
Pol. J. Environ. Stud. Vol. 32, No. 3 (2023), 2251-2260

              Original Research              

Evaluation of the Genetic Relationships of Some 
Endangered Tunisian Peas Adapted to Arid 

Regions and Turkish Accessions Revealed by Inter 
Simple Sequence Repeat (ISSR) Markers

         

Amina Mohamed1,2, Yildiz Aka Kaçar3,4, Faruk Toklu5, Dicle Dönmez4, 
Mansur Hakan Erol4, Özhan Şimşek6, Belgin Biçen4, Tolga Karaköy7, 

Samir Tlahig1*, Mohamed Loumerem1   
  

1Dryland and Oases Cropping Laboratory, Arid Land Institute. Street El Jorf, 4119, Medenine, Tunisia
2Higher Agronomic Institute, Chott Mariem, IRESA-University of Sousse. B.P 47, 4042 Chott Mariem, Sousse, Tunisia

3Horticulture Department, Agriculture Faculty, Cukurova University, 01330, Adana, Turkey
4Biotechnology Research and Application Center, Cukurova University, 01330 Adana, Turkey

5Field Crops Department Agriculture Faculty, Cukurova University, 01330, Adana, Turkey
6Department of Horticulture, Faculty of Agriculture, Erciyes University, Kayseri, Turkey

7Organic Agriculture Program, Vocational School of Sivas, Sivas Cumhuriyet University, Sivas, Turkey
     

Received: 14 September 2022
Accepted: 30 November 2022

Abstract

The study of crop genetic diversity has received attention in recent decades to develop new varieties 
adapted to harsh environmental conditions. Pea (Pisum sativum L.) is one of the main sources of legumes 
due to its higher protein content. In the present investigation, 25 accessions of Turkish and Tunisian peas 
were characterized by fifteen ISSR markers in order to preserve this germplasm and develop new high-
performance varieties. Means of diversity indices, Polymorphism information content (PIC), resolving 
power, marker index, major allele frequency and Shannon index were 0.70, 5.56, 3.20, 0.89 and 0.35, 
respectively. The analysis revealed a higher polymorphism (84.15%). The coefficient of similarity 
Jaccard varied from 0.45 to 1 exhibiting a greater genetic variety. The patterns detected by the cluster 
analysis, divided the 25 pea genotypes into three main groups. These findings were in agreement with 
the population structure which divided accessions into three main populations. Therefore, this paper has 
clearly shown the usefulness of the ISSR markers to provide a great degree of polymorphism for peas. 
The information collected from this work can help pea breeders to implement a selection program that 
improves the distribution of this crop in Turkey and in the arid regions of Southern Tunisia.
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Introduction

Pisum sativum L. plant belonging to Fabaceae 
family, Papilionoideae subfamily has been used 
throughout the world for food, and feed purposes for 
centuries. It is a diploid genetic plant model with large 
genome size (5000 Mbp) susceptible to be studied by 
functional genomics [1]. Pea worldwide production is 
around 20.7 Mt, and it is regarded as the third most 
momentous crop after chickpeas and dry beans [2]. Pea 
grains are an excellent source of starch (50%), fibers, 
minerals, protein (23-25%), and vitamins [3].

Because of its universal appeal, extensive 
distribution and adaptability, it is cultivated in Ethiopia, 
Western and Southern Asia, the Mediterranean region, 
Southeastern Turkey and Northern Syria [4]. Nowadays, 
the knowledge of the genetic variety and population 
structure is useful in the assessment of the management 
of genetic material and in the breeding experiments 
as well, especially after the introduction of Frankel 
and Brown’s basic collection concept [5]. In Turkey as 
well in Tunisia, the pea is cultivated in highly varied 
topography and climate regions. Pea in these areas has 
greater adaptability, due to its nutritional value and 
excellent growth habitat [4, 6]. The breeding of peas 
for varietal development in the Turkish and southern 
Tunisian regions did not give much momentum due to 
a tight genetic base of the cultured genetic pool within 
the genetic material adapted to the regions.

