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Genetic diversity between three pomegranate (Punica granatum L.) cultivars, Taify and Yemeni which 
are common cultivated in Taif region in KSA and one Egyptian pomegranate (Manfalouty) were 
investigated by Random amplified polymorphic DNA (RAPD) and Inter specific sequence repeats (ISSR) 
markers which showed to be a helpful tools for cultivar identification and finding the genetic distances 
among organisms. Total number of 30 samples, 10 for each cultivar, were collected and used in this 
study. Out of 20 RAPD primers, 10 primers showed reliable polymorphic patterns and revealed 180 
bands, of which 18 were polymorphic (10%). When use RAPD marker the results included 10 positive 
unique markers in two cultivars, 7 loci within Taify cultivar, followed by 3 loci within Manfalouty cultivar. 
On other hand, there is one negative band number OPB-09 found in Yemani cultivar at loci 1401 bp. 
Moreover, 10 ISSR primers generated 246 amplification products, out of which 19 were polymorphic 
(7.7%) produced a total of 11 positive unique markers for the three cultivars; Taify has 5 positive bands 
at 5 loci ranged between (366 and 879 bp), followed by Manfalouty cultivar showed 4 loci of 3 primers 
ranged between (623 and 1492 bp) in molecular weight. While, Yemeni cultivar produced two positive 
markers at loci 368 and 574 bp. Cluster analysis of the genotypes was accomplished based on 
information from polymorphic RAPD and ISSR bands by using exploitation Jaccard’s similarity constant 
and UPGMA clustering techniques. The highest and lowest similarities detected between genotypes 
were 0.95 and 0.98 genetic similarities occurred between the Manfalouty and Taify then Yemeni and the 
Taify, respectively. The genotypes were divided into two sub-clusters contained Manfalouty with Taify 
together in a sub-cluster and other one contained Yemeni. Data verified that the tested primers were 
informative to discriminate the genetic distance among pomegranate cultivars. Therefore, RAPD and 
ISSR markers are good successful tools to determine the genetic relationships among genotypes for 
designing the selection and crossbreeding of pomegranate. 

Keywords: Punica granatum L., genetic distances, RAPD, ISSR, KSA. 

 
INTRODUCTION 

Pomegranate (Punica granatum L.) from the 
family Punicaceae (El-Awady et al. 2015). It is an 

economically vital plant with delicious edible fruits, 
healthful and ornamental usage (Jaime et al. 
2013).Increased world demand and economic 
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importance of pomegranate exports should 
significantly influence selection criteria, which will 
have an increasing role of breeding programs 
(Holland et al. 2009).Therefore, molecular 
markers are essential for identification and 
discrimination of pomegranate genotypes for 
genetic variation (El-Dessoky et al. 2016). Studies 
and breeding for development of superior 
genotypes, development of extremely reliable and 
discriminatory ways became more and more 
necessary to plant breeders for distinguishing 
cultivars and to those within the nursery trade who 
need sensitive tools to differentiate and establish 
cultivars for plant patent protection (Wunsch and 
Hormaza, 2002). 

The aim of the present work was the 
determination of the genetic variations by using 
RAPD-PCR and ISSR techniques between two 
genotypes of pomegranate grown in the Taif area 
(Taify and Yemeni) and one Egyptian genotype 
(Manfalouty). 

This data provide a scientific basis for future 
selection and management of germplasm and 
interesting comparative studies for this important 
tree. 

 
MATERIALS AND METHODS 

Plant materials 
Three different pomegranate (Punica 

granatum L.) two genotypes of pomegranate 
grown in the Taif area (Taify and Yemeni) and one 
Egyptian genotype (Manfalouty) were purchased 
from the Agriculture Research Center; Giza, 
Egypt. 

Extraction of Genomic DNA extraction 
Total genomic DNA of the different 

pomegranate genotypes was extracted from the 
young leaves by the method of Murray and 
Thompson (1980).  

RAPD (DNA fingerprinting) 
Twenty ten mers RAPD-PCR primers 

belonging to Operon groups were used for 
determining the DNA fingerprinting of the different 
genotypes of pomegranate. Reaction solutions 
and PCR program amplification of RAPD were 
performed exploitation the protocol represented 
by Jambhale et al. (2007).  

ISSR (DNA fingerprinting) 
The molecular relationships between the 

pomegranate cultivars was determined by 
mistreatment ISSR consistent with the strategy of 

TalebiBedaf et al. (2005).Mistreatment 10 primers 
are (AG)8YT, (GT)8YG, CGC(GATA)4, 
(GATA)4GC,  (GACA)4AT, (AC)8YA, (AC)8YC  
(CT)8RG, (TC)8A, and HVH(TCC)5. PCRs were 
performed in an exceedingly 25 µL reaction 
volume within the presence of 50-100 ng/µL 
genomic DNA as a template. cycling conditions 
was 1 cycle at 94°C for 5 minutes; 35cycles of 
each of denaturation at 94ºC for 45 sec, annealing 
temperature of 44 ºC for 45 sec and elongation at 
72ºC for 60 sec. Final elongation was 72ºC for 15 
minutes. 

