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Abstract: In this study, intra-specific variations in naturally growing and cultivated mastic tree (Pistacia lentiscus L.) samples 

obtained from western parts of Turkey were examined using ISSR and IRAP marker techniques. Samples from Crete and Chios 

were also included in the study. Morphological measurements of some leaf characteristics of the samples were performed and 

the measured data was evaluated statistically with a Pearson Correlation analysis to reveal the correlations between character 

pairs. ISSR primers produced 81 bands between 161-1884bp with 96.3% polymorphism and IRAP primers produced 72 bands 

between 124-2027bp with 91.67% polymorphism. Polymorphism information content (PIC) values were 0.458 and 0.418 for 

ISSR and IRAP, respectively. Genetic similarity matrix was examined with Jaccard’s coefficient. Maximum similarity was 

found between the Cretan samples (LG2 and LG3) with the ISSR analysis (0.933) and between L25A (C1, Bodrum) and L29A 

(C1, Milas) with the IRAP analysis (0.593). Unweighted pair group method with arithmetic mean (UPGMA) dendrogram was 

divided into 12 and 4 groups by ISSR and IRAP methods, respectively. Specimens were segregated on 3 main different clusters 

by the Principal Component Analysis (PCA) based on the combined marker systems. The results showed that P. lentiscus has 

very high ratios of intraspecific variation. The present work is an original study in terms of large sampling including wild 

genotypes, cultivated specimen, Chios and Cretan varieties, use of ISSR and IRAP combination, determination of relations 

between culture and wild genotypes and the use of Bagy-1 retrotransposons in intraspecific polymorphism. This study may be 

considered as a reference study for studies on gene pools of P. lentiscus and phylogenetic relationships within the species and 

may contribute to species concept and agricultural breeding programs. 

Key words: IRAP, ISSR, Phylogenetics analysis. 

Özet: Bu çalışmada, ISSR ve IRAP markör teknikleri kullanılarak Türkiye’nin batı kesiminde doğal olarak yetişen ve kültürü 

yapılan sakız ağacı (Pistacia lentiscus L.) örneklerindeki tür içi varyasyon analizi yapılmıştır. Girit ve Sakız Adası örnekleri 

de çalışmaya dahil edilmiştir. Bazı yaprak özelliklerinin morfolojik ölçümleri gerçekleştirilmiş ve aralarındaki korelasyon 

Pearson Korelasyon analizi ile belirlenmiştir. ISSR primerleri 161-1884bç arasında %96,3 polimorfizm ile 81 bant üretmiştir. 

IRAP primerleri ise 124-2027bç arasında %91,67 polimorfizm ile 72 bant üretmiştir. Polimorfizm bilgi içeriği (PIC) değerleri 

0,458 (ISSR) ve 0,418 (IRAP) arasında bulunmuştur. Genetik benzerlik matriksleri Jaccard katsayısıyla oluşturulmuştur. ISSR 

sonuçlarında en yüksek benzerlik Girit örnekleri (LG2 ve LG3) arasında (0,933) ve IRAP sonuçlarında ise L25A (C1, Bodrum) 

ve L29A (C1, Milas) arasında bulunmuştur. UPGMA yöntemiyle kurulan dendrogramlarda sırasıyla ISSR için 12 grup ve 

IRAP için 4 grup ayrılmıştır. Her iki markör sistemi için ortak kurulan temel bileşen analizi (PCA) grafiğinde 3 farklı küme 

oluşmuştur. Sonuçlar göstermiştir ki, P. lentiscus yüksek oranlarda tür içi varyasyona sahiptir. Bu çalışma, ISSR ve IRAP 

markörlerinin yabani genotipler, kültür türleri, Sakız Adası ve Girit çeşitlerinin analizinde kullanımı, kültür varyeteleri ve 

yabani genotipler arasındaki ilişkilerin belirlenmesi ve tür içi polimorfizmde Bagy-1 retrotranspozonlarının kullanımı açısından 

özgün bir çalışmadır. Söz konusu çalışma, P. lentiscus gen havuzunun ve filogenetik ilişkilerinin araştırılması, tür sınırlarını 

saptamaya yönelik yapılacak tarımsal ıslah çalışmaları için referans niteliğindedir. 

 

Introduction

The genus Pistacia L. within the family 

Anacardiaceae is represented with 11 species worldwide 

and with six naturally growing species in Turkey (Stevens 

2008, Kafkas & Perl-Treves 2001, Kokwaro & Gillet 

1980, Whitehouse 1957, Yaltırık 1967, Zohary 1952). 

Members of the genus grow naturally in various areas of 

the northern hemisphere including the Middle East, 

Canary Islands and the Mediterranean region (Ak & 

Parlakçı 2009). Pistacia genus is believed to have 

originated in Central Asia 80 million years ago (AL-

Saghir 2010, Parfitt & Badenes 1997). Mastic tree 

(lentisk) (Pistacia lentiscus L.) is an economically 
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important species of the genus in terms of mastic resin 

which has a wide spectrum of biomedical usage and 

cultivated for its aromatic resin. As an evergreen 

dioecious maquis element with a height ranging from 1 to 

5m and a strong smell of resin, P. lentiscus bears fleshy 

drupe with an initial red colour which becomes black after 

ripening. The leaves are compound paripinnate, alternate, 

and leathery. The high ecological tolerance of the species 

allows it to resists heavy frosts and drought (Correia & 

Catarino 1994) and to grow well in all types of soils 

ranging from limestone areas to saline environments 

around sea (Zohary 1952). Its resin, known as mastic, is 

harvested as a spice from cultivated mastic trees and used 

in food industry, cosmetics and medicine with therapeutic 

effects such as gastrointestinal ailments, and antibacterial 

and antifungal properties. Mastic resin is reported to be 

effective in inhibition of cell lines of some cancer types 

including colon (Balan et al. 2007), prostate (He et al. 