Under the Farmers’ and Plant Breeders Rights 
Act, it is necessary to preserve the identification of 
varieties. As a result, a lot of researchers have focused 
their studies on the genetic diversity assessment in pea 
based on biochemical and morphological markers [7, 
8]. These descriptors cannot distinguish these varieties 
because they are unstable and largely influenced by 
the environmental variations [9, 10]. Whereas to more 
accurately measure the genetic variation, molecular 
tools are the best alternatives [11].

PCR and non-PCR molecular markers have been 
extensively utilized due to their easy characterization 
and identification of genetic resources. In addition, 
they are polymorphic and not influenced by climatic 
and morphological variations [12]. According to UPOV 
guidelines, a set of DNA fingerprinting methods is 
very practical for distinguishing similar morphological 
cultivars precisely, distinctly and rapidly, such as 
Amplified Polymorphic DNA (RAPD), Amplified 
Fragment Length Polymorphism (AFLP), Simple 
Sequence Repeat (SSR), Inter Simple Sequence Repeat 
(ISSR), Single-Nucleotide Polymorphism (SNP), and 
Sequence-Related Amplified Polymorphism (SRAP) 
markers. Previous studies about genetic diversity 
analysis in pea germplasm have been evaluated using a 
lot of DNA fingerprinting methods, such as SRAP [13], 
RAPD [14], SSRs [15, 16], and SNP [17]. Among these 
molecular tools, Inter Simple Sequence Repeat markers 
(ISSR) have been widely required for crop improvement 
[18]. ISSR is a dominant marker composed of a group 

of two to four nucleotide residues which form a single 
primer that amplifies the target region between two 
series microsatellite sequences [19]. It has proven to 
be an excellent tool for identifying and evaluating of 
genetic diversity, genome mapping and genetic tagging 
in a wide variety of cultivated species [20].

Also, detection of a high level of polymorphism has 
been reported even among closely related plant genetics 
germplasm [21]. The ISSR fingerprint technology for 
cultivar identification has been used in several cultures, 
viz. Pea [22], chickpea “Cicer arietinum” [23], Jasmine 
“Jasminum sp.” [24], and Jute “Corchorus sp.”[25].

Hence, this investigation was undertaken to assess 
the genetic relationship of Turkish and Tunisian pea 
accessions employing ISSR markers.

Experimental

Plant Material

This work was conducted out at the Biotechnology 
Research Center, Adana, Turkey. A collection of twenty-
five Turkish and Tunisian pea accessions was used in 
this work to study the genetic diversity among them. 
The names of the accessions and their characteristics 
were presented in Table 1. The 14 Turkish and 11 
Tunisian pea accessions were collected from different 
eco-geographical regions of Turkey and from the arid 
region of southern Tunisia, respectively. For the Turkish 
accessions, samples were provided by the Cumhuriyet 
University, while the Tunisian pea accessions samples 
were taken from the Arid Region Gene Bank held in the 
Arid Land Institute of Medenine (Tunisia). The seeds 
were washed with tap water for about 10 minutes, soaked 
in 70% (v/v) of ethanol for 2 minutes, and then immersed 
in 10% (w/v) sodium hypochlorite solution with 1-2 
drops of Tween-20 for 20 minutes. Afterward, they were 
washed with sterile water. After surface sterilization, the 
seeds of Pisum sativum were cropped and propagated on 
MS medium [26] in a growth chamber at 25±2ºC for 2 
weeks, until the DNA extraction.

DNA Isolation

Two-week pea leaves were sampled from the selected 
genotypes, deposited in liquid nitrogen and straight 
away stored at -80ºC until DNA extraction. The DNA 
was isolated from young seed leaves of five individuals 
from each accession, using the CTAB method [27]. 
DNA quality check and quantification were analyzed 
using a Nanodrop (ND 100) Spectrophotometer, and 
then were further diluted to a final concentration of 
10ng/µL for ISSR-PCR analysis.

