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76% were polymorphic and 24% were monomorphic, 
in addition, at least two and no more than eleven 
DNA fragments were identified. The average resolv-
ing power recorded was 2.8. The dendrogram derived 
from RAPD data categorized the genotypes into two 
primary clusters. Cluster-I consisted of a single geno-
type (PARC-OKRA-1). In contrast, Cluster-II further 
subdivided the genotypes into two subclusters, sub-
cluster-II.a represented one genotype accession (UB 
405-19), and sub-cluster-II.b included five genotypes 
(UB 457-19, UB 280-15, UB 457-14, UB 280-12, 
and UB 457-20). The generated similarity matrix 
indicated that the similarity coefficients among okra 
genotypes, as determined by 15 RAPD markers, 
ranged from 0.226 to 0.678. The present study rep-
resents the first application of molecular markers to 
assess genetic diversity within Palestinian okra lan-
draces. The detection of a high level of polymorphism 
among RAPD markers demonstrated the efficacy of 
RAPD markers for identifying polymorphism in Pal-
estinian okra genotypes.

Keywords  Molecular markers · RAPD · Genetic 
diversity · Landraces · Okra · Abelmoschus esculentus

Introduction

Malvaceae, also known as mallows, is a family of 
flowering plants containing an approximately 240 
genera and 4225 species. Okra, cotton, and cocoa are 

Abstract  Genetic diversity within germplasm holds 
significant importance in the context of okra breeding 
programs. However, the limited knowledge regard-
ing the genetic diversity of okra in Palestine poses a 
challenging obstacle to enhancing the local cultivar. 
Characterization of Palestinian okra landraces using 
phenotypic or molecular approaches is limited. Crop 
characterization usually provides knowledge on 
diversity within and among crop accessions, which 
is crucial for breeding efforts and the conservation 
of germplasm. This study was carried out to evaluate 
genetic variation in seven okra local landraces. Seven 
Palestinian okra landraces were grown. DNA was 
extracted and subjected to polymerase chain reac-
tion (PCR) using 27 random amplified polymorphic 
DNA (RAPD) markers. The banding pattern for each 
primer was scored. The data matrix was created to 
facilitate cluster analysis employing the unweighted 
pair group method with arithmetic mean (UPGMA) 
method. From the 15 RAPD markers tested, 92 DNA 
fragments were identified in total, of these fragments, 
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well-known members with great economic impor-
tance (Judd et  al. 2008). Okra (Abelmoschus escu-
lentus) is an annual vegetable crop grown globally in 
tropical and subtropical regions (Patil et al. 2015).

Okra is considered a native crop in Africa, how-
ever, contradicting evidence exists on its geographi-
cal origin in West and Central Africa. So far, most 
reports indicate that the geographical origin of okra 
can be either India or Ethiopia (Elkhalifa et al. 2021). 
Later, the crop probably spread to the Middle East 
and other parts of the world.

Okra is an economically important crop cultivated 
in diverse cropping systems and environments. Glob-
ally, approximately 10 million tons of okra are har-
vested annually (Schafleitner et  al. 2021). In Pales-
tine, okra is considered one of the favorite crops, with 
increasing demands due to its valuable benefits for 
human health. Palestinians consume okra in the form 
of immature pods, which can be eaten fresh, fried or 
cooked. Unfortunately, there is no precise data about 
the cultivated area and productivity of okra in Pales-
tine. However, the Food and Agriculture Organization 
(FAO) states that in 2023, more than 5340 dunums 
have been cultivated with okra in Palestine, which 
produced about 2496 tones (2023).

The characterization of genetic resources could 
be described as the process of identifying, differen-
tiating, or distinguishing accessions based on their 
characteristics or qualities (traits). The process of 
crop characterization usually offer information on 
crop collection diversity. This acquired knowledge 
is essential for gene bank curators as it allows for the 
identification of individual accessions. On top of that, 
information acquired on the genetic similarity of agri-
cultural plant genetic resources is not only valuable 
for breeding as well as for germplasm conservation 
(International 2007).