2007), and erytrolosemi (Loutrari et al. 2006). Analysing 

gene pools and conservation of genetic resources of P. 

lentiscus are important strategies for selection of high 

yield genotypes adapted to various environmental 

conditions and for increasing product potential in 

breeding programmes. Pistacia has formerly been divided 

into four groups as Lenticella, Eu-Lentiscus, Butmela and 

Eu-terebinthus including 11 species in total based on 

some morphological observations of Zohary (1952) and 

Whitehouse (1957). In the first molecular study based on 

chloroplast DNA, two groups, Terebinthus and Lentiscus, 

represented by deciduous and evergreen plants were 

suggested to be placed in Pistacia (Parfitt & Badenes 

1997). The group Terebinthus was also supported by 

some molecular studies carried on Mediterranean Pistacia 

species (Golan-Goldrish et al. 2004, Kafkas and Perl-

Treves 2001, Kafkas & Perl-Treves 2002, Kafkas 2006). 

Some morphological characters such as features of rachis 

and compound leaves, shape, colors and venation of the 

leaflets, shape of fruits are used in taxonomical 

delimitations of Pistacia species in Turkey (Yaltırık 

1967). Some studies were performed on Turkish Pistacia 

species based on random amplified polymorphic DNA 

(RAPD) (Kafkas & Perl-Treves 2002) and amplified 

fragment length polymorphism (AFLP) markers (Kafkas 

2006) explaining some taxonomical relations of the 

species and suggesting some nomenclatural 

combinations. In a recent work carried on P. Lenticus in 

Turkey, Inter Simple Sequence Repeat (ISSR), Simple 

Sequence Repeat (SSR), RAPD and Internal Transcribed 

Spacer (ITS) markers were used to evaluate patterns of 

genetic variation and phylogenetic relationships in 24 

wild-type mastic trees (Abuduli et al. 2016). The ISSR 

results indicated that male and female genotypes were 

distinctly separated from each other and that ISSR 

markers were useful for analysis of intraspecific 

variations in mastic trees.  

ISSRs are defined as inter-gene regions of 

microsatellites and ISSR markers are used as molecular 

markers in polymorphism studies. Microsatellites 

occuring at thousands of locations within a genome are 

widely used for DNA profiling, genetic diversity, genetic 

linkage analysis and marker assisted selection (MAS) to 

locate a gene or a mutation responsible for a given trait. 

They are also used, owing to their high polymorphism 

rates, in phylogeographic studies (Nagy et al. 2003) and 

to measure the levels of relatedness between infraspecific 

taxa, groups and individuals (Fritz et al. 2005). As an 

alternative valuable retrotransposon-based marker, inter-

retrotransposon amplified polymorphism (IRAP) markers 

are also used to determine genotypes, measure diversity, 

establish taxonomical relations or reconstruct phylogeny 

(Kalendar et al. 1999). Retrotransposons which are 

mobile genetic elements can induce mutations by 

inserting near or within genes. The copy number of 

retrotransposons exhibit diagnostic patterns among 

closely related plant taxa (Tenaillon et al. 2011) and are 

useful for determining genetic diversity within a species 

(Kolano et al. 2013) in addition to genomic changes 

associated with retrotransposon activity in abiotic stress 

conditions (Fan et al. 2014). Retrotransposons are divided 

into two groups according to the presence or absence of 

long terminal repeats (LTR). The LTR retrotransposons 

were well analyzed at different taxonomical categories of 

plants (Park et al. 2007, Ma et al. 2008).  

In this study, intra-specific variations in 35 samples of 

naturally growing and culture varieties of P. lentiscus 

obtained from various localities in Turkey, Chios and 

Crete were examined using ISSR and IRAP marker 

techniques in order to provide data for elucidating the 

gene pool of the species in the sampling region, contribute 

its revision, taxonomical delimitation and its 

phylogeographical relations. For phylogenetic analysis, 

dendrograms were generated based on ISSR and IRAP 

data and the marker results were evaluated by PCA 

analysis. Morphological measurements of the collected 

specimens were also carried out to determine similarity 

coefficients of phenotypic characters at population level. 

Materials and Methods 

Plant material  

Pistacia lentiscus specimens were collected from 31 

native populations distributed in İstanbul (A2(E)), İzmir 

(B1), Muğla and Aydın (C1 and C2) according to the grid 

system of Turkey. Four specimens collected from Chios 

(1) and Cretan (3) were also included in the study (Table 

1). The collected specimens were prepared as herbarium 

materials and are kept in ISTF (Herbarium of İstanbul 

University Faculty of Sciences). Leaf samples of the 

collected specimens were transported to the laboratory in 

polypropylene bags and kept at -80ºC conditions until the 

analysis. 

Morphological analysis 

The lengths of leaflet tips, widths and lengths of 

rachis, leaf and leaflets were measured and leaflet 

numbers and the shapes of leaflets were determined using 

binocular stereomicroscope. Each measurement was 

performed as five replicates for each character. A variance 

https://en.wikipedia.org/wiki/Agriculture
https://en.wikipedia.org/wiki/Aromaticity
https://en.wikipedia.org/wiki/Resin
https://en.wikipedia.org/wiki/Genetic_linkage
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analysis (ANOVA) was performed with the obtained data 

to determine phenotypically differences. The Pearson 

correlation test was performed to determine the 

relationships between measured characters.  

