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Abstract. The aim of this study was to determine the genetic diversity of 18 tea (Camellia sinensis) 

genotypes and 6 varieties collected from different provinces in the Black Sea region of Turkey. DNA 

isolation was performed according to the CTAB method of tea samples. PCR was performed for all DNA 

samples with 59 ISSR primers. In order to determine the genetic relationship between tea genotypes 

among these primers, 15 polymorphic ISSR primers were used. At the end of the PCR procedures, the 

polymorphism rate was determined as 77% from the bands formed. As a result of the analysis of products 

obtained by PCR studies, 109 bands were obtained in ISSR primers. The obtained bands were scored as 

presence (1) and absence (0) and their files were created. A genetic relation dendrogram was formed 

according to the obtained band results. Genetic diversity of tea genotypes and varieties of the Black Sea 

region was determined by molecular markers. 
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Introduction 

Turkey has a rich flora due to its geographical location, soil structure, and climate 

diversity. These characteristics allow Turkey to be one of the leading countries in the 

world in terms of plant diversity since it has many plant species growing naturally or is 

the gene center for many of them (Briggs and Knowles, 1967; Harlan, 1995; Kaya and 

Raynal, 2001; Ercisli, 2004; Altindal, 2019). Turkey has a diverse ecology allowing 

cultivation of a lot of horticultural crops of temperate, subtropical and semi tropical 

climates, in a narrow area in the south. Tea (Camellia sinensis L.) is a plant owes which 

its leaves and buds are used to produce beverages. The species belongs to the Theaceae 

family that grows in humid climates (Benzie and Szeto, 1999; Ferruzzi, 2010; Panda, 

2011). Although it originates from is South and Southeast Asia, it is also grown in 

tropical and subtropical regions around the world (De Costa et al., 2007). The plants are 

small trees less than 2 m and are evergreen Tea is produced in 45 countries in an area of 

approximately 5 million 561 thousand hectares in the world. China is the leading 

country (36%) in world’s dry tea production and Turkey ranks fifth (4%) (Anonymous 

2016; Anonymous, 2018). Tea is cultivated in an area of provinces encompasses the 

Rize (65%), Trabzon (21%), Artvin (11%), Giresun (2%), and Ordu (1%) in 82.951 ha 

land in the Eastern Black Sea region, Turkey. Approximately, 22.331.000 tons of fresh 

tea leaves are harvested by 212.692 growers, and later transformed into 230,000 tons of 

dried leaves for brewing every year (Anonymous, 2018). 
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The first tea cultivation in Turkey started in 1937 with the importation of 20 tons of 

tea seeds from Georgia. With these seeds, the first tea orchards were established in Rize 

and Artvin provinces. Over the years, new orchards and gardens in other provinces have 

continued to be established with the seeds obtained from these gardens. New varieties 

have been obtained by selecting individuals with superior characteristics, which differ 

in terms of morphological features, from these gardens, which were formed from seeds 

over time. Tea plants are mostly propagated by seeds in Turkey, although there are 

several clones, which creates wide genetic diversity resulting in variation in yield and 

quality. While this variation is not desirable for a standardized cultivation and high-

quality leaf, it could provide new opportunities in development of new cultivars with 

superior characteristics from the established population by phenotypic selection. 

Therefore, it is important to determine the tea genetic sources. These differences also 

led to the emergence of close and distant inbreeding in the plant. Genetic differences 

were evaluated by researchers (Kafkas et al., 2009). In general, morphological 

characteristics are used in identifying superior genotypes, however, they are affected by 

cultivation techniques and ecological factors. Besides, selection breeding takes long 

time many years. Molecular marker technology has enabled the adoption of wide-

ranging new applications to improve selection strategies in plant breeding (Upadhyaya 

et al., 2008; Bandyopadhyay, 2011; Abdel-Mawgood, 2012; Rajpal et al., 2016; Rahimi 

et al., 2018). Information obtained in recent years on plant molecular marker genetics 

can be reflected in plant breeding studies. For this reason, newly developed or modified 

plant breeding methods should be used based on information obtained from plant 

molecular biology studies. With the use of molecular markers in plant breeding, the 

efficiency of classical breeding is improved by providing advantages such as backcross 

breeding, creation of gene pyramids, selection of recessive genes, gene transfer from 

wild genetic resources, and early selection, thus accelerating the development of new 

varieties (Nybom et al., 2014). Although molecular marker applications alone cannot be 

used as a substitute for classical breeding, they are considered as a complementary 

technique that increases the success of classical breeding. In tea, several molecular 

markers have been used (Roy et al., 2009; Zang et al., 2018). Different markers have 

different advantages such as SSR and AFLP markers for polymorphism, RAPD and 

ISSR markers for cost efficiency, RFLP, SSR, SRAP, ISSR, and AFLP markers for 

repeatability. One of the widely used markers is ISSR markers (Lai et al., 2001; Yao et 

al., 2008; Ji et al., 2011; Rahimi et al., 2019). 