Identification and characterization are sometimes 
difficult by conventional methods as the morpho-
logical markers are environment dependent, sensi-
tive and time consuming. Additionally, assessment 
of morphological traits necessitates complete matu-
ration of plants prior to identifying different geno-
types (Massucato et al. 2019). To address these con-
straints, molecular approaches have been extensively 
implemented. Contrary to morphological markers, 
DNA expression is highly stable and the expression 
of DNA markers or molecular markers is not con-
founded by the environment and are more numerous 

than morphological characters (Massucato et  al. 
2019), hence, these markers are a robust and valuable 
tool to elucidate the hidden relationship among differ-
ent plant populations.

Molecular markers approaches have become as a 
viable method for assessing genetic variations. Ran-
dom Amplified Polymorphic DNA (RAPD), Simple 
Sequence Repeat (SSR), and Amplified Fragment 
Length Polymorphism (AFLP) are the most com-
monly employed markers for genetic research and 
marker-assisted breeding programs (Sawadogo et  al. 
2009). However, information on molecular markers 
for okra is limited (Aladele et al. 2008).

There are a few investigations that have employed 
general DNA markers to evaluate the genetic diver-
sity of okra (Gulsen et al. 2007; Prakash et al. 2011; 
Kumar et  al. 2017). RAPD and AFLP have been 
employed in previous research comparing the genetic 
diversity of several okra accessions (Ojo; Martinello 
et al. 2001; Prakash et al. 2011; Salameh 2014; Japda 
and Dhruve 2018). Sequence-Related Amplified Pol-
ymorphism (SRAP) has been used to study genetic 
variation within the okra plant as well. (Gulsen et al. 
2007). SSR markers are an effective tool for plant 
genetics and breeding (de Magalhães Bertini et  al. 
2006; Japda and Dhruve 2018; Jhanji et  al. 2021; 
Mkhabela et al. 2022). However, 402 microsatellites 
developed by using next-generation sequencing tech-
nology for amplification in okra (Ravishankar et  al. 
2018).

RAPD is a  DNA-based marker approach devel-
oped by Welsh and Mcclelland (Welsh and Mcclel-
land 1990). Although RAPD is simple, dominant 
DNA marker, they may identify many loci ranging 
from 0.5 to 5  Kb, making them useful for genetic 
diversity analysis.

Genetic diversity within germplasm holds sig-
nificant importance in the context of okra breeding 
programs. However, the limited knowledge regard-
ing the genetic diversity of okra in Palestine poses 
a challenging obstacle to enhancing the local cul-
tivar. Moreover, as a potentially self-pollinating 
crop, planted okra has a limited genetic base, con-
sequently, concentrated efforts are required to 
determine the full potential of the okra germplasm 
resources in Palestine. To assess the nature and 
magnitude of genetic divergence among avail-
able okra landraces  in Palestine, which is essen-
tial for selecting genetically diverse parents for an 
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effective breeding program, the existing germplasm 
accessions must be evaluated in detail for a variety 
of horticultural and genetic traits.

Therefore, the objective of the current study is 
to evaluate the genetic diversity and relationships 
among seven okra landraces preserved in the Pales-
tinian gene banks and cultivated in the West Bank, 
employing RAPD molecular markers.

Materials and Methods

Plant Material

In the current study, seeds of 7 okra accessions of 
Palestinian local landrace from different places were 
used (Fig.  1). Among the accessions, six were pro-
vided by the Union of Agricultural Work Committees 
seed bank, and one was provided by Palestinian Agri-
cultural Relief Committees seed bank (Table  1). In 

Fig. 1   West bank map 
shows the location of col-
lected accessions

Table 1   The local okra 
landraces included in this 
study, their corresponding 
accession numbers, and the 
locations where they were 
collected

No Accession State Collection area Coordinates

1 UB 48-7-20 Hebron Waad Alkelab 35° 1′ 39.56″ E 31° 30′ 2.47″ N
2 UB 266-14 Hebron Dura city 35° 1′ 39.56″ E 31° 30′ 2.47″ N
3 UB 280-15 Hebron Beit uola 35° 1′ 34.96″ E 31° 35′ 54.31″ N
4 UB 405-19 Hebron Dura 35° 1′ 39.56″ E 31° 30′ 2.47″ N
5 PARC-Okra-1 Qalqilya Qalqilya 34° 58′ 53.45″ E 32° 11′ 45.65″ N
6 UB 457-19 Hebron Al Arrub Camp 35° 8′ 36.68″ E 31° 37′ 1.52″ N
7 UB 214-12 Hebron Dura 35° 1′ 39.56″ E 31° 30′ 2.47″ N
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December 2022, at least 10 seeds from each accession 
were cultivated in pots containing a mixture of perlite 
and peat moss in a 1:2 (v:v) in December 2022. Seed-
lings were grown in a greenhouse for 2 weeks.