DNA isolations 

Genomic DNA isolations of P. lentiscus specimens 

were performed by the CTAB method of Lodhi et al. 

(1994) with minor modifications. The concentration and 

purity of the genomic DNA samples were evaluated in the 

Nanodrop 2000c instrument. Qualities of the genomic 

DNAs were analyzed by running on 0.8% agarose gel 

using 1xTBE buffer and ethidium bromide (EtBr). 

Scanning of the gels was carried out under UV 

(GELIANCE 200 Imaging System with GeneSnap 

software). 

 PCR Amplification of ISSR and IRAP  

Polymerase chain reaction (PCR) amplifications of the 

DNA samples were carried out in Thermo Scientific 

Arktik Thermal Cycler using 12 ISSR and 14 IRAP 

primers (Table 2). The primers showing clear bands on 

gel images were selected. The ISSR amplifications were 

analyzed in volumes of 20μl including 1xPCR buffer, 

2.5mM MgCl2, 0.4mM dNTP mix (dATTP, dGTP, dCTP 

and dTTP), 1U Taq DNA polymerase, 0.4mM for each 

ISSR primer, 50ng DNA sample and DNase/RNase free 

water. The PCR reactions for ISSR markers were 

programmed with the following conditions: after initial 

denaturation of DNA at 95°C for 5min, 35 cycles of 

denaturation at 95°C for 30sec, annealing (Ta°C is different 

for each primer) (Table 2) for 1min, 72°C for 1min and 

final extension at 72°C for 5min. The IRAP 

Table 1. The details of the localities of Pistacia lentiscus L. specimens included in the study. 

No Accessions Grid no Altitude Coordinates No Accessions Grid no Altitude Coordinates 

1 L2A C1 19m 
37o41’46.33”N 

27o41’44.62”E 
19 L23A C1 16m 

37o01’45.05”N 

27o25’02.05”E 

2 L2B C1 19m 
37o41’46.33”N 

27o41’44.62”E 
20 L24A C1 3m 

37o08’11.80”N 

27o34’51.94”E 

3 L11A C1 118m 
37o27’39.68”N 

27o22’38.99”E 
21 L25A C1 3m 

37o08’11.80”N 

27o34’51.94”E 

4 L11B C1 118m 
37o27’39.68”N 

27o22’38.99”E 
22 L26A C1 3m 

37o08’11.80”N 

27o34’51.94”E 

5 L16A C1 172m 
37o19’44.74”N 

27o39’07.03”E 
23 L30A C1 141m 

37o43’51.71”N 

27o23’18.03”E 

6 L16B C1 172m 
37o19’44.74”N 

27o39’07.03”E 
24 L33A C2 62m 

36o45’39.44”N 

28o56’04.64”E 

7 L16C C1 172m 
37o19’44.74”N 

27o39’07.03”E 
25 L33B C2 62m 

36o45’39.44”N 

28o56’04.64”E 

8 L17A C1 0m 
37o16’55.88”N 

27o35’21.58”E 
26 L34A C2 62m 

36o45’39.44”N 

28o56’04.64”E 

9 L17B C1 0m 
37o16’55.88”N 

27o35’21.58”E 
27 LEU B1 50m 

38o45’58.63”N 

27o22’89.37”E 

10 L17C C1 0m 
37o16’55.88”N 

27o35’21.58”E 
28 LCHIA - - 

38o37’24.71”N 

25o92’42.12”E 

11 L18A C1 0m 
37o16’55.88”N 

27o35’21.58”E 
29 LCES1 B1 10m 

38o32’35.56”N  

26o28’31.48”E 

12 L19A C1 43m 
37o17’01.10”N 

27o34’32.55”E 
30 LCES2 B1 10m 

38o32’35.56”N  

26o28’31.48”E  

13 L28A C1 8m 
37o15’32.72”N 

27o31’28.48”E 
31 LG1 - 200m 

35o10’11.0”N 

24o58’38.8”E 

14 L28B C1 8m 
37o15’32.72”N 

27o31’28.48”E 
32 LG2 - 200m 

35o10’11.0”N 

24o58’38.8”E 

15 L29A C1 8m 
37o15’32.72”N 

27o31’28.48”E 
33 LG3 - 200m 

35o10’11.0”N 

24o58’38.8”E 

16 L21B C1 16m 
37o01’45.05”N 

27o25’02.05”E 
34 LZB A2(E) 10m 

40o58’00.59”N 

28o53’00.59”E 

17 L22A C1 16m 
37o01’45.05”N 

27o25’02.05”E 
35 LBB A2(E) 69m 

41°0’43.56”N 

8°57’50.21”E 

18 L22B C1 16m 
37o01’45.05”N 

27o25’02.05”E 
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Table 2. The list of the ISSR and IRAP primers with their corresponding Ta°C values and 5’-3’ sequences.  

