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Abstract. Myrtle is known native to Southern Europe and North Africa and was naturally grown in 

tropical and subtropical regions. Myrtle could be grown successfully in soils under hot, arid 

environments. Myrtle has several genotypes with yellowish-white or bluish-black colored fruits. The 

present study aimed to investigate genetic diversity among myrtle genotypes with different fruit colors 

from different parts of Turkey. A total of 28 myrtle genotypes were collected from Adana, Mersin, Hatay 

provinces of Turkey. 19 ISSR primers were used for the characterization of the 28 myrtle genotypes. In 

total, 19 ISSR primers produced 99 clear and reproducible DNA band profiles, 89 of which were 

polymorphic. Therefore, the average polymorphic was 89.90%. In conclusion, we determined that the 

ISSR molecular markers could differentiate the white and dark-fruited myrtle genotypes. Myrtle 

genotypes were also separated according to their geographical origin. 

Keywords: molecular marker, PCR, genetic diversity, plant genetic resources, different fruit-colored 

Introduction 

Myrtus communis L., commonly called Myrtle, is one of the significant medicinal 

and aromatic species (Wannes et al., 2010; Dahmoune et al., 2015). Myrtle is a diploid 

(2n = 2x = 22) plant known to be native to Southern Europe and North Africa (Serce et 

al., 2008). Myrtle is known to be a member under the Myrtaceae family, which contains 

3,000 species were naturally grown in tropical and subtropical regions. Myrtle is largely 

consumed as spice having several practices in the food, pharmaceutical, and industries 

(Sumbul et al., 2011; Casaburi et al., 2015). Myrtle plant could also be used as 

ornamental purposes such as fencing, roadsides, and green cutting (Skekafandeh, 2007; 

Danial, 2009). Myrtle grows roughly at an altitude of 500–600 m, most particularly in 

pine forests and riversides in the Taurus Mountains of Turkey (Aydin and Ozcan, 2007). 

Myrtle is also called as “hambeles,” “mersin,” or “murt” in Turkish. It can be grown 

successfully in soils under hot, arid environments. Myrtle has several genotypes with 

yellowish-white or bluish-black colored fruits (San et al., 2015; Simsek et al., 2017a). 

Many different biotechnological methods could be performed to fruit crops to get 

better ones during plant breeding strategies. One of significant application of 

biotechnology is known to be molecular markers in fruit science (Donmez et al., 2016). 

In recent years, it has been observed that biotechnology studies have been adapted to the 

breeding activities carried out in many plant species together with classical breeding. 

Especially, it is possible to shorten the breeding process by adapting the molecular 
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techniques to the breeding processes and make a selection in terms of some features in 

the early period by using molecular markers (Simsek et al., 2017b). In recent years, 

molecular techniques in plant breeding can be beneficial in many ways. Among these 

molecular techniques, ISSR markers having high usage rates have an important place. 

Molecular markers overcoming the limitations of morphological and biochemical 

markers avoid the influence of the environment on the performance of genotypes 

(Madadi et al., 2017). There are several studies on molecular characterization of myrtle 

genotypes having different origins in literature by various molecular markers (Bruna et 

al., 2004, 2007; Messaoud et al., 2007, 2011; Serce et al., 2008; Albaladejo et al., 2009; 

Melito et al., 2013, 2016, 2017; Nora et al., 2015; Ghafouri et al., 2018; Mele et al., 

2019). The present study aimed to investigate genetic diversity among different fruit-

colored myrtle genotypes from different parts of Turkey. Especially fruit color was 

chosen as phenotypic trait besides plant materials were collected from different 

locations of Turkey to ensure that ISSR markers could discriminate myrtle genotypes. 

Materials and methods 

Plant material 

A total of 28 myrtle genotypes were collected from Adana, Mersin, Hatay provinces 

of Turkey (Table 1). A map with the sampling sites is presented in Figure 1. 

 

DNA extraction 

Total genomic DNA was extracted from leaves tissues by CTAB method (Simsek et 

al., 2008). The quality and quantity of DNA were detected by NanoDrop (ND 100) 

spectrophotometer (NanoDrop Technologies, Inc., Wilmington, DE, USA) and agarose 

gel electrophoresis. DNA samples were subsequently diluted to 10 ng/μl for ISSR-PCR 

reactions and stored at -20 °C. 