ISSR Analysis

To study the evaluation of the relationship between 
the Turkish and Tunisian pea accessions, a set of 
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25 ISSR markers acquired from British Columbia 
University (UBC) in Canada, were used for molecular 
analysis. Their characteristics are reported in Table 2. 
The PCR amplification mixture was carried out in 
a volume of 25µL containing 3µL of genomic DNA 
(10 ng/µL), 12.5 µL 2x PCR Master Mix (Fermentas 
K0171, Waltham, MA, USA), 0.1µL of 1 U Taq DNA 
polymerase (Fermentas EP0402), 0.5 µL of ISSR 
primer (25 mM), 0.25µL of MgCl2 (1mM) and 8.65µL 
of sterilized distilled water. The amplification was 
performed on the Eppendorf Master Cycler Gradient 
(Hauppauge, NY, USA) using a program consisting 
of an initial denaturation step of 3 min at 95ºC, then  
35 cycles of 45s at 95ºC, an annealing step for 1 
min at 55ºC, and 45s at 72ºC, followed by 7 min 
elongation step at 72ºC, and then maintenance at 4ºC.  
The products amplified by PCR were separated on a 
1.5% agarose gel prepared in a TAE buffer for 3 h at 

90 V, with a DNA molecular weight marker Gene Ruler 
1kb Plus DNA Ladder (Fermentas). The results were 
viewed under UV light after staining with ethidium 
bromide and documented for further analysis. Only 
markers producing consistent and reproducible bands 
were chosen for data generation.

Data Analysis

The ISSR profiles were scored manually to form  
a binary matrix by‘1’ for presence and ‘0’ for absence. 
Only the clearest, strongest and reproducible bands 
were scored. For each ISSR marker, POPGENE 1.32 
software was used to calculate the observed (na) and 
the effective number of alleles (ne), the Nei’s genetic 
diversity (h) and Shannon’s information index (I). 
PIC values for each locus were measured by using the 
following equation PIC = 1 –Σ pi2, (where pi2 is the 

Table 1. List of the accessions studied and collection sites of the pea germplasm.

Code Accession Collection site (Town, Province, Country)

P1 P1001 KsarJawamaa Benikdech, Medenine, Tunisia

P2 P3001 Ksar Hallouf Benikdech, Medenine, Tunisia

P3 P5001 Ksar Hallouf Benikdech, Medenine, Tunisia

P4 P6001 Ksar Hallouf Benikdech, Medenine; Tunisia

P5 P6003 Ksar Hallouf Benikdech, Medenine; Tunisia

P6 P7001 Mareth, Gabes, Tunisia

P7 P7002 Mareth, Gabes, Tunisia

P8 P9001 Mareth, Gabes, Tunisia

P9 P9002 Mareth, Gabes, Tunisia

P10 P9003 Mareth, Gabes, Tunisia

P11 P1002 Mareth, Gabes, Tunisia

TK4 TK4 Cumhuriyet Üniversitesi, Turkiye 

T106 106 Manisa, Turkiye

T52 52 1995/10, Turkiye

TJOF JOF Variety, Turkiye

T57 57 Tekirdağ, Turkiye

TA10 A10 Konya, Turkiye

TK1 TK1 Cumhuriyet Üniversitesi, Turkiye

T49 49 1980/09, Turkiye

TK3 TK3 Cumhuriyet Üniversitesi, Turkiye

T50 50 Muğla, Turkiye

T58 58 Tokat, Turkiye

T100 100 Bursa, Turkiye

T109 109 (not applicable (e.g. breeding material) or unknown), Turkiye

TK7 TK7 Cumhuriyet Üniversitesi, Turkiye
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frequency of the ith allele). Moreover, we calculated 
also the ISSR primers index (ISPI), the resolving (Rp) 
and the mean resolving power (mean Rp), the Multiplex 
Ratio (MR), the effective multiplex ratio (EMR) and 
the marker index (MI) as proposed respectively by 
the following authors [28-30]. Genetic similarities 
were calculated by Jaccard’s Similarity Coefficient.  
The principal coordinates (PCoA) and cluster analysis 
was constructed by using the PASTv3.12 software [31]. 
For the cluster analysis, we used the Unweighted Pair 
Group Method with Arithmetic Average (UPGMA) 
[32]. 