DNA Extraction and Molecular Analysis

Total DNA was extracted from 14-day-old fresh 
leaves by using the DNeasy Plant Mini Kit (Qia-
gen) according to the manufacturer’s instructions. 27 
RAPD primers (Table 2) were obtained from Sigma-
Aldrich to amplify random DNA banding patterns. 
Polymerase chain reaction (PCR) amplifications were 
performed in a final volume of 25 μl, and the ampli-
fication mixture consisted of 12.5 μl of 2X GoTaq 
master mix, 9.5 μl of nuclease-free water, 2 μl of a 
10 pmol primer, and 1 μl of DNA template (50 ng of 
total DNA). The PCR reactions were conducted in an 
Eppendorf thermal cycler, following this protocol: an 
initial denaturation step at 91 °C for 5 min, followed 
by 40 cycles of 1 min at 91 °C, 1 min at 36 °C, and 
2 min at 72  °C, concluding with a final extension 
step of 5 min at 72  °C. Electrophoresis was used to 
separate the amplification products on 1.5% agarose 
gels in 1X TBE buffer. The approximate size of DNA 
fragments was approximated using either a 100 bp or 
1 KB DNA ladder (hylabs) as a standard molecular 

weight marker. The generated bands were visualized 
by a gel documentation system under UV light.

Data Analysis

The banding pattern from RAPD analysis was 
assessed visually for each primer. In each position, 
the existence of an amplification product (band) was 
recorded as 1 and its absence as 0. When these bands 
were absent from some samples, they were assumed 
polymorphic. The polymorphism proportion for each 
marker was computed as [number of polymorphic 
bands divided by the total number of scored bands] 
multiplied by 100.

Data matrix for cluster analysis using the UPGMA 
(Unweighted Pair Group Method with Arithme-
tic Average) was generated using Excel software. 
(Sneath and Sokal 1973). Cluster analysis was con-
ducted utilizing the Nei and Li distance coefficients 
(Nei 1978). Using MVSP (Multi Variate Statistical 
Package), UPGMA was performed (1986).

The Marker Index (MI) for all markers was deter-
mined following the procedure outlined by Powell 
et al. in 1996 (Powell et al. 1996), which serves as an 
indicator of a marker’s discriminatory power. Addi-
tionally, the Polymorphic Information Content (PIC) 
was calculated for each primer in order to evalu-
ate its capacity for distinguishing between different 

Table 2   Details of random 
amplified polymorphic 
DNA (RAPD) primers and 
their discriminatory power 
parameters

NB: Number of bands, 
NPB: Number of 
polymorphic bands, NMB: 
Number of monomorphic 
bands, PPB: Percentage of 
polymorphic bands, PIC: 
Polymorphism information 
content, MI: Marker index, 
Rp: Resolving power