 

 

Figure 1. Map with the sampling sites 
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Table 1. Myrtle genotypes and their sampling locations 

Name Sampling location province/city Fruit color 

Çelemli1 Çelemli/Yüreğir/Adana Dark-fruited 

Akpınar1 Akpınar/Yüreğir/Adana Dark-fruited 

Akpınar2 Akpınar/Yüreğir/Adana Dark-fruited 

Ziyanlı1 Ziyanlı/Yüreğir/Adana Dark-fruited 

Ziyanlı2 Ziyanlı/Yüreğir/Adana Dark-fruited 

Ziyanlı3 Ziyanlı/Yüreğir/Adana Dark-fruited 

Seyhan1 Çaputçu/Seyhan/Adana White-fruited 

Seyhan2 Mıdık/Seyhan/Adana White-fruited 

Tarsus1 Kefeli/Tarsus/Mersin Dark-fruited 

Seyhan3 Kayışlı/Seyhan/Adana White-fruited 

Erdemli1 Tömük/Erdemli/Mersin White-fruited 

Tarsus2 Tarsus/Mersin Dark-fruited 

Karaisalı Karaisalı/Adana Dark-fruited 

Erdemli2 Erdemli/Mersin Dark-fruited 

Seyhan4 Gölbaşı/Seyhan/Adana White-fruited 

Seyhan5 Gölbaşı/Seyhan/Adana White-fruited 

Seyhan6 Gölbaşı/Seyhan/Adana White-fruited 

Antakya Antakya/Hatay White-fruited 

Samandağ Samandağ/Hatay White-fruited 

Baltacık Baltacık/Hatay White-fruited 

Harbiye1 Harbiye/Hatay White-fruited 

Harbiye2 Harbiye/Hatay Dark-fruited 

Kozan Kozan/Adana White-fruited 

Anamur Anamur/Mersin White-fruited 

Sarıçam1 Sarıçam/Adana White-fruited 

Sarıçam2 Sarıçam/Adana White-fruited 

 

 

ISSR-PCR analysis 

19 ISSR primers were used for characterization of the 28 myrtle genotypes (Table 2). 

All ISSR-PCR reactions were carried in a reaction containing 2X PCR Mastermix 

(Fermentas K0171, Waltham, MA, USA), 1 U Taq DNA polymerase (Fermentas 

EP0402), 25 mM MgCl2, 10 µM primer, and 10 ng of myrtle DNA. Mixtures were 

assembled at 0 °C, transferred to a thermal cycler, and then precooled to 4 °C. The 

amplification was carried out in a model Master Gradient thermal cycler (Eppendorf, 

Hauppauge, NY, USA) using an optimized in-house program consisting of an initial 

denaturation step of 3 min at 95 °C, and then 35 cycles of 45 s at 94 °C, 1 min at 55 °C, 

45 s at 72 °C, followed by a 7-min elongation step at 72 °C. ISSR-PCR amplification 

products were separated by agarose gel electrophoresis on 1.5% agarose gels and 

0.5 g/mL ethidium bromide in 1X TAE buffer (40 mM Tris-acetate, 1 mM EDTA, pH 

8.0) for 3.5 h at 80 V. The fragment patterns were photographed under UV light for 

further analysis. A 1-kb DNA ladder (Fermentas) was used to determine the fragment 

size. 
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Table 2. ISSR primer list 

No ISSR primers DNA sequences (5’-3’) 

1 UBC 807 AGA GAG AGA GAG AGA GT 

2 UBC 808 AGA GAG AGA GAG AGA GC 

3 UBC 810 GAG AGA GAG AGA GAG AT 

4 UBC 811 GAG AGA GAG AGA GAG AC 

5 UBC 814 CTC TCT CTC TCT CTC TA 

6 UBC 815 CTC TCT CTC TCT CTC TG 

7 UBC 816 CAC ACA CAC ACA CAC AT 

8 UBC 818 CAC ACA CAC ACA CAC AG 

9 UBC 820 GTG TGT GTG TGT GTG TC 

10 UBC 823 GTG TGT GTG TGT GTG TC 

11 UBC 824 TCT CTC TCT CTC TCT CG 

12 UBC 825 ACA CAC ACA CAC ACA CT 

13 UBC 827 ACA CAC ACA CAC ACA CG 

14 UBC 828 TGT GTG TGT GTG TGT GA 

15 UBC 834 AGA GAG AGA GAG AGA GT 

16 UBC 835 AGA GAG AGA GAG AGA GC 

17 UBC 843 CTC TCT CTC TCT CTC TA 

18 UBC 845 CTC TCT CTC TCT CTC TG 

19 UBC 850 GTG TGT GTG TGT GTG TC 

 

 