For the structure population, STRUCTURE 3.2.1 
software used a model-based Bayesian approach that 
applies Markov Chain Monte Carlo (MCMC) estimation 
to determine the number of the sub-populations in a 
core collection [33]. The models supposed of K values 

were set from one to ten, with 20 independent runs 
each, with a burn-in and MCMC of 50,000 runs [34].

Results

Genetic Polymorphism of ISSR Markers

ISSR markers were a molecular tool that has 
been widely used to assess the genetic variability 
of pea genetic material. In our paper, to screen the 
polymorphism of ISSRs, a total of 25 ISSR primers 
were employed for revealing the inter-population 
genetic diversity between the collected samples. Of 
these, 15 successful primers were found to amplify 
products reproducibly and showed clearly polymorphic 
patterns based on 25 accessions. These results were 

Table 2. Inter -simple sequence repeat markers selected to evaluate the genetic variability among Pea genotypes.

No Primer name Primer Sequence (5_3)  Tm (°C)

1 UBC807 AGAGAGAGAGAGAGAGT 55

2 UBC808 AGAGAGAGAGAGAGAGC 55

3 UBC810 GAGAGAGAGAGAGAGAT 55

4 UBC811 GAGAGAGAGAGAGAGAC 55

5 UBC812 GAGAGAGAGAGAGAGAA 55

6 UBC813 CTCTCTCTCTCTCTCTT 55

7 UBC814 CTCTCTCTCTCTCTCTA 55

8 UBC815 CTCTCTCTCTCTCTCTG 55

9 UBC816 CACACACACACACACAT 55

10 UBC817 CACACACACACACACAA 55

11 UBC819 GTGTGTGTGTGTGTGTA 55

12 UBC820 GTGTGTGTGTGTGTGTC 55

13 UBC823 TCTCTCTCTCTCTCTCC 55

14 UBC824 TCTCTCTCTCTCTCTCG 55

15 UBC825 ACACACACACACACACT 55

16 UBC827 ACACACACACACACACG 55

17 UBC828 TGTGTGTGTGTGTGTGA 55

18 UBC834 AGAGAGAGAGAGAGAGYT* 55

19 UBC835 AGAGAGAGAGAGAGAGYC* 55

20 UBC843 CTCTCTCTCTCTCTCTRA** 55

21 UBC844 CTCTCTCTCTCTCTCTRC** 55

22 UBC845 CTCTCTCTCTCTCTCTRG** 55

23 UBC846 CACACACACACACACART** 55

24 UBC847 CACACACACACACACARC** 55

25 UBC850 GTGTGTGTGTGTGTGTYC* 55

* Y and ** R are single letter abbreviations for mixed base positions. Y is presenting C or T, R is presenting A or G. 
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variable. Out of 15 ISSR markers, the marker UBC817 
exhibited the highest primer index (ISPI = 9.58) and 
for the greatest mean Rp was presented by UBC812 
(mean Rp = 1.87). The mean value for the observed and 
effective number of alleles (na and ne), and Nei’s gene 
diversity (h) was 1.79, 1.39, and 0.23, respectively which 
indicate that Pisum sativum had an important genetic 
diversity. Moreover, the marker index, the multiplex 
ratio, and the effective multiplex ratio per ISSR markers 
had the following values 3.05, 5.47, and 4.4 respectively. 
All of these indexes indicated the high discrimination 
ability of the inter-simple sequence repeats to detect the 
polymorphism in the collected accessions. 

Principal Coordinate Analysis

The two-dimensional diagram of the principal 
coordinate analysis (PCoA) generated a total variation 
of 48.74%; the contribution of the two first principal 
coordinates was 29.11 and 19.63% of the total molecular 
variance, respectively. As shown in the PCoA plot in 
Fig. 1, the T50 accession was the most distant genotype 
from the others. The Tunisian accessions except P4 