No 
Primer 

code 
References Sequences (5’-3’) 

Annealing 

temperature 

(Ta°C) 

1 ISSR1 UBC-864 ATG ATG ATG ATG ATG ATG 49.8 

2 ISSR2 UBC-828 TGT GTG TGT GTG TGT GA 45.7 

3 ISSR3 UBC-815 CTC TCT CTC TCT CTC TG 56.2 

4 ISSR4 UBC-827 ACA CAC ACA CAC ACA CG 56.2 

5 ISSR5 UBC-823 TCT CTC TCT CTC TCT CC 51.0 

6 ISSR6 RAMP-TAG TAG AGA GAG AGA GAG AGA G 59.0 

7 ISSR7 UBC-807 AGA GAG AGA GAG AGA GT 52.2 

8 ISSR8 UBC-813 CTC TCT CTC TCT CTC TT 50.4 

9 ISSR9 UBC-861 ACC ACC ACC ACC ACC ACC 57.6 

10 ISSR10 UBC-862 AGC AGC AGC AGC AGC AGC 64.7 

11 ISSR11 UBC-844A CTC TCT CTC TCT CTC TAC 53.7 

12 ISSR12 17899A CAC ACA CAC ACA CAC AG 43.4 

13 IRAP1 560LTR, Wis2 TTGCCTCTAGGGCATATTTCCAACA 60.0 

14 IRAP2 2107LTR, Wilma AGCATGATGCAAAATGGACGTATCA 60.0 

15 IRAP3 2109LTR, Daniela TAC CCC TAC TTT AGT ACA CCG ACA 60.0 

16 IRAP4 2114LTR, Fatima GGACACCCCCTAATCCAGGACTCC 60.0 

17 IRAP5 728LTR, Sabrina TGTCACGTCCAAGATGCGACTCTATC 60.0 

18 IRAP6 432LTR, Sukkula GATAGGGTCGCATCTTGGGCGTGAC 60.0 

19 IRAP7 LTR SukkulaLARD TAGGGTCGCATCTTGGGCGTGACA 60.0 

20 IRAP8 2123LTR, Wham GGAAAAGTAGATACGACGGAGACGT 60.0 

21 IRAP9 552LTR, Bagy1 CGATGTGTTACAGGCTGGATTCC 60.0 

22 IRAP10 1369LTR, BARE1 TGCCTCTAGGGCATATTTCCAACAC 60.0 

23 IRAP11 LTR6149, BARE-1 CTCGCTCGCCCACTACATCAACCGCGTTTATT 60.0 

24 IRAP12 LTR4, 11111133 AGCCTGAAAGTGTTGGGTTGTCG 59.0 

25 IRAP13 LTR7, 460  486 CACTTCAAATTTTGGCAGCAGCGGATC 60.0 

26 IRAP14 LTR2, 8  30 CTTGCTGGAAAGTGTGTGAGAGG 55.0 

 

reactions were performed in 25μl volumes containing 

1xPCR tampon, 2.5mM MgCl2, 0.4mM dNTP mix, 2U Taq 

DNA polymerase, 1μM primer, 50ng DNA sample and 

water using the protocol of Kalendar et al. (2011) with 

minor modifications: initial denaturation at 95°C for 3min, 

35 cycles of denaturation at 95°C for 1min, annealing (Ta°C 

is different for each primers) (Table 2) for 45sec, 68°C for 

3min and final extension at 72°C for 5min. The PCR 

products stained with the loading dye were analyzed by 

running on a 1.5% agarose gel with using 1xTBE and EtBr. 

Visualisation of the gels with fragmented DNA was carried 

out under UV (GELIANCE 200 Imaging System with 

GeneSnap software). 

Evaluation of the datasets 

The "Thermo Scientific myImage Analysis v2.0" 

software was used to determine the band molecular sizes 

using the gel images. The band fragments were visually 

scored for presence (1) or absence (0) on their gel patterns 

(additional data are given at the journal’s web page as 

Supplemantary Material Table 6). The polymorphism 

information content (PIC) value was calculated according 

to the formula; 

PIC =  2P𝑖 (1 − P𝑖) 

where Pi represents the frequency of polymorphic bands 

present for a primer (Bhat 2002). The similarity coefficient 

matrix of the analyses was made based on the "Jaccard" 

similarity formula (Jaccard 1908) and was generated with the 

PASW18 software. The results were evaluated by 

constructing dendrograms for ISSR and IRAP according to 

the Jaccard’s similarity coefficients. In order to determine 

phylogenetic relationships, unweighted pair group method 

with arithmetic mean (UPGMA) algorithm was produced 

using the XLSTAT package program. The distribution of the 

genotypes in the P. lentiscus gene pool was assessed by the 

principle component analysis (PCA) based on ISSR and 

IRAP data. The PCA analyses were also performed using the 

XLSTAT package program. 

Results 

Morphological analysis 

The results of the morphological measurements (see 

Table 3) showed that the minimum and maximum values 

were 0.31mm and 1.42mm for the tip length of leaflets. The 

minimum rachis length was measured as 1.93cm for L28A 

and the maximum as 5.71cm for LZB and the rachis width 

ranged from 1.10mm (L16B) to 2.69mm (L11A). The lowest 

leaf size was measured as 3.66cm for L28A and the highest 

value as 7.68 cm for LZB. The average value of the leaflet 

lenght in the population was calculated as 2.73cm (Table 3). 

The results of the Pearson correlation analysis were given in 

Table 4. A high correlation level (p<0.01) was determined 

between the pairs of the morphological characters, and the 

highest correlation (r=0.901) was measured between leaf 

width and leaflet size. 