Tea is grown naturally in the provinces of Rize, Artvin, Trabzon, Giresun, and Ordu 

in the eastern Black Sea region of Turkey. Of the total of 829.505 decares planted tea 

areas in these regions, 65% was in Rize, 21% in Trabzon, 11% in Artvin, 2% in 

Giresun, and 1% in Ordu. Every year, around 212.692 farmers harvest around 22.331 

million tons of fresh tea leaves in the region. Approximately 220,000-230,000 tons of 

dry teas are produced from this amount of fresh leaves (Anonymous, 2018). Seeds are 

used as plant material in the creation of tea fields in our country. A large proportion of 

genetic variation occurs in gardens created from seeds. Therefore, it is important to 

determine the tea genetic sources in our country. In this study, by using the ISSR 

markers, it was aimed to make distinctions of tea genotypes and registered tea varieties 

selected as representatives of tea fields grown in Turkey. 

The aim of the study was to molecular characterization of tea genotypes with 

seedling origin and registered tea clones grown in the Eastern Black Sea Region of 

Turkey by using the ISSR markers. 
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Materials and methods 

Plant material 

A total of 24 Camellia sinensis L. genotypes representing all of the intensive tea 

growing provinces in the Eastern Black Sea region were used in the study. The 

genotypes were consisted of 18 seedlings selected from provinces (8 from Rize, 5 from 

Giresun, 2 from Artvin, 2 from Trabzon, and 1 from Ordu), and 6 clonally propagated 

standard varieties maintained in collection plots of Çaykur Atatürk Tea and 

Horticultural Research Institute in Rize (Table 1; Fig. 1). Leaf samples were collected 

from freshly growing shoots 

 

DNA isolation 

Genomic DNA isolation was performed by cetyltrimethylammonium bromide 

(CTAB) method (Saghai-Maroof et al., 1984) in the Genome and Stem Cell Research 

Laboratory at Erciyes University, Kayseri. DNA concentrations were determined and 

the purity (A260/A280) was checked by using BioSpec-nano Shimadzu Biotech 

spectrophotometer that DNA sufficient quality was used in ISSR-PCR studies. DNA 

concentration was diluted to 20 ng/µl, and the DNA was maintained at -20 °C until use. 

 
Table 1. Places where they are taken and codes of tea genotypes and varieties used in the 

study 

No Province of origin Country 

1 Pazar1 RİZE 

2 Pazar2 RİZE 

3 Hopa ARTVİN 

4 Arhavi ARTVİN 

5 Fındıklı RİZE 

6 Ardeşen RİZE 

7 Hayrat1 TRABZON 

8 Of TRABZON 

9 İyidere RİZE 

10 Derepazarı RİZE 

11 Güneysu RİZE 

12 Çayeli RİZE 

13 Fener3 RİZE and AÇBKAE 

14 Fener RİZE and AÇBKAE 

15 Hayrat2 RİZE and AÇBKAE 

16 Hamzabey RİZE and AÇBKAE 

17 Muradiye10 RİZE and AÇBKAE 

18 Enstitü RİZE and AÇBKAE 

19 Tirebolu1 GİRESUN 

20 Tirebolu2 GİRESUN 

21 Tirebolu3 GİRESUN 

22 Tirebolu4 GİRESUN 

23 Tirebolu5 GİRESUN 

24 Perşembe ORDU 

AÇBKAE: Atatürk Tea and Horticultural Research Institute 
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Figure 1. Distribution and locations of sampling points. ● Eighteen randomly collected C. 

sinensis genotypes. ▼ Six C. sinensis varieties provided by the Rize Ataturk Tea and 

Horticulture Research Institute 

 

 

For genetic diversity study 

ISSR primers 

Genomic DNAs were tested on 59 randomly selected ISSR primers. From these 

primers, 15 of them, which could be repeatable and polymorphic, were used in the PCR 

reactions (Table 2). 