Primer Sequence (5′–3′) NB NPB NMB PPB PIC MI Rp

OPA-4 AAT​CGG​GCTG​ 8 8 0 100 0.51 0.48 5.2
OPB-1 GTT​TCG​CTCC​ 11 9 2 82 0.51 0.47 6.3
OPC-6 GAA​CGG​ACTC​ 5 5 0 100 0.50 0.50 4
OPC-8 TGG​ACC​GGTG​ 9 9 0 100 0.50 0.50 3.7
OPD-2 GGA​CCC​AACC​ 5 2 3 40 0.50 0.49 1.7
OPD-20 ACC​CGG​TCAC​ 4 3 1 75 0.54 0.41 1.4
OPE-3 CCA​GAT​GCAC​ 4 4 0 100 0.54 0.41 2.3
OPE-12 TTA​TCG​CCCC​ 5 5 0 100 0.50 0.49 2.6
OPF-1 ACG​GAT​CCTG​ 11 7 4 63 0.50 0.50 3.4
OPG-4 AGC​GTG​TCTG​ 6 4 2 67 0.55 0.59 2.3
OPG-5 CTG​AGA​CGGA​ 10 5 5 50 0.54 0.61 2.6
OPG-8 TCA​CGT​CCAC​ 2 2 0 100 0.50 0.50 1.7
OPH-7 CTG​CAT​CGTG​ 5 3 2 60 0.54 0.61 2.3
OPH-13 GAC​GCC​ACAC​ 3 2 1 67 0.50 0.50 1.7
OPI-1 ACC​TGG​ACAC​ 4 2 2 50 0.50 0.50 1.2
Total 92 70 22
Average 6.1 4.7 1.4 76% 0.52 0.5 2.8
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individuals. This calculation followed to the method-
ology outlined by Prevost and Wilkinson in (1999), 
as presented by Prevost, A. (Prevost and Wilkinson 
1999). Furthermore, the Resolving Power (RP) or 
Discriminatory Power, representing a marker’s abil-
ity to differentiate between genotypes or individuals, 
was determined for each primer using the approach 
detailed by Prevost and Wilkinson (Prevost and 
Wilkinson 1999).

Results

Diversity of alleles in Okra utilizing RAPD markers

Out of 27 RAPD markers tested, only18 markers gen-
erated variable banding patterns and 3 markers shown 
no polymorphic bands. A total of 92 DNA fragments 
were detected, resulting in an average of 6.1 loci per 
primer, spanning a size range from 150 to 2000 base 
pairs (bp) (Table  2). Among these fragments, 70 
(76%) revealed polymorphism, the test units reveal an 
average of 4.7 polymorphic bands, while the remain-
ing 22 (24%) were monomorphic. The highest per-
centage of polymorphic markers observed was 100%, 
exemplified by OPA-4, OPC-6, OPC-8, OPE-8, OPG-
4, and OPE-12, while the lowest was 40% for OPD-2 
(Fig.  2). Consequently, the use of different primers 

resulted in the obtaining of at least 2 and up to 11 
DNA fragments, observed in the cases of OPG-8, 
OPB-1, and OPF-1 primers, respectively.

Marker Index (MI), which indicates the discrimi-
natory power of a marker, was an important feature 
calculated, however, RAPD markers OPG-5 and 
OPH-7 displayed a higher Marker Index value of 
0.61 (Table 2). Average PIC for RAPD markers were 
0.52. The primer with the highest PIC was OPG-4 
(Table  2). Further resolving power (RP)/discrimi-
natory power was calculated for every primer. The 
average resolving power observed was 2.8. Prim-
ers OPB-1 and OPBI-1 have the highest and lowest 
resolving powers, respectively, among RAPD mark-
ers. Primer OPB-1 has a resolving power of 6.3, while 
primer OPBI-1 has a resolving power of 1.2.

Genetic relationship among okra genotypes

The RAPD data sets have been analyzed in order to 
evaluate the genetic relationships among the okra 
genotypes. The dendrogram generated by the analy-
sis successfully categorized the genotypes into two 
primary clusters. (Fig. 3). Cluster-I consisted of one 
genotype (PARC-Okra-1), while Cluster-II encom-
passed six distinct genotypes. Subsequently, within 
Cluster-II, the genotypes were further divided into 

Fig. 2   Amplification profiles of random amplified polymor-
phic DNA (RAPD) markers in DNA of okra genotypes. Lane 
1 and 17 (M) 1000 bp DNA ladder; lanes 2–8, Banding pat-
tern as revealed by primers OPD-20; 10–16 Banding pattern 

as revealed by primers OPD-2; Lane 9(W); negative control 
(bulk from the two PCR reactions using OPD-20 and OPD-2 
primers) 
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two additional subclusters. Specifically, sub-cluster-
II.a was exclusive to one genotype accession (UB 
405-19). In contrast, sub-cluster-II.b comprised five 
genotypes (UB 457-19, UB 280-15, UB 457-14, UB 
280-12, and UB 457-20) (Fig. 3).

The constructed similarity matrix shown that the 
similarity coefficients among okra genotypes deter-
mined from 15 RAPD markers, varied between 0.226 
and 0.678 (Table 3). The genotypes UB 48-7-20 and 
UB 214-12, originating from the southern and central 
regions of the Dura area, respectively, exhibited the 
highest similarity index, reaching 0.678. The lowest 
similarity coefficients (0.226) occurred in genotypes 
PARC-OKRA-1 and UB 214–12 which were col-
lected from Qalqilya (north part of Palestine)  and 
Dura city (south part of Palestine), respectively 
(Fig. 1).