Electrophoresis 
Both of RAPD and ISSR amplifications were 

performed in 0.2 mL tubes. Amplicons of RAPD 
and ISSR were visualized after separation of 
amplicons in 1.5% and 2%, gel electrophoresis in 
Tris-acetate EDTA and staining with ethidium 
bromide. A 100 bp DNA ladder (Solis BioDyne) 
was used to provide size markers. 

Data analysis 
DNA polymorphisms of each of RAPD and 

ISSR were analyzed. Only consistent and clear 
bands within the replications were thought-about 
as potential polymorphic markers. The data 
obtained by scoring the presence (1) or absence 
(0) of amplified fragments from the RAPD and 
ISSR. The similarity coefficient (F) and the 
formula of a dendrogram were determined using 
un-weighted pair group method and arithmetic 
average (UPGMA) as reported by Rohlf (1990). 
 
RESULTS  

Genetic distances of genotypes or plant 
germplasm plays an important role in plant 
breeding programs and genetic conservation 
among the various molecular markers (Norouzi et 
al. 2012). The tools popular used are PCR-based 
markers, DNA (RAPD) (Nagaoka and Ogihara, 
1997), and ISSR (Chandrika and Thoyajaksha, 
2010). This was due to no needed for prior 
sequence information in their application. Three 
molecular techniques are RAPD-PCR (Sarkhosh 
et al. 2006), ISSR (TalebiBedaf et al. 2005), and 
SSR (Soriano et al. 2011) were successfully used 
for determination of the genetic variation of some 
pomegranate genotypes. In the present study, 
both of RAPD and ISSR techniques were 
employed to determine the genetic diversity 
amongst 30 plant samples of three pomegranate 
genotypes as shown in Figure (1) and Table (1). 
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Table 1: Morphological and taste characteristics in different genotypes pomegranate fruit. 
 

Genotyps Region Peel color Taste Aril color 

Taify Taif-Hada Light yellow Sweet–sour Dark crimson 

Yameni South Taif Green with red Sour Light red 

Manfalouty (ARC), Giza Light red Sweet–sour Red 

 

 
Figure 1: Trees of the three pomegranate (Punica granatum L.) cultivars [Taify (A), Yemeni (B) and 

Manfalouty (C)]. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
Figure 2. DNA polymorphisms amplified from the DNA extracts of three pomegranate genotypes 
[Taify (A), Yemeni (B) and Manfalouty (C)] using ten RAPD primers. M=DNA marker (100 bp DNA 
ladder). 
 
 

Twenty (10 mer) RAPD primers were 
screened and among that ten were chosen its 
clear and consistent band patterns (Figure 2). The 
10 chosen primers generated 180 RAPD 
fragments, a variety of 4-10 bands per primer 
(Table 2). The size of the amplified product 

ranged from 251 to 5290 bp. the total range of 
polymorphic markers and percentage of 
polymorphism were 18 and 10%, respectively. 
Primers OP-B09 and OP-D06 amplified maximum 
number of polymorphic bands (6). Primers OP-
C10, OP-D12 and OP-G12 put out the highest 
level of distinguishable polymorphism. 

A B C 
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The PIC values, a mirrored image of the 
allelomorph diversity and frequency among the 
cultivars, weren't uniform with regard to for all the 
RAPD loci tested. The result showed that the 
minimum similarity (70.2) existed in the two local 
cultivars Taify and Manfalouty and the maximum 
similarity (85) occurred in the cultivars Yemeni 
and Manfalouty. The mean similarity index was 
78.8. The data obtained from RAPD analysis was 
subjected to UPGMA analysis. The cophenetic 
correlation coefficient (78.8) indicated little 
distortion between the original similarity values 
from the similarity matrix and the values used to 
construct the dendrogram.A cluster analysis was 

performed based on Jaccard’s similarity constant 
matrices, calculated from the RAPD markers. At 
the similarity of 85%, two cultivars were 
categorized in one group and the remaining 
cultivar was placed in the separate groups (Figure 
4). 

Twenty ISSR primers were initially tested 
using pomegranate DNA as single or combined, 
each anchored by various nucleotides used in this 
study as polymorphic primers (Figure 3). The ten 
selected ISSR primers generated 246fragments, 
ranged between 6-12 bands per primer for one 
cultivar (Table 3). 

 
Table 2: Unique bands for pomegranate cultivars with each RAPD primer. 