Data analysis 

ISSR data were recorded as 1 for the presence of a band and 0 for its absence to 

generate a binary matrix. Only reproducible bands were scored for all the accessions 

tested. All data were analyzed by Principle Coordinate (PCoA) and Cluster analyses 

using PAST program (Hammer et al., 2001). First, a similarity matrix was generated 

using Jaccard coefficients. This matrix was then used for PCO. For cluster analyses, the 

UPGMA (Unweighted Pair Group Method using Arithmetic Average) method was used 

to construct dendrogram. The bootstrap values for the clusters were calculated by 1000 

replicates using PAST program. The representativeness of dendrogram was evaluated 

by estimating cophenetic correlation for the dendrogram and comparing it with the 

similarity matrix, using Mantel’s matrix correspondence test (Mantel, 1967). The result 

of this test is a cophenetic correlation coefficient, r, indicating how well dendrogram 

represents similarity data. 

Results 

In total, 19 ISSR primers produced 99 clear and reproducible DNA band profiles, 89 

of which were polymorphic. Therefore, the average polymorphic was 89.90%. The 

results of the ISSR analyses for myrtle genotypes are presented in Table 3. The number 

of alleles determined by each primer ranged from 4 to 7, with an average of 5.2. In 

terms of the total number of alleles, UBC811, and UBC824 loci produced the highest 

number of alleles (7), PIC values ranged between 0.41 (UBC835) and 0.90 (UBC824). 



Simsek et al.: Genetic relationship and polymorphism of Turkish myrtles (Myrtus communis L.) as revealed by inter simple 

sequence repeat (ISSR) 
- 1145 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(1):1141-1149. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1801_11411149 

© 2020, ALÖKI Kft., Budapest, Hungary 

Table 3. Results of the ISSR analyses for myrtle genotypes 

No 
ISSR 

primers 

Size (bp) 

(min-max) 

Number of 

alleles 

Monomorphic 

bands 

Polymorphic 

bands 

Polymorphism rate 

(%) 
PIC 

1 UBC807 630-2000 4 0 4 100 0.59 

2 UBC808 750-2200 5 1 4 80 0.47 

3 UBC810 600-2000 5 0 5 100 0.87 

4 UBC811 250-2200 7 0 7 100 0.89 

5 UBC814 740-2000 6 1 5 83.33 0.74 

6 UBC815 400-1500 5 0 5 100 0.69 

7 UBC816 500-1250 5 0 5 100 0.79 

8 UBC818 500-2100 6 0 6 100 0.78 

9 UBC820 1100-2000 4 1 3 75 0.90 

10 UBC823 1200-2050 4 1 3 75 0.75 

11 UBC824 500-2100 7 0 7 100 0.90 

12 UBC825 450-1600 5 0 5 100 0.95 

13 UBC827 700-1900 4 0 4 100 0.66 

14 UBC828 750-1950 6 0 6 100 0.87 

15 UBC834 300-1750 6 0 6 100 0.76 

16 UBC835 300-2500 6 4 2 33.33 0.41 

17 UBC843 750-2150 5 1 4 80 0.84 

18 UBC845 500-2150 5 0 5 100 0.47 

19 UBC850 1100-1900 4 1 3 75 0.70 

Total 250-2500 99 10 89 33.33-100.00  

 

 

The dendrogram generated from the UPGMA algorithm based on ISSR data is 

presented in Figure 2. The validity of the dendrogram in reflecting the genetic 

relationships among the myrtle genotypes was indicated by a high cophenetic 

correlation coefficient (r) of 0.88. Genetic similarity coefficients ranged from 0.37 to 

0.97. The UPGMA clustering pattern grouped all the genotypes into two major clusters 

(Fig. 1). Principle coordinate analysis (PCoA) was also performed using the similarity 

matrix, and the two-dimensional dendrogram corroborated UPGMA analyses (Fig. 3). 

While the first axis (Coordinate 1) explained 55.95% of the total molecular variance, the 

second axis (Coordinate 2) explained 13.56%. 

Genetic similarities among all myrtle genotypes ranged from 0.37 to 0.97. The 

highest similarity rate (1.00) was among Antakya, Samandağ, Baltacık, Harbiye1 

genotypes collected from the city of Hatay in southern Turkey, on the eastern 

Mediterranean coast and they all are white-fruited. The lowest similarity rate was 0.27, 

and it was obtained between dark-fruited Akpınar1 collected from Adana and white-

fruited Antakya, Samandağ, Baltacık, Harbiye1 collected from Adana. 