summarized in Table 3. A set of 82 alleles were 
detected, including 69 polymorphs. The size of the 
amplified fragment ranged from 120 to 600 bp. 
Therefore, the greatest variation in the number of  
alleles per locus was observed in the primer UBC817 
(190-600 pb) with a value of 11 alleles and the lowest 
was for primers UBC815 (290-490 pb), UBC812  
(150-400 pb), and UBC818 (220-420 pb) with value of  
3 alleles per locus. Based on these results, the percentage 
of polymorphism among these accessions had a value of 
84.15%. Among the ISSR markers, 6 markers (UBC810, 
UBC811, UBC815, UBC817, UBC823, and UBC828) 
revealed 100% polymorphism. Similarly, the allele 
frequency ranged from 0.60 to 0.96 with a mean of  
0.89 per primer. In addition, the polymorphic 
information content (PIC) of loci varied from 0.38 
(UBC815) to 0.87 (UBC817), with an average of 0.7, 
on which four inter-simple sequence repeats markers 
(UBC807, UBC808, UBC817, and UBC828) had PIC 
values greater than 0.8. Furthermore, the greatest value 
of Shannon information index was recorded in the 
UBC810 primer with a value of 0.55. This suggests that 
the germplasm used in the present study was highly 

Table 3. The ISSR markers used and their allele polymorphism in the diversity study of Pisum sativum.

SSR Band size 
(pb) TB PB FP PIC MAF na ne h I ISPI Rp Mean 

Rp

UBC807 120-600 7 6 85.71 0.81 0.96 1.86 1.44 0.28 0.43 4.87 7.20 1.03

UBC808 120-550 6 4 66.67 0.81 0.96 1.66 1.46 0.26 0.39 3.25 8.64 1.44

UBC810 100-600 6 6 100.00 0.79 0.88 2.00 1.67 0.37 0.55 4.73 6.88 1.15

UBC811 120-600 7 7 100.00 0.72 0.60 2.00 1.23 0.14 0.20 5.07 4.56 0.65

UBC812 150-400 3 1 33.33 0.67 0.96 1.33 1.40 0.23 0.36 0.67 5.60 1.87

UBC815 290-490 3 3 100.00 0.38 0.68 2.00 1.48 0.29 0.43 1.13 1.76 0.59

UBC816 200-420 4 3 75.00 0.70 0.96 1.75 1.58 0.32 0.48 2.11 4.56 1.14

UBC817 190-600 11 11 100.00 0.87 0.76 2.00 1.58 0.31 0.44 9.58 8.96 0.81

UBC818 220-420 3 2 66.67 0.65 0.96 1.66 1.50 0.31 0.48 1.29 4.24 1.41

UBC823 200-500 4 4 100.00 0.68 0.92 2.00 1.04 0.04 0.08 2.74 5.12 1.28

UBC825 220-460 4 2 50.00 0.55 0.96 1.50 1.37 0.24 0.39 1.11 4.08 1.02

UBC828 200-900 9 9 100.00 0.81 0.92 2.00 1.24 0.16 0.26 7.28 6.40 0.71

UBC834 120-500 6 5 83.33 0.68 0.96 1.83 1.53 0.28 0.39 3.38 4.08 0.68

UBC835 140-460 5 3 60.00 0.80 0.96 1.50 1.14 0.11 0.21 2.39 8.48 1.70

UBC850 200-500 4 3 75.00 0.51 0.88 1.75 1.14 0.11 0.21 1.54 2.88 0.72

Range/
Mean 82 69 84.15 0.70 0.89 1.79 1.39 0.23 0.35 3.41 5.56 1.08

Mean PIC MR = TB/TP EMR = MR×FP MI = EMR×Mean PIC

0.70 5.47 4.60 3.20

TB: total number of bands scored, PB: number of polymorphic bands, FP: Fraction of polymorphism, PIC: polymorphic information 
content, MAF: major allele frequency, na: observed number of alleles, ne: effective number of alleles, h: Nei’s gene diversity,  
I: Shannon’s information index, TP: total number of primers, ISIP: ISSR primer index, Rp: Resolving power, MR: multiplex ratio, 
EMR: effective multiplex ratio, MI: marker index 
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and P5 were placed in the plot area close to each other, 
which indicated a low significant diversity between 
these accessions. For the other Turkish accessions, with 
the exception of TK4, T100 and TJOF were grouped 
together in this analysis. This result showed that there 
is an association between geographical distribution and 
accession of pea.