ISSR and IRAP polymorphism analysis 

Although a total of 12 different primers were used for 

ISSR analysis, 9 of them were included in the band 

analysis. A total of 81 bands and 1444 amplicons were 
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obtained between 161 bp and 1884 bp per ISSR primer 

and 3 of them were monomorphic band (Fig. 1). The 

lowest and the highest PIC values were 0.368 and 0.495, 

respectively. The mean PIC value was 0.458 and the 

polymorphism rate was found to be 96.3% (Table 5). 

14 different primers were tested in the IRAP-PCR. Bagy-

1, BARE-1 and Sukkula LTR-retrotransposon primers were 

determined after the PCRs. Bagy-1 retrotransposon primer 

(IRAP9), LTR4 primer (IRAP12) and LTR2 primer 

(IRAP14) were selected based on the clearly produced band 

profiles in agarose gel electrophoresis, and the other primers 

were not included in the assays since they were determined 

to be monomorphic.  

Table 3. The average values of each morphological measurement and the leaflet shape details of the specimens. a; oblanceolate, b; 

oblong-obovate, c; oblanceolate-obovate, d; ovate-oblanceolate, e; oblong-oblanceolate, f; orbicular-oblanceolate, g; ovaet, h; oval-

obovate. 

No Samples 

Tip Rachis Leaf Leaflet   

Length 

(mm) 

Length 

(cm) 

Width 

(mm) 

Length 

(cm) 

Width 

(cm) 

Length 

(cm) 

