 
Brassica napus (Özbek and Gıdık, 2013) were reported with 
respect to genetic diversity and phylogenetic analysis of 
many plant species and populations. 

 

Conclusions 

In conclusion, this study comprises several innovations 
for our country with its many aspects. There are hardly any 
studies in the literature which aim to detect molecular 
features of Vitex agnus-castus and its types which show 
distribution in Aydın area. From this point of view, 
detection of especially molecular features of Vitex agnus-
castus genotypes grown in the region shall contribute to 
further studies in terms of science and economics. It will 
also provide solutions to problems by revealing phylogenetic 
relations between chasteberry genotypes and genetic 
distances. In addition to this, it has been aimed to evaluate 
the potential of Vitex agnus-castus genotypes grown in 
Aydın region to detect and identify quality features, to make 
contributions to chasteberry cultivation, and to preserve 
gene resources. 

 

Acknowledgements 

This research was supported by the TUBİTAK 
2018/2209-A (Project no: 1919B011800853). 

 

Conflicts of interest 

The authors declare that there are no conflicts of 
interest related to this article. 

 

References 

Arulbalachandran D, Mullainathan L, Karthigayan S, Somasundaram ST, 
Velu S. (2010). Genetic variation in mutants of black gram (Vigna 

mungo (L.) Hepper) evaluated by RAPD markers. Journal of Crop 
Science and Biotechnology 13(1):1-6. 

Aydın SÖ (2004). RAPD (Rastgele Artırılmış Polimorfik DNA) 
belirleyicileri ile bitki sistematiği. Dumlupınar Üniversitesi Fen Bilimleri 
Enstitüsü Dergisi 6:113-130. 

Baciu AD, Pamfil D, Mihalte L, Sestras AF, Sestras RE (2013). Phenotypic 
variation and genetic diversity of Calendula officinalis L. Bulgarian 
Journal of Agricultural Science 19(1):143-151. 

Bardakçı F (2001). Random amplified polymorphic DNA (RAPD) 
markers. Turkish Journal of Biology 25(2):185-196. 

Botez C, Sestras R, Ardelean M, Pamfil D, Patrascu B, Sestras A (2009). 
Phenotypic selection assisted by molecular markers for scab resistance in 
apple. Acta Horticulturae 814:771-776. 

221

Casas AM, Igartua E, Balaguer G, Moreno M A (1999). Genetic diversity of 
Prunus rootstocks analyzed by RAPD markers. Euphytica 110(2):139-
149. 

Eryiğit T, Çig A, Okut N, Yıldırım B, Ekici K (2015). Evaluation of chemical 
composition and antimicrobial activity of Vitex agnus castus L. fruits’ 
essential oils from west Anatolia, Turkey. Journal of Essential Oil 
Bearing Plants 18(1):208-214. 

Fakir H, Erbaş S, Özen M, Dönmez İE (2014). The effects of different 
harvest dates on essential oil content and composition in chaste Ttee 
(Vitex agnus-castus L.). European Journal of Science and Technology 
1(2):25-28. 

Hürkul MM, Köroğlu A (2018). Morphological and anatomical studies on 
hayıt fruit (fructus agni-casti) and leafs sold in the market. Biological 
Diversity and Conservation 11(2):47-59. 

Hussein EH, Adawy SS, SEME Ismail, El-Itriby HA (2005). Molecular 
characterization of some Egyptian date palm germplasm using RAPD 
and ISSR markers. Arab Journal of Biotechnology 8(1):83-98. 

Monte-Corvo L, Cabrita L, Oliveira C, Leitão J (2000). Assessment of 
genetic relationships among Pyrus species and cultivars using AFLP and 
RAPD markers. Genetic Resources and Crop Evolution 47(3): 257-
265. 

Nayak S, Rout GR, Das P (2003). Evaluation of the genetic variability in 
bamboo using RAPD markers. Plant Soil and Environment 49(1):24-
28. 

Olgun M, Budak Başçiftçi Z, Ayter NG, Turan M, Koyuncu O, Ardıç M, 
Ağar G,  Takıl E (2015). Genetic divergence in some Barley (Hordeum 

vulgare L.) genotypes by RAPD and ISSR analyses. SDU Journal of the 
Faculty of Agriculture/SDÜ Ziraat Fakültesi Dergisi 10(2):102-109. 

Özbek Ö, Gıdık BU (2013). Genetic diversity in commercial rapeseed 
(Brassica napus L.) varieties from Turkey as revealed by RAPD. Notulae 
Scientia Biologicae 5(1):114-119. 

Poyraz İE, Sözen E, Ataşlar E, Poyraz İ (2012). Determination of genetic 
relationships among Velezia L. Caryophyllaceae) species using RAPD 
markers. Turkish Journal of Biology 36(3):293-302. 

Rahman MO, Rahman MZ, Sony SK, Islam MN (2017). Genetic variation 
and molecular relationships among eight taxa of Desmodium Desv. 
based on RAPD markers. Bangladesh Journal of Plant 
Taxonomy 24(2):149-154. 

Rice-Evans C, Miller N, Paganga G (1997). Antioxidant properties of 
phenolic compounds. Trends in Plant Science 2(4):152-159. 

Sesli M, Yegenoglu ED (2017). Genetic relationships in wild olives (Olea 

europaea ssp. oleaster) by ISSR and RAPD markers. Biotechnology and 
Biotechnological Equipment 31(5): 897-904. 

Stojković D, Soković M, Glamočlija J, Džamić A, Ćirić A, Ristić M, Grubišić 
D (2011). Chemical composition and antimicrobial activity of Vitex 

agnus-castus L. fruits and leaves essential oils. Food 
Chemistry 128(4):1017-1022. 

Swofford DL (2002). PAUP. Phylogenetic Analysis Using Parsimony (and 
other methods). Version 4.0b10. Sinaeur Associates, Sunderland. 

Williams JG, Kubelik AR, Livak KJ, Rafalski JA, Tingey SV (1990). DNA 
polymorphisms amplified by arbitrary primers are useful as genetic 
markers. Nucleic Acids Research 18(22):6531-6535. 

 
 