Primers 
RAPD primer Size (bp) 

 min-max 
Taify Yemeni Manfalouty 

*TUPMs 
Primer Sequence + m -m + m -m + m -m 

1 (OP-B03) 5΄-CATCCCCCTG-3΄ 251-5290 1 0 0 0 0 0 1 

2 (OP-B09) 5'-TGGGGGACTC-3' 261-1954 3 -1 0 0 1 0 4 

3 (OP-C10 ) 5'-TGTCTGGGTG-3' 955-4041 0 0 0 0 0 0 0 

4 (OP-D03) 5'-GTCGCCGTCA-3' 353-1036 1 0 0 0 0 0 1 

5 (OP-D05) 5'-TGAGCGGACA-3' 554-1401 1 0 0 -1 0 0 1 

6 (OP-D06) 5'-ACCTGAACGG-3' 328-1757 1 -2 0 0 1 -1 2 

7 (OP-D12) 5'-CACCGTATCC-3' 497-1032 0 0 0 0 0 0 0 

8 (OP-E11) 5'-GAGTCTCAGG-3' 642-2112 0 0 0 0 1 -1 1 

9 (OPG09) 5'-CTGACGTCAC-3' 439-1080 0 0 0 0 0 -1 0 

10 (OPG15) 5'-ACTGGGACTC-3' 438-1301 0 0 0 0 0 0 0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. DNA polymorphisms amplified from the DNA extracts of three pomegranate genotypes 
[Taify (A), Yemeni (B) and Manfalouty (C)] using ten ISSR primers. M=DNA marker (100 bp DNA 
ladder). 
The size of the amplified products ranged from 314.33 to 2299.9 bp and the total number of polymorphic 
markers and percentage of polymorphism were 19 and 7.7%, respectively. Primer (AC)8 YA amplified 
maximum number of polymorphic unique bands (5). 
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Table 3: Unique bands for pomegranate cultivars with each ISSR primer. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Genetic relationship between the DNA polymorphisms amplified from the DNA extracts 
of 30 pomegranate samples belonging to two genotypes (Taify, Yemeni and Manfalouty. 

 
Table 4. Total amplified fragments (TAF), polymorphic (PF) and unique markers (UM) amplified 
from the DNA extracts of pomegranate genotypes [Taify (A), Yemeni (B) and Manfalouty (C)] using 
10 RAP primers and 10 ISSR primers. 

RAPD-PCR ISSR 

Primers TAF No. of PF No. of UM primers TAF No. of PF No. of UM 

A B C A B C A B C A B C A B C A B C 

1 8 7 7 1 0 0 1 0 0 1 10 9 9 1 0 0 1 0 0 

2 9 7 8 4 0 1 ±4 0 1 2 7 7 6 0 0 1 0 0 -1 

3 5 5 5 0 0 0 0 0 0 3 9 9 7 2 0 2 ±2 0 -2 

4 7 6 6 1 0 0 1 0 0 4 6 7 7 1 0 0 -1 0 0 

5 7 5 6 1 1 0 1 -1 0 5 8 8 8 2 0 0 ±2 0 0 

6 7 8 8 3 0 2 ±3 0 ±2 6 11 12 12 1 2 2 1 2 2 

7 4 4 4 0 0 0 0 0 0 7 8 8 9 0 0 1 0 0 1 

8 4 4 4 0 0 2 0 0 ±2 8 8 7 6 1 0 1 1 0 -1 

9 6 6 5 0 0 1 0 0 -1 9 6 6 7 0 0 1 0 0 1 

10 6 6 6 0 0 0 0 0 0 10 9 9 9 0 0 0 0 0 0 

Total 63 58 59 10 1 6 10 1 6 Total 82 82 80 8 2 8 8 2 8 

Primers ISSR primer sequence 
Size (bp) 
 min-max 

Taify Yemeni Manfalouty 
*TUPMs 

+ m -m + m -m + m -m 

1 
(AG)8YT 

5'-ACACACACACACACACYT-3' 
503-1572 1 0 0 0 0 0 1 

2 
(GT)8YG 

5'-GTGTGTGTGTGTGTGTYG-3' 
385-1514 0 0 0 0 0 -1 0 

3 
CGC(GATA)4 

5'-CGCGATAGATAGATAGAT-3' 
314-1662 1 1- 0 0 0 -2 1 

4 
(GATA)4GC 

5'-GATAGATAGATAGATAGC-3' 
401-1058 -1 0 0 0 0 0 0 

5 
(GACA)4AT 

5'-GACAGACAGACAGACAAT-3' 
510-639 1 -1 0 0 0 0 1 

6 
(AC)8 YA 

5'-ACACACACACACACACYA-3' 
366-2242 1 0 2 0 2 0 5 

7 
(AC)8 YC 

5'-ACACACACACACACACYC-3' 
370-1843 0 0 0 0 1 0 1 

8 
(CT)8 RG 

5'-CTCTCTCTCTCTCTCTRG-3' 
620-2299 1 0 0 0 0 -1 1 

9 
(TC)8 A 

5'-TCTCTCTCTCTCTCTCA-3' 
623-1732 0 0 0 0 1 0 0 

10 
HVH(TCC)5 

5'-HVHTCCTCCTCCTCCTCC-3' 
380-1726 0 0 0 0 0 0 0 
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DISCUSSION 