Width 

(cm) 
Number Shape 

1 L2A 0.62±0.21 2.23±0.55 1.40(0.36) 3.8 ±1.15 4.14±0.45 2.53±0.19 1.02±0.24 3.6 d 

2 L2B 0.37±0.09 3.16±0.59 1.65±0.33 4.44±0.65 5.30±0.84 3.19±0.57 1.31±0.12 5.6 a 

3 L11A 0.48±0.05 2.62±0.45 2.69±0.24 4.82±0.88 5.52±0.53 3.10±0.34 1.40±0.59 3.2 a 

4 L11B 0.44±0.06 3.82±0.43 1.92±0.37 6.18±0.81 5.10±1.08 3.24±0.49 1.35±0.29 6.0 b 

5 L16A 0.91±0.23 3.20±1.02 2.04±0.09 5.00±0.52 3.94±0.44 2.32±0.28 1.30±0.14 6.6 f 

6 L16B 1.42±0.24 2.90±0.24 1.10±0.14 4.88±0.63 4.10±0.14 2.52±0.22 0.98±0.15 6.0 c 

7 L16C 0.75±0.22 3.43±0.68 1.64±0.30 4.78±0.63 3.92±0.29 2.08±0.49 0.87±0.29 6.6 b 

8 L17A 0.43±0.06 2.57±0.53 1.45±0.17 4.40±0.61 4.03±0.67 2.43±0.30 1.18±0.33 5.6 a 

9 L17B 0.53±0.10 2.85±0.80 1.41±0.23 4.86±0.77 3.77±0.25 2.43±0.57 0.78±0.07 5.6 e 

10 L17C 0.43±0.07 2.56±0.53 1.80±0.27 4.54±0.72 4.28±0.72 2.57±0.13 1.34±0.20 5.0 h 

11 L18 0.47±0.13 2.18±0.50 1.62±0.21 4.40±0.90 4.56±0.56 2.82±0.27 1.12±0.19 4.4 e 

12 L19A 0.46±0.03 2.89±0.41 1.88±0.21 4.42±0.46 4.77±0.44 2.44±0.42 0.96±0.04 4.4 a 

13 L21B 0.46±0.05 2.35±0.21 2.04±0.26 3.90±0.26 4.62±0.69 2.72±0.25 1.33±0.10 4.0 a 

14 L22A 0.68±0.24 2.23±0.44 2.27±0.24 4.47±0.36 5.27±0.52 2.87±0.49 1.64±0.19 3.8 d 

15 L22B 0.43±0.10 2.56±0.33 1.59±0.38 4.48±0.76 3.54±0.45 2.28±0.23 0.84±0.20 5.2 b 

16 L23A 0.43±0.13 3.40±0.80 1.96±0.34 5.18±1.00 4.87±0.76 2.80±0.36 1.22±0.31 6.2 d 

17 L24A 0.46±0.18 2.29±0.98 2.12±0.37 4.86±1.45 4.31±0.77 2.35±0.61 1.25±0.41 6.4 a 

18 L25A 0.52±0.03 4.17±0.29 1.76±0.25 6.21±0.77 4.98±1.05 2.94±0.50 1.27±0.38 6.4 c 

19 L26A 0.48±0.09 2.78±0.63 2.26±0.56 4.45±0.9 5.04±0.36 2.75±0.38 0.98±0.13 5.1 a 

20 L28A 0.51±0.07 1.93±0.33 1.77±0.23 3.66±0.22 3.40±0.59 2.08±0.13 0.94±0.09 5.6 a 

21 L28B 0.51±0.01 3.13±0.62 1.78±0.22 4.77±0.64 3.83±0.62 2.36±0.09 1.05±0.16 5.2 a 

22 L29A 0.55±0.14 3.34±0.73 2.02±0.21 5.26±1.41 5.48±0.67 3.31±0.12 0.96±0.11 5.2 b 

23 L30A 0.31±0.17 3.59±0.55 1.85±0.22 4.90±0.82 4.72±1.08 2.64±0.68 1.14±0.27 5.6 c 

24 L33A 0.53±0.14 5.55±2.80 2.02±0.31 7.55±2.80 7.78±0.81 3.62±0.83 1.17±0.29 4.4 e 

25 L33B 1.06±0.09 2.7±0.64 1.89±0.22 4.74±0.72 5.56±0.41 3.11±0.32 1.27±0.23 3.8 b 

26 L34A 0.67±0.17 3.48±0.95 2.30±0.27 5.19±1.22 6.14±1.03 3.46±0.58 1.22±0.25 7.2 e 

27 LEU 0.44±0.09 3.15±0.40 1.72±0.33 4.65±1.08 4.12±0.21 2.33±0.19 1.23±0.48 5.4 a 

28 LCHIA 0.66±0.18 3.35±0.96 2.23±0.57 6.50±0.79 5.56±1.64 3.10±1.03 1.93±0.35 5.6 f 

29 LCES 0.54±0.15 3.70±1.29 1.94±0.26 6.06±1.82 4.84±0.50 3.05±0.67 1.60±0.42 6.4 a 

30 LG 0.70±0.14 4.84±0.91 1.90±0.51 6.30±0.72 4.18±0.58 2.28±0.34 0.85±0.18 8.8 e 

31 LZB 0.74±0.08 5.71±0.69 2.60±0.65 7.68±0.78 5.40±0.23 2.72±0.31 1.56±0.23 6.6 a 

32 LBB - 3.16±0.77 2.1±0.22 6.64±1.08 5.84±0.42 3.20±0.39 1.71±0.21 6.0 g 

 Arithmetic mean 0.58±0.22 3.18±0.89 1.90±0.34 5.13±1.00 4.78±0.89 2.73±0.41 1.21±0.27 5.49±1.17  

 

Standard deviation 

of the population 

(σ) 

0.21 0.88 0.33 0.94 0.88 0.40 0.27 1.15  

 

Standard deviation 

variance of the 

population (σ2) 

0.04 0.77 0.11 0.97 0.78 0.16 0.07 1.32  
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Table 4. The correlation values between the character pairs. 

  Tip Rachis Leaf Leaflet 

  L L W L W L W N 

Tip L - 0.082 -0.158 0.126 -0.007 -0.046 -0.003 0.141 

Rachis 

L 0.082 - 0.286 0.877** 0.497** 0.331 0.130 0.493** 

W -0.158 0.286 - 0.397* 0.552** 0.426* 0.554** -0.033 

Leaf 

L 0.126 0.877** 0.397* - 0.600** 0.484** 0.431* 0.423* 

W -0.007 0.497** 0.552** 0.600** - 0.901** 0.471** -0.173 

Leaflet 

L -0.046 0.331 0.426* 0.484** 0.901** - 0.500** -0.190 

W -0.003 0.130 0.554** 0.431* 0.471** 0.500** - -0.083 

N 0.141 0.493** -0.033 0.423* -0.173 -0.190 -0.083 - 

L (length), W (width), N (number). *Level of significance of correlation, 0,05. **Level of significance of correlation, 0,01. 

 

Table 5. ISSR and IRAP analysis reaults for each primer. 

Primer 
Range size 

(bp) 

Total no of 

amplicons 

Total no of 

bands 

% of 

polymorphism 
PIC 

1. ISSR1 446-1071 215 10 90.00 0.474 

2. ISSR2 470-1197 137 11 72.73 0.458 

3. ISSR3 1008-1676 35 4 50.00 0.375 

4. ISSR4 564-1884 120 9 66.67 0.470 

5. ISSR5 369-1880 187 9 66.67 0.486 

6. ISSR6 271-1333 228 13 92.31 0.499 

7. ISSR7 282-1689 201 10 70.00 0.494 

8. ISSR9 287-533 111 7 71.43 0.495 

9. ISSR10 161-593 212 8 87.50 0.368 

TOTAL - 1444 81 - - 

MEAN - - - 96.30 0.458 

10. IRAP9 164-1426 192 20 85.00 0.398 

11. IRAP12 124-2027 319 35 94.29 0.384 

12. IRAP14 217-1844 226 17 94.12 0.471 

TOTAL - 737 72 - - 

MEAN - - - 91.67 0.418 

 

The band results of the IRAP-PCR revealed a total 

of 737 amplicons from 72 band fragments between 124 

bp and 2027 bp (Fig. 2). The mean PIC value for IRAP 

marker assay was found to be 0.418 (Table 5). 

Genetic similarity analysis 

The percentages of similarity obtained as a result of 

whole ISSR and IRAP analyses were calculated with 

Jaccard’s coefficient. According to ISSR datasets 

(additional data are given at the journal’s web page as 

Supplemantary Material Table 7), similarity ratios 

varied between 0.080 and 0.933. The lowest similarity 

was found to be 8% between LBB and L33A, and the 

highest (93%) was between LG2 and LG3. The lowest 

polymorphism was found in LBB genotype with an 

average value of 0.127 and the highest polymorphism 

was in L28B genotype with an average value of 0.628. 

The average values of the highest and lowest 

polymorphism values were calculated as 0.712 and 

0.125, respectively. According to IRAP datasets 

(additional data are given at the journal’s web page as 

Supplemantary Material Table 8), similarity ratios were 

found to between 0.087 and 0.593. The lowest (0.087) 

and highest (0.593) similarities were found between 

L11A and L33A, and between L25A and L29A, 

respectively. The minumum polymorphism was 

determined in L33A genotype with an average value of 

0.2222 and the maximum polymorphism in L25A 

genotype with an average value of 0.404. The average 

value of genetic similarity according to IRAP markers 

in all specimens was calculated as 0.323. 