Cluster Analysis

In this study, the similarity degree between the 
25 Tunisian and Turkish accessions using the Nei-Li 
similarity coefficient ranged from 0.45 to 1 with a mean 
of 0.72, which proves a great diversity present in the 
collection. At a similarity value of 0.45, the dendrogram 
obtained (Fig. 2) showed that the accessions were 
divided into two main clusters containing of 1 and  
24 genotypes. The first cluster contain only one 
accession T50 failing to form a cluster. The second 
cluster carried the largest number of accessions. 
However, at around 0.52 similarity level, it was further 
divided into two subclusters. The first one grouped the 
two Tunisian accessions P5 and P4 together while the 
second comprised a maximum of 22 accessions which 
was also subdivided into three other subclusters IA, 
IB, and IC. IA consisted of 3 accessions (T100, TJOF, 
and TK4), whereas subcluster IB consisted of 6 Turkish 
accessions (TK7, T109, T52, T58, T87, and T106) and 
finally, IC consisted with the remaining accessions 
which also subdivided into subcluster containing the 

Tunisian and Turkish accessions separately. Strict 
correlations were instead observed among Tunisian 
accessions. The most closely related accessions were P2 
and P3.

Population Structure

The analysis of the population structure was carried 
out to classify the 25 accessions into subpopulations 
using 15 markers. The result recorded a clear sharp 
peak at the optimal value of K = 3, which then divided 
the accessions into three subpopulations (Fig. 3).  
The subpopulation 1 comprised 2 accessions, while the 
second and the third contained 13 and 9 accessions, 
respectively in which some accessions were found 
as admixtures. All the Turkish accessions were 
attributed to a distinct population (subpopulation 2), 
while the Tunisian accessions were divided into 
two subpopulations (1 and 3). Each accession was 
marked with a vertical bar, separated in different 
colors. These different colors represented a different 
gene pool, which showed the potentially increasing 
proportion of individuals for each gene pool like as 
the result showed the admixture between the first 
and the third subpopulation that contained only the 
Tunisian accessions. These findings confirmed that 
the geographical origin represent a major factor of 
distinction between the studied accessions. Structure 
analysis was in agreement with the results obtained 
from PCoA and UPGMA dendrogram.

Fig 1. Two-dimensional principal coordinate analysis (PCoA) illustrating the relationship among 25 accessions of Pea.
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Discussion

In recent years, previous studies linked to the 
assessment of the genetic diversity and population 
structure of Mediterranean pea varieties have been 
reported by Loridon et al. [35] and Negisho et al. 
[36]. Various molecular markers have been used to 
evaluate DNA polymorphism in peas; it depends on 

the relationship between the collections and the type of 
cultivar. Among these, the markers most often used by 
the researchers are the SSRs [15, 37], but also SRAP 
[13] and ISSR [22] were employed because of their 
presumed reliability greater than RAPD and their ease 
of use greater than AFLP. In this investigation, we 
focus on the use of ISSR markers, due to their ability 
applied to the identification of genetic material of the 

Fig 2. Dendrogram (UPGMA) of the pea genotypes based on genetic distances calculated with the genetic similarity coefficient matrices. 
The numbers near nodes represent the percentage of time when the node occurred among 10,000 bootstraps.

Fig 3. Structure plot of 25 pea accessions based on ISSR markers for K = 3. The length of the colored portion in each sample based on a 
membership threshold score corresponds to one of the subgroups.
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Pisum genus.
The twenty-four Turkish and Tunisian pea accessions 

were amplified 25 ISSR markers. It has been found that 
the average number of alleles per primer has the value 
of 5.85. This result was greater compared to SSR (3.42) 
and RAPD markers (3.45) [16, 38] and lower than iPBS-
retrotransposon (8.83) and SRAP markers (9.96) [4, 39]. 
The percentage of polymorphism varied from 33% for 
primer UBC812 to 100% for primers UBC810, UBC811 
UBC815, UBC817, and UBC828. This result was higher 
compared to RAPD 59%, and SSR 81.92% [40, 41]. As 
mentioned previously, the high results of the PIC and 
the Mean RP given by these markers were higher than 
those reported by Kapila et al. [42] in the Indian pea 
genotypes using ISSR markers and showed a mean 
resolution power of 4, 50. While, they were lower to 
those obtained in other studies with ISSRs, such as 
those of Pandian et al. [43] in sorghum “Sorghumsp.”, 
Basahi et al. [44] and Subhojit et al. [45] in faba bean 
“Vicia faba” and lentil “Lens culinaris”, and Dagnew 
et al. [46] in Phaseolus vulgaris. These results showed 
that the greatest degree of polymorphism among the 24 
accessions proved the capacity of the ISSR marker to 
study the evaluation of genetic variability between close 
genotypes of identical or different geographic origin.