Discussion

Our finding proved that RAPD marker techniques 
was highly effective in discriminating the polymor-
phism between the 7 Palestinian Okra genotypes. In 
the analysis of detected DNA fragments, each primer 
produced an average of 6.1 loci. Out of these ampli-
fied fragments, 76% exhibited polymorphism, yield-
ing an average of 4.7 polymorphic bands per assay. 
Consequently, the use of RAPD primers led to the 
detection of at least 2 and up to 11 DNA fragments, 
such results was reported by (Aladele et  al. 2008). 
This polymorphism was indicative of the existence 
of moderate genetic diversity within these seven okra 
genotypes; hence, the use of RAPD primers revealed 
the existence of a significant polymorphism, demon-
strating genetic variation in the okra genotypes, such 
result obtained by Punitha and Raveendran (Punitha 
and Raveendran 2004) and Ikram-ul-haq (Haq et  al. 
2013).

The resulting dendrogram separated the genotypes 
into two primary clusters. Nevertheless, Cluster-I was 
represented by a single genotype accession (PARC-
OKRA-1), collected from Qalqilya in the northern 
region of Palestine, this observation agrees with 
the findings of (Aladele et  al. 2008), who employed 
RAPD markers on 93 okra genotypes and identified 
one genotype as exhibiting greater variation than the 
others. In contrast, the majority of genotypes were 
grouped within Cluster-II, originating from the south-
ern part of Palestine. These findings might provide 
evidence of an association between genetic diver-
sity and the geographical origins of these landraces. 
Except for PARC-Okr-1 landrace, all other landraces 
were collected from Hebron governorate. The results 
(Fig. 3) showed that this landerace has been located 

Fig. 3   Dendrogram of 7 Palestinian Okra landraces based on 
random amplified polymorphic DNA (RAPD) banding patterns 
using unweighted pair group method with arithmetic mean 
(UPGMA) and Nei and Li’s coefficient

Table 3   Jaccard’s distance index created for the random amplified polymorphic DNA (RAPD) data of seven Palestinian okra lan-
draces

Okra accessions UB 48–7-20 UB 266–14 UB 280–15 UB 405–19 PARC-Okra-1 UB 457–19 UB 214–12

UB 48-7-20 1
UB 266-14 0.571 1
UB 280-15 0.657 0.545 1
UB 405-19 0.594 0.413 0.567 1
PARC-Okra-1 0.358 0.303 0.514 0.388 1
UB 457-19 0.400 0.576 0.571 0.367 0.286 1
UB 214-12 0.678 0.621 0.516 0.475 0.226 0.582 1
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in a separate cluster. This association coincides with 
the findings presented in the study by Massucato et al. 
(2019) and Salameh (2014), where they explored 
genetic diversity among okra landraces using molecu-
lar AFLP markers and proved the presence of vari-
ability among accessions. Both authors, also found 
genetic diversity among different Okr landraces with 
association with geographical region.

Regarding Cluster-II, where the majority of geno-
types were grouped together and showed genetic 
diversity, a possible explanation is that these six 
genotypes were collected from a relatively small 
geographical area in Hebron province. Therefore, 
we predict that the majority of these landraces may 
have transitioned from one region to another as a 
result of human activity,, such a result was reported 
by (Massucato et  al. (2019). In fact, the comparable 
agroclimate that characterizes the area may be the 
explanation for their high similarity and correspond-
ing clustering.

Conclusion

In the current work, PCR that uses RAPDs is con-
sidered the first molecular marker approach used for 
assessing genetic diversity and relatedness among 
Palestinian okra landraces. This work revealed the 
usefulness of RAPD molecular markers for identify-
ing polymorphism in Palestinian okra landraces by 
obtaining a high degree of polymorphism as well as 
the identification of particular RAPD markers. The 
results of our research provide a solid foundation for 
upcoming breeding efforts, enabling the selection of 
diverse genetic resources to enhance the quality of 
locally cultivated okra cultivars.
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