Based on the similarity index, a clustering dendrogram was constructed using 

UPGMA. The dendrogram separated all genotypes except Antakya, Samandağ, 

Baltacık, Harbiye1. The dendrogram grouped all genotypes into two main clusters. The 

first main cluster included all dark-fruited genotypes except Harbiye2. The second main 

cluster included all white-fruited genotypes and dark-fruited genotypes (Harbiye2). 
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Figure 2. ISSR dendrogram of myrtle genotypes. (Red colors present dark-fruited genotypes, 

black colors white fruited genotypes) 

 

 

 

Figure 3. Principle coordinate analysis of 28 myrtle genotypes generated by the data from ISSR 

analyses. (Red colors present dark-fruited genotypes, black colors white fruited genotypes) 
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Discussion 

Plant genetic resources are significant plant materials for breeders. The collection 

and identification of these plants is the first and important step of plant breeding. The 

assessment of genetic diversity is a necessary step to protect natural myrtle populations. 

We examined the genetic diversity among Turkish myrtle genotypes in comparison with 

fruit color and geography origin. 19 ISSRs produced 89.90% polymorphism; this result 

was higher than the results of previous genetic diversity studies (AFLP 56%: Bruna et 

al., 2007; RAPD 51.9%; Messaoud et al., 2007; RAPD 72.9%: Serce et al., 2008) 

conducted by different molecular markers. 

The evolutionary relationships between the wild and cultivated myrtle types are not 

well-known. The large-fruited, cultivated type was likely domesticated from the white-

colored, wild types. The fact that all the cultivated myrtle accessions are white-fruited, 

and the dark-fruited from is prevalent in nature indicates that the white color was 

preferred during the domestication process (Serce et al., 2008). In our study, we used 

white and dark-fruited genotypes to estimate evolutionary relationships between white 

and dark-fruited genotypes. Based on the results, all dark-fruited myrtle genotypes were 

clustered together except Harbiye2. Harbiye2 is also dark-fruited genotype; however, it 

is collected different provinces of Turkey. Totally five different genotypes (one of them 

is dark-fruited) were collected from the city of Hatay. They were clustered together, but 

the only one dark-fruited genotype Harbiye2 from Hatay was different from the other 

white-fruited genotypes from Hatay. This result showed that dark-fruited genotypes are 

certainly different from white-fruited genotypes; however, the differences were also 

related to geographical origin. Serce et al. (2008) used two sets of myrtle accessions 

from Hatay, Turkey. Set 1 consisted of two wild accessions, dark- and white-colored 

forms, and six cultivated selections, while Set 2 contained three open-pollinated 

individuals from each accession of Set 1. The researcher examined genotypic variation 

of Sets 1 and 2 using RAPD markers. According to results, the molecular analysis 

clearly separated the cultivated types from the wild accessions. In the present study, we 

used different white and dark-fruited myrtle genotypes from Hatay, Adana and Mersin 

provinces of Turkey. We confirmed that ISSR analysis separated the cultivated white-

fruited types from the wild dark-fruited genotypes. Melito et al. (2013) investigated 

genetic diversity of 80 wild accessions of Sardinian myrtle collected four different 

localities (Corsica, Asinara, Surigheddu and Oristano) via ISSR markers. The 

researchers used totally 17 ISSR primers and among them 12 ISSR primers were 

informative. Based on the results, there was no convincing evidence of a correlation 

between genotype and geographical origin. In another study Melito et al. (2016) 

explored the morphological, chemical, and genetic diversity of wild myrtle populations 

in Sicily, with the aim to provide a first characterization of a core collection of 36 

accessions from 7 localities (Ispica, M. Pellegrino, Misilmeri, R. Zingaro, Scopello, 

Ribera, Sciacca) for future domestication programs. AFLP fingerprinting generated 152 

polymorphic fragments. Structure analysis identified three genetic clusters (cluster A: 

most of the Misilmeri samples, cluster B: Scopello, Ribera, Sciacca, and M. Pellegrino, 

cluster C: Ispica and Ribera) corresponding to specific geographical origin. In our 

study; we used 19 ISSR primers and all ISSR primers proved to be informative. PIC 

values obtained from ISSR primers were ranged from 0.41-0.90. In the present study, 

myrtle genotypes collected from different parts of Turkey were used and genotypes 

were clustered by geographic origin. 
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Conclusions 

In conclusion, we determined that the white and dark-fruited myrtle genotypes could 

be differentiated by the ISSR molecular markers. Myrtle genotypes were separated 

according to their geographical origin. It is shown that there are significant myrtle 

genetic resources that are genetically and morphologically different from each other in 

Turkey. 
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