Among markers, RAPD and ISSR are simple, 
which provide a quick screen for DNA 
polymorphism. In addition, information on 
template DNA sequence is not necessary. 
However, with respect to RAPD markers problems 
of reproducibility are reported (Muthusamy et al. 
2008). Problems of reproducibility are reported 
(Muthusamy et al. 2008). In order to assurere 
producibility, optimization of PCR reaction and 
also its repetition is essential. In this study, each 
RAPD analysis was repeated in separate 
experiments at least twice, and only reproducible 
markers were considered. ISSR primers consist of 
17-19 nucleotides and optimization of annealing 
temperature is important. The choice of annealing 
temperature for further ISSR analysis is based on 
the complexity and reproducibility of banding 
patterns (Ng and Szmidt, 2014). In this study, 
when optimal conditions for PCR had been 
determined, reproducible patterns were obtained 
for both RAPD and ISSR assays. In our study, 
RAPD fingerprinting revealed more polymorphism 
than ISSR; it detected 10% polymorphic DNA 
markers among the 24 cultivars analyzed, 
compared with 7.8% for RAPD fingerprinting 
(Chawdhury et al. 1993). Fang and Rose (1997) 
showed that, RAPD had a higher level of variation 
in Citrus spp. than ISSR. In contrast, Metais et al. 
(2000) demonstrated that, the two techniques 
produced similar levels of polymorphism in 
Phaseolus vulgaris. 

The correlation between the matrices of 
cophenetic values for the dendrograms based on 
RAPD and ISSR data was also very low (r=0.02). 
It is probably due to the nature of different marker 
systems. RAPD markers cover the entire genome, 
revealing length polymorphisms in coding or 
noncoding and repeated or single-copy 
sequences (Williams et al. 1990), whereas, the 
origin of the amplification products in ISSR is from 
the sequences between the two microsatellite 
sites (Zietkiewicz et al. 1994).Three first principle 
eigen vectors of the PCA, which together 
accounted for RAPD,ISSR and combined data 
showed high total variation at the molecular level, 
indicating the suitability of the RAPD and ISSR 
approaches for genetic clustering. Based on the 
pairwise analysis of the amplification products 
which were obtained with the 10 selected RAPD 
primers, all the tested pomegranate cultivars 
showed a high similarity values. Different 
relationships were observed between the two 
cultivars, Taify, Manfalouty at the same time 

Yemeni were quite distinct from the two other 
cultivars. Taify and Manfalouty showed the 
highest average similarity which indicates that 
although there are some morphological 
differences in fruit characteristics. These cultivars 
may probably be mutants of each other (Sarkhosh 
et al. 2009).A close genetic similarity were found 
in a number of the cultivars analyzed as shown by 
high values of similarity index. Also, the 
similarities detected with ISSRs square measure 
greater than the similarities measured in step with 
RAPD information. Muthusamy et al. (2008) 
reported that, higher similarity index by ISSRs 
than by RAPDs. Observation of no significant 
difference among the geographical regions based 
on AMOVA for RAPD and ISSR data and the 
clustering pattern of cultivars revealed that there 
are no correlation between genetic diversity and 
geographic distances. In the study of RAPD 
profiles in selected pomegranates by Sarkhosh et 
al. (2009) and of AFLP profiles in Tunisian 
pomegranates by Jbir et al. (2008), the authors 
not detected any correlation between provenance 
of the accessions and similarity or otherwise in the 
PCR profiles. This can be due to the exchange of 
plant materials across the regions during the 
history of pomegranate cultivation. 

(Zamani et al. 2007) reported that, 
pomegranates are extremely polymorphic, others 
indicated that the degree of polymorphism in 
pomegranates was astonishingly low (Yilmaz and 
Ozguven, 2006). The apparent phenotypic 
variations discovered among pomegranate 
cultivars weren't mirrored within the polymorphism 
of the molecular markers. Clearly more markers 
ought to be isolated from pomegranates to form 
them helpful for breeding and for biological 
process studies. Add this direction involves the 
development of pomegranate genomic libraries 
probably containing microsatellites 
 
CONCLUSION 
RAPD and ISSR techniques are important in 
strategies for revealing molecular relationships 
among pomegranate cultivars and RAPD markers 
exhibited higher levels of polymorphisms than 
ISSR. Relationships among these pomegranate 
cultivars discovered by ISSR markers were 
typically in agreement showed by RAPD markers. 
. 
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