 

Polymerase chain reaction (PCR) protocols 

PCR analysis was performed on a Bio-Rad T100 ™ device. For PCR reaction, a total 

of 15 μl solution, which included 1.2 μl dNTP (2.5 mM), 1.5 μl 10X Taq Buffer, 1.5 μl 

HQ Buffer, 1 pmol ISSR marker, 5 μl genomic DNA, 3.8 μl dH2O, 1 μl (2.5 units) DNA 

Taq polymerase, was prepared on 96 x 0.2 ml PCR plates. For amplification, fragment 

replications were made in the form of 300 s at a final extension temperature of 72 °C after 

40 cycles, after 1 cycle pre-denaturation at 95 °C for 180 s, 40 cycles at 95 °C for 45 s, 40 

cycles at marker binding temperature of 55 °C for 45 s, and 40 cycles at 72 °C for 2 min. 

PCR products were separated by running them on 2% agarose gel. Separated DNA bands 

were placed on a UV transilluminator and DNA bands were displayed. 

 

Determination of polymorphism rates of primers 

The polymorphism ratios of ISSR primers were calculated by following formula: 
Polymorphism rate (%) = (Number of polymorphic bands / Tptal number of bands) x 100 

   

 

Statistical analysis 

Of the 59 ISSR primers tested, 15 produced clear and polymorphic bands and were 

selected for further analysis. The bands on the agarose gel images were scored either 

“1” or “0” according to the presence or absence. Strong bands were evaluated in scoring 

and a similarity index was created. 
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Dendrogram data, based on the similarity index, with the results obtained, were 

analyzed according to the Unweighted Pair Group Method with Arithmetic Mean 

(UPGMA) method (Rohlf, 1998). 

 
Table 2. ISSR primers used in the study 

Primer name Primer sequence (5’-3’) Primer name Primer sequence (5’-3’) 

UBC 808 (AG)8C UBC 834 (AG)8YT 

UBC 809 (GA)8T UBC 836 (AG)8YA 

UBC 816 (CA)8T UBC 841 (GA)8YC 

UBC 825 (AC)8T UBC 842 (GA)8YG 

UBC 826 (AC)8C UBC 843 (CT)8RA* 

UBC 827 (AC)8G* UBC 845 (CT)8RG 

UBC 840 (GA)8YT* UBC 847 (CA)8RC 

UBC 841 (GA)8YC* UBC 848 (CA)8RG 

UBC 844 (CT)8RC UBC 851 (GT)8YG 

UBC 850 (GT)8YC* UBC 852 (CT)8RA* 

UBC 855 (AC)8YT* UBC 856 (AC)8YA 

UBC 868 (GAA)6 UBC 857 (AC)8YG* 

UBC 807 (AG)8T UBC 858 (TG)8RT* 

UBC 810 (GA)8T UBC 859 (TG)8RC* 

UBC 811 (GA)8C UBC 860 (TG)8RA* 

UBC 812 (GA)8A UBC 866 (CT)8C 

UBC 814 (CT)8A UBC 887 DVD(TC)8 

UBC 815 (CT)8G UBC 888 BDB(CA)8 

UBC 818 (CA)8G UBC 889 DBD(AC)8 

UBC 819 (GT)8A UBC 890 VHV(GT)8 

UBC 820 (GT)8T* UBC 891 HVH(TG)7 

UBC 821 (GT)8T ISSR 7 (AG)8YC* 

UBC 822 (TC)8A ISSR 9 (CT)9RC 

UBC 823 (TC)8C   ISSR 16 (TCC)5RY 

UBC 824 (TC)8G ISSR 21 (AG)8YT* 

UBC 825 (AC)8T* ISSR 28 A(GAAA)4G 

UBC 826 (AC)8C ISSR 43 (GT)8YA 

UBC 828 (TG)8A ISSR 47 (AG)8Y 

UBC 830 (TG)8G   

*Polymorphic primers 

Results and discussion 

ISSR amplification results 

In this study, molecular characterization of 18 seedling tea genotypes and 6 standard 

varieties grown in the Eastern Black Sea Region was performed by 59 ISSR primers. 

First 59 ISSR primers were tested on 8 genotypes. then 15 ISSR primers producing 

reproducible and polymorphic bands, were used in the molecular characterization of all 

samples (Table 2). Gel images and amplification products are shown in Figure 2. 

Today, it is important to perform genetic diversity analysis to have information about 

changes that may occur about the sustainable use and future status of plant genetic 

resources, to evaluate the evolutionary process of a population, and conservation of 
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species (Pan et al., 2017; Yun-qinq et al., 2019). Many DNA molecular marker 

techniques based on PCR technology have been developed in the characterization of 

plant gene sources. The most known DNA marker techniques and used by many 

researchers are ISSR, RAPD, AFLP, SRAP. The ISSR DNA molecular marker 

technique, which is frequently used in the fields of genetic diversity, gene tagging, 

phylogenetic studies, genome mapping, and evolutionary biology, is among the most 

preferred, especially due to its ease of application and repeatability (Kafkas et al., 2006; 