In order to acquire a complete analysis of the 
genetic relationships between pea accessions, an 
UPGMA cluster analysis based on the Jaccard 
similarity coefficient was performed. This coefficient 
(0.45) was lower than that reported by Nisar et al. [47] 
and Choudhury et al. [48] who founded an average 
of 0.52 and 0.71, respectively. From the outcome of 
our investigation it was possible to conclude that the 
accessions were isolated according to their geographical 
origin. Sharma et al. [49] divided Pea germplasm into 
two groups according to their origin. However, another 
study found by Baloch et al. [4] indicated that there was 
a lack of correlation between the genotypes of Turkish 
peas and their source of collection. The grouping of 
genotypes was not only influenced just by geographical 
origin; there were various factors that can affect such 
as the morphological and physiological characteristics, 
the selection method and also the type of markers 
[50, 51]. Summing up the results, it can be concluded 
the efficiency and reliability of the ISSR marker in 
designing a breeding program for crop improvement. 
PCoA was largely congruent with the assignments 
generated by cluster analysis. In fact, there was  
a clear differentiation between the Turkish and Tunisian 
pea accessions. Similar results were obtained on faba 
beans and peas from different countries by Asfaw et 
al. [52] and Mohamed et al. [15]. Population structure 
analysis has divided our genetic material into three 
subpopulations, which was in agreement with the 
phylogenetic tree. These results were in good agreement 
with other study where the population structure showed 
a convergence with the UPGMA cluster analysis [53]. 
Sharma et al. [49] investigated pea accessions from 
India and recorded clustering into two subgroups 

according to the geographical origin. In contrast to our 
results, in the literature, others research revealed that 
there was no link between the geographic origin and 
the genotypes of different crop such as garlic (Allium 
sativum L.), and barley (Hordeum vulgare L.) [54, 55].

In fact, it would be difficult to obtain a large genetic 
diversity in a few places where these crops were widely 
used for multiple functions. According to these results, 
this could be interesting when designing future studies 
on diversity, conservation and strategies for building 
basic collections on accessions of Mediterranean peas. 
Moreover, it has been reported by Govindaraj et al. [56] 
to conserve plant genetic material; we should maintain 
the high level of genetic variability between plant 
species. This result indicates that the conservation of 
seeds is desirable in these regions. For this reason, we 
suggest keeping these accessions with excellent specific 
characters for the selection program. In addition, 
crossing between Tunisian and Turkish accessions is 
also necessary to improve genetic diversity within the 
accessions and for subsequent reproduction.

Conclusions

Climate change has affected the development 
and growth of pea over the past 20 years. Therefore, 
we need to identify the most likely impacts of global 
warming in order to implement practical and effective 
countermeasures to ensure agrifood sustainability for 
future generations. By selecting the best crops, cultivars 
and cropping systems, farmers are able to adapt to 
changes in the environment. The best methods for the 
future must therefore be identified through studies to 
assess the genetic diversity of the local gene pool.

From the research that has been carried out, it is 
possible to conclude that exist a great genetic diversity 
between Turkish and Tunisian pea accessions by using 
ISSR markers. The results of our research are quite 
convincing, due to the high level of PIC, Rp and MI 
that prove the ability of these markers to assess the 
relationships among those accessions and marker-
assisted breeding programs. In our future research, we 
intend to focus on the exploitation of these markers 
to help pea breeders to improve Mediterranean peas 
with improved nutritional and physiological traits 
adapting them to different climates all over the world 
and especially for the stressful conditions in the arid 
regions.
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