 

 
Fig. 1. Agarose gel electrophoresis of ISSR6 (a) and ISSR7 (b) L; 100bp DNA Ladder, red solid circle; polymorphic bands. 

 
Fig. 2. Agarose gel electrophoresis of IRAP14. Red solid circle; polymorphic band.

Phylogenetic analysis 

For phylogenetic analysis of the 35 P. lentiscus 

samples, phylogenetic trees were constructed by 

UPGMA method according to the data obtained from 

ISSR and IRAP. Dendrograms were constructed based 

on the Jaccard’s similarity coefficient. The ISSR 

dendrogram was characterized with 12 different groups 

(Fig. 3). The first group (G1) consisted of L2A and L2B 

genotypes and the intra-group variance value was found 

to be 5.000. The second group (G2) included L11A, 

L16A, L17A, L17B, L17C and L33B genotypes and the 

group variance value was detected to be 8.867. The third 

group (G3) was only represented by the L11B genotype. 

The fourth group contained G4 (L16B), G6 (L28A), G7 

(L23A), G8 (L26A), G9 (L33A), G10 (LG1), G11 

(LZB) and G12 (LBB). G5 was divided into 16 branches 

containing L16C, L18A, L19A, L28B, L29A, L21B, 

L22A, L22B, L24A, L25A, L30A, L34A, LEU, LCHIA, 

LCES1, LCES2, LG2 and LG3. The in-class variance 

value of G5 was calculated as 9.556. Some genotypes 

were separated according to their location records. In the 

analysis of variance for the best grouping, the values 

were calculated as 9.208 (78.42%) within the group and 

2.533 (21.58%) among the groups. The total value was 

found to be 11.741. 

The IRAP dendrogram revealed presence of 4 

groups (Fig. 4). The first group (G1) contained 26 

genotypes (L2A, L11B, L17B, L17C, L18A, L19A, 

L28B, L29A, L21B, L22A, L22B, L23A, L24A, L25A, 

L26A, L30A, L33B, L34A, LEU, LCHIA, LCES1, 

LCES2, LG1, LG2, LG3, LZB), the second group (G2) 

contained six genotypes (L2B, L11A, L16A, L16B, 

1333 bp → 

827 bp → 

 

298 bp → 

700 bp → 

400 bp → 

 

a 

b 

* 

* 

L
 

1251 bp → 

 

341 bp → 

217 bp → 

* 

L
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L16C, L17A), the third group (G3) contained L28A and 

L33A genotypes, the fourth group (G4) contained only 

the LBB genotype. The variance values were calculated 

as 10.385 (G1), 8.767 (G2) and 4.000 (G3). The variance 

values calculated for the best classification of the 

genotypes were found to be 9.918 (92.19%) intra-group 

and 0.840 (7.81%) among the groups, the total value 

being 10.758. 

 

Fig. 3. UPGMA Dendrogram of 35 P. lentiscus specimens 

based on ISSR data. 

Principle component analysis (PCA) was performed 

to assess the distribution patterns of the populations 

based on ISSR and IRAP marker systems (Fig. 5). The 

PCA results showed that the two axes (F1, 43.62% and 

F2, 5.09%) as the main component represented a total of 

48.71% of the variation in the population. It appeared 

that there were 3 distinct groups. Two of the groups were 

the clusters of independent genotypes of LBB and L24A 

and one group was the sum of the other specimens. This 

last group, represented by a large number of genotypes, 

was divided into 4 subgroups among themselves. 

 

Fig. 4. UPGMA Dendrogram of 35 P. lentiscus speciemens 

based on IRAP data. 

Discussion 

The average PIC value was calculated as 0.458 

according to the ISSR assay. If a PIC value is >0.5, then 

polymorphism is at a high level, while if it is between 

0.25 and 0.5, the polymorphism is normal. However, 

when the PIC value is 0.25, it is necessary to mention 

the weakness of the polymorphism (Botstein et al. 

1980). The highest genetic similarity was found between 

the Cretan genotypes (LG2 and LG3), indicating that the 

biogeographic distribution is the factor for microsatellite 

polymorphism. It was remarkable that the similarity 

between Çeşme culture varieties (LCES1-2) and Cretan 

samples (LG1-2-3) was 0.629, indicating the closeness 

of the phylogenetic and genetic relations. The similarity 

value was pointed to the biogeographic source of the 

material used in culture studies. LCHIA (Chios variety) 

also showed the highest similarity (0.760) to L28B (C1, 
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Fig. 5. PCA output of the populations based on ISSR and IRAP 

data. 

Kıyıkışlacık village / Milas). The highest ISSR 

polymorphism of the L28B (wild genotype) may be due 

to the change in primer binding sites, the independent 

alleles to occur and mutations in the microsatellite gene 

(Freudenreich et al. 1997). The phylogenetic tree 

constructed with the ISSR data shows that the specimens 

are separated according to their biogeographic positions. 

From the phylogenetical data, it was observed that the 

genotypes were divided into 12 groups and 9 of them 

were independent branches in the dendrogram. It can be 

explained by the emergence of isolated and 

differentiated genotypes that grow in various habitat 

conditions as adapted ecotypes. In the study of Zografou 

et al. (2010), UBC842, UBC850 and UBC856 primers 

were used, and the similarity ratios ranged from 68% to 

12.5%. However, the similarity coefficient between the 

Chios varieties and the other specimens in our study was 

calculated between 0.760 and 0.093. This result 

indicates a wider distribution range compared to the 

results of Zografou et al. (2010). In another study with 

P. lentiscus (Abuduli et al. 2016), gene pool was 

investigated using SSR, RAPD and ISSR markers, and 

ITS regions in 24 different P. lentiscus wild genotypes, 

and the highest polymorphism was obtained by ISSR 

compared to other molecular markers (SSR, RAPD and 

ITS region) and the PIC value was calculated as 0.887. 