Norozi et al., 2009; Nazafzadeh et al., 2014). Furthermore, the fact that ISSR markers 

are more efficient than other markers in genetic diversity assessment and their ability to 

produce more polymorphic bands increases the applicability of these markers (Kumar 

and Agrawal, 2019). The researches revealed that varieties that cannot be separated by 

RAPD markers can be separated by ISSR markers (Indu et al., 2020). This finding 

suggests that the evolution rate of ISSRs may be faster than the RAPDs in the tea 

samples studied. Therefore, the ISSR marker technique is suitable for use in the study of 

genetic diversity and the determination of genetic relationships of closely related tea 

varieties. Different studies have also indicated that ISSR markers show higher levels of 

polymorphism compared to RAPD markers (Yang et al., 1996; Nagaoka and Ogihara, 

1997; Parsons et al., 1997; Esselman et al., 1999). 

 

 

Figure 2. Image of amplification products generated with the ISSR Primers, L: 5 µl DNA 

(ladder) 

 

 

In this study the total number of clearly visible bands was 109, and 84 of them were 

polymorphic. Band sizes ranged between 150 and 1500 base pairs (bp) and the 

polymorphism rate (PR) was 77%. Number of polymorphic ISSR bands ranged between 2 

and 8 that minimum and maximum number of bands were given by UBC 858, and UBC 

820 and UBC 843 primers, respectively. Polymorphism rates were observed in the range 

of 50% to 100% among the primers that ISSR 21 showed the lowest polymorphism, while 

UBC 843, UBC 850, UBC 860, and UBC 852 primers showed the highest polymorphism 
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(Table 3). All available primers cannot be used in all plant species, so it is necessary to 

develop and select appropriate primers for each plant species and variety. Christopoulos 

(2010) used 95 ISSR primers in walnut, and 7 of them were polymorphic; Zafar-

Pashanezhad et al. (2020) tried 30 ISSR primers in Eruca sativa, and 19 of them were 

polymorphic; Atalmış (2007) detected 15 ISSR primers as polymorphic out of 17 primers 

in melon; Demirel (2013) found that 14 primers as polymorphic among 54 ISSR primers 

used in wheat; Kaç (2013) found a total of 12 primers as polymorphic of 21 ISSR primers 

used in tea, and Çeker (2008) tried 65 ISSR primers in chickpeas and determined that 11 

of them were polymorphic. These results are similar to the results of our study. 

Polymorphic primers will be the resource for future studies to be conducted on tea. 

Karadut and Kafkas (2013) used 137 ISSR primers in pistachio, walnut, apple, apricot, 

and cherry varieties, and they obtained 791 bands in pistachio, 613 bands in walnuts, 696 

bands in apples, 666 bands in apricots, and 514 bands in cherries. In a study conducted 

with 91 chickpea genotypes of Turkish origin and 2 chickpea varieties, researchers 

managed to produce a total of 242 bands from 11 polymorphic ISSR primers (Çeker, 

2008). A total of 391 bands were obtained from 11 polymorphic ISSR primers in the 

genus Ankyropetalum Fenzl found in Turkey (Atgüden, 2016). Although a smaller 

number of bands we obtained in tea samples, 84 bands were sufficient to distinguish tea 

genotypes and varieties from each other. In a study using 6 different ISSR primers on the 

endangered rare endemic species Parrotia subaequalis, the researchers determined that 

there were large genetic differences among 25 separate samples in the population with a 

polymorphism rate of 79.66% (Yun-xia et al., 2020). In another biodiversity study, on 

Trichosanthes dioica, using ISSR, SCoT, and SRAP markers, the researchers reported 

that 20 different ISSR primers gave a 95.96% polymorphism ratio and an average number 

of 15.25 bands. The researchers reported that ISSR markers out of these 3 different 

marker types used were more informative in the assessment of genetic diversity and 

produced a higher average number of polymorphic bands (Kumar and Agrawal, 2019). 

Although the highest polymorphism rates obtained in these studies on different species 

were lower than the polymorphism rates found in this study, the average number of bands 

obtained were higher compared to our study. 

 

Similarity index and genetic relationship dendrogram 

The numbering sequence created for the genotype and varieties of tea was presented 

in Table 1. Clustering analysis was performed by the UPGMA method (Fig. 3). The 

Dendrogram showed that two branches, A and B, were formed. It was detected that the 

group B contains 1 genotype, and the remaining 23 genotypes constitute the group A 

which was mainly divided into two as A1 and A2. The A1 contains 2 genotypes and the 

A2 contains 21 genotypes, and the A2 group is also divided into subgroups. The 

dendrogram revealed that the most distantly related genotypes to the others were 

Güneysu and Pazar, while the most similar genotypes to each other were İyidere and 

Derepazari. A2 group forms the main group with various genotypes consisting of 6 

subgroups. The first subgroup consisted of Tirebolu1-Hamzabey-Çayeli. In the second 

subgroup, the Tirebolu3-Hayrat1-Ardeşen genotype and their varieties are intertwined. 