In the study using ISSR, the genotypes examined were 

divided into 5 subpopulations. As a result, the use of the 

ISSR markers was demonstrated to be a useful tool for 

genetic diversity analysis in wild genotypes of P. 

lentiscus and in future breeding studies (Abuduli et al. 

2016). Considering the genetic similarity rates of the 

intraspecific variation obtained by the IRAP method, it 

was determined that LG1 (Cretan) was the closest 

specimen to the LCHIA (Chios variety. In terms of 

genetic similarity, the nearest sample to LCHIA 

genotype was L26A (C1, Güvercinlik village / Bodrum, 

3m) and the furthest sample was L33A (C2, sea edge, 

Göcek / Fethiye, 62m), showing that species locations 

along seaside or in the lower parts of the mountains were 

not effective for genetic similarity. The dendrogram of 

IRAP data was examined in order to evaluate 

phylogenetic relations and it was shown that 3 main 

groups and 1 genotype (LBB) were separated, and 

retrotransposon mobilities resulting in high 

polymorphism were affected by the geographical 

locations of the plant samples. The results of Kılınç et 

al. (2014) and Koç et al. (2014) on P. lentiscus based on 

IRAP and AFLP techniques were supported with the 

findings of amplification data obtained in our present 

study in relation to the LTR2 region. Kırdök & Çiftçi 

(2016) used iPBS, REMAP and IRAP techniques of 

retrotransposon markers for genetic diversity analysis of 

Pistacia genus. They found high genetic similarity 

between P. vera - P. khinjuk, P. atlantica - P. mutica and 

P. terebinthus - P. palaestina and it was reported that the 

IRAP technique of retrotransposon-based DNA markers 

for 7 Mediterranean Pistacia species (total 35 samples) 

could be used in molecular characterization and 

molecular breeding trials (Kırdök & Çiftçi 2016). In 

addition, retrotransposon marker systems have also been 

used in taxonomic studies of the Persian species of the 

genus Pistacia (P. vera, P. khinjuk, P. atlantica) 

(Ghaemmaghami et al. 2013). In another study, IRAP 

analysis resulting in high polymorphism was performed 

on P. vera, P. khinjuk, P. eurycarpa and P. atlantica 

(Amirbakhtiar & Sorkheh 2015). Genetic diversity 

analysis using SCoT and IRAP markers in wild Pistacia 

species found an average PIC value of 0.32 for IRAP 

(Sorkheh et al. 2016). In conclusion, the applications of 

molecular markers are useful not only in the 

intraspecific variations, but also in interspecific analysis 

of Pistacia species. In a study using RAPD and AFLP 

markers, Pistacia was divided into two groups in a 

dendrogram segregated as evergreen P. lentiscus and the 

other group as deciduous (Golan-Goldhirsh et al. 2004). 

UPGMA analysis using AFLP markers showed 

clustering of P. terebinthus with P. mexicana and P. 

lentiscus implying their phylogenetic relations (Kafkas 

2006). Golan-Goldhirsh et al. (2004) also reported that 

close genetic relationships in Pistacia species gave more 

reliable results in sex taxonomy compared to 

morphological classification. In the present study, the 

PCA analysis identifed different groups of 35 accessions 

in close proximity to each other. The results from PCA 

analysis based on ISSR and IRAP data showed that the 

variation in the P. lentiscus gene pool in Anatolia was 

high, genotypes were separated as groups, 

geographically isolated accessions were clearly 

separated from the others, and geographically related 

specimens were grouped together. On the other hand, 

significant differences were calculated among the 

accessions based on morphological parameters. 

Supportingly, phytochemical and morphological 

characters of P. lentiscus genotypes collected from 
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different locations (Spain, Tunisia, Cyprus and Israel) 

showed a tendency of high phenotypic variation 

(Barazani et al. 2003). The results obtained with the 

combination of the data produced by both marker 

systems revealed that the genotypes distributed in the 

Aegean region constitute separate groups. 

Conclusion 

Retrotransposon-based molecular markers produce 

high polymorphism and high solubility in identifications 

of plant genetic resources, determining the relationships 

between various plant groups and plant taxa of 

agricultural potential and the evolutionary history of plant 

genome (Gribbon et al. 1999). ISSR has been used 

successfully to analyze the level of genetic diversity 

within and between species in wild accessions (Reddy et 

al. 2002). In the present study, the high polymorphism in 

western Turkey genotypes of P. lentiscus determined at 

both morphological and molecular levels indicates that 

this region is one of the important origin centers of P. 

lentiscus. In conclusion, the results of our study showed 

that P. lentiscus has high intraspecific variations for the 

wild genotypes in Anatolia and combined marker systems 

reveal high polymorphism and detailed phylogenetic 

relations in this species. More detailed investigations on 

molecular variation in the gene pool of this species are 

needed in a wider range of samples using various marker 

systems to provide molecular databases useful in 

agricultural rehabilitation programs and molecular 

taxonomic studies to identify infraspecific boundaries. 
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