There are 8 genotypes in the third subgroup, and this of-Hayrat2-Fener3 - Fener-

Tirebolu4-Tirebolu5-Iyidere-Derepazari genotype and its varieties are also intertwined. 

İyidere-Derepazarı genotypes were found genetically identical. The genotypes of 

Pazar2-Hopa-Muradiye-Institute in the fourth subgroup also formed a group among 

themselves. The last subgroup contains 3 genotypes and has been sampled from nearby 
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provinces. Pazar-Arhavi- Fındıklı in this group show a close relationship among them. 

The similarity levels varied between 0.62 and 0.97 among the genotypes. In another 

study, the genetic similarity levels between 19 tea varieties taken from the Rize region 

were between 0.26 and 0.75 (Kaç, 2013). When the tea genotypes collected from the 

current tea growing regions were examined, a 62% similarity was detected among them. 

The ISSR molecular marker technique was used to determine the genetic relationships 

among 40 wild tea plants grown in Greece, and the genetic similarity rates were 

determined as 0.41, 0.37, and 0.55 (Liu et al., 2012). Yao et al. (2008) used the ISSR 

molecular marker technique to determine the genetic diversity and relationship among 

48 tea varieties brought from China, Japan and Kenya, and they found that there was a 

greater amount of diversity among Chinese varieties than in Japan, and Kenya. The 

coefficient of gene differentiation (GST) was found as 0.202, indicating a high degree 

of genetic diversity in these populations. In another study conducted to reveal the 

possible genetic variation of C. sinensis caused by electromagnetic fields, the 

researchers used 10 ISSR and 8 SCoT primers, and they reported that ISSR primer 

sequences showed more variation compared to SCoT sequences (Azizi et al., 2020). 

Looking at the tea varieties in general, it is observed that genetic expansions have 

emerged. It is argued that this expansion is due to cross-pollination. The frequent 

preference of ISSR primers in C. sinensis genetic diversity studies in general by 

researchers supports our study. The first tea seeds to come to Turkey were taken from 

the same region. For many years, the seeds of plants grown from these seeds have been 

used in the establishment of new tea orchard. In this respect, since the population has 

been pollinated and fertilized within itself for many years, the genotypes and varieties 

formed from the seeds have shown a great deal of similarity. However, those that differ 

genetically should be examined and investigated morphologically. 

 
Table 3. Allele numbers and polymorphism rates of polymorphic ISSR primers used in tea 

genotypes and varieties 

Primer name Total number of bands 
Number of 

polymorphic bands 

Percentage polymorphism 

(%) 

UBC 820 10 8 80.0 

UBC 825 8 6 75.0 

UBC 827 6 4 66.6 

UBC 840 6 4 66.6 

UBC 841 8 6 75.0 

UBC 843 8 8 100.0 

UBC 850 7 7 100.0 

UBC 852 7 7 100.0 

UBC 855 6 5 83.3 

UBC 858 3 2 66.6 

UBC 857 6 5 83.3 

UBC 859 5 4 80.0 

UBC 860 6 6 100.0 

ISSR 7 11 6 54.5 

ISSR 21 12 6 50.0 

Total 109 84 - 

Mean 7.3 5.6 77 
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Figure 3. Dendrogram based on the similarity index between C. sinensis genotypes and 

varieties using ISSR markers 

Conclusions 

The study was conducted with 18 different genotypes and 6 different varieties of 

standard tea. Genotypes were selected as a representation from tea orchard of Artvin, 

Rize, Trabzon, Giresun, and Ordu provinces where tea is grown in Turkey. In the study, a 

total of 59 different ISSR primers were used and 15 of them were determined to be 

polymorphic for tea. It has been found that generally tea genotypes propagated by seed 

are genetically similar at a rate of 62%. For example, the genetic structures of the Iyidere-

Derepazarı genotypes were found to be similar to each other (Fig. 3). A total of 38% of 

the tea population was determined to show a difference, which was found to occur due to 

genetic expansion. In the market, the idea that the tea of different companies or regions is 

of better quality is not entirely due to genotype, but also that the ecology in which the tea 

grows is effective in climate and soil characteristics, as well as processing technology. At 

the same time, this genetic difference can be used in breeding study. 
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